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Foreword

n recent decades, Africa south of the Sahara has become increasingly reli-

ant on rice imports. This is the result of globalization, urbanization, and

diet change, as well as slow transformation and modernization of domestic
agricultural sectors in many parts of the region. Because rice is an important
source of diet and income, the increase in importation has become a symbol of
the food security challenges facing many African countries.

Nigeria is the most populous country in Africa, with the largest economy.
It also has the largest rice production area in Africa, comparable in size and
diversity to many Asian countries. However, despite ever-growing demand and
a long history of government efforts, its rice sector remains vastly underdevel-
oped, and the country is one of the largest rice importers in the world.

The Nigerian Rice Economy assesses the policy challenges and opportuni-
ties for transforming and expanding Nigeria’s rice economy. The authors dis-
cuss the rice economy’s evolution, structure, and agroecological constraints, as
well as policy issues related to consumption, production, milling, and trade,
each substantiated by rigorous quantitative analyses. The book provides in-
depth insights into focused areas, including the effects of rice price policy on
distribution, production technology constraints, optimal milling sector struc-
ture, trade policy effectiveness, and economywide implications of key rice sec-
tor interventions. The authors also suggest options to improve the rice sector.

Achieving rice self-sufficiency in the short term, as envisaged by the
Nigerian government, may be too costly in terms of required resources
and social costs. Price and trade policies alone may be ineffective in induc-
ing private-sector responses, as these policies are often stymied by limited
supply responses, cross-border leakages, limited market integration, and low
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substitutability of imported rice with local rice. High rice prices can rather sig-
nificantly hurt the majority of low-income consumers. But policymakers can
transform the rice sector, and there is room for improved policy. Production
technologies and market infrastructure improvement are at the center of an
effective rice development strategy that includes reducing production costs,
raising sector competitiveness, and enhancing the biophysical potential of
Nigerian rice.

Shenggen Fan
Director General, IFPRI
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Chapter 1

RICE IN THE NIGERIAN ECONOMY AND
AGRICULTURAL POLICIES

Kwabena Gyimah-Brempong, Michael Johnson, and Hiroyuki Takeshima

ver the past few decades, rice has become one of the leading food staples

in Nigeria, surpassing cassava in food expenditures. Throughout this

period, consumption has increased faster than production, resulting in
a growing dependency on imports. By 2014, about half of the rice consumed
in Nigeria was imported. As the most populous country in Africa south of the
Sahara (SSA), Nigeria has quickly become the leading importer of rice on the
continent and, more recently, in the world.

This growing dependence on rice imports is a major concern of Nigeria’s
government, and since the early 1980s numerous programs have been imple-
mented to encourage domestic rice production and achieve rice self-sufficiency
(or at least to reduce the growth in imports). In particular, rice featured prom-
inently in the Agricultural Transformation Agenda (ATA), which had guided
the Federal Ministry of Agriculture and Rural Development (FMARD) in
Nigeria under the administration of President Goodluck Jonathan as the cen-
tral agenda of the country’s agricultural policy." The ATA included major
investments and programs related to rice production, processing, and market-
ing. Trade policies (import tariffs and even import bans) have also been used
in an attempt to slow the growth in imports, with import tariffs on milled
rice increasing to 110 percent beginning in 2013.

In spite of these policies, the Nigerian rice sector has yet to be transformed
into a more productive one that can compete with foreign imports. This situ-
ation is not unique ro Nigeria and applies to the rest of SSA, where the sector’s
slow growth has puzzled many international donors and research communi-
ties (Otsuka and Larson 2012). As one of the largest producers and consumers
of rice in SSA, Nigeria has been at the center of this puzzle.

The principal objective of this book is to review and assess the potential
for Nigeria to transform its domestic rice sector to become competitive with

1 This book was written when Nigeria was under President Jonathan's administration.
Throughout the book, rice policies or the policy framework mentioned are those that had been
implemented during this administration, unless otherwise specified.
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imports. We assess the policy alternatives for bringing about this transforma-
tion and also briefly discuss the opportunity costs of achieving such compet-
itiveness. In particular, three key strategies that have recently been adopted
by the government are examined in more detail with regard to their potential
long-run welfare implications for transforming the rice economy and making
domestic brands competitive with imports:

1. Introducing public-sector interventions to stimulate paddy produc-
tion through the dissemination and adoption of better seeds and other
modern inputs.

2. Improving the postharvest processing and milling sectors to promote
premium and high-quality local brands of rice.

3. Introducing import tariffs to help protect the domestic rice sector.

This chapter assists readers to gain a better understanding of how Nigeria
arrived at its recent policy framework for agriculture and the rice sector in par-
ticular. The chapter first describes the evolution of rice imports and the grow-
ing imbalance between production and consumption. It then presents a brief
overview of Nigeria’s economy and recent history, the basic structure of the
agricultural sector, and a summary of recent key rice policies. Finally, the chap-
ter describes the key set of questions asked in this book and how each chapter
addresses them from different perspectives on the rice sector in Nigeria.

Nigeria’s Rice Trade in a Global Context

Nigeria has become the world’s biggest importer of rice within the last ten years.
As Table 1.1 shows, Nigeria's share of global rice imports has risen from 7 percent
in the early years of the 21st century to 8.2 percent over the most recent five years
for which data are available (2008-2012). Among the top rice importers, Nigeria
is followed closely by the Philippines, Iran, Indonesia, and the European Union.
The bulk of rice imports to Nigeria come from Thailand, Vietnam, and India,
who together supply about 60 percent of the rice traded in global markets.

The reliance on global rice markets raises serious concerns for policy with
regard to ensuring food security and maintaining a healthy balance of the
country’s foreign-exchange reserves. This is especially true when faced with
a dramatic rise in prices, as occurred during the recent 2008 food crisis. For
rice in particular, prices rose by about 255 percent between 2007 and 2008,
even higher than in the last major food crisis in 1974, when they increased by
200 percent (Headey and Fan 2008).
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TABLE 1.1 Top ten major rice importers and exporters in the world, 2000-2012 (percent)

Top 10 major importers (share of global imports) Top 10 major exporters (share of global exports)
2000-2004 2008-2012 | 2000-2004 2008-2012

Mesia_ ) 8.8 Nigeria 8.2 Thailand 30.1 Thailand 27.3
Nigeria 7.0  Philippines 6.7 Vietnam 14.0 Vietnam 19.3
EU 53 Iran 5.6 India 13.6 India 13.7
Philippines 5.1 Indonesia 48 United States 11.9  Pakistan 10.3
Saudi Arabia 50 EU 4.8 China 7.9 United States 10.1
Irag 44 lraq 4.0 Pakistan 7.7 Uruguay 2.6
Iran 4.2 Saudi Arabia 39 Uruguay 2.7 Brazil 2.4
Brazil 3.5 Malaysia 3.6 Egypt 2.4 Cambodia 2.1
Senegal 3.5 Cote d'lvoire 3.4 Burma 1.8 Burma 2.1
South Africa 3.1 Senegal 3.0 Australia 1.4 China 1.9

Source: United States Department of Agriculture international database (USDA 2013).

As in 1974, the experience of the 2008 food crisis led many governments of
net importing countries in the developing world to reduce their vulnerability
to price shocks by striving for self-sufficiency in rice production. Nigeria is no
exception. In the aftermath of the most recent crisis and rising consumer pref-
erence for imported rice, the Nigerian government has set a goal of making
the country self-sufficient in rice production. The perception among Nigerian
policymakers is that the increasing trend of rice imports is fiscally and polit-
ically unsustainable, as it threatens the country’s food security by displacing
local production, draining scarce foreign-exchange reserves, and making the
country a hostage to any volatility of supply in global markets (Adesina 2012).

Despite this, domestic demand for rice has continued to grow at an even
faster pace in Nigeria and elsewhere in Africa since the global food crisis of
2008. As Table 1.2 shows, rice consumption in Nigeria increased by about
8.4 percent per year in the most recent period (2010 to 2012) compared to
5.3 percent for the rest of SSA. Lower global rice prices, increased household
incomes, and continuing growth in urban populations may explain this most
recent upturn in the trend in rice imports.

Another factor explaining the increased demand has been a preference for
imported rice among urban consumers due to its higher quality with respect to
swelling capacity, taste, and grain shape and cleanliness (Bamidele, Abayomi,
and Esther 2010; Langon et al. 2003b). Local rice, on the other hand, is
often broken, not polished, and contains stones and other debris. Finally, the
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TABLE 1.2 Average annual volume and growth rates of milled rice supply in Nigeria and the
rest of West Africa and Africa south of the Sahara (SSA), 1980-2013

Volume, annual average
(million metric tons) Growth rates, annual average (%)
1980- 1990- 2000- 2010- 1980- ;990— 2000- 2010~
1989 1999 2009 2012 1989 1999 2009 2012
00nsumption_ . - B
Nigeria 1.2 2.3 3.6 5.0 341 2.8 4.6 8.4
Rest of West Africa 1.8 25 4.6 7.4 3.0 43 5.9 10.1
Rest of SSA 3.7 46 7.2 9.7 2.4 2.2 4.2 5.3
Production
Nigeria 0.7 1.8 2.1 2.6 10.9 0.7 34 2.0
Rest of West Africa 15 1.9 2.8 5.0 3.4 2.6 54 54
Rest of SSA 2.0 25 33 47 2.3 1.6 4.6 -1.1
Imports
Nigeria 0.6 0.4 1.6 2.6 2.3 15.0 3.9 19.8
Rest of West Africa 0.8 1.1 2.3 3.3 2.6 4.3 3.8 13.7
Rest of SSA 1.3 1.7 33 45 25 5.1 4.3 13.6

Source: United States Department of Agriculture international database (USDA 2013).

removal of input subsidies, price supports, and protective import barriers in
the aftermath of structural adjustment programs of the 1980s and 1990s also
played a key role by exposing the lack of competitiveness of local rice produc-
tion in terms of technologies, costs, and milling efficiencies relative to imports
(Moseley, Carney, and Becker 2010).

As the demand has accelerated, no country in the region has been able to
match this through domestic production. In Nigeria, imports have increased
the fastest, at 20 percent per year on average during the last three years for
which data are available, 2010-2012 (Table 1.2).> Local production has not
grown as fast. In Nigeria, local rice production grew by only about 2 percent
per year over the last three years. This is much lower than the average
5.4 percent in the rest of the countries in West Africa.’

2 While it is possible that some imports to Nigeria may be reexported to neighboring countries such as
Niger, Chad, and Cameroon, this is difficult to confirm given scanty data on informal cross-border
trade. But we expect these shares to be small given the sheer size of the Nigerian market relative to
these other countries. We note that there is a difference between market demand and consumption,
as the latter includes both market demand and subsistence production for own-consumption.

3 In this book, West Africa comprises Benin, Burkina Faso, Céte d’Ivoire, Gambia, Ghana, Guinea,
Guinea-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone, and Togo.
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In an effort to reverse the current trend of rising imports, the Nigerian
government recently introduced a number of key policies and investment
strategies. These include the provision of improved seeds, subsidized fertilizer,
mechanization services, and incentives for private-sector investments in irri-
gation. At the macro level, rice import tariffs were increased in order to dis-
courage imports and encourage domestic production. Improvements in paddy
production, rice processing, and marketing have also been encouraged with
the support of public-sector reforms and investments.

The recent policy reforms have included deregulating seed and fertilizer
markets and establishing private-sector marketing corporations to help coor-
dinate supply and demand and set grades and standards for many agricultural
commodities. Physical investments have also been made to establish staple
crop processing zones (SCPZs) that have been intended to encourage the clus-
tering of food-processing industries, including rice milling, in proximity to
raw materials and end markets.

A Brief Overview of Nigeria’s Economy and History
The Nigerian economy is the largest in Africa, having recently overtaken South
Afiica after rebasing its gross domestic product (GDP) in 2014. It makes up two-
thirds of all economic activity in West Africa and one-fifth in SSA. In 2012,
Nigeria’s GDP was $180.9 billion in constant 2005 US dollars (Table 1.3). The
country also has the largest population in the region. For every two people living
in West Africa or for every five people in SSA, one is a Nigerian.

In recent years, the country has continued to experience steady and posi-
tive economic growth and is becoming one of the fastest growing economies
in the region. As Table 1.3 shows, GDP growth rates have averaged about
7 percent or more per year, and per capita growth has been about 4 percent
over the last decade, faster overall than the average per capita GDP growth for
West Africa or SSA (Table 1.4).

The irony for Nigeria is that despite the positive economic growth, it
remains—due to its sheer size and high poverty rate—home to most of the
poor and hungry living in West Africa. It has one of the highest incidences of
poverty, with 62 percent of the population living on less than $1.25 (purchas-
ing power parity [PPP]) a day in 2010. In contrast, Mali, which has a lower
per capita GDP, reported a poverty rate of 50.4 percent in 2010. In Ghana,
the poverty rate was less than half the rate in Nigeria during the same year
(Table 1.4).

In addition to poverty, the prevalence of hunger is also high. The propor-
tion of underweight children of less than five years of age in Nigeria fell only
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TABLE 1.3 Selected socioeconomic indicators for Nigeria, 1995-2012

Annual growth rates (%)

1995- 2000- 2005- 2010-
1995 2000 2005 2010 2012 2000 2005 2010 2012

Select economic indicators

GDP (constant 2005

billon USS) 57.8 679 1122 1500 1809 29 118 70 6.7
GDP per capita 5334 5522 8042 9957 10715 04 90 42 37
(constant 2005 US$) ' : : SO 100 ! . : .
Agriculture GDP

(constant 2005 illion US$) 151 185 364 4938 54.7 43 158 6.5 4.8

A in 261 273 324 313 303 13 36 05 -17
ﬁ]hgﬁp"(fu/?;a“”facmres 35 30 28 30 30 -32 -26 15 08
g'[‘;“(’o/i’)fa‘"d““ry in 479 474 M3 354 328 -13 -84 59 -38
23%“;02{ S 225 222 235 303 339 02 03 54 57
R ocar 422 320 310 299 356 -04 02 06 92

services (% of GDP)

Petroleum exports
(constant 2005 billion US$) 13.0 259 481 679 84.8 69 16.1 50 118

Oficial exchange rate 2.9 1017 1313 1503 1568 408 55 31 21

(naira/$)

Consumer price index

(2005 = 100) 274 482 1000 1614 1789 11.0 152 99 115
Electric power consumption _ ~

(billion kW) 15.9 147 235 2641 27.0 1.3 109 0.1 1.7
Select social indicators

Population (millions} 108.4 1229 1396 159.7 168.8 2.5 2.6 2.7 2.8

Urban population (millions) 421 520 639 783 84.8 43 4.2 4.2 4.1

Urbanization rate (% of
population)

Poverty headcount at $1.25
a day, PPP (%)

Hunger Index (%)b 226 179 163 150 NA  -46 -19 -16 NA

Underweight children under
five (%)°

388 424 458 490 502 1.7 1.6 1.4 1.2

68.7 NA 618 620 NA  -08 -08 1.5 NA

351 247 265 242 NA 6.8 14 -18 NA

Source: World Development Indicators of the World Bank (2014).

Notes: GDP = Gross domestic product; NA = not available; PPP = purchasing power parity. 2About 90 percent of the value
of industry is from the petroleum sector. PA composite index calculated by the International Food Policy Research Institute
(IFPRI) using three measures: the prevaience of undernourished children, prevalence of adult undernutrition, and child
mortality rate. See von Grebmer et al, (2013) for more details on this index. For prevalence of undernourished children, this
is 1993-1997, 1998-2002, 2003-2007, and 2008-2012.



TABLE 1.4 West Africa selected indicators, 2012

Population GDP per capita Agricultural GDP P&"fg‘f Z";Zd;:;’l',tprpa)ﬂ" iy ugg:?gﬁ’e"‘;‘zgr“s‘b'"
2012 Growth, 2012 value Growth, Growth, 2001 2010 2000 2010
(millions) ~ 2002-2012 (%)  (2005US$)  2002-2012 (%) 2002-2012 (%) %) %) %) %)
Cote d'lvoire 19.8 22 942.2 01 18 233 238 182 15.4
Ghana 254 22 559.2 45 338 39.1 28.6 20.3 13.4
Mali 149 31 464.4 17 6.2 61.2 50.4 30.1 189
Nigeria 168.8 28 861.3 59 6.4 63.1 68.0 24.7 242
Senegal 137 30 7716 14 40 442 296 203 14.4
West Africa 3185 28 811.4 45 5.4 NA NA NA NA
SSA 913.1 27 903.3 27 47 NA NA NA NA

Source: World Bank (2014).
Note: GDP = gross domestic product; NA = not available; PPP = purchasing power parity; SSA = Africa south of the Sahara. (1) For 2001, the ratios for Céte d'lvoire are for 2002, for Ghana 1998, and for
Nigeria 2004; (2) For 2010, the ratios for Cate d'lvoire are for 2008, for Ghana 2006, and for Senegal 2011. °Fram von Grebmer et al. (2013), various years: for 2000, average between 1998 and 2002; for
2010, average between 2008 and 2012.
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marginally between 2000 and 2010, from 24.7 percent to 24.2, respectively.
The comparable rates for Mali and Ghana dropped sharply during the same
period (Table 1.4).

The structure of the Nigerian economy, its institutions and macroeconomy,
and sociopolitical history can all partially explain the dichotomy between pos-
itive economic growth with no change in the incidences of poverty and hun-
ger. Relatively low investment in and poor performance of agriculture may
have led to such a dichotomy. The sector not only contributes the most to
GDP, it employs over two-thirds of the working population in Nigeria, and
therefore it is of critical importance for food security, rural incomes, and pov-
erty reduction.

Research has shown that many African countries that rely heavily on agri-
culture for their GDP have experienced more equitable growth and poverty
reduction whenever overall economic growth was agriculture led (Diao et al.
2010). In the case of Nigeria, a study using macroeconomic modeling under-
lines this finding by showing how potentially larger gains in incomes and pov-
erty reduction are likely when fiscal policies are targeted at stimulating growth
in the agricultural sector (Akanbi and Du Toit 2011). Until recently, however,
Nigeria’s economy relied heavily on petroleum production and exports to gen-
erate growth.

Based on the most recent estimates from the World Bank’s World
Development Indicators (WDI) database, the agricultural sector appears to
have grown quite rapidly since the beginning of the 21st century. As shown
in Table 1.4, the sector grew at an average annual rate of 6.4 percent between
2002 and 2012.* However, the growth has been driven mainly by an expan-
sion in area planted to staple crops, as yields have changed little over the same
period.’

Moreover, growth in the agricultural sector has not been a pro-poor one—
it has had little effect on the welfare of a majority of the poor in Nigeria
because the agricultural subsector(s) driving the growth may have weaker
linkages with the households and locations most affected by poverty, such
as those that are net purchasers of food (Diao et al. 2010). Additionally,

4 Recent estimates by the National Bureau of Statistics (NBS), which is the principal agency over-
seeing the national statistics of Nigeria, report a 4.5 and 5.1 percent growth in constant 1990
naira terms during the second and third quarters of 2013, respectively (Nigeria, NBS 2013b).
Thus, the growth has somewhat slowed down in 2013.

s For rice, for example, average yields have actually declined over time in Nigeria from a high
of 2.1 metric tons (MT)/ha in the 1980s to 1.5 MT/ha after the turn of the century (based on
FAO 2014).
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insufficient investments have been made into basic infrastructure and social
services (such as education and health) in rural areas in tandem with the
growth in the agriculture sector (see Dim and Ezenekwe 2013). Evidently the
many years of neglect of agriculture, basic infrastructure, institutions, and
services in the past have taken a toll. The neglect is visible in the state of dis-
repair, unreliability, and inefficiencies of basic infrastructure that exists in
many parts of the country.

A key factor that has challenged Nigeria’s ability to manage its agricul-
tural development agenda, including rice, is its status as a major petroleum
exporter. Inevitably, therefore, the negative effects of the so-called Dutch
Disease syndrome—a condition in which a boom in export earning does not
translate into broad-based growth in the rest of the economy—come into play.
Also referred to as a “resource curse,” this affects countries that export a single
resource commodity that leads to rising foreign-exchange earnings, either due
to a price boom in global markets or a substantial increase in export volumes
due to global demand.

The accompanying increase in export revenue and foreign-exchange
reserves leads to an appreciation of the domestic currency and makes food
imports (in addition to other goods and services) cheaper (Oyejide 1986). In
the process, it undermines the competitiveness of domestic production of both
tradeables and non-tradeables such as food staples. The situation can be made
worse if increases in government revenue generated from the export earnings
are not cffectively transferred to other sectors of the economy. This is a reality
that Nigeria has had to grapple with throughout its history since the discovery
of large petroleum reserves.

Nigeria’s resource curse occurred more as a result of poor governance
and inherently weak institutions that existed in managing the petroleum
sector and government revenues generated from it (Robinson, Torvik, and
Verdier 2006; Sala-i-Martin and Subramanian 2013). Nigeria has struggled
throughout its history in forming strong democratic institutions and trans-
parent processes for governing its petroleum sector. The country is made
up of several ethnic and religious groups, each with its own distinctive lan-
guage, culture, and history. The country’s diversity often makes it difficult
to have a unified state; in this context, coordinated governance becomes
more challenging.

Additionally, while the country’s three-tier federal system of governance
(i.c., a national, state, and local level) was intended to allow for greater auton-
omy and to avoid conflict across its various social groups and regions, it has
instead encouraged rent-secking behavior and politically motivated behavior



10 CHAPTER1

over the control of government revenues and resources at the national level.
This is because over 90 percent of the government’s revenue is generated at the
top tier from petroleum exports. As a result, local and state authorities have
to rely heavily on the federal government for much of their capital expendi-
ture needs. Without sufficient transparency and accountability in place, such
a vertical fiscal imbalance introduces a higher risk for rent seeking and other
politically motivated behavior in the allocation of revenues, especially during
a petroleum boom (Gboyega and Shukla 2011; Diao et al. 2010; Robinson,
Torvik, and Verdier 2006).

The combination of a large and diverse population, varying degrees of
resource endowments, and generally poor transparency and accountability of
governing institutions has contributed to a difticult and turbulent political
history for Nigeria. Table A.1 in Appendix A provides a very brief chronol-
ogy of this history. Fortunately, a more stable macroeconomic environment
has been created over the past decade, and major reform efforts to improve
public financial management, infrastructure and services, and transparency
and accountability in the petroleum sector have been introduced (Gboyega
and Shukla 2011). The efforts seem to be paying off, with signs of low infla-
tion, a steady supply of foreign-cxchange reserves, and stable exchange rates
(Table 1.3). Demand for rice, however, has continued to grow, fueled by eco-
nomic growth.

Importance of Agriculture and Evolution

of Rice Policies

The discussion above shows that agriculture plays a dominant role in Nigeria’s
economy. The role of agriculture as a key source of employment, food security,
and rural incomes is primarily due to the richly endowed and diverse agro-
ecological landscape in Nigeria straddled by two of Africa’s major rivers, the
Niger and Benue (Figure 1.1). Freshwater resources are relatively abundant in
Nigeria due to these two major rivers and other large bodies of water. Large
swaths of land serve as river basins along these two rivers, locally referred to as
fadamas, which are particularly suitable for rice production. Periodically, how-
ever, water access can be affected by droughts and/or floods (Kuku-Shittu et
al, 2013).

Nigeria’s agricultural landscape can be broadly broken down into three
major agroecological zones: humid, subhumid, and semiarid. The most com-
monly grown agricultural crops in the humid zone of the south are tree crops
(e.g., cocoa, oil palm, plantain, and rubber); root crops (yam, cassava, and
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FIGURE 1.1 Political and physical map of Nigeria
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Note: FCT = Federal Capital Territory. Nigeria is divided into six geopolitical zones: the North Centrat zone consists of Benue,
FCT, Kogi, Kwara, Nasawara, Niger, and Plateau states; the North East zone consists of Adamawa, Bauchi, Borno, Gombe,
Taraba, and Yobe states; the North West zone consists of Jigawa, Kaduna, Kano, Katsina, Kebbi, Sokoto, and Zamfara states;
the South East zone consists of Abia, Anambra, Ebonyi, Enugu, and Imo states; the South South consists of Akwa Ibom,

Bayelsa, Cross River, Delta, Edo, and Rivers states; and the South West zone consists of Ekiti, Lagos, Ogun, Ondo, Osun, and
Oyo states.

cocoyam), and cereals (maize and some rice). As a rain forest area, timber is
also an important commodity. The subhumid zone is just north of the humid
forest zone in the south and covers much of the middle belt of Nigeria. It is
characterized by more open forests and savanna grasslands. Crop production
is significant and includes root crops (e.g., yam and cassava) and cereals (e.g.,
maize, rice, and sorghum). The semiarid zone occupies the northern part
of Nigeria. Typical crops grown in this zone include rice, vegetables, millet,
sorghum, cowpeas, groundnuts, and cotton. Livestock and gum arabic are
also produced.

Food-crop production is the dominant activity in terms of value within
agriculture. Cassava and yam contribute about a third of the total value of
output, cereals 26 percent, and other food crops (such as plantains, melons,
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fruits, and vegetables) contribute another 26 percent.® Among cereals, rice has
become a leading crop in value terms since the 1970s, surpassing other major
cereals such as maize, millet, and sorghum.

The importance of agriculture—and rice in particular—has been recog-
nized by the Nigerian government as central to food security in the country,
especially since 1970. This is true whether the regime in power at the time was
a military or civilian one. However, each successive regime rarely took a sys-
tematic approach in planning for agricultural development, preferring to focus
instead on commodity-specific initiatives that were targeted at increasing out-
put for food security purposes and to promote rural employment (Manyong et
al. 2005). Figure 1.2 summarizes some of the initiatives introduced throughout
the country’s history and relative to trends in rice supply (production and rice
imports) and demand (represented here by population growth).

Before the 1970s, as in the rest of Africa, the primary policy focus for agri-
culture was on the promotion of export crops, especially palm oil, groundnuts,
cocoa, and cotton. Research institutes for these commodities were established
soon after independence (Ehigiamusoe 2012). Nigeria was the world’s leading
exporter of palm oil, accounting for 45.2 percent of the world market in 1961
Cocoa and groundnut exports were also significant, with 16.6 and 11.1 percent
of global exports, respectively, in the same year. Export commodity boards
inherited from the colonial era provided essential support for extension and the
provision of modern inputs, in addition to crop procurement.

After the petroleum oil price surge in the middle of the 1970s, export
shares of these crops began to erode. In 2012, Nigeria’s share of world
exports was 1.9 percent for palm oil, 8.7 percent for cocoa, and 7.4 percent
for groundnuts. Prior to the windfall gains from petroleum exports, agri-
cultural products accounted for up to 90 percent of export revenues. Nigeria
was self-sufficient in food production, with a small surplus for exports to
the West African subregion. However, the food production index in Nigeria
decreased from 100 in 1960 to 88 in 1975 and to 67 in 1980. This was despite
increased policy attention to food crops in the 1970s, especially in the after-
math of severe droughts in the Sahel from 1972 to 1974. That was the first
period during which Nigeria imported a large quantity of rice (Ojo and
Adebayo 2012).

6 Diao et al. (2010), based on national- and state-level data on agricultural production, agricul-
tural yield, and market prices, which all come from FMARD.

7 Statistical database of the Food and Agriculture Organization of the United Nations
(http://www.faostat.fao.org/), accessed December 21, 2013.
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FIGURE 1.2 Trends in production, imports, population, and evolution of rice policies and
agricultural investments
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Source: United States Department of Agriculture international database (USDA-ERS 2012) for production and imports;
FAOSTAT (FAO 2014) for population; and various documents for import tariffs and investment strategies (e.g., Emodi and
Madukwe 2008; Daramola 2005; Akpokodje, Langon, and Erenstein 2001).

The shift toward food crops in the 1970s included the establishment of
the National Cereals Research Institute (NCRI) to oversee the research on
major cereal crops, regional marketing boards for food crops, the National
Seed Service (NSS) to coordinate seed production and certification, and the
launching of the National Food Production Program. The marketing boards
were set up to expand farmers’ access to modern inputs, guarantee crop pro-
curement, and stabilize prices through buffer stock schemes (Ehigiamusoe
2012)*

A number of grand plans to revolutionize the agricultural sector followed,
including Operation Feed the Nation (OFN) under the Obasanjo regime in
1976, later renamed the Green Revolution Initiative under Shagari’s civilian

8 These were later abolished as part of the structural adjustment programs in 1985.
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government from 1979 to 1983 (Ojo and Adebayo 2012). The share of govern-
ment expenditure going to agriculture and rural development was always very
small (about 5 percent) relative to other sectors (Akande 2005). Nevertheless,
a number of large investments were implemented, including the establish-
ment of the River Basin Development Authorities in 1977 to improve irriga-
tion development and water control and establishment of the Abakaliki Rice
Project in 1978 for rice production and processing. Both are still in opera-
tion today.

Much of the focus of investments was on large-scale irrigation and mecha-
nization—involving a mix of state-run and private-sector enterprises—rather
than smallholder production systems. A land use decree in 1978 helped to
ensure land ownership for large-scale operations (Akande 2005). However,
none of the state-run enterprises proved profitable. The few private-sector
enterprises simply benefited from government subsidies and market inter-
ventions but contributed little to total output. As a result, an agricultural rev-
olution as envisioned under the OFN and Green Revolution Initiative did not
take place.

Rice imports were relatively unregulated throughout the 1970s. Import
tariffs ranged between 10 and 67 percent. By the latter part of the 1970s,
imports of rice and other food commodities had begun to rise sharply due
to rising global petroleum prices and higher export earnings, while domestic
food production had begun to decline. Rice import growth was stimulated by
structural changes, including an overvalued exchange rate, inflation and wage
increases, and accelerated rural-to-urban migration.

A crisis emerged in the early 1980s, as petroleum prices declined and the
country faced food shortages as a result of low levels of domestic food pro-
duction, balance of payments problems, and fast-depleting foreign-exchange
reserves. The government tried to curb imports through more restrictive
import licensing requirements. This was followed by a complete ban on rice
imports in 1986, complemented by structural adjustment programs described
below (Ojo and Adebayo 2012; Akpokodje, Langon, and Erenstein 2001).
The ban on rice imports was not lifted until 1995.

Following the macroeconomic and food crisis in the early 1980s, as in
many other countries in the region, Nigeria introduced structural adjustment
programs (SAPs) in 1985. The government shifted its focus to increasing the
productivity and output of food-crop production within smallholder agricul-
ture through the provision of extension services and modern inputs through
the Agricultural Development Project (ADP), which is the institution estab-
lished in the 1970s to oversee agricultural and rural development projects in
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each state.” As part of these efforts, smallholder rice production schemes were
introduced in the fadama areas to promote the adoption of simple, low-cost,
improved irrigation technology through credit arrangements in order to boost
production (Akpokodje, Langon, and Erenstein 2001; Nkonya et al. 2008).1°

After the end of military rule in 1999, which marked the beginning of the
current Fourth Republic (Table A.1 in Appendix A), newly elected president
Obasanjo launched a National Economic Empowerment and Development
Strategy (NEEDS), with broad economic development goals such as poverty
eradication, employment generation, and wealth creation (Twuchukwu and
Igbokwe 2012). For agriculture, NEEDS included targets of 6 percent annual
growth in agricultural GDP, increased earnings from agricultural exports, and
a 95 percent self-sufficiency ratio in food production. A number of commodity-
specific presidential initiatives were also developed with these goals in mind,
including ones for rice, cassava, vegetable oil, tree crops, livestock, and aquacul-
ture products.

The aims of the Presidential Initiative on Rice were to achieve national
self-sufficiency in rice production by 2005 and the ability to export by 2007
(Phillip et al. 2009). To pursue these goals, the initiative focused on improv-
ing access to technology packages at a 50 percent subsidized rate (rice box,
or R-Box, technologies), which emphasized minimum tillage and key inputs
such as seed and agrochemicals. To ensure higher-quality domestic rice brands,
the government also granted concessions to large-scale milling companies to
import brown rice with a 50 percent import tariff rather than the 100 percent
on milled rice whenever there was insufficient local paddy rice to supply the
mill (Daramola 2005). During this time, the NCRI and the former West
Africa Rice Development Association (currently known as the Africa Rice
Center) also assisted with the multiplication of breeder and foundation seeds,
while the NSS worked with seed companies and ADPs to ensure production
and dissemination of quality-certified sceds. Additionally, the construction of
rice mills was proposed in ten locations (Adejumo-Ayibiowu 2010).

Orther rice projects were also launched soon after the turn of the century.
One major breakthrough was the release and dissemination of Multinational
New Rice for Africa upland varieties. By 2005, the second phase of the National
Fadama Development Project funded by the World Bank was introduced and

9 The ADPs are still active today in various states across the country,

10 This was officially referred to as the first National Fadama Development Project (or Fadama I),
funded by the World Bank, and it lasted until 1999. A second phase was introduced in 2005, and
currently the third phase is being implemented.
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referred to as Fadama II. It involved 26 states and proved more successful in
boosting production and incomes than the first phase by addressing many of the
shortcomings of Fadama L. In particular, there was a shift away from a top-down
and supply-driven public-sector approach to a community-driven approach
(Nkonya et al. 2008). Such achievements are critical for future development
efforts considering that only a small portion of the country’s total fadama
potential has been tapped (Djurfeldt, Aryeetey, and Isinika 201 1).

As rice imports continued to rise throughout the post-2000 period, tariffs
were raised from about 50 percent in the latter half of the 1990s to 85 percent
in 2001 and to 110 percent by 2005. Following the removal of the tariff in
2008 in response to high world prices in that year, tariffs were reimposed and
increased to 110 percent again by 2013. Despite the domestic price incentives
created by these tariffs, there has been no significant supply response at the
national level. Public investments to improve yields, such as irrigation systems
in river basins, development and dissemination of high-yielding seed varieties,
and improved access to fertilizer have been insufficient. Similarly, efforts to
improve product quality through the promotion of modern milling technolo-
gies have generally been unsuccessful, despite being critical for the competitive
position of domestically produced rice (Demont et al. 2013).

Recent Rice Policy Framework

The general objective of the Nigerian government’s policy framework has
recently been to transform the agricultural and rural sector in order to promote
overall economic growth, poverty reduction, increased rural employment and
incomes, and national food security. Under the Agricultural Transformation
Agenda (ATA), the framework called for a number of policy, institutional, and
financing instruments to drive sector growth through the improvement of agri-
cultural performance all along a value chain, from on-farm production to val-
ue-added processing and marketing activities.

Key among the initiatives was the Growth Enhancement Support (GES)
program, which provided targeted input subsidies for fertilizer and sceds made
available through electronic vouchers in partnership with private-sector input
dealers. Other investment programs included the establishment of SCPZs
to promote industrial clusters for food-processing activities; the setting up of
marketing corporations to strengthen ties between agro-industry, markets,
and farmers; the establishment of innovative agricultural financing mecha-
nisms that enable risk sharing between government and the banking industry;
and coinvestments through state governments and private-sector partnerships.
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For the rice sector specifically, as part of the ATA strategy, FMARD put
forward a plan whose goal was to transform the rice sector and achieve self-suf-
ficiency. Referred to as the Rice Value Chain Transformation Plan (FMARD
2012), the principal goal was to improve productivity and output significantly.
The government expected to accomplish this by doing the following:

+ Increasing the competitiveness of local rice all along the value chain. At
the production level, this involved greater mechanization, intensification
of paddy rice production in rainfed lowland and irrigated rice ecologies,
increased use of fertilizer, and improved rice varieties. At the processing
and marketing level, farmers and millers were encouraged to create for-
mally registered groups to facilitate access to improved technologies, mar-
kets, and mills.

« Expandingaccessibility to inputs such as fertilizers and agrochemicals
(through initiatives such as the GES program).

* Promoting modern practices and management along the commodity chain
to raise the quality of rice (e.g., use of quality seeds, threshing, drying,
and milling).

* Creating an enabling policy and market environment to encourage growth
in the sector.

+ Introducing innovative agricultural financing mechanisms to improve the
accessibility to credit all along the value chain.

These policies were to be implemented while protection for the domestic rice
sector was provided through continuing application of import tariffs.

Objectives and Approach of the Book

The principal objective of this book is to assess the policy challenges and
opportunities for transforming and expanding the Nigerian rice economy.
Transformation is critical for achieving sustainable growth, especially given
the role that rice plays in food security and poverty reduction. Despite a long
history of rice production, the Nigerian government’s intervention in the rice
sector, and the rapidly growing demand for rice, the sector has not been trans-
formed from its premodern and low-productivity status. It still has a relatively
low level of private-sector participation and faces costly market inefficiencies.
While the recent government’s strategy, including the ATA under President
Jonathan's administration, has been promising, has had certain innovative
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elements, and has appeared to be backed by a strong political will, it remains
unclear whether it will succeed in transforming the rice economy.

The ability of the rice economy to grow and be transformed into a more
vibrant and competitive one requires a medium-to-long-term perspective, con-
sidering that many of the underlying constraints facing the sector are basic
and fundamental to the overall development of the agricultural sector and are
therefore less likely to be altered by short-term policies. Understanding the
kinds of challenges and the various policy options needed both in the short
and long run requires a holistic approach that analyzes each of the principal
components of the rice economy: demand, production, processing, and erade.

In the process, a number of relevant policy questions can be directly
addressed: How is rice consumption growth in Nigeria associated with struc-
tural changes in the economy, such as income growth and urbanization? Is
there biophysical and economic potential for domestic rice production to
transform and expand over the short to medium term? Is there potential to
improve the quality and competitiveness of local rice in domestic markets?
What is the most efficient way to take advantage of this potential for both
production and processing? Are there differential abilities and efficiencies
among existing mill types (small to large) for improving quality and meeting
demand? Are there lessons that can be drawn from elsewhere in West Africa
and Asia? What are some of the constraints in historically protective rice
trade policies in Nigeria? What are the welfare implications and opportunity
costs of alternative strategies for growing and transforming the rice economy?

The book has been organized around these key questions. Chapter 2
reviews and discusses rice consumption and demand in Nigeria. This is fol-
lowed in Chapter 3 by a descriptive overview of the current state of rice pro-
duction systems and economics in Nigeria. Chapter 4 provides an assessment
of the potential to induce a supply response in paddy production given these
current conditions, as well as indicating what will be needed to grow and
transform the sector in the future. These chapters are intended to set the con-
text of the policy challenges Nigeria faces in order to stimulate growth in local
paddy production. In Chapters 5 and 6, we shift attention to the postharvest
rice milling and marketing sector by examining its current structure, conduct,
and performance, as well as associated policy challenges and opportunities for
modernizing the sector.

Chapter 7 analyzes rice import policies in terms of their effectiveness and
tradeoffs with regard to affecting the volume of imports, domestic prices, and
tariff revenues in the Nigerian context. Finally, in Chapter 8, we combine the
analyses and conclusions from Chapters 2 through 7 on demand, production,
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processing, and trade to discuss the economywide implications of policy
options raised in cach of these chapters for transforming and increasing the
competitiveness of the domestic rice sector. Chapter 9 summarizes the key
findings and presents conclusions on the challenges and opportunities facing
policymakers in transforming the rice economy in Nigeria.
Our analysis seeks to answer three major questions regarding policies that
influence the Nigerian rice economy. The first is how to go about increas-
ing productivity: one approach is to promote the use of fertilizer, improved
seeds, mechanization, and irrigation. The second focuses on how to go about
improving the efficiency of postharvest processing and marketing activities,
such as through the modernization of the rice milling industry. And the third
is how to more effectively manage trade policies, such as import tariffs, as well
as price policies in general, in order to support the transformation process.
Aside from its core objective of informing development strategy by assess-
ing the policy challenges and opportunities for transforming and growing
the Nigerian rice economy, the book is also intended to be of practical use
for policy analysts, students, and researchers alike, especially those who are
interested in the various econometric and modeling approaches used. These
include the application of econometric tools to estimate demand elasticities
in Chapter 2; the application of simple farm budgeting tools and economet-
ric approaches for estimating supply response elasticities in Chapter 4; devel-
opment and use of mathematical programming methods to assess the optimal
mix of large-scale and medium- or small-scale millers and location of rice mill-
ing operations in Chapter 6; the use of simple price and import tariff analysis
approaches in Chapter 7; and finally, the usc of an economywide multimarket
model in Chapter 8 for assessing the tradeoffs of various policy alternatives on
the overall rice sector and national economy.






Chapter 2

EVOLUTION OF RICE CONSUMPTION
AND DEMAND PATTERNS

Kwabena Gyimah-Brempong and Oluyemisi Kuku-Shittu

Nigeria is to ensure food security and improved household welfare for the

majority of Nigerians. As already highlighted in Chaprer 1, this has partic-
ular relevance for Nigeria given the government’s concerns about the country’s
growing dependency on rice imports, as evident in the introduction of policies
to encourage domestic rice production and achieve rice self-sufficiency. However,
such policies can negatively affect houschold welfare, especially if prices rise
sharply as a result of the policies and a majority of Nigerian consumers happen
to consider rice a major staple. Therefore, to understand how rice policy might
impact the lives of the average Nigerian, it is necessary to understand the impor-
tance of rice in the Nigerian dict as well as the demand behavior for rice by the
average Nigerian housechold, which is the objective of this chapter.

The chapter begins by highlighting how rice has become a dominant food

staple in the Nigerian diet over a relatively short period of time. This is accom-
plished by examining trends in rice consumption, both on aggregate and per

Thc ultimate objective of food policy generally and rice policy specifically for

capita terms, over the postcolonial period, including regional and urban/rural
differences. This is followed by a discussion on the possible explanations or
determinants of the growth in demand, including a look at local trends in
rice prices.

Following this, the chapter empirically estimates the behavioral patterns of
demand for rice in Nigeria by rural and urban populations and income status.
The analysis uses a linear expenditure system demand model and the most
recent data from the 2011 Living Standards Measurement Study-Integrated
Surveys on Agriculture (LSMS-ISA) (Nigeria, NBS and World Bank 2011),
which is the nationally representative houschold data collected by the World
Bank and the NBS. The results of the analysis provide parameter estimates of
average budget shares (ABS) and marginal budget shares (MBS), income, and
own- and cross-price elasticities, which can be invaluable for informing future
rice policies. A summary and discussion of the key findings from the analysis
and their policy implications conclude the chapter.

21
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Trends in Rice Consumption

Nigeria has a rich history of rice production and consumption, as indigenous
rice species (local rice) have been grown and consumed in the country for over
300 years (Akinbile 2007). However, the dominance of rice as a major staple
in the Nigerian diet is a fairly recent phenomenon, as can be seen in Figure 2.1.
Aggregate rice consumption grew from a few thousand metric tons at the time
of independence in 1960 to over 5.2 million tons in 2012."

It is interesting to note that the dramatic increase in rice consumption
began in the late 1970s. This coincided with—and may have been caused by—
the astronomical increase in world prices of crude oil at that time, which gave
Nigeria large amounts of foreign currency reserves. This in turn led to the
appreciation of the naira, making it cheaper to import food (rice) rather than
to produce it at home.” Figure 2.1 makes it clear that the growth in consump-
tion was not limited to rice but included other major cereals and food crops,
such as yams and cassava, although the increase in rice consumption preceded
those of yam and cassava by a decade.

The rapid growth of the Nigerian population as well as increased income
has been partly responsible for the upsurge in demand for all food commodi-
ties, including rice. However, there are two major reasons to pay special atten-
tion to rice. First, its position has changed from virtually not being eaten in the
19605 to becoming a major staple crop today. Based on the amount of kilo cal-
ories of food staples available per person and per day in Nigeria, the two charts
in Figure 2.1 show that the supply of milled rice from domestic production and
imports has increased at a rapid rate, and the crop has almost caught up with
cassava and yams as a principal staple. Indeed, measured by the share of the
household budget devoted to different food commodities, as we will show later
in this chapter, rice has now become the leading food staple in Nigeria.

The second reason is that of all the major staple crops shown in Figure 2.1,
rice is the only staple for which imports are increasingly being used to meet
domestic demand. As Figure 1.2 in Chapter 1 shows, local rice production has
not kept up with a growing domestic demand. Consequently, imports have
made up for the growing difference between consumption and local production.

The exponential growth in rice consumption that has occurred in Nigeria
is also being replicated in other parts of Africa, particularly in West Africa
(Figure 2.2), and in other parts of the world. Per capita rice consumption in
Nigeria has yet to catch up with the average for West Africa, mainly because of

1 Metric tons (hereafter “tons”) are used throughout the book.

2 This is a classic case of the Dutch Disease arising from natural resource discovery and exploita-
tion. This is further discussed in Chapter S on rice trade in Nigeria.
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FIGURE 2.1 Availability of rice and other major staples, 1961-2011
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Note: While the horizontal axes of 2.1a and 2.1b are measured at the same scale, the vertical axes of the two figures are
different. The vertical axis of Figure 2.1a is measured in absolute numbers, but the vertical axis in Figure 2.1b is measured as
an index, 50 changes should be measured as relative to the base period (1961-1963).

the large gap between Nigeria and major rice-consuming countties such as Liberia,
Sierra Leone, and Senegal. Setting aside these three major rice consumers, how-
ever, Nigeria’s consumption is impressive: it has risen above the average for the rest
of Africa and is increasing at about the same rate as the rest of West Africa.

[t is also instructive to note that since the late 1970s, trends in per capita
rice consumption in Africa generally and West Africa in particular have mim-
icked the trend in per capita consumption in Nigeria. While rice consump-
tion in Nigeria and West Africa in general is well below levels in Asia and major
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FIGURE 2.2 Per capita rice consumption: (a) Nigeria and Africa; (b) Nigeria and Asia
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rice-consuming countries such as China and India, where consumption is about
60-80 kilograms (kg) per capita per year, both per capita and aggregate con-
sumption in Nigeria are rising faster than in other regions of the world.

It is also interesting to note in Figure 2.1 that per capita availability of rice
has grown considerably in the past several decades and has become compara-
ble to other major staples in Nigeria such as yams, cassava, and sorghum. The
growth suggests that Nigerian consumers may be substituting rice for cassava
and possibly other cereals in consumption. If current trends continue, it is
possible that rice will surpass cassava as the leading staple in both volume and
value in less than a decade.

Current Rice Consumption

Table 2.1 shows the ranking of food consumption in kilograms per capita and
per capita expenditure. Rice has become one of the most dominant staples in the
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TABLE 2.1 Ranking of per capita consumption and expenditure

Annual consumption Rank by consumption Annual expenditure Rank by expenditure

Commodity (kg/capita) quantity per capita (naira/capita) per capita
All rice 321 2 3,951 1
Local rice 17.6 1,893
Imported rice 145 2,058
Maize 24.1 4 1,164 4
Sorghum 28.3 3 960 5
Millet 19.8 5 786 6
Cassava 33.1 1 2,374 3
Yam 18.2 6 2,824 2

Source: Authors' calculation from Nigeria, NBS and World Bank (2011).

FIGURE 2.3 Aggregate consumption of rice and other major staples in 2011 (million tons)
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Nigerian diet. It now ranks first amongall staple food items in terms of expen-
ditures and is second only to cassava in terms of quantities consumed. Figure 2.3
shows the aggregate quantities of major food items consumed in Nigeria. By vol-
ume, the per capita consumption of rice is 3 percent less than that of cassava;
however, by value, per capita consumption of rice exceeds that of cassava by as
much as 67 percent, indicating how dominant rice has become in the Nigerian
food budget.

Rice not only dominates other cereals, it also dominates the average Nigerian
budget. Table 2.2 shows that 5.2 million tons of rice were consumed in Nigeria
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TABLE 2.2 Rice consumption and production in 2011

Total consumption  Total consumption Total production Total production

Commodity (millien tons)’ share (%) (million tons)2 share (%)
All rice 5.20 5.16
Local rice 2.85 54.8 2.71 52.5
Imported rice 2.35 45.2 2.45 475

Source: (1) Authors’ calculation from Nigeria, NBS and World Bank (2011); (2) United States Department of Agriculture
International Database (USDA 2013).

in 2011 (the last year for which we have complete data). Of this amount, only
2.85 million tons were produced locally, while 2.35 million tons were imported.
Table 2.3 shows average budget shares of a large number of food and nonfood
items in the average Nigerian houschold’s budget. The average Nigerian house-
hold spent over 6 percent of its total income on rice consumption in 2011. This
budget share was the highest among food staples in this time period, and the
pattern is similar for both urban and rural households.

Compared to other staples, rice is also widely consumed across the popula-
tion: 84 percent of households reported consuming rice at home (Table 2.4).°
There are, however, minor spatial differences in the pattern of rice consumption:
while 91 pexcent of urban households in Nigeria consume rice, a slightly lower
percentage—80 percent—of rural households do so. Consumption of imported
and domestic rice also differs by location. While 72 percent of rice consumed
by urban households is imported, only 33 percent of that consumed by rural
households is imported. Table 2.3 shows that with the exception of nonfood
items and dining out, rice dominates all other food items in the Nigerian house-
hold budget. The only exception is rural houscholds, where fruits and vegetables
make up a slightly larger share of houscholds’ food budget than rice.

RICE CONSUMPTION BY SECTOR AND ZONE

As noted earlier, there are differences in rice consumption across demographic
and regional groupings in Nigeria. Table 2.4 shows that rural households con-
sume more local rice than imported rice, while urban households consume
more imported than local rice. Table 2.5 presents more disaggregated infor-
mation on the structure of rice consumption by geopolitical zones in Nigeria.*

3 Itisimportant to note that the data on which this analysis is based comes from LSMS-ISA
(Nigeria, NBS and World Bank 2011), which surveyed houscholds on their consumption pat-
terns over the last seven days prior to being surveyed. While it is possible that there are house-
holds that consume rice regularly but had not done so in the last seven days and vice versa, we
nevertheless assume this is a reasonable snapshot of the average proportion of households that
consume rice in Nigeria.

4 For the geopolitical zones in Nigeria, see the footnote of Figure 1.1.
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TABLE 2.3 Average household budget share across commodities

Average budget share (%)

Commodity Urban Rural National
All rice 57 7.0 6.6
Local rice 1.8 47 38
Imported rice 3.8 2.4 2.8
Maize 1.2 2.7 2.2
Wheat 1.7 1.5 1.6
Sorghum/millet 1.3 57 4.3
Other grains 0.1 0.1 0.1
Cassava 3.2 48 4.3
Yam 46 53 5.0
Other roots 1.3 1.6 1.5
Pulses 3.0 39 3.6
Qils and fats 47 6.7 6.1
Fruits/vegetables 5.2 7.1 6.5
Milk 1.1 1.0 1.0
Poultry 0.9 1.1 1.0
Other meat 5.3 6.1 59
Fish 5.5 59 5.8
Other food 31 38 35
Dining out 12.8 9.3 10.4
Nonfood 39.5 26.4 30.5
Total 100 100 100*

Source: Authors’ calculation from Nigeria, NBS and World Bank (2011).
Note: *Because of rounding, the percentages may not always add up to exactly 100.

TABLE 2.4 Share of households consuming rice by region

Share of households Share of households
Region consuming rice (%) consuming imported rice (%)
Urban 908 718
Rural 79.9 3341
National 83.8 48.2

Source: Authors' calculations based on Nigeria, NBS and World Bank (2011).

Generally, in each zone rice ranks very high in terms of expenditure as well as
consumption volume compared to other main crops (Table B.1 in Appendix
B). Per capita consumption ranges from a low of 20.9 kg per year in the South
South to a high of about 39.6 kg per year in the North West, where rice is
more important in the consumption baskets of households. While rice is
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TABLE 2.5 Consumption patterns by region

Urban Rural
Expenditure Quantity_ Expenditure Quantity
(million (thousand (million (thousand

Group naira/year) tons/year)  (kg/capita)  naira/year) tons/year)  (kg/capita)
North Central -

All rice 26,660 191 28.6 54,605 495 28.8

Locat rice 10,758 96 14.4 37,126 389 22.6

Imported rice 15,902 95 14.2 17,479 106 6.2
North East

All rice 19,689 138 39.7 61,477 543 29.3

Local rice 12,580 99 28.5 51,237 482 26.0

Imported rice 7,109 39 1.2 10,240 61 3.3
North West

All rice 62,462 514 53.0 142,428 1,260 39.5

Local rice 43,401 389 401 124,084 1,144 35.9

Imported rice 19,061 125 12.9 18,344 116 3.6
South East

All rice 13,022 192 36.2 29,446 363 26.3

Local rice 2,225 25 47 12,059 111 8.1

Imported rice 10,797 167 315 17,387 252 18.2
South South

All rice 41,772 234 24.4 53,440 314 20.9

Local rice 2,117 19 2.0 7,780 78 5.2

Imported rice 39,655 215 22.4 45,660 236 15.7
South West

All rice 101,059 774 32.8 30,575 184 26.4

Local rice 1,171 9 0.4 1,339 10 1.5

Imported rice 99,888 765 324 29,236 174 24.9

Source: Authors’ calculations based on Nigeria, NBS and World Bank (2011).

not always the dominant food item in terms of per capita consumption in all
regions, it always ranks very highly regardless of geopolitical zone.

Table 2.5 also shows that the type of rice consumed differs across zones
of Nigeria as well as between rural and urban areas. There is a preference for
local rice in the northern zones, where it accounts for over 80 percent of the
rice consumed, compared to the southern zones, where only about 12 percent
is local rice. While imported rice and local rice are consumed in roughly equal
proportions in urban areas of the North Central zone, the consumption of
local rice dominates that of imported rice in rural areas of the North Central
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and both rural and urban areas in the North East and North West. The oppo-
site applies in the southern zones (South West, South South, and South East),
where imported rice dominates, even in the rural areas, where very little local
rice is consumed. These patterns of consumption may hold for several reasons
that are discussed in greater detail below.

RICE CONSUMPTION PREFERENCES BY REGION

There are several varieties of local rice grown and consumed in different regions of
Nigeria, and they are often prized for specialized purposes. Generally, local vari-
eties of rice grown in Nigeria tend to be short to medium grained, absorb water
upon cooking, and can be made into a paste for local dishes—qualities that are
not possessed by imported rice. Examples of some of the local rice varieties culti-
vated and consumed in the three northern regions include galaware (African wild
rice), yar-yarmidi, yar-kera, yar-kilaks, yar-das, dukusa, yar-banki, yar-mubi, yar-
tundun wada, WITA 4, and yar-mubi.’ Of these varieties, yar-tundun wada is of
long grain with brightness, while others are of short grains, bright, and well filled.

They all possess high-quality processing characteristics and organoleptic
(length, taste, and swelling) properties. These properties give local varieties
an edge over imported rice in the preparation of several local dishes frequently
consumed in the region, such as tuwo, sinasir, and waina/masa (PrOpCom
2007a, 2007b, 2007c). Imported rice cannot be used to prepare these local
dishes because it does not have the aforementioned characteristics.

In the southern zones, there are also several varieties of local rice produced
and consumed. However, the varieties of rice consumed in the South South and
South East zones are very similar. Local rice in the Igbo-dominated South East
is known as osikapa. The characteristics of this rice variety are that the grains are
usually of white, yellow-red, and variegated type. Okeke et al. (2008) described
the local rice varieties as being “cream colored and tasting better than some of
the ‘exotic’ imported rice.” He also likened the osikapa rice to fufu (a popular
West African staple made of cassava, maize, or wheat flour).

The South East is also often associated with the consumption of Abakaliki
rice—named after the local rice mill in Ebonyi State (for the location of each
state, sce Figure 1.1).° While the generic name is Abakaliki rice, it is in fact a
mixture of several rice varieties. Oko, Ubi, and Efisue (2012) present a com-
prehensive analysis of some of the Abakaliki rice varieties. They identified
the superior qualities of local rice varieties in Ebonyi State of the South East
as having “high amylopectin content, tender texture, and length expansion

S See http://www.propcommaikarfi.org/wp-content/uploads/2013/08/12-Kano-Rice-Baseline
-Report-4-07.pdf for a more comprehensive breakdown of the different northern rice varieties.

6 See http://www.nigerianorientnews.com/?p=1400.
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on cooking without affecting the width.”” This variety of rice is usually con-
sumed boiled and eaten with stew.

The local rice in the South West has become synonymous with ofada rice,
a popular variety that is discussed in more detail in Box 2.1 as it is an interest-
ing case study of a popular niche market for local rice. However, ofada is not

Box 2.1 Case study of ofadarice

Ofada rice is a variety found in the South West and grown almost exclusively
in Ogun State. It takes its name from Ofada, the town in Ogun State where

it was first cultivated. It is characterized by a very strong aroma, as well as
the tendency to swell or increase in size, resulting in the claim that “a little
quantity fills one up.” It is generally eaten with a vegetable-based stew that
is sometimes made with locust bean.

The grains are short but large, aromatic if brown and non-aromatic if
white, and perceived 1o be more nutritious than imported rice (PrOpCom
2007c). Ofada rice is not an indigenous African rice; it has existed in Ogun
State only since the 1940s, when according to rumor it was smuggled into
Nigeria by a soldier who returned from Asia and planted this variety of rice in
his hometown of Ofada.

In recent years, ofada rice has developed from being viewed as an infe-
rior variety to a premium, highly desired rice variety. There is no verifiable
data on acreage under cultivation or quantities consumed, but from anec-
dotal evidence the demand for ofada rice has been growing exponen-
tially since the early 2000s, particularly in the South West, where it has
become indigenous.

It appears that this increased awareness of ofada rice coincided with
an intervention by the Department for International Development of the
United Kingdom, known as Promoting Pro-poor Opportunities in Service
and Commodity Markets, which funded a commodity and service market
for ofada rice. The initiative was carried out in conjunction with many local
agencies, including the Agricultural Development Project (ADP) and the rice
farmers’ associations, to increase knowledge about the production process
and public awareness of ofada rice.

Figure B2.1 shows the trends in real prices of ofada rice and imported
rice in Abeokuta between the last quarter of 2010 and December 2012.
Imported rice prices were very stable over the period. Ofada rice prices, on
the other hand, have been consistently higher than the real price of imported
rice. Ofada rice has increasingly been viewed as premium rice, superior to

7 Oko, Ubi, and Efisue (2012), pp. 11-17.
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other local varieties, often served at high-level parties, and served as a deli-
cacy at very exclusive restaurants.

There have been many questions regarding this meteoric ascension of
ofada rice to the top of the local rice food chain. It was initially assumed
that it was due to improvement in the processing of this particular brand of
local rice. However, field visits have shown that this is not strictly true. While
processors are responding to consumer demands for cleaner local rice by
packaging ofada in more attractive ways, the rice is being processed not
with specialized machines but using manual labor.

FIGURE B2.1 Real prices, in naira, of imported and ofadarice in Abeokuta, Ogun State
(October 2010-December 2012)
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Ofada rice has a very special aroma, which is achieved through a fermen-
tation process. The aroma has now become its distinguishing feature. It has
become a staple at high-class parties. The rice has become branded by being
served in leaves with a special sauce. In addition, the high price is regarded by
some as a status symbol. Ofada rice has also been marketed as having many
health benefits. It is unpolished rice, so it still retains good nutritional value.

The key message that emerges from the ofada rice case study is that
Nigerians are willing to pay premium prices for local rice (even higher than
for imported rice) if it meets their quality and taste standards. These types
of rice can compete effectively with rice imports. One characteristic of ofada
is the fact that it has been branded and marketed as unique. Perhaps the
lesson for policymakers is that besides improving quality, branding and mar-
keting Nigerian rice through information campaigns might be very effective.
Perhaps creating more niche-market rice is another option for policymakers.

31
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the only local rice variety grown and consumed in the South West. A large
variety of New Rice for Africa (NERICA) species are cultivated in the South
West, in addition to many indigenous species (c.g., ighimo in Ekiti State), but
ofada remains the most popular and best known. Ofada is not a single variety
and therefore unique; however, the way it is processed, packaged, and prepared
for cooking gives it its unique characteristics (PrOpCom 2007c), as well as the
fact that it is generally caten on special occasions.

CONSUMPTION FROM OWN-PRODUCTION

According to the LSMS-ISA (2011) data, an overwhelming proportion of
rice consumers buy their rice on the market; however, a significant number
and proportion of consumers produce their own rice for consumption. Own-
production and consumption accounts for about 20 percent of all local rice
consumed in Nigeria and about 10 percent of all rice consumed in the nation.
Nationally, about 13 million individuals reported producing the rice they con-
sumed in 2011. About 82 percent of these own-production consumers are

in the northern zones, with the North East and the North West having the
largest share of individuals who produce the rice they consume. On the other
hand, own-production consumers are negligible in the southern zones, espe-

cially in the South West.

Factors Affecting Rice Demand in Nigeria

Several factors, including rapid urbanization, accelerated population growth,
increased per capita income, and changes in family occupational structures
and lifestyles have contributed to increased demand for rice (Akpokodie,
Lancon, and Erenstein 2001; Akande 2002; UNEP 2005; DeMont et al.
2013). Urbanization is a major factor in rice demand because of the lifestyle
changes it engenders, requiring foods that are convenient and quicker to pre-
pare, and rice meets these conditions very satisfactorily. It is clean and easier
and less time consuming to prepare than traditional Nigerian staples such as
cassava or yam.

While most consumers combine imported and local rice in their diets,
urban households generally have a preference for imported rice (Table 2.6).
The characteristics that have endeared many of these consumers to
imported rice include higher quality—defined as a higher swelling capacity,
better taste, and preferred grain shape—as well as cleanliness, as imported
rice tends to be polished, nonbroken, and free from stones and other debris
(Bamidele, Abayomi, and Esther 2010; Langon et al. 2003a). This type of
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TABLE 2.6 Household budget shares and income elasticities of demand

1) @ {5) {7

Average Marginal (4) Average (6) Share of
budget budget (3) Market  household Valueof gammain
share  share  Expenditure  price  expenditure gamma? expenditure

Commodity (%) (%) elasticity (naira) (naira) (naira) (6)/(5) (%)
All rice 6.6 4.2 0.63

Local rice 38 17 0.44 93 273 214 784
Imported rice 2.8 2.5 0.88 166 203 113 55.7
Dining out? 104 16.8 1.61 900 751 145 19.3

Source: Linear Expenditure System model results.

Note: Gamma represents the part of expenditure for subsistence consumption of food. ®The market price of dining out here
represents the average cost of dining out for a family of four. The average total household expenditure on dining out is low
relative to the price of dining out, suggesting that most households do not dine out.

rice is better suited to cooking foreign dishes, which are often favored by
urban households.

As with imported rice, local rice is consumed for several reasons: it is
cheaper, and it possesses organoleptic attributes that make it a vital compo-
nent in certain local delicacies (Bamidele, Abayomi, and Esther 2010). These
delicacies include zuwo in the north, where local rice is preferred for its abil-
ity to absorb water and to be pounded into paste, and ofada rice in the South
West, which is preferred for its unique aroma. The problem with local rice is
that it is often not properly processed, has a high percentage of broken grain,
and usually includes foreign matter (e.g., stones). Most varieties of local rice
produced in Nigeria are of short-grain types. These are usually viewed as infe-
rior rice, and most consumers of local rice (particularly in urban areas) aspire
to be able to afford imported rice, which is cleaner, requires less processing
time, and can be utilized to prepare a wide variety of foreign dishes (e.g., jollof
rice, fried rice) as well as local dishes.

Trends in Rice Prices

An important determinant of the quantity purchased of any good is its price.
To understand the demand for rice, it is therefore necessary to discuss changes
in the real prices of rice over time in Nigeria. Figure 2.4 presents trends in

real prices of rice nationally for imported rice and several varieties of local rice
between 2003 and 2011. The prices are real naira prices, with 2003 as the base
year for a kilogram of rice. Generally, the real price of all rice—imported and
different varieties of local rice—trended downward over the period, although
the rate of decline was not smooth; prices tended to fluctuate from one year
to the next even though the downward trend is clear. The domestic price of
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FIGURE 2.4 Trends in real rice prices (national)
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Source: National Bureau of Statistics data.

Note: The prices are real naira prices, with 2003 as the base year for a kilogram of rice. NBS data do not provide an explana-
tion of how rice is categorized as “rice long grained,” "rice local," or “rice medium grained.”

imported rice and the prices of local rice moved in the same direction as inter-
national prices. The large spike in the domestic price of rice in 2008 tracks
the rise in international prices resulting from the 2008 global food crisis. It
appears that trends in the domestic market price for rice are related to changes
in the price of rice in the international market, exchange rate, and rice trade
policies in Nigeria.”

Generally, imported long-grain rice and other long-grain rice have consis-
tently commanded higher prices than those of local rice, even though all prices
move in the same direction. While the price of local rice is usually lower by a
healthy margin than that of imported rice, the prices of some local niche rice,
such as ofada, are closer to imported rice. Indeed, in some zones of Nigeria such
as the South West, the price of of2da rice exceeds that of imported rice.

Prices for ofada rice (though only available since 2008) have also been con-
sistently higher than prices of other local rice varieties, indicating that ofada is
premium rice. This suggests that Nigerian consumers are willing to pay higher
prices for local rice if it meets their quality and taste standards. The policy
implication is that there should be increased emphasis on processing in order

8 Chapter 7 on rice trade provides a detailed discussion of the evolution and determinants of rice
price in the domestic Nigerian market.
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FIGURE 2.5 Enugu prices (naira/kg), 2006-2012

=== |mported rice

120 7 === | ong grained
--- Local rice
100 A === \edium grained
Ofada

80 -

60

40 -

20 4

0 L}

Oct-06 Apr-07 Nov-07 Jun-08 Dec-08 Jul-09 Jan-10 Aug-10 Feb-11 Sep-11 Apr-12

Source: National Bureau of Statistics data.

to increase the quality of local rice to attract the Nigerian consumer, especially
those with higher incomes.

There have been no studies that track and explain the observed trends in
real prices of rice in Nigeria over the 20022012 period. However, it is likely
that Nigerian real rice prices are mostly driven by demand-side factors com-
bined with (1) changes in the world price of rice and (2) exchange rate and
trade policies. As discussed earlier, both per capita and aggregate demand
for rice in Nigeria have been increasing at a rapid rate. Without an aggregate
increase in domestic rice production to meet demand, real prices are likely to
be more susceptible to global price changes and to exchange rates and trade
policies as imports rise.

It is possible that the national price trends presented in Figure 2.4 mask
rural/urban differences and that price changes may have different welfare
implications for urban and rural houscholds. There are few regional markets
with complete time-series data for rice prices in Nigeria; no data exist for rural
markets. Among regional markets, the Enugu market (located in the South
East zone of the country) has detailed time-series data of monthly rice prices
from 2006 to 2012. We used thesc series data to represent rice price trends in
urban Nigeria. The price trends in the Enugu market for the average weekly
prices of various types of rice in the 2006 to 2012 period are presented in
Figure 2.5.
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The trends in Enugu shown in Figure 2.5 display similar patterns to the
national price averages that are shown in Figure 2.4, While there is a general
downward trend in the prices of all types of rice, the decline was not smooth.
Changes in Enugu rice price also follow changes in the international price of
rice very closely. The weekly price of imported rice in Enugu, similar to the
average price of imported rice at the national level, is generally higher than the
average price of all types of domestic rice.

Explaining the Demand for Rice in Nigeria

The food consumption pattern of Nigerian households has been undergoing
significant changes with income growth, rapid population growth, changing
relative prices of items in the food basket, changes in livelihoods, and urban-
ization. The Nigerian diet has consistently shifted away from tubers such as
yams and cassava to cereals such as rice, to the extent that today rice com-
mands the largest share of the average houschold’s food budget. In this section,
we model the demand for rice in Nigeria in an attempt to understand what
drives the growing demand for the product and to understand what policy
options are available to affect the demand for rice and to ensure food security
for different segments of Nigerian society.

There are several ways to model the demand for rice or any food item.

One can conceive of and focus on analyzing the demand for each individ-

ual food item. This allows a researcher to control for several covariates that
affect the quantities of a food item purchased by households and thus pro-
vide a rich set of environmental controls, as well as policy tools, for the policy-
maker, However, this approach ignores the interrelationship among goods in
household budget decisionmaking, especially given that with a limited budget,
increasing expenditure on one item affects the quantities of other items pur-
chased by the houschold.

Alternatively, one can model the demand for food items as part of a sys-
tem of demand for food or household expenditures. Given that the demand
for these items is part of the household’s expenditure on food (indeed part
of the household’s total expenditure on all goods), it may make sense to use
the second approach—an approach that accounts for the interconnections
among the various items in the consumer’s food budger as well as the house-
hold’s budget constraints. With low incomes and strictly binding food bud-
get constraints, these interconnections may be very important for consumer
well-being. While the systems approach models the interconnections among
various items in the household consumption basket, its disadvantage is that it
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is not able to provide a rich set of environmental controls of the determinants
of demand, as the single-commodity approach does.

We take the systems approach in estimating the demand for rice in Nigeria,
using the Linear Expenditure System (LES) approach popularized by Stone
(1954). The LES demand system models household expenditure shares on var-
ious commodity groups as a function of prices of these commodity bundles
and consumer budgets. It is derived from maximizing the consumer’s Stone-
Geary utility function subject to the consumer’s expenditure constraint. The
LES model divides the consumer’s expenditure shares on any commodity into
two components: minimum required consumption/expenditure (which we
call subsistence consumption) and additional expenditure shares over and
above subsistence expenditure.

A summary of the LES model is as follows, with accompanying details of
the model in Appendix B: Maximize U = [[;(Q; - y;)a;, subject to =;p;+ 0; < Y,
where U is the index of consumer utility, Q; is quantity of good 7, ¥, is the sub-
sistence consumption of good 7, «; is the marginal budget share (MBS) of good
i in the consumption basket, p; is the price of good 7, and Y is the consumer’s
total expenditure (budget). From the first-order conditions for utility maximi-
zation, subject to the expenditure constraint, and rearranging, we derive the
estimation equation

5= Piei(Y = Zp;y)) L4
j2f r
where §; is the expenditure on a good as a share of total household expendi-
ture and all other variables are as defined in the text above.

Besides the ease of estimation, the LES model of demand has several attrac-
tive features. Because it is derived from a utility function, the parameter esti-
mates have easy economic interpretation. It also satisfies the requirements of a
demand function; among them, increasing all prices and incomes by the same
proportion leaves quantity purchased (expenditure shares) unchanged, and
the weighted expenditure shares of all commodities add up to unity. However,
the LES model also has some disadvantages. The primary disadvantages are
that it requires all commodities in the consumption basket to be noninferior
and that consumer preferences be additive, hence independent in commod-
ity bundles.

In our model, we treat the household as the unit of analysis. While eco-
nomic theory models consumption decisions at the individual level, we were
unable to do so because we have consumption and budget data only at the
household level. However, this constraint ought not bias the results in the
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analysis significantly, as most consumption decisions in Nigeria are made at
the houschold level, typically by the patriarch/matriarch of the household.

The data for estimating the share equations in the LES model were obtained
from the LSMS—ISA (2011), which is a national survey on household welfare
conducted by the NBS in partnership with the World Bank. The data used in the
analysis are from a 5,000-household cross-section survey derived from the larger
nationally representative sample of 22,000 households. Although the geograph-
ical domain of analysis is Nigeria’s six geopolitical zones, the data are nationally
representative as population weights are included for the sample households.

All the findings in this chapter are derived using these population weights.
The sample of 5,000 houscholds represented in the data was surveyed twice—
once in 2010 and once in 2011—to gather detailed data on agricultural activ-
ities and houschold consumption. Post-planting (lean season) data were
collected in 2010, and postharvest data were collected in 2011. However,
because of many extremely large and unrealistic outliers in the 2010 data, the
analysis in this chapter is based on the 2011 postharvest data.

The LSMS—ISA data contain information on cassava and cassava flour; how-
ever, we chose to aggregate both into a single category for simplicity. Where an
observation was three standard deviations away from the mean, we excluded
it from the analysis to avoid undue influence on parameter estimates. Sample
statistics for the data are presented in Table B.1 in Appendix B. As is shown in
Table B.4, Nigerian houscholds, on average, spend about 6.6 percent of their bud-
gets on rice. This average budget share, however, has a large variance. There are
clearly regional and rural/urban differences in average expenditures on rice in
the sample, but nevertheless all show the importance of rice in the Nigerian diet.

Estimates of Expenditure and Demand Elasticities

We present the results of the estimates of the budget share equations for rice
(total), imported rice, and local rice as a share of 2 household’s total expendi-
tures. This includes both ABS and MBS, describing the average expenditure
share for rice and the additional expenditure on rice following a small change
in income, respectively. We begin this subsection by discussing the budget
shares, followed by a discussion of price and expenditure clasticities, which
describe the sensitivity of a household’s demand for rice due to a small change
in price and expenditures, respectively. We do this first at the national level,
and for comparative purposes only, we also report the estimates for dining out.
Because we are interested in the effects of policy on different groups of people,
we also present and discuss the budget shares and elasticities of demand for
rural and urban households, as well as by income classes.
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DEMAND CHARACTERISTICS AT THE NATIONAL LEVEL

The national average budget shares and marginal budget shares, expenditure
elasticities of demand, market prices of rice, average household expenditures
on rice, subsistence consumption of rice, and subsistence consumption of rice
as a proportion of total household expenditure are presented in Table 2.6.
For the purposes of comparison, we also present data for the food expendi-
tures with the largest ABS and MBS, which is dining out. Generally, col-
umn 5 in the table indicates that the average Nigerian houschold spends more
on domestic rice (273 versus 203 naira, or about 34.5 percent more) than on
imported rice, in absolute terms.

Table 2.6 also shows that the average budget shares of all rice, local rice,
and imported rice are relatively high. While the ABS for local rice is higher
than that for imported rice, the marginal budget share for imported rice is
higher than its local rice counterpart. While the average budget shares of
all rice, local rice, and imported rice are relatively high, their marginal bud-
get shares are lower than their ABS, suggesting that, on average, Nigerian
consumers devote less of their additional budget to rice. In summary, at the
national level houscholds will devote a decreasing share of extra expenditure
to rice as a whole, with even smaller shares being devoted to local rice pur-
chases. This suggests that the share of household expenditure devoted to rice
purchases will decrease with income, even though the total amount the house-
hold spends on rice will increase. For comparison, the MBS for dining out is
higher than the ABS, suggesting that Nigerian consumers in all groups will
devote a larger share of additional expenditure to dining out as incomes rise.

One of the major strengths of the LES approach is that it allows the
rescarcher to estimate the proportion of expenditures that is considered as
subsistence consumption (Appendix B). This is the amount of consump-
tion expenditures the consumer is “committed to” without regard to his or
her level of income.” Column 5 of Table 2.6 presents the average household
expenditures on the various types of rice, while column 6 presents total sub-
sistence consumption for various commodities (referred to here as gamma).
Generally, the level of subsistence expenditures on different kinds of rice in
Nigeria is very high. Indeed, column 7 shows that subsistence consumption as
a share of average houschold expenditure on various types of rice ranges from
a low of 55.8 percent (imported rice) to a high of about 78 percent (local rice).

9 This concept of subsistence consumption differs from the traditional meaning of subsistence,
which refers to farmers growing enough to feed themselves rather than selling their produce in
the market. Also see a discussion of this concept in Appendix B.
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It is also interesting to note that the share of local rice that is for subsis-
tence consumption is far higher than the subsistence share of imported rice.
On the other hand, the subsistence share of expenditure on dining out is only
19.4 percent compared to 78 percent for local rice. Policies that affect the sub-
sistence level of purchases may have serious welfare implications for consumers
who spend a large part of their household budgets on these goods, especially
for those at the low end of the income distribution (i.e., the poor).

Column 3 of Table 2.6 presents the estimated expenditure elasticities of
demand for the country as a whole for all rice, local rice, imported rice, and
dining out. The estimated expenditure elasticities are positive and signifi-
cantly different from zero, at a 99 percent confidence level, indicating that
all rice, imported rice, and local rice in the demand system are normal goods
whose consumption increases with income. We note that the expenditure elas-
ticity of demand for imported rice is much higher than that of local rice; in
fact, it is twice as high. This suggests that, ceteris paribus, the share of expen-
diture on imported rice will grow at twice the rate of that on local rice as total
household expenditures (or incomes) grow.

Although the estimated expenditure elasticities of demand are positive for
all types of rice, they are significantly less than unity, suggesting that expen-
ditures on rice in Nigeria will grow at a slower pace than household expendi-
tures, ceteris paribus. Stated another way, the results indicate that while the
absolute amount of expenditure on rice will increase with total houschold
expenditures, the percentage spent on all rice, local rice, and imported rice will
decrease as total household expenditures increase, if all other factors remain
unchanged. The decreased expenditure shares are consistent with the decreas-
ing MBS of these goods noted above; they are also consistent with Engel’s law:
the general observation that expenditure on food proportionally decreases as
income increases.

DEMAND CHARACTERISTICS OF URBAN VERSUS RURAL HOUSEHOLDS

It is possible that there are differences in the patterns of consumption between
urban and rural areas and that the national averages presented in Table 2.6
mask such differences. Table 2.7 presents the budget shares, expenditure elas-
ticities, and average household and subsistence expenditures. The table also
shows, for both rural and urban areas, the ratios of subsistence expenditures
to average household expenditures. Panel A presents the estimates for urban
households, while Panel B presents these for rural households. Generally,
urban households spend about twice as much on imported rice as they do

on domestic rice, while the reverse is true for rural households, as shown in



EVOLUTION OF RICE CONSUMPTION AND DEMAND PATTERNS 41

TABLE 2.7 Household budget shares and expenditure elasticities, rural and urban locations

(5) @
(1) (2) (4) Average 6) Share of
Average Marginal (3) Market  household  Valueof gammain
budget budget Expenditure price expenditure gamma? expenditure
Commodity share (%) share (%) elasticity (naira) (naira) (naira) (6)/(5) (%)

Panel A: urban

All rice 5.6 2.4 0.42
Local rice 1.8 04 0.20 96 176 158 89.8
Imported rice 3.8 2.0 0.53 154 364 268 73.6
Dining out? 12.8 20.2 1.58 921 1,217 253 20.8
Panel B: rural
All rice 71 55 0.77
Local rice 4.7 3.0 0.72 92 288 196 68.1
Imported rice 2.4 2.5 1.03 178 144 70 48.6
Dining out? 9.3 14.1 1.51 679 573 140 244

Source: Linear Expenditure System model results,

Note: Gamma represents the part of expenditure for subsistence consumption of food. P The market price of dining out here
represents the average cost of dining out for a family of four. The average total household expenditure on dining out is low
relative to the price of dining out, suggesting that most households do not dine out.

column 5. The expenditure share on rice that is treated as subsistence con-
sumption, in column 7, is much higher for urban households than for rural
houscholds; as much as 90 percent of the expenditure on local rice by urban
households is considered to be subsistence, while only 68 percent of such
expenditures are considered to be subsistence by rural households.

Also, while the MBS for local rice is relatively low among urban house-
holds (0.4 percent), it is quite high among rural households (3.0 percent), as
shown in column 2. For imported rice, the MBS is slightly higher among
rural households than urban houscholds: 2.5 versus 2.0 percent, respectively.
This indicates that in general, rural houscholds devote a larger portion of
additional expenditure to rice than do urban households. The implication for
rice demand in Nigeria is that the expenditure on rice will grow faster among
rural households than among urban households if rural and urban incomes
continue to grow at the same rate. This is especially true for local rice.

The estimated pattern of consumption shown here may indicate that while
urban households treat all types of rice as subsistence food, rural houscholds
may treat rice differently; they treat imported rice as a suprasubsistence food,
while treating local rice as subsistence food (see how much less of rural house-
holds’ subsistence consumption is spent on imported rice than local rice in
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Table 2.7). As in Table 2.6, the marginal budget shares of additional expen-
diture on rice of all types are generally lower than the average budget shares
among both urban and rural households.

The estimated expenditure elasticities for rice are presented in column 3 of
Table 2.7. In general, the expenditure elasticities of demand for rice are positive
for both rural and urban houscholds and suggest that the demand for all types
of rice increases with household expenditures in both rural and urban areas.

For urban households, the expenditure elasticities for all types of rice (all, local,
and imported) are significantly less than 1, suggesting that they are necessities.
For rural households, the expenditure clasticity of demand for imported rice is
slightly greater than 1, while for local rice it is significantly less than 1. These
estimates suggest that while local rice is considered a necessity by both rural and
urban houscholds, imported rice is considered a necessity by urban households
only; it is considered a luxury item by rural houscholds.

For the purpose of comparison, the ABS for dining out is 12.8 percent and
the MBS is 20.2 percent for urban houscholds, while the expenditure elastic-
ity is 1.58. For rural houscholds, the ABS for dining out is 9.3 and the MBS
is 14.1 percent, while the expenditure elasticity is 1.51. It is clear from these
estimates that the expenditure share of dining out will increase for both rural
and urban houscholds with increased household expenditures. Similarly, the
expenditure share of imported rice will increase for rural houscholds as total
household expenditures increase.

The responsiveness of quantity demanded to changes in the price of a par-
ticular type of rice—own-price clasticities of demand, hereafter—is presented
in Table 2.8: for local rice and imported rice; and for Nigeria as a whole and for
urban and rural areas. As in other tables, we present own-price elasticities of
demand for dining out for comparison with the elasticity of demand for rice.

Generally, the own-price clasticities of demand for these products are nega-
tive, suggesting that budget shares decrease with increased prices, ceteris pari-
bus. However, the absolute values of the elasticity coefficients are generally

TABLE 2.8 Household own-price elasticities of demand

M @ @)

Commodity National Urban Rural
Local rice -0.39 -0.13 -0.33
Imported rice -0.64 -0.34 —0.46
Dining out -1.11 -1.02 -0.68

Source: Linear Expenditure System modet.
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less than 1 at the national level, and for both rural and urban areas, suggest-
ing that the expenditures on these food items are not very sensitive to price
changes. Another way of putting it is that consumers will simply spend more,
as the quantity demanded changes little as a result of an increase in price.

Note that demand is less price elastic in both the urban and rural sectors
compared to the national level. This is possibly because national-level esti-
mates may also reflect the movement of consumers between urban and rural
sectors, each of which exhibits different demand characteristics. Generally,
the own-price clasticities of demand for all types of rice are much lower for
urban households than for rural households, suggesting that the demand for
rice is less sensitive to price changes among urban households than among
rural households.

The welfare implication of these low price elasticities is that households
(both urban and rural) may spend more on rice (both domestic and imported)
when prices go up, as they may be unwilling to substitute away from rice
products with the price increases because rice is the preferred staple. In con-
trast, they would be more willing to substitute away from dining out if food
prices in local eating establishments rise given a higher own-price elasticity of
demand for dining out in both urban and rural areas.

One policy instrument often used in Nigeria to stimulate rice production
and substitute the consumption of local for imported rice is an import tariff.
However, this will work if and only if there is a high degree of substitutabil-
ity between imported and locally produced rice that is derived from estimates
of cross-price elasticities of demand among the two types of rice and others in
the market. Estimates of all own-price and cross-price elasticities of demand
for domestic and imported rice and all other food commodities are presented
in Table B.2 in Appendix B.

In addition to the generally low own-price elasticities of demand presented
in Table 2.8, the estimated cross-price elasticities of demand between local and
imported rice as well as between rice and other local food staples, as reported in
Table B.2, are very low—indeed, in no case does the absolute value of the cross-
price elasticity of demand approach 0.05." The estimated cross-price elastic-
ity of demand between local and imported rice is —0.003, suggesting that while
these types of rice are complements in consumption, the degree of complemen-
tarity is so low that the relationship among the two is not economically signifi-
cant. Clearly, however, the two types of rice are not substitutes.

10 The full range of cross-price elasticities of demand is not reported in the text but is available in
Appendix B. We report only the cross-price elasticities between local and imported rice.
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The lack of substitutability between imported and local rice we find here
is similar to what Demont et al. (2013) find for Senegal. Similarly, the cross-
price elasticities of demand between rice and other domestic food staples is
very low. Perhaps the lack of substitution between the two types of rice, as
well as between those two types of rice and other food staples, explains the
low own-price elasticities of demand, as there appears to be no effective sub-
stitutes for these types of rice in Nigeria. Besides consumer welfare impli-
cations, the lack of substitution between local rice and imported rice has
important policy implications. Unless consumers develop a taste for local
rice that rivals their taste for imported rice, it will be difficult to achieve
rice self-sufficiency (no rice imports, as the government defines it) through
a tariff strategy because there will always be demand for imported rice. Of
course, there can be policies (including marketing and information cam-
paigns) and incentives put in place to improve the quality and taste of local
rice to rival those of imported rice.

DEMAND CHARACTERISTICS ACROSS INCOME GROUPS

So far we have analyzed the income and price elasticities of demand for rice for
average national, rural, and urban houscholds, but it is possible that expendi-
ture patterns vary systematically among different groups of consumers, espe-
cially among income classes. If policy changes have disproportionate effects
on the prices of foods consumed by houscholds that are least able to withstand
price shocks or least able to substitute away from such goods, these households
may be the ones that will bear the brunt of the negative effects of such policy
changes. It is therefore important for policy purposes to investigate the pat-
tern of consumption among various income groups.

We therefore estimate price and expenditure elasticities of demand for
rice, including the ABS and MBS values, for households among two differ-
ent income classes—poor and rich—in both urban and rural areas. We chose
to use this broader definition of income classes because of the limited sam-
ple size of the LSMS-ISA (2011). Although an ideal breakdown of household
incomes is to subdivide the sample of houscholds into quintiles, doing so by
urban and rural population as well produced unreliable parameter estimates
for each subgroup in the LES regressions due to small sample sizes.

Instead, we found the results to be more statistically significant when the
data were aggregated into two income classes. We defined the poor as belong-
ing to the lowest three income quintiles, while the rich were defined to be in
the upper two quintiles. This definition is also consistent with the actual pov-
erty headcount ratio of 62 percent of houscholds earning less than US$1.25
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TABLE 2.9 Household own-price elasticities of demand by urban and rural
location and income class

Urban Rural
1) @ 3) @
Commodity Poor Rich Poor Rich
Local rice -0.52 0.008 024 011
imported rice -0.32 -0.19 -0.28 -0.35
Dining out -0.35 -0.91 -0.31 -1.05

Source: Linear Expenditure System model results.

Note: 2The own-price elasticity of local rice for urban rich was very close to zero and statistically
insignificant,

per day, adjusted by the purchasing power parity (World Bank Development
Indicators 2014)."

Table 2.9 presents the own-price elasticities of demand estimated for the
rich and the poor houscholds, according to our definition of the poor, and in
both rural and urban areas. Columns 1 and 2 in the table present the own-
price elasticities of demand for urban households by income class, while col-
umns 3 and 4 present these for rural households.

There are two important results to observe. First, generally the own-price
elasticities of demand are low in both rural and urban areas and among the
two income classes (poor and rich). This implies that the conclusions drawn
from Table 2.8 earlier apply to both income groups as well: demand for rice
is not sensitive to changes in own-prices and household expenditures, for rice
will naturally move in the same direction of the price change.

Second, while inelastic overall, the demand for rice is generally more price
elastic for the poor, except for imported rice among the rural poor. The oppo-
site is true for dining out, with higher own-price clasticities among the rich
in both rural and urban households. This implies that the poor tend to be
more affected by rice price changes than by prices for dining out. On the other
hand, the richer households are more affected by prices for dining out.

Table 2.10 presents expenditure elasticities of demand broken down by the
two income groups in urban and rural areas. Columns 1 and 2 present the
estimates for the poor and the rich among urban households, while columns
3 and 4 present those for rural households. In general, the expenditure elastic-
ities of demand for imported rice tend to be higher than for local rice among

11 At the time of this writing, 2010 was the most recent year for which data on poverty rates in
Nigeria were available.
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TABLE 2.10 Household expenditure elasticities of demand by rural and
urban location and income class

- Urban Rural -
M @ @ @)
Commodity Poor Rich Poor Rich
Local rice 141 0.002 086 017
Imported rice 0.92 0.26 1.06 0.57
Dining out 1.00 1.29 1.16 1.67

Source: Linear Expenditure System model results.
Note: 3The expenditure elasticity of local rice for urban rich was very close to zero and statistically
insignificant.

both rural and urban households, confirming again that the results of the
expenditure elasticities in Table 2.7 apply to both income groups. The only
exception is for the urban poor, whose expenditure elasticity for imported rice
is less than that for local rice.

Expenditure elasticities are generally higher for the poor. Among urban
households, the expenditure elasticity of demand for rice (both local and
imported) tends to be higher for the poor than for the rich (1.41 and 0.92 versus
0.00 and 0.26). The pattern is similar for rural houscholds (0.86 and 1.06 versus
0.17 and 0.57). For the poor in general, expenditure shares on imported and local
rice increase with total expenditures. The reverse is true for dining out: expendi-
ture clasticities of demand are higher for the rich in both urban and rural areas.

Table 2.11 shows the corresponding ABS and the MBS values of local rice
and imported rice for all income groupings in both rural and urban areas.
Generally, poor households devote a larger share of their budgets to rice than
richer households do in both rural and urban areas (total ABS of local and
imported rice). Urban houscholds tend to allocate a higher budget share to
imported rice than local rice, irrespective of whether they are poor or rich.
On the other hand, poorer rural houscholds allocate a much higher share to
local rice (5.7 percent versus 2.0 percent). Among the rural rich, the shares are
evenly split between imported and local rice.

Overall, at the national level, poorer households spend far higher shares
of their budget on local than imported rice (5.3 percent versus 2.5 percent,
respectively). These poor houscholds not only have a larger ABS, they also
tend to have a larger MBS for rice, especially local rice, than the richer house-
holds. Rural households tend to have higher ABS and MBS for local rice than
urban households, confirming the greater preference of rural households for
local rice than urban households, as discussed eatlier.
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TABLE 2.11 Household average and marginal budget shares by rural and
urban location and income class

Urban Rﬂal
M 4 3 )
Commodity Poor Rich Poor Rich
Panel A: marginal budget shares (MBS) (%)
Local rice 48 0.02 49 0.5
Imported rice 3.9 0.8 21 1.6
Dining out 7.6 209 10.3 21.3

Panel B: average budget shares (ABS) (%)

Local rice 3.4 1.0 57 2.8
Imported rice 4.2 3.2 2.0 2.8
Dining out 7.6 16.2 8.9 12.8

Source: Linear Expenditure System model.
Note: @The MBS for local rice for urban rich was very close to zero and statistically insignificant.

In addition, rich households do not increase their expenditures on local
rice as their rotal expenditure increases (indicated by the very low MBS val-
ues). Therefore, rich urban households treat local rice almost like an inferior
good. Depending on the income status of the household, this has important
implications for household welfare, as an increase in the price of rice will hurt
poorer consumers the most in both urban and rural areas by forcing them
to spend an even greater proportion of their meager incomes on rice. On the
other hand, decreasing the price of rice will benefit these lower-income house-
holds the most, as it will allow them to buy the same quantity of rice at a
lower cost.

The combined analysis of price and expenditure elasticities, as well as bud-
get shares, emphasizes the greater vulnerability of poorer households to rice
policy changes and thus their welfare with regard to income. Because poor
households spend a larger share of their additional expenditure on rice than
do rich houscholds, they are more likely to suffer much larger welfare losses
from increased rice prices than rich households would. Although demand
for rice by low-income houscholds is more price elastic than rich households,
demand is sufficiently price inelastic for all households that total expenditure
on rice increases for all houscholds as a result of a rice price increase.

Increasing the price of rice can have adversc cffects on food consump-
tion baskets and therefore the well-being of households. On the other hand,

policies that decrease the price of rice will benefit the poor the most, as they
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will spend less to get the same quantity of rice. Such findings emphasize the
importance of estimating these more disaggregate elasticity parameters for
informing rice-pricing policies rather than those estimated without taking
into account their location or income status.

Conclusion

This chapter analyzes the consumption of and demand for local and imported
rice in Nigeria. We find that rice has become the most dominant food staple,
at least by value, in the Nigerian diet in a relatively short period of time. Rice
accounts for about 6.6 percent of the average Nigerian houschold budget.
About 84 percent of Nigerian households cat rice regularly, consuming both
locally produced and imported rice.

Although most Nigerians consume and demand both local and imported
rice, there are regional and other locational differences in the pattern of rice
consumption in Nigeria: urban houscholds tend to consume more imported
rice, while rural houscholds tend to consume more local rice. More local rice is
consumed in the northern zones of Nigeria than in the southern zones. While
a small proportion of the rice consumed in Nigeria is grown on people’s own
farms (about 20 percent of local rice consumed and about 10 percent of all rice
consumed in Nigeria), most of the rice consumed in Nigeria is purchased on
the market.

The rapid increase in rice consumption in Nigeria has been in part deter-
mined by increased per capita income, urbanization and the lifestyle changes
it engenders, decreases in the relative price of rice, and the rapid increase in
total population. Rice consumption suits lifestyle changes that include both
spouses working outside the home: it is easier and faster to prepare compared
to other Nigerian staples, such as cassava or yam.

The regional as well as the rural urban difference in the consumption of
local and imported rice is dictated, among other things, by differences in diet
and customs: northern rural households prefer local rice that absorbs a lot of
water so it can be made into sticky balls for local dishes, while urban dwellers
prefer the parboiled long-grain rice that can be used for foreign dishes.

An estimated model of the demand for rice in Nigeria shows relatively high
ABS and MBS for both local and imported rice, although there are differences
in the composition of rice consumed across regions: ABS and MBS for local
rice are much higher for rural houscholds than for urban households, while
average and marginal budget shares for imported rice are higher for urban
households. For both rural and urban households, we find that a very large
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portion of rice consumption can be considered a subsistence expenditure on
both local and imported rice.

Expenditure elasticities of demand for both local and imported rice are
positive, but they are generally less than 1 for urban households. For rural
households, the expenditure elasticity for local rice is less than 1, but the
expenditure elasticity of demand for imported rice is greater than 1. These
expenditure elasticities indicate that the consumption of both imported and
local rice will continue to grow, especially with continued rapid population
growth. The estimates, however, also suggest that household expenditure
shares for rice will decrease as total expenditure rises.

Estimated own-price elasticities of demand are very low, generally far less
than unity, indicating that the demand for both local and imported rice does
not respond very much to price changes. The implication is that household
expenditures on rice will increase when the price of rice increases and will
decrease when the price of rice decreases. This has welfare implications for
the average Nigerian consumer. In addition to low own-price elasticities of
demand, the estimated cross-price elasticity of demand for local and imported
rice is very low, indicating low substitutability between the two types of rice.

An increase in the price of imported rice may not necessarily translate into
increased demand for domestic rice and vice versa. This has important impli-
cations for rice policy in Nigeria, especially as it relates to rice trade policy.
We will come back to this in Chapter 7. In addition to low elasticities of sub-
stitution between local and imported rice, there is also low substitutability
between both types of rice and local food staples.

Besides low expenditure and price elasticities at the national level, there are
differences in the structure of demand for rice across the rural-urban divide
and across income groups. We find that ABS and MBS for local rice among
low-income groups are much higher than they are for higher-income groups.
The average and marginal budget shares for local rice as well as the subsis-
tence component of rice expenditures are particularly high for urban poor
households. At the same time, the poor households are more sensitive to price
changes. These facts suggest that the poor are likely to be hurt the most by
policies that result in increased rice prices, while they are likely to benefit the
most from policies that lead to reduced rice prices.

In summary, several key messages emerge from the demand analysis we
conducted in this chapter. First, rice has grown to become one of the most
important staples in the Nigerian diet in a relatively short period. Given
income and population growth, rapid urbanization, and lifestyle changes, the
demand for rice will continue to grow at a rapid pace. A large component
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of rice consumed in Nigeria is for subsistence consumption, and there-
fore changes in rice prices have important implications for food security in
the country.

Second, local rice and imported rice are consumed for different purposes
and are therefore not easily substitutable for cach other. The estimates from
the LES confirmed that the cross-price elasticity of demand between the two
types of rice is very low. Third, using prices to change the type of rice Nigerian
consumers buy is not likely to be successful, as it will require an unreasonably
large price differential to work—a price differential that may not be politically
feasible to bring about.'* Fourth, simply focusing on increasing the supply of
local rice through higher prices will only hurt low-income groups, as a large
component of a poor household’s rice expenditures is for subsistence.

Finally, an important policy implication is that there is good reason to
improve the competitiveness of local rice brands and generate information
and marketing campaigns targeted at and promoting their consumption in
Nigeria. In this regard, there are some interesting lessons that can be drawn
from existing niche rice markets in Nigeria, such as the illustrated case study
of ofada rice. We now tackle the broader issue of how Nigeria can improve
the competitiveness of local rice by examining in more detail the challenges
and opportunities for transforming the rice sector in Nigeria in the next
four chapters.

12 In the spring of 2014, the Nigerian government had to drastically decrease tariffs on rice
imports, imposed earlier to promote the substitution of domestic for imported rice, due to
increased smuggling of imported rice to avoid the high tariff. See Chapter 7 for a detailed dis-
cussion of recent rice tariff policy in Nigeria.
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PRODUCTION SYSTEMS:
BIOPHYSICAL AND ECONOMIC
ENVIRONMENT AND CONSTRAINTS

Hiroyuki Takeshima and Oladele Samuel Bakare

ice production in Nigeria and West Africa' dates back 2,000 to

3,000 years ago. Such production was mostly in the flood plains of the

Niger River (Figure 1.1 in Chapter 1) and involved one of only two spe-
cies of cultivated rice in the world, Oryza glaberrima, or African rice. The
introduction of the second species, Oryza sativa, or Asian rice, occurred after
the arrival of the Portuguese in the 17th century (Linares 2002). However, it
was only during the last few decades that rice production in Nigeria began
to emerge as an important food security issue, as demand outstripped supply
with ever-increasing gaps.

The growing gap indicates that the expanding market for rice has not
been followed by a supply response among domestic producers. In particu-
lar, rice yields have grown very little in Nigeria. A crucial question, therefore,
is whether Nigeria has a comparative advantage in rice production. In order
to address this question, we need to examine whether biophysical and socio-
economic conditions are favorable among Nigeria’s most promising rice pro-
duction systems, and if they are, how the productivity gap can be reduced.

The objective of this chapter is to provide a descriptive overview of the
current rice production systems in Nigeria, their underlying biophysical and
socioeconomic constraints, and their potential for expanding rice production.
The chapter is organized as follows.

First, we describe current production technologies and practices in use in
Nigeria, such as the uses of modern inputs (improved varieties and fertilizer)
and technologies (irrigation and mechanization). From this information, a
typology of rice-producing households in Nigeria is determined according to
the type of technologies and production environment and their capacity to
expand rice production in the short to medium term.

In the second and third sections, we review some of the key biophysical
and socioeconomic constraints, respectively, that affect the potential for

1 For the definition of West Africa, see footnote 2 in Chapter 1.
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expanding rice production in different parts of the country. We show, for
example, that the typical rice-production environments in Nigeria, such as
climate, water access, and soils, may not be as favorable as they are in major
rice-producing regions of Asia. Nevertheless, compared to other tropical West
African countries, the prevalence of a lowland rice ecology in Nigeria offers

it the greatest potential in the region for production growth, except for cer-
tain socioeconomic constraints that prevent houscholds from adopting mod-
ern inputs and improved technologies. Based on this review, we conclude the
chapter by summarizing the key characteristics of current rice-production
environments in Nigeria.

The information and data used in this chapter are based on an extensive
literature survey, international data sources, and data gathered from the most
recent Nigeria Living Standards Measurement Study-Integrated Surveys on
Agriculture (LSMS-ISA) described carlier in Chapter 2. In particular, in
Chapters 3 and 4, we use not only the data from the LSMS—-ISA’s agricultural
modules in 2011 (LSMS-ISA 2011), but the 2013 version (LSMS-ISA 2013),
to which we were given advanced access at the time of writing this book.

Data from the agricultural module are based on the same sample as those
used in the demand analyses in Chapter 2. They contain detailed informa-
tion on production practices for various crops and the use, at the plot level, of
inputs such as fertilizer, irrigation, and agricultural machinery for approxi-
mately 3,000 farm households out of a total of 5,000 houscholds interviewed.
These farm households were sclected in the same way as the remaining non-
farm households, through stratified random sampling. Among the farm
households interviewed, approximately 300 were rice-producing households.
The module provides the most up-to-date and nationally representative pic-
ture of rice-production systems in Nigeria.

Production Systems and Farming Practices
Rice production in Nigeria has traditionally been characterized by low yields
and slow growth. Yield reached a peak in the mid-1980s and has since been
stagnant or even declining (row 19, Table 3.1). This is in contrast to Asian
and Latin American countries, as well as many other West African countries.
Though rice production has increased in the last four decades, this has been
driven mostly by area expansion.

The current rice area in Nigeria is approximately 2.4 million hectares (ha),
the largest within Africa south of the Sahara (SSA) and almost twice as large
as that of the second largest producer, Madagascar (Seck et al. 2012). The
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TABLE 3.1 Rice paddy yield trends (five-year average, tons per hectare)

1961- 1966- 1971- 1976~ 1981- 1986~ 1991- 1996— 2001- 2006-

(1) Periods 1965 1970 1975 1980 1985 1990 1995 2000 2005 2011
(@ Bangladesh 17 17 17 19 21 24 27 30 36 41
(3) Brazil 16 15 15 14 16 19 23 28 33 42
()Cambodia 11 1.3 13 10 12 14 15 19 21 28
(5) China 26 32 34 39 50 55 58 63 62 65
(6) Colombia 20 26 40 42 44 45 41 48 58 52
(7) India 15 16 17 18 21 24 27 29 30 33
(8)indonesia 1.8 21 25 29 38 41 44 43 45 49
(9) Iran 27 27 31 35 34 35 40 42 44 45

(10) Philippines 1.3 15 15 2.0 2.5 2.7 29 29 3.4 37
(11) Sri Lanka 1.9 2.2 2.0 2.3 2.9 3.1 3.1 3.3 3.5 3.8
(12) Thailand 1.8 1.8 19 1.8 2.0 2.1 2.3 25 2.9 2.9
(13) Venezuela 17 1.9 2.5 3.1 2.7 3.4 4.1 4.7 4.9 5.0
(14) Cote d’lvoire 0.9 1.1 12 1.2 12 1.2 1.1 1.6 1.9 1.8

(15) Ghana 1.0 12 1.0 0.9 0.9 13 1.9 1.9 2.2 2.2
(16) Guinea 1.7 17 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.9
(17) Liberia 05 1.1 1.2 1.2 13 12 1.0 1.3 1.0 13
(18) Mali 1.1 0.9 0.9 1.2 1.0 1.4 17 2.0 2.0 2.7
(19) Nigeria 1.1 1.4 1.7 17 2.1 2.1 1.8 1.6 1.4 17
(20) Senegal 1.3 1.2 1.1 1.2 19 2.1 2.3 2.4 2.5 3.2

Source: Authors' calculations based on FAO (2014).

dominant rice-production systems in Nigeria can be described as comprising
lowland, upland, and irrigated rice. Among these, the rainfed lowland sys-
tem covers about 64 percent of the area under rice and therefore contributes
the most to national production (column 2, Table 3.2). The system is found
in river valleys and swampy alluvial lowlands along the Niger River and espe-
cially in the fadama farming system areas in Niger and Kaduna states (for the
location of states, see Figure 1.1 in Chapter 1).2

In contrast to the rainfed lowland system, irrigated lowlands account for
only 4 percent of the national area and contribute only 7 percent to the total
volume of rice produced in the country. The remaining rice production comes
mostly from upland systems. Less common are the deepwater, floating rice

2 Fadama is a Hausa name in Nigeria for irrigable land in low-lying plains of shallow aquifers
found along major river systems.
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TABLE 3.2 Dominant rice-production systems in Nigeria

(2 3 @

N Average share of Average share of Average yield range
Production system national area (%) national production (%) per year (tons/ha)
Irrigated B 4 7 >2.0 -
Rainfed lowiand 64 65 1.0-3.0

Rainfed upland 30 27 1.0-2.0
Mangrove/deepwater 2 1 NA

Source: Authors' estimates modified from Table 1 in Ezedinma (2005), Table 1 in Erenstein et al. (2004), and National Bureau
of Statistics and World Bank (2011, 2013).

Notes: NA = figures not available, We adjusted the irrigated area downward to be consistent with the estimates from
National Bureau of Statistics and World Bank (2011, 2013) and included the difference in the rainfed lowland category. We
then adjusted the share of national production proportionately.

systems found in the Sokoto-Rima Valley (Drabo 1976) and mangrove rice
systems in the Niger Delta’s tidal mangrove swamps.

Not surprisingly, yields are highest for the irrigated systems (typically
more than 2 tons/ha), followed by rainfed lowland systems (between 1 and 3
tons/ha) and finally upland systems. The North Central zone produces the
most rice, accounting for 30 to 50 percent of national production (Table 3.3).
The North West and North East zones each produce about 15 to 30 percent,
respectively. Production from the South East, South South, and South West
zones combined accounts for only 10 to 20 percent of total production in
Nigeria. The majority of the rice is produced by small-scale farmers on less
than 1 hectare plots of land (Table 3.4). Only about 20 percent and 5 percent
of rice producers cultivate plots of more than 1 haand 3 ha, respectively.

Farming practices, modern input use, and water control practices can vary
widely within each production system. In the lowland rice system, for example,
land preparation techniques range from traditional practices of cultivation to
the use of herbicides and mechanized tillers. Water control practices, such as
bunding, are not common. Rice is either directly seeded or transplanted. In
almost all cases, one crop per year is harvested, except in irrigated areas. In
upland rice systems, intercropping sometimes occurs, especially with maize,
cassava, yams, and vegetables (Longtau 2003a). Rice is sceded directly or
broadcast on level and sloped hillsides. Much of the upland rice is grown in
southern Nigeria, where rainfall is higher, which also explains the use of inter-
cropping common in the humid forest zones.

3 See the footnote in Figure 1.1 for the location of the six geopolitical zones in Nigeria. Ranges of
estimates are somewhat large due to the small sample sizes.
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TABLE 3.3 Rice production shares by geopolitical zones (percent)

Geopolitical NBS (average NAERLS (average LSMS-ISA (average 2010/2012, harvested

zones 2007-2010) 2008-2009) between September and March) [95% Cl]
North West 29 23 22 [16, 28] -
North East 21 15 21 [17,27]

North Central 31 42 41 [32, 51]

South East 8 11 158, 23]

South South 2 2 110,1]

South West 2 7 0[0,0]

Source: National Bureau of Statistics (NBS), National Agricultural Extension and Research Liaison Services (NAERLS), and
authors’ calculations based on Nigeria, NBS and World Bank (2011, 2013).

Note: LSMS-ISA = Living Standards Measurement Study-Integrated Surveys on Agriculture. Numbers in brackets are 95%
confidence intervals (CI). A fist of the states in each geopolitical zone is provided in Figure 1.1 in Chapter 1.

TABLE 3.4 Percentiles of household-level rice area distributions in Nigeria (average of
2010 and 2012)

Percentiles
Categories 1% 5%  25%  50%  75%  95%  99%
Upper bound (ha) 0.02 0.05 - 0.2 04 0.8 3.7 8.3
Adjusted for multiple crops (ha) 0.01 0.03 0.1 0.3 0.7 2.7 7.6

Source: Authors' calculations based on Nigeria, NBS and World Bank (2011, 2013).

Note: ha = hectare. "Upper bound” assumes rice takes up the entire plot even though multiple crops are reported on the
same plot. “Adjusted for multiple crops” assumes rice share is the area of the plot divided by the number of crops reported.

Modern input use generally involves purchased inputs such as improved
seeds, fertilizer, and chemicals. In the past, the use of improved modern seed
varicties was most common in irrigated lowland arcas (80 percent), moderate in
upland areas (67 percent), and lowest in rainfed lowland ecologies (37 percent)
(Dalton and Guei 2003). The majority of the most popular improved varieties
listed in Table 3.5 are not originally from Nigeria (column S). The popular
Nigerian-bred variety, FARO 15, is considered old, indicating the absence of
newer superior varieties that can replace it.

Fertilizer use in rice production is also generally higher in lowland and irri-
gated areas, but application rates vary widely across regions and rice ecologies.
Table 3.6 summarizes rice yield, fertilizer use, and nitrogen levels obtained
from LSMS-ISA (2011) data in both northern and southern Nigeria.
Northern and southern Nigeria are defined as in Takeshima and Edeh (2013),
where the northern region consists of pastoral systems, agropastoral/sorghum
and millet systems, irrigated systems, and cereal/root crop mixed systems,
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TABLE 3.5 Popular rice varieties grown in Nigeria

(1) 2) 3 ) )

Variety Year released % share Pedigrees Origin
FARO 44 1993 11 SIPl 661044, SIP1 651020 Taiwan
FARQ 15 1974 7 FARG 1 (BG 79) x IR-8 Nigeria
FARO 46 1992 6 ITA 150 (63-83/Multiline) ITA

Ex China 1988 5 Unknown China
FARO 52 2001 4 WITA 4 (TOX 3100-44-1-2-3-3)  IITA (Benin)

Source: Authors’ modifications from ASTI (2013) and Takeshima (2014).
Note: IITA = International Institute of Tropical Agriculture.

while the southern region consists of root crop systems, tree crop systems, and
coastal artisanal systems.

While fertilizer use is still low in Nigeria (Liverpool-Tasie and Takeshima
2013), its use is higher when limited to the rice plots. At the national level,
around 75 kilograms per hectare (kg/ha) and 215 kg/ha of inorganic fertilizer
are used on rice plots and irrigated rice plots, respectively (columns 4 and 7 in
Table 3.6), although these estimates are subject to a large margin of error due
to the small sample size. Assuming NPK (nitrogen, phosphate, and potash)
and urea contain 15 percent and 46 percent of nitrogen, this is equivalent to
approximately 67 kg/ha and 18 kg/ha of nitrogen used on irrigated and rain-
fed rice plots, respectively (columns 7 and 10). Average yiclds of irrigated rice
are estimated to be around 3.7 tons/ha in the northern region and 2.8 tons/
ha in the southern region, excluding outliers in the data (columns 5 and 6).
The average figures for southern Nigeria for yield and nitrogen are in a similar
range as authors’ field observations in Nasarawa State presented in Table 4.1
of Chapter 4.

Use of irrigation is limited to areas in northern Nigeria. Out of approx-
imately 81,000 ha of irrigated rice area, about 90 percent are in the North
West (48,000 ha) and the North Central (26,000 ha) zones (columns 4 and
2 in Table 3.7). Shares of irrigated area to rice arca are slightly higher in the
North West zone (around 11 percent). This, however, is still well below shares
in Asia witnessed during the Green Revolution. In fact, the limited use of irri-
gation in Nigeria has not changed much since the 1990s (Oramah 1996).

For the few areas under irrigation, the most common water control system
is diverted stream or river. Other types of irrigation systems are also observed,
however, particularly in the North West zone, where more than half of the
rice area irrigated between January and August uses pump-based irrigation
(column 4). As is discussed later, while pump-based irrigation is associated



TABLE 3.6 Average quantity (per hectare) of fertilizer used and yield of rice production in Nigeria (January—August 2010)

) All types of production Irrigated production Rainfed production
Fertilizer use @ ) @ ) ©) @ ® © (10)
and yield Northern Southern Country Northern Southern Country Northern Southern Country
All inorganic 104 67 75 228 195 215 81 64 67
fertilizer (kg/ha) 76, 149] (39, 111] [47,114] [116,388]  [100,374]  [125,319] 58, 121] (35, 103] [41,97]
60 25 32 113 56 91 51 24 29
hEK (ka/ma) (33, 89] [11, 48] [18, 50] [10, 282] [0, 58] (25, 206] 23, 75] [12, 48] [15, 48]
44 32 35 106 138 115 31 29 29
Urea (kg/ha) [23, 82) [14,63] [18, 65] [53,250]  [54,263]  [62,161] [15,62) 110, 60] [13,52]
Nitrogen 29 19 21 66 72 67 22 17 18
(kg/ha)? [20, 47] [9, 35] [12,34] 37, 126] 37, 136] 44, 109] [15, 35] [8,32] [10, 29]
Yield 2.2 17 17 3.7 28 3.4 14 16 16
(ton/ha) 1.6, 3.1] [1.1,2.0] [1.2, 2.0] (1.9, 49] 1.3, 3.5] [2.4,4.2] [1.0,1.6] [1.0, 2.0 1.0, 2.0]

Source: Authors’ calculations based on Nigeria, NBS and World Bank (2011).

Note: Figures are calculated using sample weights. Numbers in brackets are 95% confidence intervals for estimated averages. For rainfed, we dropped observations with more than 1 ton/ha of fertilizer,
which are unlikely. NPK and urea are fertilizer products, while nitrogen is one of the chemical components of these fertilizer products. Yield figures exclude outliers, which are above 3 tons/ha in rainfed, 5
tons/ha in the irrigated southern region, and 10 tons/ha in the irrigated northern region. Here we include only plots where rice areas within the plot are reported. Including other plots with unknown rice
area, however, does not significantly change the patterns presented. ®Nitrogen is calculated assuming NPK 15-15-15 (with 15% nitrogen component), and urea 46%. Since manure is minimal, we ignored
nitrogen from manure. Use of manure and other inorganic fertilizer is negligible based on the data.

SLINIYHLSNOO ANV LNIWNOYIANT JINONOIT ANY TYHSAHAOIE ‘SINTLSAS NOILINAOYd
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TABLE 3.7 Rice irrigation area by water regime (average of 2010 and 2012, January—-August,
1,000 ha)

1) Geopolitical zones
Rice areashy _
water regimes (2) NC ((ﬂ\lE (4) NW (5) SE (6) SS (7) SW (8) Total

Rainfed 533 534 376 601 147 2 2,194
rice area [308,758] [331,736] [270,482] [0,1,744] [0, 414] [0,5] [975,3,413]
Irrigated rice
area total 26[15,37] 5[0,11] 48[20,76] 2[0,4] 110,2] 81 [51,111]
(a) Irrigated
area (planted 24 [14,35] 5[0,11] 37[15,59] 2[0,4] 110,2] 69 [44, 94]
Jan.~Aug.)
(i) Irrigation system (planted Jan.—Aug.)
Diverted
stream 24[14,35] 3[0,8] 12[4,200 2[0,4 1[0,2 42 [28, 56]
Bucket 51,9 501,9]
Hand pump 1{0,3] 6[0,13] 710,14]
Treadte pump 0[0,1] 010,1]
Motor pump 152, 27] 152, 27]
Gravity 110, 2] 110,2]
(iiy Water sources
Well 210, 6] 21[0,6]
Borehole 100,21 1513,27] 16 [3, 28]
Lake/
natural pond 310.6] 2[0,4] 4118
Createdpond 00, 1] 1[0,3] 11[0,4]
River/stream 24 [14,35] 2]0,6] 7[2,13] 010,0] 110,2] 35 [22, 47]
Other 1 10 i 11
(b} Irrigated
area {planted 100,4] 10 [0, 20] 11[1,22]
Sept.—Dec.)

Source: Authors' calculations based on Nigeria, NBS and World Bank (2011, 2013).

Note: In order to improve estimates, we present averages based on 2010 and 2012 data combined. Figures are based on
sample welghts. Numbers in brackets are 95% confidence intervals. While some plots had multiple crops reported, we
assumed {he entire area of such plots was allocated for rice. This calculation method is found to give aggregated rice area
estimates closer to figures in FAQ (2014). The figures in 2 to 7 may not necessarily add up to the total figure in column & due
to the rounding.

with higher production costs and yields, river-diversion irrigation is relatively
low cost but results in lower yields.

Most rice farmers also grow other crops, either for their own consumption
or as cash crops to supplement rice. Table 3.8 summarizes the share of rice
growers in each group of geopolitical zones growing other crops. Generally,
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TABLE 3.8 Share of rice growers growing other key crops (percent), by irrigation status

North Central, South East,

All zones North West, North East South South, South West
@Alltice  ()Rice  (@Allrce  (B)Rice  (6)Allrice  (7) Rice

(1) Crops growers irrigators growers irrigators growers irrigators
Cowpea 26[22,30] 38 [5, 52]_ 36 [30,41] 5938, 80] 915,13 100, 21]
Cassava 19[16,23] 22[13,32) 916, 11] 510,12 38[31,46]  43[26,61]
Sorghum 56 [51,61]  57[42,71]  63[58,69] 55(33,77] 43[35,52]  58[40,76]
Maize 481[43,52]  34[21,47] 64[58,69] 36[16,56] 20[14,25  31[14,47]
Millet 17[14,20]  40[25,54] 24[19,29] 5938, 80] 513, 8] 14 [2, 27]
Groundnut 17 [14, 20] 10 [3,17] 19 [14, 23] 110, 4] 141[9,19] 22[7,36]
Yam 15[12,18] 9[3,15] 4[2,6] 0 33 [26, 41] 211[7,34]

Vegetables  13[10,16]  14[3,24]  14[10,18]  23[5,41]  11[7,16] 110, 4]

Source: Authors’ calculations based on National Bureau of Statistics and World Bank (2011, 2013).
Note: Figures are based on sample weights. Numbers in brackets are 95% confidence intervals.

sorghum, maize, and cowpea are the crops that are most commonly grown

by rice producers at the national level (column 2). Cassava and yam are also
grown by a third of rice growers in the North Central and southern zones (col-
umn 6). Interestingly, rice irrigators (columns 3, 5, 7) are more likely to grow
some of the rainfed subsistence crops (cowpea, millet) than rainfed rice pro-
ducers. Rice seems to compete with maize or vegetables for irrigation in some
zones. Though more rigorous assessments are needed, current cropping pat-
terns indicate that an expansion of rice irrigation would be likely to displace
crops like maize or vegetables.

In addition to low levels of irrigation, mechanization in rice production is low.
According to the most recent but limited available data, only about 20 percent of
the rice area is cultivated by tractors, although this share is higher than that for
other crops.” As Table 3.9 shows, mechanization patterns also vary across geo-
political zones. This is partly because of local agroecological and topographical
conditions for land clearing. In the North Central zone, which is mostly semihu-
mid and savannah vegetation, 50 percent of the rice areas are cultivated by trac-
tors (column 4). Labor-intensive irrigated and lowland rice production systems
in this zone may be less viable (i.e., less profitable) without tractor use.

In contrast, the more humid and forested zones in southern Nigeria
rarely use tractors for land clearing (column 3). Use of animal traction is

4 These results should be interpreted with caution, as the sample size used in the calculations was
small and thus has a potentially large margin of error.
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TABLE 3.9 Share (percent) of total rice areas cultivated by tractors and animal traction by
geopolitical zones

M 2 @) ] (5) (6)
Category Total SE, SS, SW NC NE NW

% of rice area cultivated by tractor 20(6,33] 1[0,2] 50[37,63] 42[29,55] 2]0,3]
9% of rice area cultivated by animal traction 20[7,33] 00, 0] 0[0,0] 19[12,26] 80 (70,89}

Source: Authors’ calculations based on Nigeria, NBS and World Bank (2011, 2013).

Note: SE = South East, SS = South South, SW = South West, NC = North Central, NE = North East, NW = North West.
Numbers in brackets are 90% confidence intervals.

also very limited on rice farms in these zones; according to various Jocal
experts, this is due to tsetse flies and heavier soils. In the Norcth West, where
livestock production is highest, approximately 80 percent of the rice area

is cultivated with animal traction and only about 2 percent with tractors
(column 6). Here, animal traction secems to provide an intermediate means
for mitigating labor constraints on rice production. The North East zone

is somewhat berween the North Central and the North West zones with
regard to tractor use (column 5).

Altogether, the varied use of technologies—particularly irrigation and
mechanization, modern inputs such as improved seeds and fertilizer, and
other farming practices and socioeconomic characteristics—results in dis-
tinctive types of rice producers in Nigeria. To gain an overview, a clus-
ter analysis, as in Takeshima, Nin Pratt, and Diao (2013), reveals four
typologies: (1) subsistence producers; (2) small-scale intensive irrigators;
(3) wealthier mechanized producers; and (4) other market-oriented produc-
ers (Table 3.10).

Among these, 78 percent of rice producers are market-oriented farmers
(columns 3 through 5), while 22 percent are subsistence farmers (column 2).
The market-oriented producers include those who give out harvests as gifts’
Among market-oriented producers, small shares of two types of competitive
producers are also identified—small-scale intensive irrigators and wealth-
ier mechanized producers—ecach accounting for 7 and 5 percent of total
rice producers in Nigeria, respectively (columns 3 and 4). The remaining

s Gift giving can reflect informal income transfer (for income smoothing) as in Madagascar,
where stock and gifts are considered part of marketable surpluses (Barrett and Dorosh 1996).
Similar gift exchange is part of informal insurance and credit in northern Thailand (Townsend
1995). Kin landlords and tenants in the Philippines are found to exchange rice grains as giftsin
case of emergency (Sadouler, de Janvry, and Fukui 1997), Similar arrangements are observed in
Nigeria, as indicated in the data.
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TABLE 3.10 Characteristics of major rice producers in Nigeria, 2010

Market-oriented producers

3) @ %)
2) Small-scale Wealthier Other market-

(1) Subsistence intensive mechanized oriented
Characteristic producers irrigators producers producers
Share of aﬁ:e producers (%) R 22 7 o 5 66
gsgl}v::ﬁg(; (daily wage/rice 13 9 20 23
Farm gate rice price (US$/kg) 45 59 43 51
Fertilizer (US$/ha) 13 27 67 27
Chemicals (US$/ha) 1 24 67 11
% using tractor 13 10 100 10
Z:rg:ir:g irrigation in diverted 3 100 42 0
% with nonfarm income source 51 78 80 54
Ug;ggrfg;giti))(pendlture (annual 77 75 111 45
HH assets (US$) 347 247 738 337
Distance to the nearest dam (km) 60 24 140 62
Farm size for all crops (ha) 0.7 0.5 3.0 0.7
% in northern region 70 89 0 73
(F:Lcnes;arvest per farm household 0.4 13 21 10

Source: Authors' calculations based on cluster analysis.
Note: HH = household.

market-oriented producers are less input intensive, with smaller rice produc-
tion per farm households.

Small-scale intensive irrigators are those who typically operate on 0.5
hectare plots and practice labor- and input-intensive rice irrigation. They are
often located within canal irrigation systems relatively close to dams in the
North West, North East, or North Central zones. These producers enjoy
access to irrigation or water, higher farmgate rice price, and cheaper labor,
and they sometimes practice mechanized land preparation. There were
approximately 68,000 producers of this type in Nigeria, producing 89,000
tons of rice in the 2010 rainy season and selling more than half of their har-
vest. Wealthier mechanized rice producers typically use tractors on their
plots and use modern inputs (fertilizer, chemicals) intensively, together with
some irrigation.
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Biophysical Production Constraints

The varied pattern of rice producers in Nigeria is not surprising considering
the diverse nature of the underlying biophysical and socioeconomic endow-
ments of the country, as well as biotic and abiotic constraints, which intro-
duce distinctive challenges for improving rice yields and production output in
different parts of the country. In this section, we first review the biophysical
production constraints such as climate, water access, and soils, as well as other
biotic and abiotic factors that affect yields. This is followed in the next section
by a review of the most common socioeconomic production constraints facing
Nigerian rice farmers.

Climate

If there is one thing that most influences the growth of plants in rainfed envi-
ronments like those in Nigeria, it is climate. More specifically, having the right
amount of sunlight, rainfall, and favorable temperatures during the main grow-
ing period is critical. These affect physiological processes involved in grain
production—vegetative growth, development of spikelets, and grain fillings
(Yoshida 1978). Rainfed rice production is generally possible in areas with
annual rainfall of more than 1,300 millimeters (mm) (Akpokodje, Langon, and
Erenstein 2001), and a substantial area of Nigeria falls under this rainfall regime.
Most regions of the country fall within the Guinea savanna ecoregion, with a
growing period of 165 days or more (Andriesse and Fresco 1991), where rainfed
rice can be grown with some flexibility in planting and harvesting time.
However, dry season in Nigeria is highly arid. Even in the North Central
zone of Nigeria (Minna, Makurdi), monthly rainfall is very low during the dry
season (Table 3.11). Such aridity seems more pronounced compared to other
major rice-growing locations in similar latitudes outside Africa. With the excep-
tion of Bangkok (Thailand), at least 40 mm of monthly rainfall are observed
even during dry season in the other rice-growing regions listed in column 3 of
Table 3.11 (Sri Lanka, the Philippines, and Colombia). Unless yield response
to water is high, dry-season rice production may be limited in central Nigeria
because irrigation costs can be high. Though little empirical evidence exists,
providing 50 mm of water for 1 ha through pump irrigation in Nigeria’s North
Central zone can cost roughly US$70 for pumping alone, as expensive as 100 kg
of fertilizer (or about 45 kg of nutrients)® Aridity during the dry season, coupled
with a low-yield response to water, might partly explain the slower expansion of
rice irrigation in central Nigeria compared to other regions.

6 Based on authors’ fieldwork in 2013, Related discussions are provided in the next chapter.
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TABLE 3.11 Annual and dry-season rainfalls in selected locations with distinct dry seasons

&) @
(1) 2) Monthly dry-season  Dry-season months
Locations/regions Annual rainfall (mm) rainfall (mm) (5 driest months})
Kano, northern Nigeria R 696 0 November—Mar(r
Maiduguri, northern Nigeria 552 0 November—March
Minna, North Central zone, Nigeria 1,210 4 November—March
Makurdi, North Central zone, Nigeria 1,237 8 November-March
Enugu, southern Nigeria 1,695 25 November-March
ltorin, southern Nigeria 1,185 19 November—March
Port Harcourt, southern Nigeria 2,294 65 November—March
Colombo, Sri Lanka 2,404 136 December—April
Trincomalee, Sri Lanka 1,569 50 March—July
Zamboanga, Philippines 1,067 44 December—April
Bangkok, Thailand 1,498 25 November—March
Benito Salas, Colombia 1,343 58 May-September

Source: Authors’ calculations based on World Meteorological Organization (2013).

Solar radiation also affects rice production and yield (Yoshida 1971, cited
in Barker, Herdt, and Rose 1985). In the dry season responses to fertilizer
tend to be more consistent due to high levels of solar radiation (Barker, Herdk,
and Rose 1985). Where the plant has adequate water, greater solar radiation
leads to better nutrient uptake and higher yields. The wet season typically has
lower levels of solar radiation, hence lower yields (Barker, Herdt, and Rose
1985). In northern Nigeria, solar radiation is higher than southern Nigeria
(Balasubramanian et al. 2007). Suboptimal solar radiation combined with
high humidity is associated with a greater incidence of pests and diseases
(Windmeijer and Andriesse 1993).

Potential rice yield in the tropics is lower than the subtropics and temperate
regions. This is because tropical daylight lasts only 12 hours during the sum-
mer production season, as opposed to 16 hours in the subtropics and temper-
ate regions, and warm nights affect respiration (Tinsley 2009). In Nigeria, the
grain-filling period for dry-season rice production is around April. At this time,
solar radiation in the Sahel region (which corresponds roughly to the northern
half of the North West and North East zones and includes states such as Sokoto)
and the North Central zone (such as the city of Badeggi) can differ by as much
as 4 watts per square meter (watt/m”) (based on authors assessment from Ogolo
2011), with 21 watt/m” in Sokoto and 17 watt/m”* in Badeggi. As is shown
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later, irrigated rice yields are higher in northern Nigeria than central Nigeria.
Differences in fertilizer use and yield between the North West or North East
zone and the North Central zone may be partly explained by the difference in
solar radiation levels.

Temperature also affects rice production. Yield will be drastically reduced
if the rice flowers during the cold period, as many of the flowers will abort
and will not be able to set seed. The dry-season cropping of rice should be
planned so that the flowering will not fall within the cold period of January
to March. In northern Nigeria, rainfall and seasonally low night temperature
can be constraining (Windmeijer and Andriesse 1993).

When these agroclimatic factors are considered, yield potential in Nigeria
is comparable to the other regions in the world. Table 3.12 summarizes agro-
climatically attainable yields of indica and japonica rice under irrigated con-
ditions in Nigeria and other regions.” Nigeria has similar yield potential to
South America, Southeast Asia, and southern Asia for both types of rice at
comparable levels of input use, although it has lower potential than North
America, northern Africa, or Central Asia (columns 2-5). Realizing such
potential yield, however, depends on other constraints like the cost of water,
soil characteristics, and incidence of pests and discases, which are not consid-

ered in Table 3.12.

Water Access

Rainfed rice production not only depends on sufficient rainfall but requires a
rice-production landscape that can maximize water access for the plant during
the growing period. Based on the water sources, rice landscape can be classi-
fied into pluvial, phreatic, and fluxial (Moormann and van Breemen 1978),
and rice ecologies develop as upland, rainfed lowland, and irrigated (IRRI
1984). Because of its semiaquatic nature (Kranjac-Berisavljevic, Blench, and
Chapman 2003; Windmeijer and Andriesse 1993) and heavy reliance on
water, wetland or lowland is the major production environment for rice.

The biophysical potential of rice production varies across production sys-
tems. Different production practices are used and different constraints exist
(Akpokodje, Langon, and Erenstein 2001; Kranjac-Berisavljevic, Blench, and
Chapman 2003; Windmeijer and Andriesse 1993). In an upland rice pro-
duction system, the underground water table is below the root depth, so the

7 Indica and japonica are geographic races of the Asian rice species Oryza sativa. Indjica rice is long
grained, while japonica is short grained. For example, the most commonly known types of indica
rice grown in Asia are the basmati and jasmine varieties.
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TABLE 3.12 Agroclimatically attainable yield (tons per hectare) of rice under irrigated

conditions with varying input intensity

65

Indica wet rice (120 days)

High input level

@ @3 @

(1) Country/regions High input level Low input level
Nigeria 74 2.1 6.7
Central Africa 7.2 2.1 6.8
Central America 7.9 2.3 7.2
Central Asia 9.4 2.8 8.1
Eastern Africa 8.0 2.4 7.0
Eastern Asia 7.9 2.3 7.0
Northern Africa 9.0 2.7 7.8
Northern America 9.1 2.7 8.0
South America 7.0 2.0 7.1
Brazil 7.0 1.9 6.4
Colombia 5.7 1.6 5.4
Southeast Asia 6.7 1.8 6.3
Indonesia 6.2 1.6 5.3
Southern Africa 8.5 2.6 7.5
Southern Asia 7.7 2.3 6.6
Sri Lanka 7.4 2.1 6.1
Sudano-Sahelian Africa 7.9 2.3 7.2

(5)

Low input level

Japonica wet rice (120 days)

1.7
1.7
19
2.1
1.8
1.8
2.0
2.1
1.8
1.6
13
1.6
1.1
19
1.7
1.2
1.8

Source: Authors’ compilation from Global Agro-ecological Zones (GAEZ) software (v3.0) by Fischer et al. (2012), and figures

are averages within each region.

Note: Differences in maturity length do not seem to affect the relative agro-climatically attainable yield level within regions.
Therefore we report figures only for 120-day maturity varieties. The definitions of regions in this table are based on the GAEZ

source.

plant relies exclusively on rainfall. This mostly limits the upland rice system
in Nigeria to the southern zones and parts of the North Central zone with
annual rainfall greater than 1,300 mm (Akpokodje, Langon, and Erenstein

2001). Only one crop per year is possible because of dependence on rain in the

wet season. This type of system exists at higher elevations, and soil erosion can

be a serious problem.

Thus, maintaining soil nutrients is challenging, and rice cannot be grown

more than two consecutive years without fallowing to replenish the soil, fur-
ther limiting the production potential. Upland can be further divided into
wet upland and dry upland, depending on the depth of the water table. In

order to exploit fully the potential in the upland environment, varicties

with greater rooting depth are needed to extract water for survival and grain
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production. Drought-resistant varicties that are more efficient in extracting
water are also needed (Moormann and van Breemen 1978).

The lowland (also called wetland) rice-production system is diverse.
Lowland in Africa can be defined as areas subject to periods of complete satu-
ration of soils, with possible flooding during part of the crop-growing period
(Balasubramanian et al. 2007). The lowland environment is suited to inten-
sification, possibly growing two or more crops per year, but excess water may
limit crops other than rice (Erenstein et al. 2003). Lowland systems can be
further divided into four types based on geographical characteristics: inland
basins, inland valleys, river floodplains, and coastal lowlands (Table 3.13).

Among these, much lowland in Nigeria belongs to inland valleys (known
as fadama) (column 3) and coastal lowlands typically found in the Niger Delta
(column 5). More broadly, fadamas in Nigeria have features of both floodplains
and inland valleys. They tend to be wider than 200 meters, the maximum width
for a lowland to be considered as an inland valley yet still have more hydrolog-
ical similarities with an inland valley than a floodplain (Akpokodje, Langon,
and Erenstein 2001). An inland valley bottom is relatively less prone to drought
or submergence compared to other lowlands and is considered a next fron-
tier for intensification of rice-based cropping systems (Balasubramanian et al.
2007). Inland valley bottoms (together with foot slopes) cover 11 million ha in
total in West Africa, but they have been only marginally used (Windmeijer and
Andriesse 1993), although there has been an increasing focus on this environ-
ment in many West African countries (Totin, Stroosnijder, and Agbossou 2013).

TABLE 3.13 Types of lowlands in Africa

Types of lowlands
m 3 3 @ (5)

Category Inland basins Inland valleys River floodplains Coastal lowlands
Key characteristics ~ Drainage depressions Known as A wide, flat Lowlands along
and inland deltas of fadamas in plain of alluvium  the coast
rivers, with imperfectly Nigeria bordering
to poorly drained and streams and
potentially acidic soils rivers that flood
(ultisols, oxisols, alfisols, it periodically

entisols, and vertisols)

Typical locations Upper Nile, Sokoto, Lake ~ Mostly located Along Niger and  Niger Delta
Chad, Congo Basins in intertropical Benue Rivers (Nigeria)
region where
rainfall > 700 mm

Source: Authors' compilation based on Balasubramanian et al. (2007).
Note: mm = millimeters.
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In Asia, inland valleys are upper reaches of major or minor watersheds,
where sediments (alluvial, colluvial) are derived from the adjacent uplands.
This is typical in Sri Lanka. Physiographic conditions similar to Sri Lanka’s
dominate in many of the rice-growing areas of West Africa (Moormann and
van Breemen 1978). Given the similar latitude that determines rainfall, tem-
perature, and solar radiation, rice production in Sri Lanka provides an import-
ant comparison with the North Central and southern zones of Nigeria.

The third production system, irrigated rice, can be generally categorized
in the African context into three types depending on the agroecology: (1) arid
and semiarid Sahel; (2) humid forest and savannah; and (3) tropical highlands
(Balasubramanian et al. 1995, 2007). In Nigeria, both 1 and 2 are found, while
3 is mostly found in East and Central Africa and Madagascar (Balasubramanian
ctal. 1995). System 1 is characterized by high solar radiation, lower incidence of
pests, significant use of direct seeding, and high water consumption due to high
evapotranspiration in the dry season. System 2 is characterized by lower yields
relative to 1 due to lower solar radiation, higher pest incidence, and iron toxicity
(Balasubramanian et al. 2007). In West Africa including Nigeria, system 2 may
be found in inland valley bottoms where rice is rotated with maize, soybean, or
vegetables (Balasubramanian et al. 2007).

Soils

Besides climate and access to water, the nature of the soil can also signifi-
cantly affect the potential for rice production. Here, citing Moormann and
van Breemen (1978), we summarize key aspects of soil endowments in Nigeria
that can hypothetically affect the biophysical potential for rice. We emphasize
“hypothetical,” as this has not been investigated thoroughly in the literature, at
least to the best knowledge of the authors.

Soil characteristics can affect rice production in several ways. Soils affect
water-holding capacity under frecly drained conditions. Types of soils can affect
the comparative advantage of rice over other crops and the types of rice varieties
that need to be developed. Moormann and van Breemen (1978) examine various
types of soils classified in the Food and Agriculture Organization of the United
Nations (FAQ) soil taxonomy, describe their associations with the prevalence of
rice production, and categorize soils by importance in rice production.

Using the descriptions in Moormann and van Breemen, soils in Nigeria
can be roughly classified based on their suitability for lowland, upland, and
transitional types (Table C.1 in Appendix C). Inceptisols (mostly Cambisols)
form the most important single soil order among the rice-growing soils. Rice-
growing alluvial plains—both river floodplains and deltaic areas—are to a
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large extent Inceptisols (66). This is followed by other soils of major impor-
tance, minor importance, and little importance.

Using world soil maps from FAO/ITASA/ISRIC/ISSCAS/JRC (2012),
we calculate the area of lowland, upland, and transitional types of soils, with
additional separation between Cambisols and other lowland-type soils
per person in each country, using the population of the countries in 2010
(Table 3.14). In Nigeria, there are 0.0022 ha (or 22 m®) of Cambisols per per-
son (column 2). Figure 3.1 maps their geographical distributions. The break-
down for tropical West African countries is shown in Table 3.15.

Although these classifications are subject to more rigorous assessments,
important messages emerge. Given its population density, Nigeria is less
endowed with suitable soils for rice production per head of population than
Asia, Latin America, and some other West African countries (column 4 in
Tables 3.14 and 3.15). The need for rice intensification per hectare may be
higher in Nigeria than these countries. It is, however, also important to note
that the rice yield in Latin America is much higher than that in Nigeria.
Africa’s Niger River and its tributaries have narrow floodplains, and their
accompanying level terraces are less extensive than in the major rice-growing
areas in Asia (Moormann and van Breemen 1978). In order to increase rice
production, Nigeria will need to increase rice yield from these soils because

TABLE 3.14 Rice ecology soil endowment per capita (square meters per person)

Lowland type
@)

(1) 2) Excluding 4 5) (6) @)
Country Cambisols Cambisols Total Transitional ~ Upland type  Minor type
Nigeria 2 797 819 680 1880 2132
Bangladesh 136 657 793 31 0 83
India 421 627 1,048 68 691 623
Indonesia 699 1,266 1,965 919 525 4,332
Japan 471 238 710 0 531 1,710
Sri Lanka 88 272 360 0 1,754
Thailand 0 2,493 2,493 287 93 4,491
Vietnam 0 869 869 0 7 2,734
Brazil 352 3,431 3,784 163 4,498 34,639
Colombia 1,589 3,815 5,404 1,108 1,439 15,971

Source: Authors' calculations based on FAO/IIASA/ISRIC/ISSCAS/JRC (2012) and FAO (2012).

Note: Per capita soil endowment calculated using 2010 population numbers. Figures in columns 2 and 3 may not add up to
total figures in 4 due to rounding.
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TABLE 3.15 Rice ecology soil endowment per capita in some West African countries (square

meters per person)
Lowland type
3

(1) 2) Excluding 4) ) (6) @
Country Cambisols Cambisols Total Transitional  Upland type Minor soils
Nigeria 22 797 819 680 - 1,840 Ac,AF LR (2,132
Cote d'lvoire 1,292 2,979 4,271 166 1,438 A, Ac, F (9,599)
Ghana 49 554 603 70 4,650 Ac, F, L (4,055)
Guinea 439 674 1,113 4 177 Ac, F, L (22,134)
Senegal 727 1,909 2,636 878 2,422 A, L R(8,718)
Sierra Leone 0 701 701 150 0 F (8,197)

Source: Authors’ calculations based on FAO/IASA/ISRIC/ASSCAS/JRC (2012) and FAD (2014).

Note: A = Arenosols, Ac = Acrisols, F = Ferralsols, L = Lithosols, R = Regosols. Minor soils include types of soils on which
rice is rarely grown in Asia.

the expansion potential outside of areas with these soils is limited. One way to
improve yield is to increase irrigated areas within these lowland soils.

Comparison within West Africa, however, should be approached with
caution. Though the per capita endowment of soils suitable for rice produc-
tion is generally lower in Nigeria than other coastal West African countries
(column 4 in Table 3.15), Nigeria has an advantage over these countries in
that relatively more rice is currently produced on the suitable soil area than
in the other tropical West African countries. Figure 3.2 indicates that much
rice production in Nigeria is found along the Niger and Benue Rivers (sce
Figure 1.1) and the Sokoto River, which runs across Sokoto State, as well as in
the South East zone, including Ebonyi, where lowland-type soils are common
(Figure 3.1).

In Céte d’Ivoire, Sierra Leone, and the Republic of Guinea, main
rice-production areas are often on minor soils (Figure 3.3). In fact, the dom-
inant rice ecology in these countries is upland, while it is lowland in Nigeria
(Dalton and Guei 2003; Seck et al. 2012). Conditions in tropical West
Africa are in stark contrast to those in countries such as Thailand, where the
rice-production area closely matches major soils (Figure 3.4). As is discussed
in the following section, this mismatch may partly explain why substantial
domestic breeding efforts in countries such as the Republic of Guinea and
Céte d’Ivoire have not led to substantial yield growths. Nigeria seems to be
in a better position than these countries to develop new varieties by crossing
Asian varieties (which may have high yield response in suitable soils) and local
varieties (with suitable genes for the local production environment).
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FIGURE 3.1 Soils in Nigeria suitable for different rice ecologies
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Source: Authors' analyses based on FAO/IIASA/ISRIC/ISSCAS/JRC (2012) and Moormann and van Breemen (1976).
Note: White space represents the soil less suitable for rice production.

FIGURE 3.2 Rice-production areas in Nigeria

' Major rice production

Minor rice production

Source: Harvest Choice (2012).
Note: The relative darkness of the shading indicates the scale of rice production: very dark gray = major rice production;
lighter gray = minor rice production.



PRODUCTION SYSTEMS: BIOPHYSICAL AND ECONOMIC ENVIRONMENT AND CONSTRAINTS 71

FIGURE 3.3 Soils suitable for rice and actual rice production in the Republic of Guinea,
Sierra Leone, and Cote d’lvoire
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Source: Top figure is based on Harvest Choice (2012); bottom figure is authors' analyses based on FAQ/IIASA/ISRIC/ISSCAS/
JRC (2012) and Moormann and van Breemen (1978).

Note: In the top figure, the relative darkness of the shading indicates the scale of rice production: very dark gray = major rice
production; lighter gray = minor rice production.
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FIGURE 3.4 Actual rice production and rice-suitable soils in Thailand
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Source: Left figure is based on USDA, Foreign Agricultural Service (2013). Right figure is authors’ analyses based on FAO/
JIASA/ISRIC/ISSCAS/JRC (2012) and Moormann and van Breemen {1978).

Biotic and Abiotic Constraints

Rice production around the world faces various biological or biotic constraints,
including pests and diseases, weeds, flooding and rainfall shortage, and
iron toxicity.

PESTS AND DISEASES

The major rice pests in Nigeria include African rice gall midges (AfRGM),
stem borers, stem/leaf suckers, leaf/stem feeders, vertebrate pests, birds, and
nematodes (Table C.2 in Appendix C lists the types of pests, their stages of
attack, and control methods). Bacteria and fungus also cause downy mildew,
bacterial blight, bacterial leaf streak, and brown rot. In Nigeria, major rice dis-
eases are blast, leaf scald, grain discoloration, sheath blight and false smut, and
rice yellow mottle virus (RYMV) (Ahonsi et al. 2000; Akpokodje, Langon,
and Erenstein 2001; Alam et al. 1986) (Table C.3 in Appendix C lists the
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types of pathogens, symptoms of attack, and control methods).” Varieties resis-
tant to pests and diseases in Asia may lose such resistance in Nigerian condi-
tions because many of the pests and viruses are of different biotypes, given

the country’s diverse agroecology. Discases such as blast can also have diverse
pathogen types in tropical conditions (Rutger and MacKill 2001).

AfRGM is considered one of the most serious insect pests of lowland and
irrigated rice in Africa (Ogah et al. 2012). It is distinct from the Asian rice gall
midge, indigenous to Africa (Ukwungwu and Misari 1997), and was first identi-
fied by Harris and Gagné (1982). AfRGM attacks rice at the vegetative stage and
destroys the growing primordial, forming a tubular gall or onjon shoot. Attacked
tillers are irreversibly damaged and produce no panicle (Ogah et al. 2012).

Outbreaks of AfRGM on wet-scason rice crops have increased in Nigeria
since the 1970s (Ukwungwu, Winslow, and John 1989; Ukwungwu and
Joshi 1992a) as well as in other West African countries. In Nigeria, AfRGM
had damaged over 50,000 ha, causing total yicld loss in the fields worst
affected (Williams et al. 1999a). Although the area damaged is relatively small
compared to the total rice area in Nigeria, which currently stands at around
1.5 to 2 million ha, it has been one of the key factors affecting the perfor-
mance of externally introduced varieties.

AfRGM and RYMYV are not easily controlled by chemicals (Williams
etal. 1999b). Screening and breeding of resistant varieties have been ways
used to deal with the problems. In Asia, the similar Asian rice gall midge
has been successfully treated with resistant varieties. AFRGM was serious in
Ebonyi until the introduction of the Indonesian variety, cisadane, in the late
1990s (Maji and Fagade 2002). Though many foreign varieties break down in
Nigeria due to indigenous pests and discases, developing resistant varieties still
seems the most feasible option.

Various field trials indicate that the incidence of and susceptibility to
RYMYV and iron toxicity may vary across varieties and locations within
Nigeria. Even for the relatively newer major varieties (FARO 44, FARO 51,
and FARO 52), the severity of major diseases varies significantly across loca-
tions within each of Niger, Kogi, Benue, and Nasarawa States (NCRI 2013).
Even in the drier northern region (e.g., Kano), a high incidence of mottle virus
has been reported (Abo, Ukwungwu, and Onasanya 2002).

8 RYMYV is specific to Africa, first discovered in Kenya in 1966 (Abo, Sy, and Alegbejo 1997). It
appears to have emerged after the introduction of Asian rice (Oryza sativa) into Africa, although
this virus is absent in Asia. RYMYV can also be serious in an irrigated environment, which has
induced farmers in Mali to use the resistant kogoni variety instead of BG 90-2 (Wopereis et
al. 1999).
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It is difficult to combine resistance to pests with tolerance for abiotic stress.
For example, among two popular lowland varieties in Nigeria, FARO 44
(sipi) and FARO 52 (WITA 4), FARO 44 is resistant to AfRGM but suscep-
tible to iron toxicity, while FARO 52 tolerates iron toxicity but is susceptible
to AfRGM and RYMYV. African varieties (O. glaberrima) are generally more
resistant to biotic stresses (rice diseases, insect attacks) (Diagne et al. 2011;
Evenson and Gollin 1997) but less responsive to fertilizer.

WEEDS

Weeds are also known to be a key obstacle to crop production (Bakare 2007;
Herdt 1991). In Nigeria especially, they are considered one of the greatest inhib-
itors to higher yield growth and quality improvements in rice (Ukwungwu

and Abo 2004). Weeds compete with rice for nutrients, space, and light. They
have caused rice yield losses of 28 to 100 percent in Nigeria (Imeokparia

1994; Akobundu 1987; Rodenburg and Johnson 2009). Recently, weeds have
accounted for 3 to 75 percent of yield losses in lowland areas, depending on loca-
tion, and 75 to 100 percent in upland areas (Ismaila et al. 2013). In the tropical
environment of Nigeria, weeds can grow very rapidly compared to temper-

ate regions.

Common weeds in the rice ecologies in Nigeria can be perennial, annual, or
parasitic (Rodenburg and Johnson 2009). Quite a few of these may be indige-
nous in Africa. For example, the water lily (Nymphaea lotus L.) scems relatively
absent outside Africa, and little information is available on its biological char-
acteristics and appropriate controls. Tables C.4 and C.5 in Appendix C list
the common weeds found in Nigeria’s rice ecologies. If containing these weeds
requires different technology packages (varieties, types of chemicals) than those
transferrable from outside Nigeria, this may pose challenges in achieving the
biophysical potential for rice in the short to medium term.

In Asia, where labor is somewhat cheaper, traditional weed control has been
through manual weeding followed by herbicide application. However, rising
farm wages may make such methods unprofitable. In addition, impacts of weed
control measures depend on varicties grown. For example, herbicides can more
effectively control weeds such as Cyperus difformis L. for FARO 15 and FARO
29 than FARO 27 (semidwarf variety) (Imeokparia, Lagoke, and Olunuga 1992).

African rice (Oryza glaberrima) traditionally has had greater tolerance
against weeds. It has higher weed competitiveness through greater tillering
ability, vigor, better exploitation of soil nutrients, and early seedling capabil-
ities (Maji and Fagade 2002). It also has a high weed-suppressive ability. It
can suppress weed growth and reduce weed seed production, and hence it can
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benefit weed management in the subsequent growing season (Saito, Azoma,
and Rodenburg 2010). The key challenge is to transfer such genes into higher
yielding varieties from Asia. Though development of New Rice for Africa
(NERICA) varieties is promising—and some NERICA lines show greater
weed competitiveness than popular Asian varieties (Rodenburg and Johnson
2009)—many of the developed lines so far have lower weed-suppressive ability
than traditional African varieties (Saito, Azoma, and Rodenburg 2010).

FLOODING AND RAINFALL SHORTAGE

Besides biotic constraints, rice production systems around the world also face
major abiotic stresses. Among them, flooding can significantly affect rice pro-
duction, either directly by submerging rice plots or indirectly by submerging
paths (roads, etc.) to the plots and rendering them inaccessible. Rice should
not be submerged for more than 48 hours (Windmeijer and Andriesse 1993).
Flooding also forces farmers to choose suboptimal production timing. In
Nigeria, flooding is one of the major disasters that can affect the production
of rice-growing households.

Table 3.16 shows the percentage of farmers in cach geopolitical zone who
were affected by flooding, poor rains, and pests in 2010. Due to the small
sample sizes, figures for rice-growing houscholds in southern Nigeria are not
included. Flooding might have affected significant amounts of rice production
in the North East zone, where about 10 percent of rice-growing households
experienced flooding (column 2). Generally, rice-growing households experi-
enced greater incidence of flooding and poor rain compared to pests in 2010.

TABLE 3.16 Share of farmers and rice farmers in Nigeria affected by flood, poor rain, and
pests in 2010 (percent)

Rice-growing households All farm households
U] 2) &) @ (5) (6) @
Geopolitical zones Flood Poor rain Pest Flood Poor rain Pest
North West 310, 6] 110,3] 110,2] 3N, 4] 21,3 110,2]
North East 1115, 18] 410, 8] 11[0,4] 5[3, 6] 3[2,4] 11[0,2]
North Central 410,9] 310, 6] 0[0,1] 1[0,2] 110,3] 0[0,1]
South East 210, 3] 110,2] 4[3,6]
South South 110, 1] 0[0,Q] 01[0,0]
South West 010, 0] 21[0,2] 0[0,0]

Source: Authors' calculations based on Nigeria, NBS and World Bank (2011),

Note: Numbers in brackets are 95% confidence intervals. All figures are calculated using sample weights. The figures do not
distinguish whether rice production itself was affected by these events. “Poor rain” is a term used in the LSMS-ISA (2011),
which may indicate either drought or overall shortage of rainfall throughout the production season.



76 CHAPTER 3

Deepwater varieties are found among both local African varieties and
modern varieties such as FARO 15 (called “Water Proof” in Nasarawa State),
which can tolerate flooding to some degree thanks to their high elongation
and early maturing abilities. However, these varicties may not have high yield
potential. For example, FARO 15 tends to lodge heavily if too much nitrogen
is applied (Maji and Fagade 2002).

Drought and rainfall shortages can also affect rice production or its cost if
they lead to additional irrigation. While the incidence of poor rainfall was less
widespread than flooding, it still affected up to 4 percent of rice-producing
households in the North East in 2010 (Table 3.16).

IRON TOXICITY

Iron toxicity is also considered a major abiotic stress on lowland rice produc-
tion in Africa (Singh et al. 2004). Rice suffers from iron toxicity, resulting in
discoloration of leaves, if dissolved iron in the rooting medium exceeds 300-
500 parts per million (ppm) or even 30 ppm if soil nutrients (potassium and
phosphorus) are low (Moormann and van Breemen 1978). The condition is
often associated with nutrient deficiencies in the soil. It often emerges on acid
saline soil (IRRI 1982), with pH below 5 when acrobic (Moormann and van
Breemen 1978). Salinity and acidity are problems of Gleysols and Fluvisols
(which are two of the major lowland-type soils listed in Table C.1 in Appendix
C) in the coastal fringes, and iron toxicity can also occur on these soils in
inland areas. Iron toxicity has been commonly observed in inland valleys in
Sri Lanka, Orissa and Kerala States in India, and West Africa (Moormann
and van Breemen 1978).

But in West Africa, where bunding and leveling are still less common
than in Sri Lanka and India, the severity of iron toxicity can vary greatly
across locations (Moormann and van Breemen 1978). Sri Lanka has invested
in developing varieties that are resistant to iron toxicity, while Nigeria has
mostly relied on importing foreign varieties such as Sri Lankan BW348-1
(Singh et al. 2004), which may not always suit local production environ-
ments. Susceptibility to iron toxicity also varies across varieties. In an advance
yield trial carried out at NCRI with respect to the response of different rice
lines and varieties to iron toxicity and AfRGM, the average grain yield varied
between 1,965 kg/ha (suakoko 8) o 1,336 kg/ha (manbefuchi) across variet-
ies (NCRI 2008). While iron toxicity—tolerant varieties and nutrient man-
agement showed promising results on a long-term basis (Sahrawat 2004;
Sahrawat et al. 1996), their adaptability as well as the management costs are
not yet known in Nigeria.
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Socioeconomic Production Constraints
Despite Nigeria’s modestly promising biophysical environment for rice produc-
tion, various socioeconomic factors can prevent the wider adoption and diffu-
sion of modern inputs and technology practices in the dominant rice-production
systems. Access to markets, credit, and extension, for example, can affect this.
But even more importantly, it is a case of the new technologies’ viability in
ensuring a positive return to the farmer given input and output prices, resource
requirements, and costs (c.g., labor, land, and capital) and the effect on incomes.

In other words, what matters is the marginal productivity and return from
the inputs and technologies being adopted, output prices of rice and other com-
peting crops, and the opportunity costs or shadow prices of land, labor, and
other household capital. Weak market linkages (or even market failures) for key
inputs and technologies, access to capital, and insurance add to information and
transaction costs that further affect rice-production decisions of the farmer.

In what follows, we review in more detail many of the socioeconomic con-
straints affecting the adoption and diffusion of modern rice technologies
in Nigeria. The degree to which these are widely prevalent in Nigeria helps
explain the low performance in yields relative to other countries in the region
and other major developing regions of the world. It also implies a great poten-
tial to accelerate yield and output growth by removing many of these con-
straints through public interventions and institutional strengthening.

The Economics of Rice Production

A farm household mobilizes and allocates its resource endowments with
respect to land, labor, capital, and knowledge in order to extract the maxi-
mum benefits from these endowments. It does not have to depend on farming
activities alone. For example, many Nigerian farm houscholds are engaged in
other noncrop (e.g,, livestock) and nonfarm income-earning activities (Oseni
and Winters 2009) that are just as important in contributing to the overall
income of the houschold. Such activities also serve to guard against risks asso-
ciated with weather shocks or seasonality in agricultural earnings.

For farmers to engage in crop production, or any other activity for that
matter, the production must be economically feasible or profitable. In other
words, the farmer will produce up to the point when the marginal cost of an
additional input is just equal to the resulting marginal utility derived from it.
Under conditions of limited access to inputs such as irrigation and fertilizer
in crop production, yields must be sufficiently high to ensure a positive return.
Traditional staples or subsistence crops such as cassava, maize, sorghum, and
millet typically fit these criteria well, as they are able to grow under harsh
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conditions of modest and unstable supplies of water and limited access to fer-
tilizer, hired labor, or up-front cash payments.

For farmers to be induced to grow rice, its price must be high enough rel-
ative to other crops. They also need to be able to afford hiring labor for land
preparation, weeding, bird scaring, and harvesting. As it is difficult to mon-
itor the efforts of these workers, farmers must bear the risks of poor perfor-
mance. Additionally, they must also be able to afford inputs such as fertilizer
and agrochemicals, as these are needed more in rice production than in the
production of other traditional staple crops.

Due to poor rural road infrastructure, modern inputs can be substantially
pricier in rural areas than at the source, whether this involves fertilizer, cer-
tified seeds, hired labor, agrochemicals, irrigation pumps, tractors, or crop
husbandry knowledge from extension agents. Similarly, the farmgate price of
paddy rice can be substantially lower than consumer prices. These infrastruc-
ture-related transaction costs can be more serious for cash crops like rice than
for traditional subsistence crops that do not require many modern inputs and
do not need to be transported to the market.

Weak-performing markets (or even market failure) also complicate the eco-
nomic structure of rice production. Credit market failures arise in rural areas
due to the high cost of monitoring payments and long lending cycles inherent
in agriculture. Farmers often lack enough cash at the beginning of production
seasons to purchase modern inputs and to invest in technologies, even if these
can bring higher returns. Although traders or moneylenders sometimes offer
credit, yield returns must be substantially high so that taking out loans at high
interest rates is justified.

Farmers therefore often continue cultivating traditional staple crops that
do not require much up-front cash expense, rather than intensifying rice pro-
duction. Credit for off-farm income-earning activities can be less constrained
because of shorter lending cycles; a longer cycle can make lending for rice pro-
duction relatively costly. Insurance market failures can also arise due to adverse
selection, moral hazard, and the covariate nature of risks. While rice is subject
to less price volatility than perishable crops thanks to its storability, poor infra-
structure and subsequent lack of market integration can generally lead to high
local price variation, and farmers may have more incentives to grow subsistence
crops to avoid market risks.

Factors Constraining the Intensification of Rice Production

Once a farmer decides to grow rice, various factors can affect the adoption
and use of modern inputs and technologies and therefore the rate at which
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production can be intensified and output expanded. Many economic factors,
aside from prices alone, can influence such adoption behavior. For example, farm
size, access to extension and on-farm trials, access to inputs and credit, productiv-
ity potential, and price risks are all relevant. However, other noneconomic factors
such as those based on social and cultural considerations may also be import-

ant. Finally, because multiple technologies are often involved, interrelatedness or
complementarity can affect adoption behavior.” Here we focus attention on the
key factors affecting rice intensification with regard to adoption of improved rice
varieties, irrigation, fertilizer, mechanization, and crop husbandry practices.

IMPROVED RICE VARIETIES

The adoption of improved rice varieties over traditional varieties depends on
the superiority of traits (high-yiclding genes, responses to fertilizer and water),
resistance to various stresses, price premiums, required quantities and costs
of additional inputs, additional crop husbandry knowledge, farmers’ wealth,
and the degree of risk aversion. Traditional varieties are easily diffused and
adopted. Through farmers’ natural selections over centuries, the traits of
many existing traditional varieties have been adapted to suit the local produc-
tion environment. In addition, farmers have adapted traditional varieties to
match local taste preferences. They are resistant to pests and diseases, toler-
ate flooding or drought, and grow relatively well without external inputs like
fertilizer or irrigation. Yields are modest but certain and preferred by risk-
averse farmers. Modest yields can be obtained without elaborate production
practices. Varieties are readily available in the informal seed sector and much
cheaper than improved varieties.

The Nigerian seed system has been weak and underdeveloped for supply-
ing improved varieties that are substantially superior to traditional varieties.
The generally weak capacity of the public seed system further raises the
cost of certified seeds for farmers. The pace of varietal release may be slow
(Takeshima et al. 2010). Weak infrastructure also raises the costs of dissem-
inating information on varieties. The existence of an informal seed sector
partly fills these gaps, but seed qualities (variety identities and purities) are
only imperfectly controlled by sellers concerned about reputations. Certified
seeds are typically distributed through the Agricultural Development Project
(ADP), which is a state-level agricultural extension agency to which many
farmers do not have casy access. In addition, demand for rice seeds in Nigeria

9 For interested readers, a survey of the literature on the determinants of technology adoption in
developing countries can be found in Feder, Just, and Zilberman (1985).
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can be seasonal (Takeshima and Nagarajan 2015), but the formal seed sector
may not be flexible in adjusting the timing of seed supply.

Improved varictal development, on the other hand, has typically relied
cither on the international agricultural research centers—such as the
International Institute of Tropical Agriculture and the Africa Rice Center—
or on foreign varieties. Local national agricultural research institutes (NARIs)
have mostly focused on field trials and evaluations. The NCRI has the man-
date for rice research in Nigeria, with seven rescarch stations located through-
out the country.'® Although some varieties are evaluated and released by other
institutions, including universities, this has been rare (Takeshima 2014). The
weak capacity of NARIs has constrained the development of locally adopt-
able varieties. Yet Nigeria was still one of only two countries conducting vari-
etal development in West Africa at the turn of the century, along with the
Republic of Guinea (Dalton and Guei 2003).

The weak NARIs and seed systems have not prevented sufficiently good
varieties from finding their way to farmers. For example, the RY M V-resistant
cisadane variety from Indonesia had been adopted by farmers in Ebonyi State
even before its official release as FARO 51 (Maji and Fagade 2002). Traits of
improved varieties must be substantially superior to traditional varieties to be
adopted because of various market failures and weak seed systems. In the case
of maize, farmers often do not buy new varieties unless they receive a marginal
return of at least 100-300 percent (US$1 in additional seed cost must return
US$2-$4 in increased profits) (Pray 1997; Lopez-Pereira and Filippello 1994).

Similar patterns may apply to rice seeds.

USE OF IRRIGATION, FERTILIZER, AND MECHANIZATION

Traditional varieties have often evolved resistance to water stress, and they bene-
fit only marginally from irrigation. Improved varieties exhibit higher responses
to irrigation, but this can be costly if land-leveling is insufficient. Pump-based
irrigation requires substantial fuel cost for frequent water lifting compared to
gravity irrigation. Affordable irrigation pumps wich sufficient suction and deliv-
ery capacity are needed, unless there is access to gravity systems. Significant
capital is needed to buy fuels to operate the pump frequently, as well as to buy
fertilizer and herbicide. In Nigeria, substantial labor is used to smooth plot sur-
faces to aid water flow, in addition to labor requirements for other farm prac-
tices. Credit constraints can affect the purchase of these inputs and investments
in irrigation pumps and water channel construction for river diversion.

10 Based on personal communications with NCRI staff.
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Even if irrigation is feasible, rice may not be as profitable as other crops such
as vegetables or sugarcane that also attract high prices in Nigeria or vegetables
and maize that grow well with less irrigation water (Adeniran et al. 2010; Bello
1987). For farmers to irrigate rice, they often need to have access to highly water
responsive varieties and much less costly access to water. This “tragedy of com-
mons” is often unavoidable. If returns from irrigation are only modest, farmers
may have less incentive to coordinate the water allocation or mobilize collective
action for canal maintenance, further reducing irrigation returns and leading
to rejection of irrigation. Low government funding for irrigation further aggra-
vates this problem. These factors can constrain rice irrigation.

Traditional rice varieties often do not respond well to inorganic fertil-
izer. Historically, rice farmers in southern Nigeria maintained soil fertility
through crop rotation (Welsch 1965). Improved varieties, on the other hand,
respond better to fertilizer. However, fertilizer responses of existing varieties
in Nigeria may be lower than newer varieties currently grown in Asia, perhaps
due to the antiquity of many improved varieties. A weak extension system
may also be limiting the transfer of knowledge regarding optimal fertilizer use.
Fertilizer response can be optimal if the applications (dosages) are appropriate
to local conditions with regard to the amount, timing, and nutrient combina-
tions and are strictly adhered to.

Aside from fertilizer application practices, fertilizer use can be constrained
by farmers’ risk aversion, liquidity constraints, and a weakly functioning fer-
tilizer market. Fertilizer is often a risk-increasing factor; even at high fertil-
izer use, yield can be low in some years due to both biotic and abiotic stresses.
Farmers are often averse to such risks, and unless the response is exceedingly
high they may not spend much on fertilizer. Because of cash constraints, fertil-
izer use is often suboptimal. It is generally more expensive in Nigeria—partly
due to poor road infrastructure that raises domestic transportation costs—
than in developed countries (Liverpool-Tasie and Takeshima 2013).

Fertilizer markets are still relatively thin in Nigeria compared to countries
such as India, especially in terms of a strong retail network. While India has
about 280,000 fertilizer sales points (one in every 12 km® of land and 6 km?
of arable land) (Ramani 2007), Nigeria has only about 4,000 to 10,000 (one
in every 90-250 km” of land or 36-90 km” of arable land) (Liverpool-Tasie
and Takeshima 2013). The market is thus imperfect and inefficient in meet-
ing demand in a timely manner. Imperfect competition and a weak regulatory
enforcement capacity induce suppliers to extract rents by selling adulterated fer-
tilizer (Liverpool-Tasie ct al. 2010). These factors raise the de facto price of fertil-
izer for farmers and inflate the risks for its use, further discouraging the adoption
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and use of fertilizer for rice. However, this may be changing given recent reforms
to deregulate the market and permit the formation of stronger retail networks."!

Finally, because rice production can be far more labor intensive than other
crops, especially during land preparation and weeding, it can benefit from
greater mechanization. During land preparation, the harrowing or plowing
of a rice paddy field is typically done to help improve the nutrient structure
of the soil and to reduce competition with weeds. If done well and combined
with the use of improved varieties that are less weed competing and can take
better advantage of the improved soil nutrients than traditional varieties, yield
increases can be substantial.

A farmer typically will decide to mechanize these activities when yield
improves from such operations, manual labor is costly, and mechanization ser-
vices are available at a reasonable cost. Additionally, mechanization may also
be limited if there are serious credit constraints due either to missing credit
markets or high costs of credit. Availability and costs of insurance, mainte-
nance costs, and other transaction costs may also be just as important. For
example, tractors are often purchased by a few wealthy farmers with bet-
ter access to low-cost credit. However, because of the difficulties in accessing
credit with favorable terms in rural areas, this has often resulted in less capi-
tal investment in tractors. The exception is credit for cheaper, smaller tractors
or power tillers. Using smaller tractors, however, may be less profitable if yield
advantage is small, and speedy operation on larger farm plots is more practical
and results in greater benefits.

Because the majority of rice plots are limited to small geographical areas that
rely heavily on access to water (c.g., in the fzdama areas), they tend to be dis-
persed and fragmented and to have poor road access. Providing insurance for
tractors is costly in rural areas due to high monitoring cost, adverse selection,
and moral hazard, further discouraging investments. All this raises the cost of
supplying tractor services to farmers without some sort of government inter-
vention to subsidize this activity, which the government is beginning to pursue.
Most Nigerian farmers, therefore, do not adopt mechanization unless the yield
enhancement of intensive land preparation is sufficiently high and the cost dif-
ference between manual labor and tractor services is sufficiently large.

11 A good example is the government’s new Growth Enhancement Support program, which is
intended to encourage the participation of private-sector dealers in distributing subsidized fer-
tilizer to farmers. The program utilizes electronic vouchers received by farmers through mobile
phones, as an “e-wallet” system. Registered farmers receive text messages alerting them that
they can pick up their input package at a local redemption center operated by a private-sector
agricultural input dealer.
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CROP HUSBANDRY PRACTICES

Traditional rice varieties generally grow well without sophisticated production
practices. For improved varieties, optimal sequencing and timing of numer-
ous input applications and farm activities are critical for achieving a maxi-
mum yield potential on farmers’ plots. Practicing such ideal crop husbandry is
challenging due to its high labor requirements. For farmers to adopt improved
production practices, therefore, the returns must be substantial. The cost of
diffusing such technical knowledge, through extension services, for example,
can also be high due to weak communication infrastructure and geographical
dispersion of farmers. As a result of these constraints, farmers’ access to such
knowledge is very limited.

Access to extension agents is still low in Nigeria (Omotayo, Chikwendu, and
Adebayo 2001). In addition, rice varieties tend to be more susceptible to local
environmental conditions compared to crops like wheat (Byerlee and Traxler
2001). Extension systems must be able to inform on the right varieties and hus-
bandry practices that are most suitable to cach location—but farmers can also
learn from practice. For example, rice producers in Asia have been shown to
derive some of their best practices through selflearning (Munshi 2004).

Owing to such inherent challenges for raising yields in Nigeria, as discussed
carlier, yields for many improved varicties are often below their full poten-
tial. Narrowing the yield gap will take time. Until new varieties can do fairly
well under suboptimal input use and production practices, farmers will con-
tinue growing those rice varieties, or even other crops, with which they are more
familiar and on which they have come to rely. Extension units are also often
separated from research units in Nigeria, as most extension service is provided
by the ADPs that are not involved in crop research. It may be difficult to incor-
porate farmers’ feedback into varietal development research. The participatory
varietal selection method implemented alongside recent variety development
(such as NERICA) is promising in that regard, but its application is limited to
small geographical arcas (Maji and Fagade 2002).

Conclusion

Nigeria has the largest rice cultivation area in Africa south of the Sahara.
Because of its size, rice production systems are highly diverse. Not only encom-
passing all three major ecologies, including upland, rainfed lowland, and itri-
gated land, they are also distributed across a range of latitudes. Each of these
systems has distinctive characteristics, leading to different biophysical and
socioeconomic potentials and constraints for yield increases.
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Nigeria’s overall biophysical potential for rice may not be as good as the
potential in most of Asia. It is limited by the following factors: (1) Nigeria’s
tropical environment (low latitude) is not suitable for temperate varieties,
although northern Nigeria has a relatively favorable environment where Asian
varieties can be adopted; (2) the area with suitable soils for rice production
is relatively small compared to Asia; (3) aridity in dry seasons is very high in
most of Nigeria, possibly raising irrigation costs; and (4) some pests, diseases,
and weeds are relatively unique to Nigeria, and transferring Asian rice varict-
ies may often be difficult.

The biophysical potential for rice is better than in some tropical West
African countries, given the dominance of lowland production, and is com-
parable to some tropical Asian countries such as Sri Lanka. However, Nigeria
has yet to fully realize its biophysical potential for rice production, especially
if improvements are made through greater investment in the sector. Among
possible options for the public sector, the most essential will be investments to
expand the irrigated rice area and development of superior-quality and high-
yield varieties.

As in agriculture in general, rice production in Nigeria is largely repre-
sented by low-income, asset-poor, resource-constrained smallholder farmers.
Larger and more commercialized rice farms are rare. At the same time, rural
Nigeria remains underdeveloped with respect to markets, institutions, and
physical infrastructure. Consequently, the adoption of modern technologies
has been limited due to problems of underdeveloped input markets, compe-
tition with other crops and nonfarm income-earning activities, weak exten-
sion systems, poor access to credit and insurance provisions, high market
transaction costs, and insufficient rural infrastructure more generally, all of
which can affect the profitability of technology adoption (Feder, Just, and
Zilberman 1985).

The next chapter provides a more in-depth empirical investigation into
these socioeconomic constraints in order to explain current levels of profit-
ability and, ultimately, the type of government interventions needed to pro-
mote paddy production and induce a supply response drawing on lessons and
experiences from other major rice-producing regions in the developing world.
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POLICY OPTIONS FOR INDUCING A
SUPPLY RESPONSE
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s the previous chapter notes, paddy yields in Nigeria are among the

lowest in the region and well below other developing countries in Asia

and Latin America. Additionally, the chapter highlights Nigeria’s
untapped biophysical potential for expanding rice production and output
with improved water access in lowlands and other areas suitable for irrigation.
The current low yields alone imply that the country has the potential to trans-
form the sector by simply closing existing yield gaps. More specifically, a num-
ber of technological and socioeconomic constraints, together with past public
investments and price policies, have inhibited the wider diffusion and use of
improved technologies and farming practices, implying an untapped potential
to induce a supply response and transformation of the sector.

The objective of this chapter is to examine empirically some of the key
economic factors affecting the profitability of paddy rice production at
the farm level and, given these current conditions, estimate whether price
incentives are able to induce an aggregate supply response at the national
level. The types of public-sector interventions needed to promote output
growth are also explored, drawing on lessons and experiences from other
major rice-producing regions in the developing world. The chapter specifi-
cally focuses on irrigated and lowland production systems because, as shown
in Chapter 3, these systems have the greatest potential for rice-production
growth in Nigeria. Understanding the microeconomics of these systems
can provide important insights into the constraints affecting rice-produc-
tion growth, despite recent government efforts to introduce price incentives
through higher import tariffs.

The chapter begins by analyzing a number of representative farm budgets
from selected locations in Nigeria in order to compare and contrast their prof-
iability across different input-intensive production systems. The findings
show that the constraints on profitability are related not so much to intensifi-
cation but to the current set of technologies in use, which are evidently under-
mining the potential yield gains from such intensifications.
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Next, I examine the degree to which these constraints affect the gov-
ernment’s ability to generate a significant supply response in the sector
through price incentives. This is accomplished by empirically estimating
an aggregate supply response and area response of irrigated rice production
using nationally representative data. Results show that the aggregate sup-
ply response to price incentives in Nigeria is low. I hypothesize that this
is partially due to insufficient past investments in agricultural research
and development (R&D) and irrigation infrastructure as compared with
the lessons and experiences from elsewhere in the region and other major
rice-producing countries in Asia and Latin America. The final section
summarizes the key findings of the review and analysis before concluding
the chapter.

The data used in the empirical analysis of this chapter are based on infor-
mation from the Nigerian Living Standards Measurement Study-Integrated
Surveys on Agriculture (LSMS-ISA) (Nigeria, NBS and World Bank 2011,
2013) data discussed in Chapters 2 and 3 and the author’s own fieldwork in
2013. The supply response analysis uses the agricultural module of the LSMS
data, as they contain information on the quantity of rice harvested and use of
various inputs and technologies on plots where rice is grown. The fieldwork
was necessary to fill in gaps, as information in the literature on the microeco-
nomics of these production systems in Nigeria is relatively scarce.

The data from field visits were collected in the following manner. First,
given distinct production environments between the two geopolitical zones
that produce the bulk of paddy rice in Nigeria, North West and North
Central, locations were sought in both zones. The geopolitical zones are illus-
trated in Figure 1.1 in Chapter 1. To select the locations, the local government
arcas (LGAs) where one of two possible rice irrigation methods (river diver-
sion o lifting of groundwater) is observed were identified from the LSMS-
ISA (2011, 2013). I then asked the extension agents in those LGAs to take me
to the rice irrigators they know. This is because farmers are more likely to pro-
vide detailed information about their rice-production practices to the agents
with whom they are familiar.

Although I am likely to have visited producers who are relatively wealthier
and better connected with the extension agents, they are also more likely to
have better knowledge on the most efficient production practices, and there-
fore they represent an upper bound of the profitability of their systems. This
becomes especially important if such an upper bound is low, implying that
for most other farmers, production is less likely to be profitable. In addition,
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I focused on visiting a small number of rice producers in order to measure
the plot size accurately, instead of surveying a larger number of producers.
This is important because in African countries where plots are not regularly
demarcated, farmers’ measurements of plot sizes are often incorrect (Carletto,
Savastano, and Zezza 2013), leading to biased estimates of yields or produc-
tion costs that are measured per hectare of area.

In addition, it is necessary to ask about and validate the costs of different
inputs and activities in a highly disaggregated manner, because aggregating
across different cost items often leads to the underestimation of total cost fig-
ures (Deaton 1997). To address these issues, 14 samples were collected across
different rice-production ecologies and geographic areas, which are small in
terms of sample size but more accurately measured. However, even these con-
clusions would need to be interpreted with caution given the small size and
nonrandom nature of the sampling procedure. Moreover, results may vary
from year to year due to factors such as weather conditions or even individ-
ual specific shocks that would affect profitability in a particular location at
the time of the field visit. Future studies will need to examine whether the
key messages of this section, particularly those derived from fieldwork, are
sufficiently representative and apply to rice production in other produc-
tion environments.

Assessing the Profitability of Paddy
Rice Production
As the previous chapter showed, many socioeconomic constraints affect
rice production in Nigeria, including the degree of access to markets, credit,
and extension. But even more important is the viability of new technol-
ogies in ensuring a positive return to the farmer, given input and output
prices, resource requirements, and costs (e.g., labor, land, and capital). All
these affect the profitability of rice farming. This section delves deeper
into assessing the profitability of paddy rice production based on farm bud-
gets. More specifically, it uses data from the author’s field visits, as described
above, to analyze some of the key characteristics of rice-production costs
and their implications for profitability at the farm level within each of the
selected rice ecologies.

Generally, the intensity of modern input use for rice production varies
widely across different rice ecologies and regions within Nigeria. Table 4.1
summarizes performance, input use, and production costs in irrigated and



TABLE 4.1 Rice-production performance, input use, and costs in selected locations in Nigeria based on farmer interviews, 2013

Location of interviewed

farmers
M @ @ ® ® _©® 0 @ © (10 L
Local Plotsize Yield  Nitrogen Fertilizer Gross revenue Production  Labor cost
State governmentarea (ha) (tons/ha) (kg/ha)  (kg/ha) Variety  (US$/ha)  cost (US$/ha) (US$/ha) IRR (pub) IRR (pri)  RF(d) RF (s)
North West zone
Zamfara  Talata-Mafara 0.28 5.5 136 536 2,480 2,237 1,134 o
Zamfara  Talata-Mafara 0.24 6.8 158 625 2,823 2,171 859 .
Kebbi Argungu 1.40 5.4 300 1,071 FARO 44 2,765 2,469 1,135 °
Kebbi Bunza 0.25 6.1 187 406  FARO 44 3,141 2,376 1,474 .
Kano Karaye 0.89 46 185 673 TOX NA NA NA .
Kano Karaye 0.23 38 160 641 yardus NA NA NA e
Jigawa Kilikasamma 1.37 6.5 240 728 WITA 4 NA NA NA °
Jigawa Kilikasamma 2.02 33 119 395 WITA 4 NA NA NA °
North Central zone
Nasarawa Lafia 1.51 2.7 105 331 FARO 15 1,500 1,417 501 °
Nasarawa Lafia 0.70 23 30 143 FARO 44 1,790 1,802 1,241 * (rd)
Nasarawa Lafia 0.75 1.6 60 268  FARO 44 NA NA NA ® (rd)
Nasarawa Lafia 1.35 14 34 56 FARO 44 m 393 148 °
Nasarawa Karu 1.00 3.0 83 350 NERICA 2,065 2,116 985 .
Nasarawa Awe 1.35 2.8 0 0 FARO 44 1,553 1,359 666 .

Source: Author's fieldwork, May—July 2013.

Note: IRR = imigated; RF = rainfed; pub = publicly operated; pri = privately operated; d = deepwater; s = plots submerged much of the season from rainfall; rd = river diversion; NA = not available.

NERICA = New Rice for Africa.
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rainfed lowland ecologies. Thesc are ecologies that have greater potential for
rice-production transformation relative to upland ecologies, which tend to be
more subsistence oriented and therefore targeted more for food security and
poverty reduction objectives.

An interesting outcome from analyzing the available data is the finding
that in many locations, except where public irrigation and some decpwater
systems exist in northern Nigeria, net profits are small relative to production
costs, where net profit is calculated by subtracting production cost in column
9 from gross revenue in column 8. This pattern has important implications.
First, there are rice farmers who do not seem constrained from using mod-
ern inputs. This is contrary to the general view that African farmers are typi-
cally underutilizing modern inputs due to credit constraints or other market
imperfections (Awotide et al. 2013; Kelly, Adesina, and Gordon 2003; Morris
et al. 2007; World Bank 2007), in which case production costs per unit of
land would be much lower. In fact, fertilizer use per hectare among inter-
viewed farmers was found to be considerably high, particularly in the North
West zone.

Second, these rice farmers may actually be overusing some of the inputs,
with the exception of land. This is because of the following logic: as the under-
lying production system begins to exhibit diminishing returns to scale given
generally older technologies being used on the same plots of land, marginal
costs of modern inputs rise, but because rice prices are high, farmers continue
using these inputs. This is reflected in Table 4.1 by higher yields in the North
West zone being observed on smaller rice plots. Consequently, the smaller net
revenues are likely the results of farmers operating beyond the optimal level of
input use that would maximize net revenue. This is also partially supported by
the evidence presented in the next section, which demonstrates that variable
input costs such as labor and irrigation pumping seem to account for a greater
share of total production costs than fixed costs. An important implication of
this finding is that if farmers are already overusing modern inputs, efforts to
stimulate supply response through the promotion of these inputs may be lim-
ited. In other words, the price elasticity of supply would be low.

1 Table D.2 in Appendix D summarizes rice production costs in upland, lowland, and irrigated
ecologies across Nigeria reported in other selected studies. Many studies, however, do not.clar-
ify how plot sizes were measured. The International Food Policy Research Institute’s fieldwork
found that farmers often over-report the size of plots, leading to inaccurate figures of yield and
costs. This discussion is therefore focused on the figures in Table 4.1, which were all calculated
using Global Positioning System-measured plot sizes.
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Partial Budget for Irrigated Rice Ecologies

Table 4.2 presents the selected farm budgets for irrigated rice ecologies.
Zamfara and Kebbi States are located in the northwestern part of the country
(North West zone), while Nasarawa State is located in the central part of the
country (North Central zone) (see Figure 1.1 in Chapter 1 for the locations
of states and definitions of the six geopolitical zones). Intensive irrigation sys-
tems comparable to Asia can be found in parts of northern Nigeria, and these
production systems are rather costly (columns 3 and 4).

Typically, production practices consist of land preparation that is done
cither mechanically or manually, transplanting or broadcasting of seeds
(“planting” in Table 4.2), applications of fertilizer and agrochemicals, and pro-
duction management such as weeding and bird scaring, Harvesting is done
mostly manually, while threshing is sometimes done mechanically. In certain

TABLE 4.2 Rice farm budgets in irrigated ecologies

(6) Nasarawa

(1) Categories (3) Zamfara (4) Kebbi (5) Nasarawa  Private-pump
Irrigation systems Public scheme Private-pump  River diversion New Rice
Varieties (2) Unit FARO 44 FARO 44 FARO 44 for Africa
Plot size (ha) 0.28 140 070 100
Values B Qy US$ha Qty US$Mha Qty USSha Oty US$ha
Noniabor cost
Land preparation
Harrowing Number 2 230 1 48
Plowing Number 1 65
Fertilizer
NPK 50 kg bag 2 253 17 431 1 51 5 161
Urea 50 kg bag 1 120 13 300 1 55 2 77
Transportation 50 kg bag 3 14
Seeds Kg 75 138 75 28 68 55 60 29
Chemicals
Pesticide Liter 1 18
Herbicide for land Liter 5 41 10 52
preparation
Herbicide Liter 1 35 4 16 NA 77 NA 43
Threshing 75kgbag 205 47
(nonlabor part)
Empty bag Number 18 17 40 18
Paddy transportation 75kgbhag 205 24 18 33 1 32

to the market
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{6) Nasarawa

(1) Categories (3) Zamfara (4) Kebbi () Nasarawa  Private-pump
Irrigation systems Public scheme Private-pump River diversion New Rice
Varieties (2) Unit FARO 44 FARO 44 FARO 44 for Africa
Plot size (ha) 0.28 1.40 0.70 1.00
Values Qty US$/ha Qty US$/ha Qty US$/ha Qty US$/ha
Labor cost
Land preparation Number 1 55 1 230 1 32
Plowing Number 1 138
Leveling Number 1 66
Diking/bunding Number 1 69 1 37
Nursery preparation Number 1 10
Planting Number 1 230 1 166 1 14 1 97
Weeding Number 2 92 1 166 1 226
Fertilizer application Number 3 35 1 28 1 18 1 26
Herbicide spraying Liter 1 5 4 9 1 51 1 19
Irrigation application ~ Number 1 398
Bird scaring + Number 1 461 1 415 1 194 1 45
pest control
Harvesting Number 1 115 1 111 1 166 1 129
Threshing/bagging Number 1 115 1 176 1 332 1 129
Loading/off-loading  75kgbag  20.5 12
Irrigation cost Season 1 12
Pump Number? 0.25 58 0.67 95
Hose Number? 0.2 28
Fuel Liter 1,050¢ 484 582 547
Channel construction ~ Number 1 45
Renting of land Season 1 230
Total cost (US$/ha) 2,237 2,469 1,802 2,116
Total labor cost 1,134 1,135 1,241 985
(US$/ha)
Gross revenue (US$/ha) 75kgbag 205 2,480 100 2,765 21 1,790 40 2,065
Net revenue (US$/ha) 243 296 -12 -51
Yield (ton/ha} 5.5 5.4 2.3 3.0
Paddy prices {US$/kg) 0.46 0.51 0.78 0.69
Nitrogen (kg/ha)? 136 300 30 83

Source: Author's fieldwork, May 2013.

Note: The information is based on a single farmer for each location. However, | also validated each piece of information on
individual activities with other farmers in each location. Blank space indicates that the interviewed farmer did not use the in-
puts; therefore, the related activities and payments do not apply. NPK and urea are fertilizer products, while nitrogen is one of
the chemical components of these fertilizer products. ®Calculated assuming NPK 15-15-15 (15% nitrogen companent) and
urea 46%. Y The interviewee buys an irrigation pump once every few production seasons. For example, if they buy a pump
every four production seasons, figures are converted into 0.25 = 1/4. Similar calculations are applied to hoses. ©35 liters/day,
ong application every 3 days for 3 months (or 30 days in total), Price reported by this farmer was unusually high. | therefore
used the average of the figure reported by the farmer and averages among other farmers | interacted with in the same area.
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cases, payment for empty bags is made separately from threshing and bagging;
in other cases, payment is made all at once. Similarly, payment for loading and
off-loading of 75 kg bags of paddy is sometimes made separately from paddy
transportation to the market, while in other cases it is included in the trans-
port payment.

Irrigated rice production is labor intensive, with labor costs generally more
than US$1,000/per hectare (ha), accounting for about half (or more) of total
production costs. Irrigation costs arc also high if the system is pump based.
Fuel costs for running pumps alone are about US$500/ha per season. These
costs can be affected by various factors, including irrigation efficiency and
pump capacity. In the North Central zone, paddy prices are slightly higher
than the North West. Despite such intensive use of labor and irrigation, how-
ever, yields are quite modest and net revenue is, at best, barely positive (after
adjusting for the opportunity costs of family labor).

Columns 3 and 4 of Table 4.2 also present the exceptionally high yield-
ing cases observed in parts of northern Nigeria: an irrigation scheme in
Zamfara State and a pump-based private rice irrigation system in the fad-
ama area (a Nigerian term for an inland valley bottom) of Kebbi State.
Their observed yields of 5.4 to 5.5 ton/ha are quite comparable to some of
the successful rice irrigation systems in Asia. As was discussed carlier, these
regions share similar ecologies with the Office Du Niger in Mali or in the
Senegal River Valley, where Asian varietics are found to be most attrac-
tive given their geographic latitude. These production systems are, however,
costly (with per hectare production costs at around US$2,200 to US$2,500)
and likely to be feasible only in highly limited geographical areas with suf-
ficient access to water, soils, and varieties. This type of ecology accounts for
only a small fraction of the northern rice-growing regions.

Partial Budgets and Fertilizer Use for Rainfed Lowland and
Upland Rice Ecologies

Production practices in some rainfed lowland areas are also characterized by
high production costs, with total costs exceeding US$1,000/ha (columns 3
and 4 in Table 4.3). Production is somewhat labor intensive, with labor costs
exceeding US$500/ha. In the lowland rice ecology, water control has also
been suggested by the farmers to be a critical constraint to intensification and
maximizing yield potential. Land preparation methods in these lowland sys-
tems become very critical in this regard, including the use of herbicides and
tractors. Total costs of herbicides can be around US$200/ha. In some cases,
soil is fertile enough so that no fertilizer is used.
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TABLE 4.3 Crop budgets for rainfed rice (selected locations in Nasarawa State hased on
ecological status)

Ecologies
(1) Categories (2) Unit ' 3) D;pwater (4) Lowland (5) Upland
Varieties FARO 15 FARO 44 FARO 44
Plot size (ha) 1.51 1.35 1.35
Valuss ~ Qy US$ha Qty US$ha Qy  USSha
Nonlabor cost
Harrowing (tractor) Number 1 94 1 119 1 72
Fertilizer
NPK 50 kg bag 8 188
Urea 50 kg bag 2 51 1.5 39
Seeds 100 kg bag 1 96 2.25 143 0.5 32
Chemicals
g'::;‘;‘rgil'z b Liter 2 150 NA 30
Herbicide Liter 22 220 36 178 2 19
Empty bag 75 kg bag 54 23 50 24 25 14
Rope for bird scaring Number 70 3
Transport harvest to the market 75 kg bag 54 46 50 153 25 24
Labor cost
Land preparation Number 1 47 1 72 1 14
Plowing Number 1 72
Broadcasting Number 1 17 1 24 1 5
Fertilizer application Number 1 17 1 10
Weeding Number 1 81 1 19
Herbicide spraying Liter 36 108 36 69 2 5
Bird scaring Number 1 287
Harvesting Number 1 98 1 143 1 38
Threshing Number 1 180 1 143
Total cost (US$/ha) 1,417 1,359 393
Total labor cost (US$/ha) 501 666 148
Gross revenue (US$/ha) 75 kg bag 54 1,500 50 1,553 25 777
Net revenue (US$/ha) : 83 194 384
Yield (ton/ha) 2.7 2.8 14
Paddy prices (US$/kg) 0.56 0.55 0.56
Nitrogen (kg/ha) 105 0 34

Source: Author's fieldwork in July 2013. Exchange rate = 155,

Note: Blank space indicates that the interviewed farmer did not use the inputs; therefore, the related activities and payments
do not apply. 8The quantity of chemicals for land preparation in column 5 was not available, although the respondent
remembered their cost,
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Production practices in upland rice ecology (column 5) are still generally
primitive. Despite low yields because production is less input intensive, the
system still brings in more profit than in the rainfed lowland or irrigated ecol-
ogies (US$777 in revenue minus US$393 in cost = US$384/ha, compared to
lower figures in other ecologies). Tables 4.2 and 4.3 suggest that production
costs in irrigated rice environments can be much higher than in upland envi-
ronments, particularly due to irrigation and labor costs.

One option may be to fully exploit the limited but undeveloped irrigable
areas in northern Nigeria through rehabilitation of many public irrigation
schemes, such as removing sediments from the dams and canals or plot level-
ing, which can reduce the water delivery costs to and within the plots. Many
of the existing dams were also constructed without a full assessment of their
environmental impact. This has led to negative externalities created by many
of these schemes, such as Bakolori Dam, located in Zamfara State (Yahaya
2002), and Tiga Dam, located in Kano State (Thomas and Adams 1999). If
the rehabilitation of existing schemes is successful, this can affect the produc-
tion in surrounding areas. Expansion of irrigation is needed for rice intensi-
fication and increased supply response, but it needs to be carefully designed
through detailed hydrological, topographical, and socioeconomic analyses, so
that the negative environmental externalities are minimized.

These partial budget analyses provide some useful insights into the supply
response potential of rice in Nigeria. First, labor costs account for a significant
share of rice-production costs, meaning that rice production (particularly in
irrigated and rainfed lowland environments) is labor intensive. It is often dif
ficult to expand the cultivated area of labor-intensive production because costs
of supervising and monitoring hired workers increase significantly. Second,
current net revenue in irrigated and rainfed lowland rice production is gener-
ally low. Some farmers earning greater income from the production of other
crops or upland rice may not have much incentive to switch to rice production,
unless net revenues increase significantly. However, since the costs of nonlabor
inputs (particularly seeds) are generally small, subsidizing them may not sub-
stantially increase the net revenues.

Aside from the analysis of partial budgets, an examination of the degree of
fertilizer use and its effectiveness in raising rice yields is also useful consider-
ing that it is one of the essential inputs for rice intensification. However, evi-
dence of its ability to effectively induce an overall supply response through
favorable fertilizer prices has been limited. Figures indicate that the rice fertil-
izer response in Nigeria is still low, particularly in the North Central zone and
the southern (South East, South South, and South West) zones.
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FIGURE 4.1 Nitrogen response for rice in Nigeria; Comparison with estimates based on Sri
Lankan data

TV - IR (pre-1990) in Sri Lanka

TV - RF (pre-1990} in Sri Lanka
—— OW - IR (pre-1990) in Sri Lanka
— — OIV - RF (pre-1990) in Sri Lanka
—— NIV - IR (pre-1990} in Sri Lanka
= = NIV - RF (pre-1990) in Sri Lanka
— NIV - IR (pre-2003) in Sri Lanka
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Source: Yield response lines are from Kikuchi and Aluwihare (1990) for all pre-1990 figures; Kikuchi, Maruyama, and Hayami
(2003) for the pre-2003 figure. The irrigated averages are based on LSMS data from Nigeria, NBS and World Bank (2011),
while data from author’s own fieldwork are included to provide additional data points.

Note: R = irrigated, RF = rainfed, TV = traditional variety, OIV = older improvement variety, NIV = newer improved variety.

For comparison, Figure 4.1 plots the nitrogen response curves of various
generations of improved varieties (rainfed and irrigated) in Sri Lanka, which
illustrate nicely the generational varictal improvement process starting from
traditional varieties (T'V), older improved varieties (OIV), newer improved
varieties (NIV) introduced before 1990 (pre-1990), and newer improved vari-
eties introduced before 2003 (pre-2003).” The observed yield and nitrogen lev-
els under irrigated (IR) conditions in Nigeria are plotted against these curves.
Importantly, the fertilizer response levels in the North Central zone and three
southern zones in Nigeria are similar to OIV-IR (pre-1990).

Some of the dots from the North Central Nigerian zone (o) in Figure 4.1
indicate the variety FARO 44, which is relatively successful in the north. In
other words, improved varieties (including FARO 44) currently used in the
North Central and southern zones may be only as good as improved varieties
that were already considered relatively old in Sri Lanka by 1990 for this ecol-
ogy. Even in northern Nigeria, fertilizer response is close to the NIV-IR (pre-
1990) and below NIV-IR (pre-2003), indicating that the improved varietics

2 While I do not have the exact sequencing of the development of these different groups of variet-
ies, varieties developed later are likely to have better fertilizer responses.
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currently used in the north are only as good as varieties that were considered
new in the 1990s and are likely to be more obsolete by now. Only a hand-

ful of locations in the north achieve the similar level as NIV-IR (pre-2003).
These conditions in Nigeria are consistent with the hypothesis that rice vari-
ety development in Nigeria has been trailing behind that in countries such as
Sri Lanka. Given the long tradition of rice production, crop husbandry knowl-
edge might not be the major reason for this gap.

Estimating an Aggregate Supply Response

Having looked at the farm-level profitability of rice-production systems, it is
appropriate to examine the sector’s overall responsiveness to price incentives.
This is done by estimating the price elasticity of farmgate rice supply and the
irrigated rice area, aggregated across rice producers in Nigeria. A price elas-
ticity of rice production measures the degree to which a unit proportional
change in output prices results in a proportional change in production out-
put or area cultivated, which is an important indicator of supply responsive-
ness. The data used are from the LSMS-ISA (2011, 2013) discussed in eaclier
chapters, as well as other data indicating the spatial and temporal variations
of agroecological and socioeconomic conditions. The LSMS-ISA data are
appropriate because the two rounds of the survey (from 2011 and 2013) allow
construction of a pseudo-panel dataset. Constructing such a dataser makes it
possible to control for various district-specific unobserved factors (such as the
history of rice production in the area and average farmers’ production skills)
that affect rice-production practices separately from observable factors.

Appendix D provides the detailed empirical specifications, econometric
methods used, regression results, and procedures for calculating elasticities.
This section provides a brief summary of these aspects. The underlying model
is based on agricultural household models by Singh, Squire, and Strauss
(1986), where a household facing credit constraints and transaction costs
determines rice-production levels in a process of maximizing household util-
ity, given the prices of rice and other competing crops, as well as prices ofkey
inputs and access to technologies such as irrigation and mechanization.

Using a reduced-form supply-response estimation technique, the degree to
which rice-production decisions have responded to recent rice-price changes in
Nigeria is assessed. Farmers’ decisions typically involve two steps: a decision to
grow rice followed by a decision on how much to grow. Because of high trans-
action costs involved with market participation in rural Africa, the first deci-
sion may be made in a different mechanism from the second decision. Many
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TABLE 4.4 Price elasticity of rice production and irrigated rice area in Nigeria

(1) Variables (2) Own-price elasticity  (3) Standard error of estimated elasticity
Rice production 0.23 0.12
Irrigated rice area 0.08 0.19

Source: Author's estimation based on Nigeria, NBS and World Bank (2011, 2013).

studies have addressed these types of price-incentive responses in Africa (see,
for example, Heltberg and Tarp 2002; Takeshima and Winter-Nelson 2012).
Their models are extended by applying Cragg’s (1971) double-hurdle model

to estimate rice-production response and the Tobit model to estimate irri-
gated rice area response. The Tobit model is used for the irrigated rice area due
to the small sample size of rice irrigators, for which the double-hurdle model
is inapplicable.

The panel nature of the LSMS datasets is explored to apply a modified cor-
related random effects model, which can partly control for location-specific
unobserved characteristics in specifications with limited dependent variables
such as the double-hurdle or Tobit models (Takeshima and Nkonya 2014).2
Because the model specification is a reduced form, it does not distinguish the
effects of endogenous factors. For example, it does not model the intermedi-
ate steps such as renting additional land, transaction costs for hiring labor for
land clearing, and so on that are required to start and expand rice production.
Similarly, the analysis remains at the houschold level; although a higher price
in the market would actually lower demand, I am not modeling market-level
supply and demand functions.

Estimated price elasticities of rice production and irrigated rice areas are
presented in Table 4.4 (detailed regression results are in Table D.1). Results
in column 1 in Table D.1 indicate that a 100 percent increase in rice price
may raise the probability that the farmer grows rice by 7 percent, which is cal-
culated by summing the coefficients on “local rice/yam” (0.022), “local rice/
cassava” (0.042), and “local rice/maize” (0.006) (ignoring the statistical sig-
nificance for now, which is discussed below). Using the formula for the partial
effects (PEs) in Appendix D, the same 100 percent increase in rice price is cal-
culated to increase rice output by 0.622 tons (a number reached by summing
the “local rice/yam,” “local rice/cassava,” and “local rice/maize” coefficients
in column 3 in Table D.1) and the irrigated rice area by 0.018 ha (column 7 in
Table D.1).

3 Technical details of the model and analysis are provided in Appendix D.
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All three of these effects—the 7 percent probability increase, 0.622 metric
tons increase in output, and 0.018 ha increase in irrigated rice area—are statis-
tically significant. The price increase, however, has no effect on the decision to
grow irrigated rice. Using the formulas shown in Appendix D, the estimated
price elasticity of rice production is around 0.23. The estimated price elasticity
of the irrigated rice area is 0.08, which statistically is not significantly different
from zero. The estimate for the supply elasticity is close to those of others such as
Rahji, Ilemobayo, and Fakayode (2008), who find a long-run estimate of around
0.24 and 0.33. Their short-run estimates were 0.06 to 0.08. Overall, the results
are consistent with the view that rice production is only marginally responsive
to rice prices in Nigeria. In particular, rice prices have fairly small effects on the
expansion of the irrigated rice area, which is critical for yield growths.

The estimated supply elasticity is not any higher than other more advanced
rice economies, and it seems to have declined recently. Price elasticities of rice
supply in many Asian countries with larger rice—production sectors and more
mature production technologies than Nigeria have been around 0.2 in the short
run, with the exception of Bangladesh (Table 4.5, column 2). In Vietnam, the
price elasticity of the irrigated rice area was around 0.17 in the early 1990s, when
the share of irrigated area was already close to 50 percent (column 3).

In Nigeria, the supply elasticity of upland rice was estimated in the 1970s
to be around 0.5 to 0.6 (Ngambeki and Idachaba 1985), while the average at
the national level, as noted carlier, has been estimated between 0.24 and 0.33

TABLE 4.5 Price elasticity of rice supply in Nigeria and other countries

(1) Country (2) Price elasticity of rice production (3) Price elasticity of irrigated rice area

Nigeria 0.5-0.6 (Ngambeki and Idachaba 1985;
upland rice in the 1970s)

0.24-0.33 (Rahiji, llemobayo, and Fakayode 2008)
Bangladesh 1.1 (Imai, Gaiha, and Thapa 2011)
Thailand 0.25 (Choeun, Godo, and Hayami 2006; short run}
0.59 (Choeun, Godo, and Hayami 2006; long run)
0.2-0.3 (Behrman 1968; in the 1960s)
Vietnam 0.22 (Khiem and Pingali 1995) 0.17 (Khiem and Pingali 1995)
Elasticity figures assumed
West Africa 1.0 (Dalton and Guei 2003}
Japan 0.2 (Hayami and Ruttan 1970)
Senegal 0.3 (Fisher, Masters, and Sidibé 2001)

Source: Author's compilations.
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(Rahji, Ilemobayo, and Fakayode 2008). Current price elasticities of rice sup-
ply in Nigeria seem low considering that the rice sector is still relatively small
compared to that in Asia and the yield gap is greater.

The low price elasticity of rice production and irrigated rice area in Nigeria
is consistent with the hypothesis that technologies are still underdeveloped
for rice production, so that price policies alone have limited effects on rice
production. Morcover, a higher rice price appears to provide little incentive
for farmers to expand the irrigated rice area, not only because soils suitable
for irrigated rice are relatively limited in Nigeria but also because varieties are
old, with quickly diminishing returns to water, and public irrigation schemes
have been relatively underinvested given the size of arable land, so that costs of
delivering irrigation water to the plots remain high.

Policy Implications and Role of the Public Sector
Rice production and technology adoption decisions by farmers are affected
by economic returns, and these returns must be substantially high in order
to overcome various market failures and weak infrastructure that constrain
rice production in rural Nigeria and thus an aggregate supply response.
Historically, key public interventions that raised economic returns in Asia
and Latin America were investments in improved varieties, expanded irriga-
tion, and incentives through price policies. On the other hand, the develop-
ment and use of mechanization technologies and other modern inputs such
as fertilizer seem to have grown endogenously (Pingali 2007), partially in
response to the seed and irrigation technologies initially invested in by the
public sector, but also in response to rising real wages, among other factors.
In fact, public expenditures on agrochemicals during the Green Revolution
era were generally small, only a fraction of fertilizer expenditure, while
much of the focus was on developing pest-resistant rice varieties (Barker,
Herdt, and Rose 1985, 90) and irrigation.

The design and development of machinery suitable for certain uses and
local environments in rice production systems were often led by the private
sector and through adaptive innovations from direct interactions with farm-
ers. This was important, as both agroclimatic factors (soil, terrain, rainfall)
and economic factors (land, labor, capital, farm size, materials available) can
greatly affect the efficiency and suitability of different mechanized technol-
ogies in different locations (Binswanger 1986). Examples of such adaptive
innovations in the past include those in the United States (Evenson 1982),
India’s Punjab region (where a diversified machinery industry emerged from
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TABLE 4.6 Drivers of rice-production growth in selected Asian countries, 1965-1980

Qutput increases, thousand tons

U

Mo(gzarn 3 “ i S @ e ;}J‘;}"%g?
1 variety  Fertilizer Irrigation factors  growth (2+3+4)/6 """~
Country effect effect effect  (residual) in output (%) 1965 1980
Burma 647 353 685 167 1,852 N 1.7 2.8
Bangladesh 420 1,284 1,091 2,759 5,554 50 1.7 2.0
China 13,231 11,507 16,153 9,609 50,500 81 3.0 41
India 7,998 10,867 11,209 5,078 35,152 86 1.3 2.0
Indonesia 3,162 2,680 2,773 4,998 13,613 63 1.8 3.3
Philippines 849 1,009 801 615 3,274 81 1.3 2.2
Sri Lanka 24 215 262 316 1,034 69 1.8 2.6
Thailand 822 682 865 4,031 6,400 37 1.8 1.9
Total (above) 27,370 28,597 33,839 27,573 117,379 77

Source: Herdt and Capule (1983). Yields are from FAQ (2014).

small shops), Thailand (power tillers; sec Wattanutchariya 1983), and the
Philippines (Mikkelsen and Langam 1983).

Nigeria has particularly lagged behind in witnessing any such adaptations,
perhaps because of the general lack historically of comparable investments in
the development and diffusion of improved varieties and irrigation technolo-
gies. This section describes in more detail these investment gaps, drawing on
the lessons and experiences in Asia and Latin America.

Historically, returns to rice production globally have been primarily raised
through advancements in technologies that increase yields. As shown in the
previous chapter, rice yield has grown steadily in Asian and Latin American
countries in the past several decades. In many Asian countries, the effects of
modern varieties, fertilizer, and irrigation together have accounted for a signif-
icant share of total rice-production growth, often greater than 80 percent of
the total output growth between 1965 and 1980 (column 7 in Table 4.6).

Improved Varieties and Agriculture Research and Development

Successful varieties have often triggered productivity growth (Traxler and
Byerlee 1993). The introduction of high-yielding rice varieties in Japan was a
key driver of agricultural development in the 19th century (Jirstrém 2005).
The use of hybrid rice in China has contributed significantly to the transfor-
mation of Chinese agriculture since the 1980s (Lin 1994).
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TABLE 4.7 Number of varieties released in Nigeria and Asia by National Agricultural
Research Institutes and other sources

() 4 (5) (6) {8
W0 ) 1971-  1981—-  1991-  2000- @ Number per
Category Pre-1970s 1980 1990 1999 2012 Total  miltion ha in 1999
Nigeria
NARI 1 5 11 0 0 17 10
IRRI, IITA, WARDA 1 5 4 6 13 29 18
Foreign 10 3 3 2 0 18 10
Total 12 13 18 8 13 64 38
South and Southeast Asia
NARI 471 338 588 421 1,8182 182
IRRI 62 71 75 14 2228 22
Total 533 409 663 435 2,0402 202

Source: South and Southeast Asfa: Aulhor's estimates based on Tables 5.3 and 5.5 of Hossain et al. (2003). Nigeria: Author's
modifications based on Takeshima (2014).

Note: ITA = International Institute of Tropical Agriculture. IRRI = International Rice Research Institute. NARI = National
Agricultural Research Institute, WARDA = West Africa Rice Development Association (now Africa Rice Center). Blank spaces
indicate information was not avallable. ®Based on figures up to 1999,

In many Asian countries, substantial public-sector R&D for new vari-
eties was in existence before 1980 (Evenson 1977; Barker, Herdt, and Rose
1985). This is in contrast to Nigeria, where domestic rice research still primar-
ily focuses on sclections and transfers of imported varieties. Up to 1999, South
and Southeast Asia released 18 improved varicties developed by national agri-
cultural research institutes (NARIs) per 1 million ha of rice area. The cor-
responding figure for Nigeria is only about half that: 10 per 1 million ha
(column 8 in Table 4.7).

Many NARI-bred varieties have been widely adopted in Asia (Hossain et
al. 2003). Rice-production ecologies and preferences vary across countries, and
NARIs have played an important role in successfully developing and releas-
ing varieties suitable for local production environments. Countries such as
Indonesia invested in R&D to develop varieties with superior grain qualities
suitable for local milling sector and taste preferences (Unnevehr 1986). In
contrast, most major rice varieties in Nigeria are of foreign origin, except the
old FARO 15, which was developed in 1974.

The success of NARI R&D in Asian countries can be attributed to the size of
funding, quality of human capital, and decentralization of breeding. Countries
in South Asia, Southeast Asia, and Latin America had already been investing
substantially in rice R&D since the 1970s, and these countries increased rice
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R&D investments in the 1990s (columns 2 and 3 in Table D.3). While Nigeria
spent only US$0.3-0.5 per hectare of rice area in 1998 (constant 2010 US$, pur-
chasing power parity [PPP] adjusted)(column 4), by 1974 many Asian countries
had already been spending a similar amount or more on research per hectare of
rice grown.

In many Asian countries, the rice R&D system was decentralized, which
is important for crops like rice whose production environment is diverse. By
the 1930s, prefectural governments in Japan had become the major funders of
rice R&D (Hayami and Yamada 1998). In Thailand, breeding was conducted
at a provincial level as carly as the 1980s (Sarkarung, Somrith, and Chitrakorn
2000). In Sri Lanka, rice is bred in four domestic stations, although the total
rice area is less than half that of Nigeria (Wang et al. 2012, 96). India already
had breeding stations in several states in the 1970s (De Datta 1981, 191).

Given the experiences of Latin America and Asia, Nigeria will need to
increase its own R&D spending on rice if it is to boost domestic rice produc-
tion in the future. Agricultural R&D was actually higher for Nigeria in the
1970s and early 1980s than at any time since (Roseboom et al. 1994; Beintema
and Ayoola 2004; Flaherty et al. 2010). This situation was a common one
across Africa in general: R&D for rice as a share of rice gross domestic product
(GDP) peaked during the same period (Judd et al. 1986; Lipton 198 8). This
coincided with steady rice yield increases in Nigeria up until the mid-1980s,
when yields were similar to those in Bangladesh, India, and Thailand—and
even higher than those in Brazil (Table 3.1 in Chapter 3).

Domestic rice R&D is particularly important for Nigeria given its unique
production environments. Compared to Sahelian West Africa, which has
production environments closer to those in Asia (Dalton and Guei 2003),
adaptability of imported Asian varieties is lower in Nigeria because tropical
agroclimatic conditions are more diverse, and the more numerous and more
diverse insects and diseases cause more severe crop damage (De Datta 1981,
182). In tropical West Africa, returns from R&D may be higher in Nigeria,
where lowland ecology accounts for a significant share of rice area, than
in Guinea or Céte d’Ivoire, where much of the rice area is upland ecology

(Dalton and Guei 2003, Table 6.1).*

4 Raising yield in upland rice ecology has been challenging. Evenin Brazil and Indonesia, where
national average yield has risen to 5 tons/ha, upland rice yield had remained below 2 tons until
recently (Bierlen, Wailes, and Crammer 1997; Jatileksono 1998), despite substantial upland rice
research by the Brazilian Corporation of Agricultural Research (Empresa Brasileira de Pesquisa
Agropecudria, EMBRAPA) in Brazil (Pardey et al. 2006). This may partly explain why signifi-
cant NARI variety development has not increased rice yield in these countries.
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In Nigeria, R&D for upland rice can bring benefits for marginal environ-
ments, for which many of the varieties developed by New Rice for Africa have
been intended. However, in terms of increasing domestic rice production, the
potential may not be as great as in rainfed lowland and irrigated ecologies. To
achieve significant increases in output, the substantial focus of domestic R&D
should be on irrigated and lowland ecologies.

Irrigation

The extent of rice irrigation in Nigeria is far below the historical levels in Asia
or Latin America (Figure 4.2). Investment in public irrigation infrastructure,
prior to the Green Revolution in Asia, for example, was considered to be more
cost effective in the long run than some other measures such as price support
policies (Hayami, Brennan, and Barker 1977; Rosegrant, Kasryno, and Perez
1998). Asia and Latin America (Colombia) invested relatively more in public
irrigation per unit of arable land than Nigeria (column 3 in Table 4.8). While
Nigeria invested US$8-23 per hectare (2010 US$, PPP) between the 1970s
and 2000s, other countries were already investing several times more between
the 1960s and 1980s. In particular, investments have declined sharply in
Nigeria since 1990. Given that the rice area expanded at the same time, irriga-
tion investment per rice area dropped to only a fraction of the levels prevailing
in the 1970s and 1980s (column 4).

It is important to note that, while the investments per rice area in Nigeria
have been comparable to or even higher than other countries, the stock of irri-
gation infrastructure is likely to be much lower, as suggested in Figure 4.2.
The cost per hectare of developing irrigation schemes in Africa south of the
Sahara is similar to that in Asia. If successful irrigation schemes in SSA are
considered (Inocencio et al. 2007), Nigeria will not only have to increase
investments in public irrigation schemes but also focus on locations with a
high probability of success. Operations and maintenance (O&M) may also
need to be financed largely through public resources by means of irrigation
subsidies, as was done in Asia as well as in developed countries, including the
United States (Gupta, Miranda, and Parry 1995).

In Asia and Latin America, the private sector was also heavily involved
in investments in rice irrigation, including communal systems in Japan, the
Philippines (Barker et al. 1985, 101), Malaysia (Short and Jackson 1971), Nepal
(Small et al. 1986), and Sri Lanka (Chambers 1980). These systems were usually
cheaper than government systems (Kikuchi, Dozina, and Hayami 1978) and
were developed by mobilizing community resources or by landlords (Hayami
and Kikuchi 2000, 176). In many cascs, farmers were able to develop effective
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FIGURE 4.2 Percent of area irrigated and irrigated area per 1,000 people
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Note: IRRI = International Rice Research Institute.



TABLE 4.8 Annual investment in irrigation in selected countries and Nigeria

)]

&)

(1) Average annual public investment in irrigation Average annual public investment in irrigation ~ Average annual public investment in irrigation

Country {2010 US$million/year, PPP adjusted) per arabie land (2010 US$/ha, PPP adjusted) per rice area (2010 US$/ha, PPP)
1950- 1960— 1970- 1980- 1990- 1960- 1970- 1980- 1990— 1960- 1970- 1980- 1990-

Periods 1959 1969 1979 1989 1999 2000s 1969 1979 1989 1999  2000s 1969 1979 1989 1999  2000s

Sri Lanka 229 186 332 818 249 381 924 356 464 1,013

Philippines 36 275 711 7 58 134 1 80 207

India 2,060 3338 5591 8493 11,879 21 35 52 73 93 145 208 278

Indonesia 1,014 1,972 56 104 122 207

Colombia? 99 57 127 28 16 34 323 168 304

Nigeria® 647 647 246 447 23 23 8 13 1,146 1,146 120 193

Source: Author’s estimates based on various sources: Aluwihare and Kikuchi (1991) for Sri Lanka; for Nigeria, Foster and Pushak (2011} in 20012006, Pagiola et al. (2002) for 1990s, Pradhan (1993, 21)
for 1970s and 1980s; Kikuchi, Dozina, and Hayami (1978} for the Philippines; Thakkar (1999) for India; Rosegrant and Pasandaran (1993) for Indonesia; Dinar and Keck (1997) for Colombia.

Note: PPP = purchasing power parity. Annual investment in irrigation includes new construction, rehabilitation, operation and maintenance, and other small uncategorized expenditure. Not all studies,
however, provide such disaggregation, and categorization may vary across countries. Blank cells indicate missing data, not lack of investment. For Colombia, approximate numbers are assessed from
Figure 2 of Dinar and Keck (1997) due to the lack of access to the original data. " For Nigeria, Pradhan (1993, 21) mentioned only that Nigeria spent $3 billion in the two decades up to the early 1990s.
Assuming $150 million was spent each year for two decades, converting each year's figure into 2010 US$, as well as making PPP adjustment, | arrived at the figure of $647 million/year (2000 US$, PPP)
for the 1970s and 1980s.
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community management of common resources that avoided the tragedy of com-
mons (Hayami and Kikuchi 2000, 134; Feeny et al. 1990; Ostrom 1990, 1992;
Baland and Platteau 1996).°

In early 20th-century Colombia, irrigation was introduced and facilities
constructed by private entrepreneurs (Leurquin 1967, 227). In parts of Nigeria,
similar river diversion structures have been constructed and used for rice irriga-
tion on fadama areas, where farmers divert river flow using sand embankments.’
Such areas are small, however, and yields are relatively low. The low private irri-
gation investments in Nigeria indicate that technologies and economic condi-
tions are unconducive for irrigated rice production, and investment in public
irrigation schemes will need to be combined with the development of suffi-
ciently superior varicties and profitable production environments.

In particular, expansion of rice irrigation in the past has largely been to
provide supplementary irrigation in the rainy season rather than in the dry
season (columns 3 and 4 in Table 4.9), as rice requires substantial amounts
of water. This was led by the development of good varieties with resistance to
pests and diseases that are more prevalent in the wet season than dry season.
This pattern of rice varietal development and irrigation expansion in Asia may
have important implications for Nigeria as well.

Price Policies: Output Price Control, Input Subsidies

In addition to investments in technology, price policies were widely adopred
instruments in Asia during the Green Revolution (Djurfeldt and Jirstrém
2005). Many Asian countries have enjoyed a higher rice price relative to fertil-
izer price than West African countries (Otsuka and Kalirajan 2006). If Asian
governments have succeeded in achieving such favorable prices for producers,
such price policies might have been important in realizing higher yield growth.
Historical patterns in Nigeria, however, contradict such a theory.
Table 4.10 shows nominal rates of assistance (NRAs) for rice in selected
West African countries. Table 4.11 shows the ratio of fertilizer prices to
paddy prices in sclected countries, another important indicator of the
level of agricultural protection (Judd, Boyce, and Evenson 1986). As in
Table 4.10, while many other West African countries have experienced nega-
tive NRA in much of the last several decades (except rice in Ghana between

5 The “tragedy of the commons” (Hardin 1968) refers to the situation where common-pool
resources with finite reserves become exhausted by rational individual users because of the dif-
ficulty in controlling their uses.

6 Based on author’s fieldwork in July 2013.
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TABLE 4.9 Share of irrigated area among all rice areas in selected countries

Irrigated area (1,000 ha)
under each regime

(6) {7)
(3) 4 % of irrigated Hectares of

1) 2 DS (dry WS (wetseason—  (5)  rice area among irrigated area
Country Periods season)  supplementary) Rainfed  allrice area  per 1,000 people
Bangiadesh 1970-1974 980 590 8,200 16 B 23
Burma 1970-1974 50 800 4140 17 31

1979 115 780 4,422 17
Philippines  1970-1974 480 1,430 1,580 55 51
India 1970-1974 1,890 13,120 22,650 40 26
Indonesia 1970-1974 1,610 2,370 4,500 47 32

1979 1,920 3,274 3,010 63 37
Thailand 1970-1974 140 630 6,260 11 20

1979 320 866 7,491 14 26
Nepal 1970-1974 0 190 1,020 16 15

1979 0 261 1,001 21 19
Malaysia 1970-1974 270 270 170 76 47
Vietnam 1970-1974 140 270 2,310 15 9
Sri Lanka 1970-1974 150 220 230 62 28

1979 182 294 284 63 32
Nigeria 2010-2011 23 89 2,400 4 0.7

Source: For Asian countries, author’s compilations from Chandler (1979) and Barker, Herdt, and Rose (1 985). Nigerian data
are from Takeshima and Edeh (2013). Population figures are taken from FAQ (2014) for corresponding periods.

TABLE 4.10 Growth in nominal rate of assistance to agriculiure, selected West African
countries, 1960-2004

1960-1964 1975-1979 1980-1984 1990-1994 2000-2004

Cameroon 29 -14.4 1.1 -0.1

Cote d'lvoire -235 -30.8 -19.5 -24.5
Rice -25.0 -10.0

Ghana -9.0 -25.6 -1.7 -14
Rice +13.0 +29.0

Nigeria +20.7 +6.3 +3.9 -5.4

Senegal -9.3 -22.7 +5.6 -75

Source: Krueger, Schiff, and Valdés (1988); Anderson (2009); Dupraz and Postolle (2013).

Note: Blank spaces indicate that information is not available. While rates can vary if the black market exchange rate is dif-
ferent from the official rate, relative levels of NRA for rice during 1980-1986 were similar among countries in Asia and Africa
regardless of the types of rates used for calculation (assessed from Taylor and Phillips 1991, Appendix).
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TABLE 4.11 Urea-to-paddy (kg) price ratio in selected countries and Nigeria

Years Bangladesh Colombia India Indonesia Philippines Lasnr:(a Thailand d’?\%ﬁe Benin Nigeria
1066-1970 21 29 32 14 27

1971-1975 1.6 49 2.7 34 1.6 1.7 34 26
1976-1980 2.0 33 2.6 1.8 38 1.4 3.0 22 19 15
1981-1985 24 3.3 2.6 1.3 4.1 1.7 5.1 33 15 18
1986-1990 1.9 1.6 24 1.5 24 1.9 2.8 29 17 10
1991-1995 1.9 2.7 1.6 1.5 24 2.6 3.8 42 22 13
1996-2000 2.0 1.7 1.6 1.8 1.9 1.5 27 37 1.7
2001-2002 2.0 22 1.7 17 2.2 1.6 29

Source: Author's compilation based on Estudillo and Otsuka (2012), World Rice Statistics (farm harvest price of paddy) {IRRI
2014), and FAQSTAT (urea price) (FAQ 2014).

Note: FAOSTAT = Statistical database of the Food and Agriculture Organization of the United Nations.

1975 and 1984), Nigeria has actually enjoyed a positive NR A except during
the 2000s. These conditions are likely to hold for rice because Nigeria has
been unique in the West African region, as well as the rest of Africa south of
the Sahara, in terms of the level of rice import restrictions (tariffs, banning,
etc.) (Akande 2001) and fertilizer subsidies.

From the late 1970s to the early 1980s, there was cither a tariff of
10-20 percent or various import restrictions in Nigeria, and berween 1985
through 1995, rice imports were banned altogether. After the ban was lifted
in 1995, tariff rates remained between 50 to 100 percent in much of the 1990s,
higher than other West African countries and the rest of SSA (Akande 2001).
For example, the tariff or import tax on rice in the 1990s was 1030 percent
in Madagascar (Fafchamps and Minten 1999), 5-13 percent in Céte d’Ivoire
(Abbott 2007, Appendix Table 19), and 38 percent in Cameroon, between
1996 and 2008 (Molua 2010).

While the implementation of these policies has not been effective, as
shown in Chapter 7, these restrictive policies still succeeded in keeping
rice prices higher in Nigeria than in other countries in Asia or West Africa.
For example, the farm-harvest paddy rice price in Nigeria was in the range
US$290-450 per ton (current US$/ton using parallel market exchange
rates) between 1970 and 1990 (column 13 in Table D.4 in Appendix D).
These prices were substantially higher than those in Céte d’Ivoire and
Benin, for example (columns 9 and 10 in Table D.4). As a result, the fer-
tilizer-to-paddy price ratio in Nigeria between 1976 and 2000 was more
comparable with that in some Asian countries than that in Céte d’Ivoire
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(Table 4.11). This is also consistent with the recent findings in Nigeria

that fertilizer subsidies do not lead to a significant reduction in rice prices
(Takeshima and Liverpool-Tasie 2015). The economic environment for rice
production in terms of the fertilizer-to-paddy price ratio was therefore fairly
favorable in Nigeria during this period.

For many low-income countries like Nigeria, price policies will affect pro-
duction growth only if they are complemented by technical progress (Mellor
1978). In other words, technological advancement and investments in public
irrigation infrastructure are more cost effective in the long run than price sup-
port policies, as has been shown in Asia (Hayami, Brennan, and Batker 1977;
Rosegrant, Kasryno, and Perez 1998). On the other hand, from Asia’s experi-
ence, the combination of input subsidies with investments in R&D and irri-
gation have been shown to result in higher yield growth (Rashid et al. 2013).
These sets of evidence suggest that, in contrast to other countries in Asia,
price policies have been inefficient in raising rice production and productiv-
ity in Nigeria primarily because of insufficient complementary investments in
agricultural R&D and irrigation.

Conclusion

Rice production in Nigeria is characterized by low levels of improved technol-
ogy adoption, especially for the superior-quality and high-yield seed varieties
and irrigation. On the other hand, the diffusion in the use of other modern
inputs such as fertilizer has been high at times whenever the paddy-to-fertil-
izer price ratio has increased, cither due to fertilizer subsidies or higher rice
import tariffs. Despite such incentives, the profitability of rice production has
generally remained low, particularly in the irrigated and rainfed lowland ecol-
ogies, which are the major rice-production systems in Nigeria. Yield is often
low despite the higher intensity of modern input use.

Evidently, higher rice prices are not sufficient by themselves to stimulate out-
put growth for domestic rice production in Nigeria. Based on nationwide panel
survey data, the price elasticity of both rice production and irrigated rice areas
is low. A 1 percent increase in the price of paddy at the farmgate leads to only a
small increase in rice production and has almost no effect on the irrigated rice
area. This is consistent with the technological backwardness of rice production
in Nigeria and results from historically low investments in rice R&D and irriga-
tion compared to other developing countries in Asia and Latin America.

Key technologies, such as superior-quality seed varieties and irrigation and
their continuous improvement, are critically important for transforming paddy
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production, as evident in the contrasts between Nigeria and other developing
countries. Price policies are likely to be more effective in stimulating an aggre-
gate supply response if there is greater use of improved technologies and bet-

ter functioning of markets and institutions (Kherallah et al. 2002). In Asia and
Latin America, governments have played a big role in investing in such technolo-
gies. Nigeria will also need to substantially increase these types of investments if
it is going to successfully transform its paddy production sector.



Chapter 5

POSTHARVEST PROCESSING, MARKETING, AND
COMPETITIVENESS OF DOMESTIC RICE

Michael Johnson and Akeem Ajibola

he production of domestic rice does not end with the harvesting of rice

on paddy fields. The paddy rice has to undergo various processing and

cleaning tasks before reaching final consumers in retail markets. At
harvest, the seed grains are first loosened and separated from the unwanted
parts of the harvested cereal grain (or the chaff), soaked in water, and boiled
before being milled to remove the outer layer (or the husk) of the grain seed.
Typically, further milling occurs to convert the grain at this stage into white
rice by removing the outer bran, which defines it as brown rice. All these criti-
cal steps constitute the process of adding value and thus the competitiveness of
domestic rice production with rice imports.

The purpose of this chapter is to review the postharvest processing and
marketing activities of domestic rice production in Nigeria in order to eval-
uate domestic production’s ability to compete with imports. This is accom-
plished by assessing the structure, conduct, and performance of the domestic
rice sector. In doing so, key challenges and opportunities facing the sector are
highlighted and research questions raised to address them, such as these: Is
there potential to improve the quality and competitiveness of the final local
rice product in domestic markets? Are there differential abilities and efficien-
cies among existing mill types (small to large) that affect their capacity to sup-
ply the domestic market? Are there lessons that can be drawn from elsewhere
in West Africa and Asia? The chapter has been organized with this logical
sequence of evaluation in mind.

The chaprer begins by examining the structure and conduct of posthar-
vest processing and marketing channels of the rice sector in Nigeria. This
is followed by an evaluation of the relative performance of the different
channels identified, including a comparison of the economic efficiencies of
small- versus large-scale mills. The evaluation illustrates why the large-scale
milling channel has the greatest likelihood of competing with imports due
to its economies of scale and the quality of rice it can produce. However, it is
usually unable to do so because of the inadequate and infrequent supply of
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high-quality local paddy. The small-to-medium-scale milling channels, on the
other hand, still have room for improvement and therefore offer the potential
to supply the growing demand for better-quality local rice in Nigeria.

A discussion of the challenges and constraints that emerge from this analy-
sis follows, including the type of improvements that would be needed. Lessons
are drawn from elsewhere in the region and Asia for overcoming some of
these constraints. The final section concludes by summarizing the key find-
ings and the extent to which they help answer the principal questions raised in
this chapter.

Data used in the analysis are sourced from a survey of the literature, field
observations, and semistructured author interviews with farmers, millers, and
traders in four states: Niger, Kano, Benue, and Kwara (see map in Figure 1.1 in
Chapter 1 for the locations of these states). The visits occurred in August 2012
and April 2013 and involved interviews with a group of eight to ten farmers in
two states (Niger and Kwara), five large mills in Kano and Benue, four medi-
um-scale mills (Kano, Benue, and Niger), three smaller mills (Kano, Niger,
and Benue), and four retail markets (Kano, Niger, and Benue). The small mills
and two of the medium-scale mills were located in milling clusters in Niger,
Kano, and Benue. The information collected at each location included prices,
production, input and output data, technology use and capacities, production
costs (material, labor, and other inputs), and overall constraints and issues fac-
ing the dominant types of postharvest processing and marketing channels.

Based on the review and findings here, a spatial equilibrium model is
adopted in the next chapter to further explore the potential for modernizing
the rice milling sector, especially with regard to the appropriate mix and scale
of modern technologies in order to compete effectively with imports.

Structure and Conduct of Rice Value Chain

To analyze the value chain of the Nigerian rice economy, a subsector analy-

sis or structure-conduct-performance approach is adopted from the industrial
organization literature (Holtzman 2002). Postharvest processing and mar-
keting contributes to a large share of the rice value chain. This is because once
the paddy rice has been harvested, it has to undergo various processing tasks
to be converted into milled white rice before reaching consumer markets. At
harvest, paddy or rough rice contains an outer layer (or husk) and a bran cov-
ering the grain seed. The removal of these outer layers constitutes the milling
process. When only the husk is removed the result is brown rice, and when
further milling occurs to remove the bran, this converts it into white rice. A
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process of parboiling the paddy rice may also occur before the milling process,
as is common in Nigeria. The entire parboiling process involves washing, boil-
ing, soaking, and stéaming the paddy before drying it, which can take up to
three days (Langon et al. 2003a).

In Nigeria, the parboiling task is necessary because most consumers prefer
parboiled rice for its taste and texture in preparing local rice dishes (Bamidele,
Abayomi, and Esther 2010). It is also for this reason that most Nigerian con-
sumers prefer the Thai parboiled rice among rice imports (Ogunbiyi 2011).
Parboiled rice also offers other advantages: a higher recovery rate during mill-
ing and higher preservation of its nutritious properties after milling (Tinsley
2011). Milling is typically done using a mechanized de-huller (or de-husker).
While traditional hand-pounding methods are still practiced, these are
becoming less common and are mostly for home consumption (Akpokodije,
Langon, and Erenstein 2001).

After milling, a cleaning stage involves separating small stones from the
rice, either by hand or with the use of a mechanized de-stoner. Further pro-
cessing may also be carried out, especially by larger modern mills, such as pol-
ishing (buffing the white rice with glucose or talcum powder) and sifting and
grading to separate any remaining small impurities and broken grains from
the head rice. For the rice destined for market, a final process involves weigh-
ing and bagging the milled rice for the wholesale or retail market.

In Nigeria, the various processes described above involve many actors with
varying degrees of skill and access to technologies, especially as the bulk of post-
harvest handling and processing is still very much a cottage industry made up of
small-scale operators. Figure 5.1 describes the various channels along the entire
value chain by which rice is produced, milled, and marketed in Nigeria.

The small- and medium-scale mills handle up to 80 percent of the total
local rice processed.! Most of the operators along this channel mill paddy rice
from smallholder farmers and traders for a fee, either for their own consump-
tion or for rural markets. Based on the most recent data available, the share
of rice milled for own-consumption is about 14 percent, while the rest enters
the market, 63 percent going into rural and 22 percent into urban markets
(LSMS-ISA 2011).

The economic activities along this chain involve many smallholder paddy
farmers, small-to-medium-scale millers, middle traders, and wholesalers and

1 Borrowing from the study of Langon et al. (2003b), we distinguish small-to-medium scale as
having a milling capacity of less than 500 kg per hour. Langon et al. define small scale as 50 to
149 kg per hour and medium scale from 150 to 500 kg per hour.
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FIGURE 5.1 Domestic rice value chain in Nigeria
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retailers. It is a highly disaggregated and fragmented channel, with rice chang-
ing hands several times at points of sale from farmgate to end market. Asa
result, there is naturally a wide variation in the quality of the final product,
which can reach consumers with unfavorable properties, such as discoloration
and the presence of foreign matter (especially stones).

Most small- and medium-scale mill operators are cither located in a vil-
lage or small town market or within a cluster near paddy production areas.
Consequently, areas with higher volumes of production usually have larger
clusters of mills with higher operational capacitics (medium-scale mills) and
are more organized in procuring, milling, and selling of the final product,
whether through the market or to middle traders (Langon et al. 2003b). Some
notable examples are the clusters found in Lafia, Otukpo, and Abakaliki, with
100 or more millers. Capacity utilization is usually highest during the months
after harvest, between October and December each year. At other times of the
year, paddy is procured from further afield.
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Middlemen traders play a critical role in bringing paddy from farmers to
rice millers and milled rice to wholesalers and retail markets. Only a few trade
in both paddy and milled rice, using the services of small- and medium-scale
millers for a fee to mill the paddy they purchase from farmers before resale.
Others are millers themselves, usually medium-scale operators or smaller oper-
ators in the large clusters, who buy paddy from farmers or paddy traders to
process and sell on the market. Though few in number, these two types of
traders serve an important intermediate role in the collection and bulking
of paddy. The dual role they play enables them to be selective about the type
of paddy they buy, mill, and resell to the market, and in the process to help
ensure homogeneity in the final product (Langon et al. 2003a). The majority
of middlemen traders serve cither as paddy or milled rice traders and invest
very little to improve the quality of the product itself (DA 2009; Langon et
al. 2003a).

Despite differences in milling capacities between small- and medi-
um-scale operators, the two compete and overlap. The main difference
between the two is that medium-scale operators typically handle larger vol-
umes, and among these are some who serve the dual role of miller and trader,
wherein they buy their own paddy to mill and sell to traders downstream
rather than simply milling for a fee. Although not common everywhere,
such miller-traders may provide farmers with credit for inputs and even
store their paddy. However, when they do store paddy, at least according to
the findings of Langon et al. (2003b), this is mostly to help smooth their
milling activities during the peak and off scasons rather than to speculate
against future expected prices. In their capacity as miller-traders, they do
have the advantage of being more selective in the paddy variety they wish to
mill, even handling the parboiling task itself before milling and in the pro-
cess ensuring a better-quality product.

For the bulk of domestic rice, milling is done by smaller millers who pro-
vide the service for a fee. Many of these have varied skills and degrees of access
to technologies, services, and information along the entire supply chain, and
they do not engage in upgrading to better paddy varieties and processing tech-
nologies. Little vertical market integration is present in this sector, as evident
from the surveys of Lancon et al. (2003b) and the authors’ own field visits in
Niger and Benue States, implying a weak link downstream between millers
and retail markets. This is because the millers rarely deal directly with retail
markets in their capacity of providing milling services and in selling to traders
on-site. Consequently, there are significant inconsistencies between rice vari-
ety names and the final milled product that make it virtually impossible to
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link production directly with consumer preferences (Langon et al. 2003b). It
is therefore not surprising that the quality of domestic rice in market outlets
varies substantially or that the product is considered inferior to imported rice,
which can be relied on for consistent quality, taste, and texture.

The branding of a higher-quality grade of domestic rice varieties is limited in
Nigeria. It occurs only where there is a well-established vertical link in the value
chain, from a unique paddy variety to the final processed product in the mar-
ketplace, a condition that is typical among larger industrial-type milling sectors
(for example, the export industries in Asia). However, this sector in Nigeria is
limited to a handful of firms that mostly produce to meet demand in high-end
urban markets while simultaneously importing rice for the same purpose. This
is, after all, a premium product, like imported rice, that is not easily substitut-
able with the more standard and lower-quality rice produced in higher volumes
in Nigeria. Referring to Figure 5.1, this segment of the Nigerian rice market is
represented by the two channels involving industrial millers and importers.

There are only a few company brands that exist in Nigeria among the
large and industrial-scale millers. These include Olam, Veetee, Stallion, Dana
Foods, Isyaku Rabiu Group, and Ebony Agro (Lodestar International 2010).
For these firms, the dual role of serving as an importer and a larger miller
helps guard against uncertainties related to global price volatility and domes-
tic policies that restrict rice imports (Demont and Rizzotto 2012). As a result,
the sector has not always been consistent in its milling activities, producing
very little or nothing at all in some years whenever it was less profitable to
handle domestically produced rice relative to imports.* At the end of 2008,
for example, one source identified only two large industrial mills in operation
that year: Olam and Veetee (DAI2009).

Although large-scale operators can potentially handle a larger share of
milled rice in the country, they are usually forced to operate well below capac-
ity due to inadequate supplies of paddy rice from year to year; this explains
their limited scope to date. In 2002, for example, a survey by Langon et al.
(2003b) estimated that only 32 percent of total milling capacity of the larger
millers was being utilized, compared with more than half for small- and medi-
um-scale operators. Aside from the risks of underutilizing existing capacity,
the high up-front capital investment required to set up a large industrial mill
makes it prohibitive for most investors.

2 Quite a few of the large operators import parboiled brown rice directly from Asia to then mill
into rice locally. This can ensure a steady supply for the millers, subject to global price trends
and any import barriers.
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Rice Value-Chain Performance: Cross-Country
Comparisons

To measure the performance of the rice value chain after harvest, information
was gathered to generate estimates of the cost and price structure associated
with the different activities along the chain in order to determine margins and
price competitiveness with imports. Combining data from the literature and
field trips to a few of the large rice-producing states in Nigeria (Niger, Kano,
and Benue), we compared these costs and prices with those reported for two
Asian countries: Thailand and Bangladesh.’

The estimates for all three countries are mostly representative of costs
and profit margins associated with smallholder paddy producers, small-to-
medium-scale processors (including millers), and traders. These add up to
their respective domestic market prices for paddy and milled rice. The trader
and retailer’s shares of the final price represent both operating costs and profit
margins and therefore the differential between a buying and selling price.
Paddy traders, for example, will buy from farmers and sell to millers, while
milled rice traders buy from mills and sell to retail markets. Although they
incur their own operating costs, this is not reported here as such information
was not available.

Thailand offers a useful benchmark because the bulk of Nigeria’s
imports come from this country. Additionally, Thailand is considered to
have one of the more efficient rice value chains in the developing world,
even though average milling costs could be even lower if existing large rice
mills could operate at full capacity every year (Titapiwatanakun 2012). By
comparing Thailand’s costs and marketing margins, we can point out parts
of the value chain in Nigeria that are inefficient and need improvements.
However, because we expect the rice export industry in Thailand to have a
greater comparative advantage as a major supplier of rice exports in global
markets, another benchmark is needed. Bangladesh serves as such a bench-
mark, providing an example of a net importer (like Nigeria) among major
rice-producing countries in Asia.

Figures 5.2 and 5.3 present initial comparisons of the price structure
of the domestic rice value chains in Nigeria and the exporter value chain
in Thailand. Figure 5.2 exhibits costs and profit margins associated with
the small miller rice value chain in Nigeria, which produces a standard or

3 The Nigerian data are mostly based on cost estimates in one of the major rice-producing states,
Niger, Kano, and Benue. Some adjustments were made based on secondary data sources, cited
under each graph or table. Data for Thailand and Bangladesh are secondary, with the source
cited. These are meant only to be indicative of average performance.
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FIGURE 5.2 Comparison of rice value chains between Nigeria’s small milling sector and
Thailand’s rice export sector
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inferior rice type. Figure 5.3 shows related values associated with the large
miller value chain, which produces premium-quality rice that is more sub-
stitutable with imports. Both domestic value chains are compared with

the same average rice exporter value chain in Thailand, which produces
premium-quality rice. All values are measured in terms of US$ per kilo-
gram of milled rice equivalent and in constant real 2012 US dollars to allow
for a more accurate comparison.’ The left side of each figure represents the
Nigerian rice sector, while the right side represents the Thai rice sector. For

4 Rice equivalent weight accounts for the loss in paddy weight during processing (e.g., from
removal of the chaff). On average, this is about 60 percent of paddy weight, although it var-
ies with postharvest and milling technologies (sce conversion factors for cach miller type in
Table 5.2 later in this chapter), Therefore, milled rice equivalent values for activities prior to
the final milled rice output will be higher than their paddy equivalent by a factor of (1/0.6). All
values in Figures 5.2, 5.3, and 5.4 were converted to constant real 2012 US dollars and in milled
rice weight equivalent to allow for a more accurate comparison.
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FIGURE 5.3 Comparison of rice value chains between Nigeria's large milling sector and
Thailand’s rice export sector
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the latter, only the export sector is considered, as we are interested in the
rice destined for Nigerian markets.

In both figures, paddy is procured from the same source—smallholder paddy
farmers—but with different paddy production costs between the two figures
due to the type of paddy variety sold. Improved superior (or premium) paddy is
typically sold to the medium- and large-scale milling sectors; in the case of the
large milling sector, as Figure 5.3 shows, this paddy fetches a price premium at
farmgate of about 5 percent over more common (or standard) varieties milled by
the small sector (0.64 versus 0.61 naira per kg, respectively). “Paddy production
cost” refers to costs associated with growing paddy rice on the farm. The differ-
ence between the price of paddy at the farmgate and production cost is referred
to as the “paddy farmer margin,” while the “paddy trade & marketing” margin is
the difference berween a wholesale matket price for paddy and the farmgate price
and therefore includes traders’ unknown marketing costs and profit margins.
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“Rice milling costs” are associated with the costs of milling paddy pro-
cured from paddy traders. We do not include annualized fixed costs that large
mills have to absorb to remain operational throughout the year, as we did not
have similar estimates to benchmark against in Thailand’s milling industry.
However, these can be quite high in Nigeria for the large modern mills, espe-
cially given the scarcity and higher cost of capital relative to Thailand. We
estimate these to be more than double the direct milling costs of the mill at
maximum capacity, based on the sample of large mills visited in Kano and
Benue States ($0.10 per kg in fixed costs versus $0.06 per kg for milling). We
will come back to this later when comparing the relative efficiencies between
small- and large-scale miller types.

For each country, the “rice miller margin” is calculated as the difference
between the price received for the milled rice by the miller and the price of
paddy combined with the cost of milling operations. It is therefore a mill-
er’s profit margin. The difference between the miller gate price and domes-
tic retail price in Nigeria is referred to as the “rice trade & marketing margin.”
Here again, the margin represents the sum of the trader’s unknown marketing
costs and profit margins.

For Thailand, because we are only interested in the rice that enters
Nigeria’s retail markets, additional components associated with moving the
rice from Thailand to final retail markets in Nigeria are introduced. First, an

“exporter margin and FOB” measures the difference between the free on board
(FOB) price for rice leaving the Bangkok port and the miller gate price in

the country. Second, the “freight & handling” refers to the shipping costs for
moving a ton of rice from Bangkok to the port of Lagos, Nigeria. Adding this
to the FOB price results in the cost and freight (C&F) price recorded at the
Lagos port. The freight and handling costs from Bangkok to Lagos was com-
puted to be $44.30 per ton.’

The “port charges, tariff, marketing” component of Thai rice determines
the final cost of the imported rice in Nigerian markets, which includes any
tariff charged at the port of Lagos, plus transportation and retail market-
ing costs of bringing it to market. In Figures 5.2 and 5.3, given a C&F price
of US$0.69 per kg for Thai parboiled rice 100 percent at the port of Lagos,
plus port handling charges of $20 per ton, an exchange rate of 158 naira per
US dollar, an import tariff of S0 percent, and domestic marketing costs of
20 percent of the C&F price, the final import parity price of 1 kg of Thai rice

s From Anderson (2009) data files (also used later in Chapter 7).
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in Nigerian markets is estimated at US$1.26.° All unit costs are in US dollars
per milled rice weight equivalents.

Finally, a last term is introduced in measuring the relative price differences
between local Nigerian rice and imported Thai rice, referred to in the figures
as the “potential quality premium.” This can be viewed as the price premium
imported Thai rice enjoys over domestic rice due to its higher quality and pref-
erence among consumers, Alternatively, it can be similarly viewed as an amount
that represents the additional costs that could be absorbed by domestic rice pro-
ducers in order to improve the quality of local rice and compete with imported
Thai rice, hence the term “potential quality premium.” For the large milling sec-
tor, this is assumed to be zero, as the rice is comparable in quality to imported
Thai rice.

To compare the cost of Thai rice in Nigerian markets to local rice, we need
to include all costs associated with importing the rice into the country and
bringing it to market, which we estimated to be $1.26 per kg (2012 US dol-
lars), based initially on 2009 data from Titapiwatanakun (2012). Because the
2009 price in current 2012 dollars corresponded well with current prices, we
compared this with field data collected by the authors in Nigeria in 2012.

Beginning with Figure 5.2 for the small milling channel, the data reveal
that average paddy production cost per unit of output in Nigeria is almost
double that in Thailand ($0.53 per kg versus $0.27 per kg in their milled rice
weight equivalent). Nevertheless, farmers scem to be earning the same in abso-
lute terms. Paddy trader costs are slightly higher in Nigeria. Overall, the final
price for domestic rice at the mill, that is, before adding the “rice trade & mar-
keting” component for Nigerian rice and the “exporter margin and FOB” for
Thai rice, is well above the comparable price in Thailand ($0.77 per kg versus
$0.54 per kg, respectively). Clearly, even after milling, the Nigerian rice indus-
try remains less competitive. Direct milling costs in Thailand are very small—
about a third of what Nigeria’s small millers experience. This is not only a sign
of their efficiencies and volume of operations but their large-scale nature.

Under zero tariffs, evidently, rice produced in Nigeria cannot compete
with imports on price, let alone quality, because after freight and handling
at the port in Lagos, the price of imported Thai rice (which is considered to
be of higher quality) is still lower than the domestic rice at the small miller’s
gate (after the rice miller margin). Only if we include an import tariff of about

6 The C&F price is based on an FOB price at the port of Bangkok of $0.65 per kg (or $649 per
ton) for Thai parboiled rice 100 percent in 2009, the year for which sufficient information on
the Thai rice value chain was readily available (see Titapiwatanakun 2012), plus freight, insur-
ance, and handling of $0.04.
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50 percent and add domestic transportation and marketing costs (say about
30 percent of C&F price) does the final import parity price at the retail level
rise to $1.26 per kg (199 naira per kg) and above an average retail price for
domestic rice of $0.85 (135 naira per kg, respectively).’

For consumers, such a price differential makes sense, considering the per-
ceived inferior quality of the bulk of domestic rice coming from the small sector
in Figure 5.2 (that is, a 33 percent premium for quality alone).” Similar conclu-
sions were drawn in the earlier study by Langon et al. (2003b), who estimated
the gap to be about 25 percent. The differential of $0.41 in Figure 5.2 can be
viewed as an amount that the smaller domestic producers (small- and medi-
um-scale millers) could potentially absorb as additional costs in processing high-
er-quality rice, therefore increasing their chances of competing with rice imports
(hence the term “potential quality premium” for this element in the figure).

Turning to Figure 5.3, we compare the performance of the large milling
sector in Nigeria with Thailand’s milling export sector, as it provides a fairer
assessment given their similarities in technology use, scale, and demand for
quality seed varieties for milling, For our purposes, therefore, we can assume
the milled rice by either country to be of similar quality, and thus that it can
compete well when selling at the same price.

As Figure 5.3 illustrates, the large sector in Nigeria experiences much higher
per-unit operating costs all along the value chain for paddy production, paddy
trade and marketing, rice milling, and rice trade and marketing, The “paddy
trade & marketing” component of the value chain, in particular, is significantly
higher than the same component in the small milling sector in Figure 5.2. This
is partially because of higher search costs and a price premium for the superior
paddy variety sought after by large millers. Profit margins are still reasonable,
nevertheless: about 16 percent as a proportion of the price received at the mill
gate. In contrast, the smaller millers fetch only 5.6 percent. Oguntade (2011)
also reports small profit margins for medium-scale millers (about 7 percent).

Beyond the mill gate, trade and marketing costs for the large millers are
again larger than thosc of the small milling channel, probably because large
millers typically target the bigger urban markets scattered throughout the
country. Therefore, while the large milling sector is better able to compete

7 Retail and wholesale prices of domestic rice are based on monthly averages in 2011 collected by
FEWS NET (the Famine Early Warning Systems Network) in one of the major rice marketing
centers in Nigeria, in Bodija (Ibadan). The prices for imported rice in 2012 are easily around
200 naira per kg, so these figures are quite reasonable.

8 An exception is ofzda rice, which is considered to have high-quality premium characteristics—
but has only a small niche market relative to total rice demand.
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with imports on quality, they cannot do so on price unless import tariffs are
sufficiently high. In this case, the 50 percent levy existing at the time when
the data were collected results in a comparable import parity price of $1.26 per
kg, which offers positive profit margins for millers and, just as likely, whole-
sale and retail traders (as illustrated in Figure 5.3 by the rice trade and market-
ing component valued at $0.25, about 20 percent of the import parity price).
In comparing the price structure only between Nigeria, Thailand, and
Bangladesh, we can gain further insight into the share of the price captured by
the farmer, by paddy traders and millers, and finally, by wholesale traders and
retailers. Figure 5.4 presents this price structure for all three countries and
by type of rice. For Nigeria, as before, we distinguish between rice produced
by the small and large miller marketing channels, which produce a standard
and premium quality product, respectively. For Bangladesh, “standard” refers
to the more common coarse rice brand, while “premium” refers to the fine
brand targeted to higher-end urban markets and based on the work by Minten,
Murshid, and Reardon (2013). For each country, the price has been broken up

FIGURE 5.4 Comparison of the rice price structures in Nigeria, Thailand, and Bangladesh
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into three components: farmgate paddy price, paddy trade and milling, and
rice trade and marketing. These capture the combined costs and profit mar-
gins among the actors involved under each component, such as farmers, mill-
ers, and traders.

As shown in Figure 5.4, the overall price structure in Asia contrasts
sharply with Nigerias. To begin with, the most striking difference is the
higher farmgate paddy price and milled rice price in Nigeria compared to
the two Asian countries for both standard and premium rice types. At the
same time, the farmgate prices’ share of the final retail prices indicates that
Nigerian farmers seem to capture lower shares of the final price than farm-
ers in Asia: 71 percent versus 81 percent for standard and 51 percent versus 53
and 58 percent for premium.

Paddy trade and milling cost is also significant in Nigeria for both types
of rice: for standard rice, this cost is about five times that for standard rice in
Bangladesh, and for premium rice it is more than double that for premium rice
in Bangladesh and Thailand. As already pointed out earlier, one explanation is
the higher trader and marketing costs in Nigeria, especially for large millers who
often have to resort to procuring paddy over long distances when facing limited
supplies of their preferred superior-quality paddy. For the large millers in partic-
ular, the insufficient access to paddy throughout the year implies that they are
often operating well below full capacity (Oguntade 2011). If we had considered
annualized fixed costs, the paddy trade and milling cost would be even greater.

As a result, the share of the Nigerian final retail price accounted for by
paddy trade and milling cost is comparable with the same cost’s share in
Thailand’s final retail price, but it is much lower than paddy trade and milling
cost’s share of this price in Bangladesh. This is not surprising, as large exporter
mills in particular have been shown to capture large shares of Thailand’s rice
prices (Maneechansook 2011; Agrifood Consulting International 2005).

After milling, the share of rice trade and marketing margin is about
the same across all three countries. In Bangladesh, about 20 percent of the
final retail price for premium rice goes to retail traders (Minten, Murshid,
and Reardon 2013). For Nigeria, this is possible given the presence of the
50 percent tariff. For the standard type of rice, these margins are much smaller
in both Nigeria and Bangladesh (about 9 to 12 percent). Evidently, a key area
for improving the competitiveness of domestic rice is going to be not only
ensuring better product quality but lowering processing, trader, and market-
ing costs to increase incentives to upgrade.

Despite higher production costs, Nigerian paddy farmers seem to share the
same profit margins as their Asian counterparts. Using national averages for
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TABLE 5.1 Comparison of production costs, yields, and profit margins

Nigeria Thailand Bangladesh

Measurement ) Standard? Premium Premium Premium
Illnput ;osts_

Production costs ($/MT) 531.0 563.0 254.0 312.0

Milling costs ($/MT) 51.0 160.0 17.0 NA
Paddy yield and returns

Paddy yield (MT/ha) 1.9 3.0 2.9 42

Farmer return ($/ha) 151.0 253.0 191.0 207.0
Profit margins

Farmer profit margin (%) 13.0 13.0 19.5 13.6

Mitler profit margin (%) 5.6 16.0 24.2 NA

Source: Data sources for Nigeria are authors’ calculations based on field visits in Niger, Kano, and Benue States and com-
pared with estimates by others such as Oguntade (2011); for Thailand, based on Maneechansook (2011) and FOB data from
the Thai Rice Exporters Association for the rice type known as Thai parboiled rice 100 percent (www.thairiceexporters.or.th);
for Bangladesh, based on Minten, Murshid, and Reardon (2013) and referring to fine-quality rice grain. For farmer returns,
the data are value-added agriculture per hectare from the World Bank (2012); for yields, FAOSTAT (FAQ 2014),

Note: FAOSTAT = statistical database of the Food and Agriculture Organization of the United Nations; NA = not available;

MT = metric tons. Per-unit values are in 2012 US dollars. Input costs are in milled rice weight equivalents. 2Here, “Standard”
refers both to inferior paddy varieties and lower-quality milled rice, while “Premium” refers both to superior paddy varieties
and higher-quality milled rice. Trade and marketing margins were not included because of insufficient information to distin-
guish between operating costs and profit margins.

yields, production costs, and prices, Table 5.1 shows Nigerian farm-level prof-
its as reasonably close to those of both Thailand and Bangladesh. Thailand’s
higher margins may actually be partially due to a government support pro-
gram. In absolute terms, however, Nigerian farmers earn lower margins per
hectare for the common varieties due to lower yields, about $151 per year com-
pared with $253 for the local superior (and higher-yield) varieties, and with
$191 and $207 for Thailand and Bangladesh, respectively (all in 2012 US dol-
lars). With regard to production costs, both Bangladesh and Thailand enjoy
much lower costs per ton for both paddy production and milling relative to
Nigeria, a sign of the higher yields and efficiencies in the technology inputs
being used.

The poor performance of the entire Nigerian rice value chain relative to
that of Asian countries leaves a lot of room for improvement. Per-unit costs for
paddy production, milling, trading, and marketing are all on average higher
than those in Asia—Table 5.1 illustrates these higher costs for paddy produc-
tion and milling (trading and marketing was not included because of insuf-
ficient information to distinguish between operating costs and profit). The
share of paddy trader/miller activities and profit margins in the final price is
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especially high for the large mills (the premium rice type in Figure 5.4): three
times those of smaller mills that produce the more inferior standard rice vari-
ety. As a start, simply raising the productivity of paddy production by promot-
ing the adoption of superior varieties, as argued for in Chapter 4, can have a
significant effect.

Efficiency of Small versus Large Millers

In assessing the performance of the postharvest rice value chain in Nigeria, 2
key question that arises is the relative economic efficiency of the small versus
large milling channels that were illustrated earlier in Figure 5.1. To measure
the economic efficiency of both channels, we draw on the arguments used by
Timmer (1998). In his seminal study for Indonesia, he showed that small mills
were more efficient than larger milling operations because of the combina-
tion of lower paddy-to-milled conversion ratios, higher capital-to-labor price
ratios, higher economic discount rates, and higher price ratios of the final
milled rice to paddy rice (or milled-to-paddy price ratio) that are typical in a
developing-country setting,

The paddy-to-milled conversion ratio defines how much weight of milled
rice is converted from a single unit weight of paddy rice (milled rice weight is
always lower than paddy rice weight, because the husk and bran of the seed
are removed during milling). The capital-to-labor price ratio helps determine
the degree to which a mill can minimize costs—and thus compete more effi-
ciently—by drawing on additional capital or labor, depending on which input
is cheaper (for cost minimization, the marginal rate of technical substitution
between capital and labor equals this price ratio).

An economic discount rate here represents the cost of a capital investment
over time. An economic discount rate is the interest rate used either (1) to dis-
count any future cash recurns from a current investment or (2) to calculate
the present value of any future investment. The higher the rate, the lower the
present value of any future cash flows or the higher the future value of a cur-
rent investment. The price ratio of final milled rice to that of paddy at the
farmgate measures the price gap between the two that captures how much
cost can be absorbed in processing and moving the rice to market. A small gap
(hence a smaller price ratio) implies that milling costs have to be small enough
for millers to remain profitable.

The paddy-to-milled conversion ratio measures the technical efficiency
of the mill and can affect the ability of a mill to compete; for example, if the
milled-to-paddy price ratio is small due to cheaper imports. This situation can
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be especially challenging for large-scale millers, who typically have added costs
associated with procuring quality paddy and further processing unless they
are able to capture a price premium on the quality of their brand.

Because larger mills are capital-intensive enterprises that rely more on cap-
ital inputs than labor, the capital-to-labor price ratio and discount rate are
just as important in determining their economic efficiency and competitive-
ness. Naturally, they are more competitive when they operate under condi-
tions of lower per-unit capital costs relative to wages. A key factor that can
lower this ratio is the rate at which capacity is being fully utilized, given the
scale economies of this heavily capitalized industry. As pointed out eatlier,
the underutilization of large mills is a common problem in Nigeria and other
developing countries where the supply of sufficient quantities of paddy is not
always guaranteed.

Another key factor is the economic discount rate, which simply measures
the rate at which future costs and benefits are discounted relative to the pres-
ent. Since large mills have higher up-front investment costs and larger benefits
accruing in the future than smaller mills, a high discount rate makes the large
mills less attractive than their smaller counterparts, because the present value
of all future benefits is far outweighed by the total costs, translating into a
negative return on investment. Under the same conditions, on the other hand,
the smaller mills are more attractive as they are less capital intensive and incur
only higher wage costs in the future.

Finally, higher milled-to-paddy price ratios typically imply that, relative to
the price of paddy, there are higher milling and marketing costs (and/or profit
margins) being captured in the final price of the milled rice entering retail
markets. Conversely, a lower ratio implies higher efficiencies of these posthar-
vest activities.

Table 5.2 provides estimated values of each of these four indicators across
Nigeria, Thailand, and Bangladesh. Derived mostly from anecdotal evidence,
it is meant to be indicative and form the basis for discussion. The comparison
with Thailand and Bangladesh allows for consistency with the previous assess-
ment of value-chain performance.

As seen in Table 5.1, Nigeria is evidently less efficient in milling technolo-
gies and practices, considering its lower paddy-to-milled conversion ratio and
higher milled-to-paddy ratios. A large wedge between paddy and milled rice
prices is an indication of higher operating costs and margins for processing
and marketing, which was shown to be the case for Nigeria in Figure 5.4. It
can also have the effect of introducing greater profit risks for millers and mid-
dle traders, as larger price swings are possible within this price band. This is
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TABLE 5.2 Key indicators of efficiency and profitability of small- versus large-scale rice
milling

Indicator Nigeria Thailand Bangladesh
Paddy-to-milled conversion? 0.58 0.(% 0.63
Milled-to-paddy price ratio? 1.4/2.1 1.9 1217
Capital-to-labor price ratio® 2.7 1.6 2.1
Economic discount rated 10.1 6.7 131

Source: Authors’ calculations based on various sources of data.

Note: ®For Thailand, data source Is Titaplwatanakun (2012); for Nigeria, Langon et al. (2003b); and for Bangladesh, Minten,
Murshid, and Reardon (2013). "The two numbers represent a distinction between the quality levels of paddy and milled rice
varieties: common or traditional paddy rice versus standard milled rice for the first number and superior paddy rice versus
premium milled rice for the second number. Data sources for Nigeria are authors' calgulations based on the author's own
field visits in Niger, Kano, and Benue States and compared with estimates by others such as Oguntade (2011}; for Thailand,
based on Maneechansook (2011) and FOB data from the Thai Rice Exporters Assoclation for the rice type known as Thai
parhoiled rice 100 percent (www.thairiceexporters.orh); for Bangladesh, based on Minten, Murshid, and Reardon (2013)
and referring to fine-quality rice grain. This is the ratio of total value of agricultural capital stock per agricultural population
(US dollars/persen) over the agricullure gross domestic product per agricultural population (US dollars/person). Data are
fram World Bank (2012). 9This is an annual average interest rate between 2010 and 2012 from the Intemational Monetary
Fund statistical database (IMF 2012), Because some banking discount rates were higher than lending rates, we chose to use
the former in Nigeria. For Thalland and Bangladesh, in order o be as conservative as possible, we chose the lending rate.
The four indicators here are those highlighted by Timmer (1998). All values use constant 2005 US dollars and are averaged
across three years, 2005 to 2007,

possibly one reason why many small millers in Nigeria operate only on a fee
basis. Even among those who buy paddy to resell as milled rice, according to
Lancon et al. (2003b), the probability of makinga profit is only 40 percent.

A comparison of the two price ratios and average discount rate for each
country in Table 5.2 reveals that Nigeria and Bangladesh face higher invest-
ment risks from introducing capital-intensive modern rice mills (MRMs) rel-
ative to Thailand. Nigeria shows a higher milled-to-paddy price ratio for the
higher-quality premium rice, indicating the higher share of milling, trade, and
marketing costs captured in the final price of milled rice. This seems to be
true also for the lower-quality standard rice when compared with Bangladesh
(1.4 versus 1.2, respectively). The capital-to-labor price ratio is also higher in
Nigeria, indicating higher per-unit capital costs relative to labor. Additionally,
for Nigeria, the fact that large mills typically have to operate at well below
capacity due to an insufficient paddy supply implies much higher per-unit
operating costs.

The logistical costs and uncertainty associated with procuring the paddy
from year to year presents an even bigger challenge in keeping operating costs
down. Other operating costs stem from the heavy reliance on diesel-operated
electric generators in the absence of a dependable supply of electricity through-
out the year. In contrast, the dominant smaller-scale milling sector faces lower
capital investment requirements and operating costs and thus has the potential
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to realize quick positive returns from simply upgrading post-milling activities
for de-stoning, polishing, and packaging. The potential to do so exists, consider-
ing the current large price band between the standard and premium varieties of
domestic rice.

Key Constraints, Opportunities, and Challenges
for Rice Millers

In analyzing and comparing the two distinctive value-chain sectors for
domestic rice in Nigeria—the small-to-medium- and the large-scale mill-

ing sectors—a number of constraints and opportunities associated with each
emerged. To begin with, because the large industrial sector enjoys the advan-
tage of having a higher milling capacity and modern technologies for supply-
ing the premium-grade rice, it has greater potential to compete with imports.
However, the sector is usually unable to take full advantage of its greater econ-
omies of scale, as it is often forced to operate well below maximum capacity
due to insufficient access to quality paddy. Because much of the paddy is pro-
duced by smallholder farmers, this is a major challenge.

As the dominant supplier of paddy, the smallholder rice farming sector in
Nigeria varies widely with regard to paddy yield and varieties of sceds grown,
in addition to the type of production system and inputs used as well as dis-
tance to major processing centers and markets. All of this introduces a major
logistical challenge in procuring the right quality and quantity of paddy in a
timely and well-coordinated fashion.

In the past, large millers have had to resort to traveling great distances
or establishing outgrower systems to procure sufficient quantities of qual-
ity paddy. However, these tactics did not always guarantee a sufficient supply
and in the end proved too costly to sustain business due to both the higher
per-unit operating costs of not utilizing the full capacity of the mills and the
added search and administrative costs to secure paddy. To circumvent these
problems, some millers have chosen to start growing their paddy on large-scale
irrigated lands (Box 5.1 presents the Olam story as an example). Alternatively,
the government is also proposing to set up a number of smallholder nucleus
farms that will cultivate paddy on large irrigated lands in close proximity to
the large modern mills (Adesina 2012).

Adding to the higher operating costs for accessing paddy, one challenge
faced by large-scale operators is a periodic breakdown in utility services (such
as electricity and water) and machinery parts (which have to be imported
from the mill manufacturer overseas). A second challenge is the risk associated
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Box 5.1 The story of Olam in Nigeria

As a major importer in Nigeria that holds one of the largest market shares,
Olam has in the past invested to process local rice using large modern

rice mills. In 20086, the firm entered into a partnership with USAID (the US
Agency for International Development) to establish an outgrower system
with smallholder rice producers in order to promote local Nigerian rice pro-
duction. The program allowed farmers to access technologies, credit, and
technical assistance to produce superior paddy varieties and have assured
markets and prices.

Productivity and incomes reportedly more than doubled in the first years,
encouraging a Nigerian commercial bank (First Bank) to become a major
stakeholder in a smallholder farmer commercial credit program. Unfortunately,
the program was discontinued after 2008, when Olam failed to procure suf-
ficient paddy after its price guarantee offering feli below other offerings of
competitors in the area as world prices (and thus price of imported rice) were
increasing. At the same time, credit repayment problems among many of the
participating rice paddy farmers had also started to emerge.

Evidently, Olam’s initial effort at procuring paddy from outgrower sys-
tems proved too risky given global price uncertainties and the logistical costs
associated with maintaining varietal quality, input delivery, credit repayments,
and sufficient volumes of rice each season. By 2012, Olam had started ven-
turing into rice production (its first in Nigeria), putting 49.2 million dollars
(7.675 billion Naira) into rice farming and a milling facility in Nasarawa State.

Olam intends to irrigate up to 6,000 ha of rice to supply up to 60,000
tons of paddy annually for the company’s processing facility. The paddy
is expected to be converted into about 36,000 tons of milled rice annu-
ally. Otam expects to focus attention on milling two superior paddy varieties
in Nigeria (FARO 44 and FARO 52) and expects to get about 65 percent of
paddy needed from its own farm and the rest from outgrower cooperative
agreements with smallholder farmers. How it will successfully manage the
latter scheme based on its past experience is not certain.

Source: Based on Olam (2011); USAID (2010); Chemonics (2009); and authors’ own interviews with staff at Olam
Mills, extensionists, and farmers involved in the outgrower system.

with declining domestic rice prices if the government chooses to lower the
import tariff. Therefore, while the large milling sector has greater potential to
compete with imports on quality, it may not be able to do so on price.

The dominant small-to-medium-scale milling sector, on the other hand,
has remained quite vibrant in its ability to procure, process, and market

the bulk of the paddy being produced by thousands of smallholder farmers
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scattered all over Nigeria. Although still very much a cottage industry, the
sector employs the most within the Nigerian rice industry. Therefore, any
increases in the productivity and product quality of this sector have the
potential to result in larger and broader effects on overall rural employment
and welfare.

The sector not only employs many processors and traders, including
women, but also provides a cheaper rice alternative for millions of poorer
consumers in the country, as shown by a number of research studies (see,
for example, Akighir, Ngutsav, and Asom 2007; Basorun 2008; Agwuand
Ibeabuchi 2011; and Ayoola et al. 2011). This is, after all, a distinctive sector
of the domestic rice market relative to the higher-end markets for imported
rice, as shown previously in Chapter 2. Nevertheless, for the sector to improve,
many of the challenges it faces along its value chain will need to be addressed.

The principal challenge for the small milling sector in Nigeria is the many
obstacles it faces for improving productivity and product quality. As still very
much a cottage industry, one obvious challenge is the necessity of dealing with
many producers, traders, and processors who have variable skill levels, access
to technologies, and credit, and who interact only at the point of sale or for
servicing. As a fragmented processing and marketing system, it has limited
abilities or incentives to upgrade to better technologies, marketing, and brand-
ing, especially in the downstream part of the value chain. Relatedly, the exist-
ing marketing system has no consistent grades and standards, exhibits poor
record keeping, and has poor organizational capacities. Because most of the
millers mill paddy for a fee, they simply leave it up to the traders or consumers
who seck their service to worry about quality. While they may wish to invest
in modern equipment, many of the smaller-scale operators have poor access to
credit to pay for the investment.

Simply providing credit to small-scale operators can hardly be a solution,
however. Even among the medium- and larger-scale operators, access to credit
has not necessarily led to investments in modern equipment. Based on their sur-
veys in Nigeria, Langon et al. (2003a) found that many of the larger-scale oper-
ators were not investing in upgrading their equipment because of uncertainties
about paddy supply. Instead, promoting access to shared infrastructure, mar-
kets, and technologies, such as for further processing (de-stoning and polishing)
within small town or village-level clusters, may be more promising.

Based on field visits by the authors to two such milling clusters in Benue
and Kano States, cluster members appear to benefit from both economies of
scale and location. The cluster not only enables shared access to infrastructure,
technologies, and know-how but offers lower costs for accessing paddy among
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suppliers who prefer to deal in bulk. This is also the case for accessing buy-

ers among rice traders who are willing to travel long distances if the cluster’s
reputation for quality, price, and timely delivery is perceived as good. This
advantage alone seems to also attract medium-scale operators who set up shop
nearby. Aside from the proximity to input and output markets, the clusters
also provide members with the opportunity to adopt other technologies for
further processing if such a technology already exists in the cluster. This can
be of particular value to small-scale operators who are unable to afford own-
ing the technology on their own.

Improved performance of the entire rice value chain of the Nigeria rice
milling industry will require distinguishing these unique challenges faced by
the small and larger milling sectors. For the larger milling sector, lowering
operating and input costs, including access to adequate utility services, will
be important. But even more essential is ensuring access to sufficient quanti-
ties of quality throughout the year in order to compete more effectively with
imports. For the smaller sector, it is not only about improving productivity
and quality but about considering the promotion of miller clusters to take
advantage of economies of scale and location. Finally, for both sectors, increas-
ing the productivity of paddy production to expand output and lower prices
more generally, as well as insisting on a higher quality and standardized rice
seed variety, would be beneficial.

Drawing Lessons from Elsewhere

Given the numerous challenges facing the rice economy in Nigeria, success-
ful upgrading and improving of the milling industry will be key and will
require significant investments and policy interventions, as the government
was attempting to do under the Agricultural Transformation Agenda (ATA)
launched in 2011. ATA was the main agricultural policy agenda under the
administration of President Goodluck Jonathan and was led by the Federal
Ministry of Agriculture and Rural Development. Because this has been tried
elsewhere in the region and beyond, it is useful to draw on lessons from other
experiences. In much of developing Asia where rice is a food staple, for exam-
ple, the rice milling industry transformed itself over time in tandem with the
rapid growth in paddy production during the Green Revolution. Figure 5.5
illustrates this growth for India, showing that as yields grew over time, the
number of mills (whether small or large) also expanded per unit area. It is also
interesting to note how the growth in rice production in India eventually led
the country to switch from being a net importer to a net exporter—which
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FIGURE 5.5 Evolution of modern rice mills, yields, and net exports in India
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Source: For number of mills, Nayak (1996) and Harriss-White (2005); for yields and net exports, FAOSTAT (FAO 2012).

was only made possible by an expansion of the country’s milling capacity for
premium-quality rice destined for export markets (for example, basmati rice).
Indeed, the country experienced a phenomenal growth in the utilization of
large, modern rice mills (MRMs) in the 1980s and 1990s, reaching a total of
about 35,000 by 2001 (Harriss-White 2005). However, MR Ms never com-
pletely displaced traditional practices of parboiling, sun-drying, and using rice
hullers, which continued to exist alongside the MRMs. MR Ms were instead
the preferred choice in both India and Thailand for milling higher-quality
rice destined for export markets in both India and Thailand.

Large industrial MRMs easily handle large volumes of paddy for supply-
ing export markets. A disadvantage of their use for domestic markets is that
they often face the risk of operating below maximum capacity as they seck to
procure sufficient supplies of paddy destined for domestic markets each year
from thousands of smallholder farmers. Therefore, public-sector interven-
tions are often needed to ensure that MRM:s can continue to operate profit-
ably by assisting with the procurement of paddy, guaranteeing rice purchases
directly from mills (for example, for governmene-managed stocks), or both. In
fact, much of the growth in MRM:s in India could not have occurred without
government support in the form of credit subsidies to promote investments in
building large mills and in procuring the paddy (Harriss-White 2005). Other
incentives were also introduced, such as imposing an outright ban on the use
of existing small-scale mills based on the traditional huller, establishing rice
procurement agencies, instituting quality-standardization agencies at the state
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level, and maintaining a minimum price guarantee for paddy (Shwetha 2009).
Today, the Indian government continues to provide both logistical (warehous-
ingand procurement) and price-support mechanisms for technology upgrad-
ing. Over time, these practices have introduced high fiscal and economic costs,
as paddy farmers and the MRM industry have grown to rely heavily on such
support. At the same time, the small and traditional millers have continued to
flourish despite efforts to ban them. In fact, they still contribute a significant
share of total milled rice in India (Harriss-White 2005).”

In contrast to India, the public sector in Thailand has not been involved
in subsidizing MR Ms directly, many of which are in the export sector and
privately owned. Instead, the government has typically intervened by intro-
ducing price-support mechanisms for paddy to ensurc a steady supply to the
milling sector and, ultimately, for exports. The program is popular among
politicians because it helps to garner votes among farmers and millers, who
represent a large part of the population and benefit the most from the policy
(Forssell 2009). Referred to cither as the “rice mortgage scheme” or the “pledg-
ing program,” the policy enables farmers to sell their paddy to the government
via millers participating in the program at more favorable prices should mar-
ket prices fall below a guaranteed price—thus benefiting both farmers and
millers (Titapiwatanakun 2012). A key challenge to the policy happens when-
ever the guaranteed price is set higher than the market price, leading to higher
domestic prices and higher holdings of government rice stocks, something
that occurred in 2010, when government-owned stocks reached S million tons
(Thongrattana 2012). Because the policy of accumulating stocks is fiscally
costly and can threaten Thailand’s ability to compete in international mar-
kets over time, the government has since discontinued the program and slowly
begun to release the accumulated stock. In its place, a new price-guarantee
program has been introduced, but this time it does not involve the direct pur-
chase of paddy from farmers (Thongrattana 2012).

An important lesson from both India and Thailand is the failure to dis-
place completely small- and medium-scale milling operations with large
MRMs. This seems to be a general pattern elsewhere in developing Asia.
Timmer’s (1998) example for Indonesia provides a good explanation for this
phenomenon by showing how small mills are both socially and privately prof-
itable compared with larger mills in supplying domestic markets. Not only do
they have Jower per-unit operating costs, but they also do not displace rural
employment, especially female labor. Although Timmer’s original study was

9 The ban was finally lifted in 1996 (Harriss-White 2005).
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carried out more than three decades ago, his findings continue to be relevant
today. Both India and Thailand have witnessed the maintenance of a vibrant
small milling sector that supplies domestic markets alongside larger MR Ms
that have emerged to serve high-end urban and export markets.

The experience in West Africa in general has not been very different from
Asia’s, except in the context of being exclusively a net importing region. Large
MRM:s were initially introduced with heavy state intervention as part of the
import substitution strategies in the 1970s and 1980s. But these collapsed in
due course as governments withdrew their support under a broad sweep of
structural adjustment and market reform efforts in the 1990s. The experi-
ence in Mali is a particularly good example. After the government sold off sev-
eral large mills in Office du Niger in Mali to private operators and lifted a ban
on small-scale milling, the large operators suddenly found themselves unable
to compete effectively with the small milling sector in procuring paddy. The
latter was well positioned to operate more efficiently and flexibly with small-
holder suppliers. At the time, according to Diarra et al. (1999), per-unit costs
for large millers turned out to be about four times those of smaller mills (17.6
versus 4.3 West African CFA francs) because the large mills typically operated
at well below capacity. This is not too different from the experience in Nigeria.

The conditions Timmer (1998) analyzed for Indonesia in the 1970s
remain partially relevant in Nigeria today, as they have been in Asia in the
past. However, conditions have changed as urban populations and incomes
continue to grow in both Asia and Africa. Research shows demand shifting
toward higher-quality and premium milled rice in Asia’s emerging sophis-
ticated urban markets (Minten, Murshid, and Reardon 2011 and 2013;
Murshid 2011; and Chapter 2 in this book). In response, the postharvest rice
sector has been transforming itself by adopting larger MRMs. While past
adoption of higher-yield paddy varicties has certainly helped to meet the
growing demand, the increased adoption of MRM:s is proving more criti-
cal in meeting the demand of these new domestic markets. In some locations
in Bangladesh, for example, MRMs now generate more than 90 percent of
the rice marketed from the local area, according to observations by Murshid
(2011). Their presence is increasing not only the milling capacity but also the
quality of rice produced in the area. This shift has also led to more sophisti-
cated institutional and marketing arrangements that involve middlemen bro-
kers who link paddy traders with millers and the latter with rice traders and
wholesalers. These actors capture a larger share of the price premium for the
higher-quality rice, while farmers benefit the least (Minten, Murshid, and
Reardon 2013). Evidently the added quality from improvements in processing
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has provided a positive return for investors as demand for premium-quality
rice continues to expand in developing Asian countries. Overall, these changes
are having a profound effect on local rice economies. Greater employment
opportunities are appearing on the scene—such as subagents for paddy pro-
ducers and other new trader entrants, medium-scale parboiling and milling
firms, mini-drying yards, and new post-milling operations (for example, for
puffing)—and the changes are also leading to the commodification of rice
with a system of quality grades and standards (Harriss-White 2005).

For Nigeria, similar trends are poised to occur with rapid urban popula-
tion growth—as is already evident in the dramatic increase of premium rice
imports during the last few decades. Unlike in the Asian countries, however,
the local rice sector in Nigeria has been ill prepared to respond and adapt to
these changing demands. Mecting the demand for higher-quality premium
rice with domestic rice, therefore, is feasible in the short run only through the
promotion and use of the larger MRMs, as the government is already doing.
However, the heavy government support that the larger MRM:s require to
achieve this goal will potentially introduce economic distortions that will
undermine the health of the rice sector as a whole. As pointed out earlier, it
is unlikely that the large MRMs can be economically efficient in supplying
the domestic market so long as they continue to face limited access to quality
paddy. Their higher up-front capital investments and overheads will lead to
higher per-unit operating costs if they are forced to operate below capacity, as
experiences elsewhere in West Africa and in Asia have illustrated. In fact, it is
more likely that imports will not be totally displaced, while the small milling
sector continues to fill the void in supplying the domestic market with a more
inferior product.

Therefore, while popular attention has been on the establishment of large
industrial mills, serious attention should be given to revitalizing the domi-
nant small and medium milling sector, especially from a public policy per-
spective. The small sector has the potential to improve, given the current cost
and price structure it faces along its entire value chain—with the potential to
absorb increased costs (such as for de-stoning and colorization) to further pro-
cess better-quality milled rice. The potential is even greater if there is a sig-
nificant improvement in paddy production costs and yields, varieties (such as
long grain), access to improved milling technologies, and lowered trader and
marketing cost margins. Some of these can be addressed through the pro-
motion of miller clusters to take advantage of agglomeration effects from
economies of scale and location. Field observations showed very poor condi-
tions of basic infrastructure such as access to electric power, water, and good
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feeder-road networks. Addressing these basic infrastructural problems, along
with improving access to technologies, credit, and storage, will also be critical
to upgrading the sector and providing options to smooth out operations out-
side the typical harvest scason. Finally, although it is unlikely that the small
milling sector can produce a premium-quality brand comparable to that of
the larger and more capital-intensive milling sector, it has the potential to pro-
duce rice of sufficient quality and at a low enough cost to be able to meet the
demand and price preferences of the average consumer.

Conclusion
Several key messages arise from this chapter. First, while the production of
higher-quality premium rice is feasible in the short run and only through the
promotion and use of the larger MRM:s as the government is already doing,
this strategy will likely require continued government support via an import
tariff so long as Nigerian rice cannot compete with imports on price alone. It
will also require an expansion in the production of superior-quality paddy if
MRMs are going to access sufficient quantities to mill and the Nigerian rice
sector is going to improve its productivity and competitiveness with imports
over time. Otherwise, there is always the danger that in years to come the sec-
tor will still have to rely on the government to remain competitive, as experi-
ences elsewhere in West Africa and in Asia have shown. If this dependence has
to be maintained over a long period, such interventions can quickly become
a fiscal burden for the government, in addition to the economic costs asso-
ciated with higher consumer prices induced by import tariffs. As shown in
Chapter 2, higher consumer prices will only hurt the welfare of low-income
groups, as a large component of a poor household’s rice expenditures is for
subsistence. This could change, of course, but only if there are significant
reductions in operating costs and the logistical challenge of guarantecing a
constant supply of quality paddy is removed.

Second, investments to expand the large milling sector should not come
at the cost of ignoring the smaller milling sector. Serious attention should be
given to revitalizing this sector as well, especially considering it has the poten-
tial to absorb 25 to 33 percent in increased costs (such as for de-stoning and
polishing). Placing more emphasis on improving the productivity of small-
and medium-scale milling channels, such as from the greater use of labor-sav-
ing and quality-improving technologies, will help meet a broader demand base
for cheaper rice, while maintaining rural employment and income opportu-
nities for this dominant group of millers and paddy traders in the country.



138 CHAPTER 5

Meanwhile, trader and miller costs could also be lowered further if economies
of scale and location are taken advantage of by a greater number of small-to-
medium-scale millers choosing to locate within or in proximity to milling
clusters. However, more rescarch is needed to substantiate the degree to which
there are potential gains to be had from such agglomeration effects.

Finally, the presence of varying qualities of domestic rice that emerge from
the three different types of milling channels described in this chapter implies
a more complex story about their relative competitive advantages. While the
simple comparisons of production cfficiencies and costs with respect to the
paddy-to-milled conversion rate, milled-to-paddy and capital-to-labor price
ratios, and the economic discount rate are useful for this purpose, they do not
account for other policy, environmental, and economic factors that can affect
their competitiveness. For example, import restrictions can help protect and
thus explain the presence of large-scale operators when they would otherwise
be unprofitable without the policy. High transportation and marketing costs
can also affect the presence of larger-scale millers in high-production areas if
they are situated too far from lucrative markets. By considering these other
factors, we can test for whether they help explain the current mix of milling
types in the Nigerian rice economy, as well as answer the important question
posed at the beginning of this chapter: Are there differential abilities and effi-
ciencies among existing mill types (small to large) to supply the domestic mar-
ket? This is accomplished in the next chapter by using a Nigeria Rice Milling
Model specifically developed for this purpose.
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POLICY OPTIONS FOR MODERNIZING THE
MILLING SECTOR
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s noted in the previous chapter, investments to expand the large milling

sector should not come at the cost of ignoring the smaller milling sector.

Serious attention should also be given to revitalizing this sector to help
meet a broader demand base for cheaper rice while maintaining rural employ-
ment and income opportunities among this dominant group of millers and
paddy traders in the country.

Another key observation in Chapter S was the distinctive quality differ-
ences in the final products generated by each rice milling sector. Such product
differentiation implies a more complex story about comparative advantage and
cfficiencies between the small- and larger-scale milling sectors that produce
distinctive standard- and premium-quality rice types using a different mix
of technologies. Smaller de-huskers use rubber-roller technology, with cither
clectric- or diesel-powered motors, resulting in varying degrees of quality in
the final product (broken grains, discoloration, foreign debris, ctc.). Medium-
to-larger-scale millers use more modern and capital-intensive technologies
involving parboiling, drying, milling, de-stoning, and sorting stages, result-
ing in a more consistent, premium-quality rice grain. This is the grain that is
more apt to compete with imports. The mix of technologies, degrec of capi-
tal intensiveness, scale of operations, and so forth is not only about labor and
capital costs but very much a story about adequate access to paddy through-
out the year, especially for the larger-capacity mills. Additionally, energy costs
(fuel and electricity), transportation costs, marketing and transaction costs,
and prices can all greatly affect the profit margins and viability of the modern
and larger-capacity milling plants. Improving the quality of domestic rice in
order to compete more effectively with imports will therefore depend on how
profitable the medium-to-larger milling sector can still be if it upgrades and
expands production of premium-quality rice in Nigeria.

The objective of this chapter is to assess the potential for transforming and
modernizing the domestic rice milling sector in Nigeria using a mathemati-
cal programming model. More specifically, it sceks to address a number of key
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policy questions: Are there differential abilities and efficiencies among exist-
ing mill types (small to large) to supply the domestic markee? Given these dif-
ferences, what is the likely path for transforming the sector into a modernized
agro-industry in order to better compete with imports and meet domestic
demand? What would be the welfare implications, especially for rural employ-
ment? To answer these questions, a survey of the literature, field data, and use
of a spatial equilibrium rice milling model were adopted.

The chapter begins by providing an overview of the rice milling model
adopted here, including data sources and model assumptions. Details of the
model—including its mathematical derivation, parameter assumptions, and
validation—are provided in Appendix E. A number of policy scenarios are
introduced in the model to test for each milling sector’s ability to become more
competitive and meet local demand for both premium and standard rice vari-
eties. Results are measured as changes in quantity supplied, volume of imports,
and employment. Findings are that the small-to-medium-scale sector is the most
resilient to policy shifts and global price changes. Even with zero tariffs, these
enterprises are able to stay in business and employ a larger pool of labor. The
large-scale enterprises, on the other hand, require higher tariffs to stay in busi-
ness and are more likely to shift to milling imported brown rice under a zero tar-
iff policy regime. A final concluding section discusses the policy implications of
these model results and how they answer the key policy questions raised above.

Introducing a Rice Milling Model for Nigeria

To assess the viability of modernizing the milling sector in Nigeria, and
especially the optimal strategy for doing so, a rice milling model (RMM)

for Nigeria was developed using mathematical programming techniques to
reflect as much as possible the underlying economic structure of the rice mill-
ing industry in Nigeria. Adopring this approach is appropriate for a number
of reasons.

First, poor data availability makes an ex ante simulation type approach
more desirable. Second, the location of agro-industries is uniquely chal-
lenged by spatial constraints in accessing raw materials and product markets.
Finally, the RMM is especially suitable for analyzing the recent policy focus
of expanding the milling industry’s large-scale subsector. The model pro-
vides empirical estimates of this policy’s economic viability and implications
for raising the quality of milled rice and employment in the industry relative
to alternative policies that also promote improvements in either the small
and medium mill subsectors or both.
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The RMM builds on the literature of industrial location, industrial clus-
ters, and industrial organization theories, studies that generally analyze the
optimal scales, numbers, and locations of processing plants, given a spatial dis-
tribution of access to raw input sources, transportation and input costs, and
output markets. Their application to agriculture is especially suitable because
of the spatial nature of agriculture as a supplier of raw and perishable inputs
to agro-industries. Fewer “traditional” location-allocation applications in agri-
culture have been applied in recent times (Lucas and Chhajed 2004).! This
is despite a growing interest in the analysis of supply chains and industrial
clustering. As large multinational firms become more dependent on multiple
resource and input suppliers in the production process, the optimization of
the complete supply chain becomes critical in maximizing the firm’s profits.
Optimizing the supply chain involves choosing the number, location, capac-
ity, and types of industrial plants and/or warehouses; from whom and in what
quantity to buy raw inputs; the type and volume of products to produce and
which markets to target; as well as amounts to hold in inventory. Industrial
organization theory introduces many of the real-world challenges typically
ignored in a perfectly competitive world, such as the presence of transaction
costs, imperfect information, and barriers to entry. The agglomeration effect
is also important in explaining industrial clustering—for instance, lowering
the cost of producing or marketing a product in a particular location due to
economies of scale (Mccann and Sheppard 2003; Jones and Woods 2002). In
Nigeria, the agglomeration effect can be particularly useful in explaining the
appearance of milling clusters of small- and medium-scale operators in a num-
ber of states, for example.

Because of an interest in determining the optimal scale and mix of the
milling industry, this chapter builds on earlier empirical work and adopts
the industry profit-maximization model, as in Durham and Sexton (1996).
With this model, it is possible to assess the optimal scale mix and efficiencies
across the different milling sectors and to provide empirical estimates of the
Nigerian rice milling industry’s ability to raise the output of quality milled
rice and employment in the country. Just as importantly, accessing sufficient
quantities of a higher-quality (or premium) paddy varicty becomes critical in
this regard. While the largest cost share of milled rice is paddy, whose price is

I One exception is econometric studies that test for che factors influencing agro-industry location
in food processing in the United States, for example. The work has typically framed the problem
as a profit-maximization one—relating profit to the difference berween revenues (local price
and quantity sold) and costs of raw inputs and plant operations, all of which vary across space,
Brown, Florax, and Mcnamara (2009) provide a good review of this literature.
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affected by transport costs from the farm to the mill, transport costs to prod-
uct markets arc expected to be just as large because destinations are typically
not the same as the paddy source. Rice marketing or trader costs in Nigeria
appear to be quite high, as illustrated in Chapter S.

Referred to as the RMM for Nigeria, the mathematical programming
model compares three industry scales for milling rice in Nigeria in order to
determine the optimal scale mix for producing rice more efficiently and to
become more competitive with imports. Both transport and marketing costs
are explicitly included in the model. Basically, the model determines the opti-
mal location and competitiveness of different types of mills across regions
(small, medium, and large scale), subject to supply, capacity and storage con-
straints, exogenous market prices, production technology, resource costs, and
transportation and marketing costs.

The RMM for Nigeria can be considered a two-commaodity, spatially ori-
ented optimization model with an objective of maximizing industry profits
across three miller sectors based on current scale technologies, two differen-
tiated paddy rice varieties (common and superior quality) and correspond-
ing types of milled rice (standard and premium quality), and two production
seasons. “Superior paddy varieties” refers to the most preferred rice seed for
milling premium-quality rice among medium- and large-scale millers, such
as FARO 54. “Common paddy varieties,” on the other hand, refers to both
traditional and other older improved rice seeds that are considered inferior
for milling purposes and thus produce standard-quality rice. These are only
milled by the small milling sector. The geographic unit of analysis is the
state level, for all 37 states in the six geopolitical zones listed in Table E.7 in
Appendix E. Figure 1.1 in Chapter 1 shows the location of all 37 states on a
map. The model is calibrated to 2010 base-year quantities of total paddy pro-
duction by state and milled rice output at the national level, as well as—given
current levels of input and output prices—operating costs, transportation
costs between state capitals, and production capacities and resources in each
state. Prices are assumed to be exogenous to the model, while quantities of
paddy and milled rice are treated as decision variables. The price of milled
premium rice is explicitly linked to the world price (inclusive of global ship-
ping, off-loading, and other port fees at Lagos), the rice import tariff, and any
inland transportation and marketing costs. The price of premium rice faced
by the medium-scale sector is assumed to lie halfway between the large- and
small-scale miller prices. This assumption reflects the fact that medium-scale
operators produce better-quality rice than small millers but less than the large
industrial millers.
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Although local paddy can be purchased from any state subject to transpor-
tation and marketing costs, this is limited to the superior paddy rice preferred
by medium- and large-scale operators to produce premium-quality milled
rice. The superior paddy is also assumed to capture a price premium over more
common varieties, as evident from Chapter 5. The small milling sector, on the
other hand, is assumed to purchase paddy only within their respective state—
and then, typically, the common paddy variety to produce standard-qualicy
milled rice. This is reasonable considering that the smaller milling sector
mostly services local producers and consumers. Consequently, output is differ-
entiated between premium and standard milled rice types. Only the medium-
and large-scale millers produce the premium rice that is more comparable with
imports. Therefore, to account for any changes in output as prices are made to
adjust to tariff or world price changes, inverse supply functions of both paddy
varieties demanded by each of the milling sectors are introduced into the
model to allow prices to also adjust accordingly.

All the data and underlying assumptions are based on various secondary
sources and the author’s own fieldwork. Among the secondary data sources,
production data were taken from the National Agricultural Extension and
Research Liaison Services (NAERLS 2009) for the 2009 production season,
while prices were annual averages from the National Bureau of Statistics (NBS)
for 2010 and 2012 (for paddy, local rice, and imported). To be consistent
with the price data, a base tariff rate of 50 percent in 2010 was used. Nigerian
Agricultural Transformation Agenda (ATA) documents were relied on in defin-
ing the country’s national objectives and targets for improving the milling sector.

The primary data are based on the author’s own field visits to four major
rice-producing states (Niger, Kano, Benue, and Kwara; see Figure 1.1 in
Chapter 1 for the locations of states) in 2012 and 2013, as described in
Chapter 5. As highlighted before, there are very poor data on the rice post-
harvest sector, aside from rapid appraisals. The only exception is a 2002-2003
study undertaken by the Africa Rice Center and Nigerian partners (Lancon
ct al. 2003b). Consequently, estimation of both fixed and operational cost
dara relied heavily on the data collected from the field visits, including milling
capacity and technologies, production costs (material, labor, and other inputs),
output, and prices. These data contributed to defining the model’s set of
parameters in its objective (profit), production technology, and resource con-
straint functions. Parameter estimates for the small- and medium-scale mills
were compared with those of Langon ct al. (2003a) to ensure their accuracy, as
the latter involved a much larger sample. As much as possible, thercfore, model
parameters were estimated based on both past data and field observations
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by the author. As noted earlier, the model was calibrated to a baseline year of
2010 with a SO percent tariff rate for rice imports. The baseline year of 2010
was chosen to be consistent with the price and tariff data and partially because
state- and national-level production figures were not expected to change as
much from the NAERLS data collected in the 2009 harvest season. Although
the data used come from various sources and relate to various years, every
effort was made to update to the base year where possible.

Upon validating the results of the model to the base-year levels of output,
a number of policy scenarios were introduced to test for each milling sector’s
ability to become more competitive and meet local demand for both the pre-
mium and standard rice varieties. Further details of the model, data assump-
tions, and model calibration and validation are provided in Appendix E.
The policy scenarios introduced in the model and corresponding results are
reported by milling sector and region in the following section.

Using the Rice Milling Model: Policy Scenarios
and Results

Potential effects of a number of policies and strategics, either proposed under
the ATA or for future consideration, are considered in the RMM. Brown rice
milling is permitted under all the policy scenarios but limited to the large-
scale milling sector. Policies are either trade related (e.g. the introduction of
rice import tariffs) or public investment related. For the latter, this includes
(1) technology or research and development (R&D)-related investments to
improve access to superior-quality paddy and the productivity of paddy pro-
duction and (2) investments to improve market efficiencies through lowering
of both marketing and transportation costs. More specifically, the policy sce-
narios introduced in the model include the following:

S1 Trade policy (trade). Introduction of a change in import tariff. Base
is with a 50 percent tariff in place. Two additional tariffs are intro-
duced: (i) a reduction to 0 percent tariff, and (ii) an increase to
100 percent tariff.

S2 Technology policy (science and technology, S&T). Investing in R&D
and irrigation to promote superior-quality paddy varieties and produc-
tivity growth in overall paddy production. The scenario in the model
involves increasing by 50 percent the adoption of superior-quality vari-
eties and expansion of current irrigation area in states producing more
than 50,000 metric tons (MT). Tariffs are kept at their base.
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S3 Marketing improvement (markets). Lowering high transportation and
marketing costs through improved performance (e.g., by increased
investments in road infrastructure, transportation, and communica-
tions). Tariffs are kept at their base.

S4 All combined (all). The combined effect of all three scenarios is also
considered (i.e., S1 + S2 + S3).

Aside from evaluating these policy effects under the current state of mill-
ing capacities and technology in the country, I also consider their effects under
a number of investment strategies targeted to improve each of the three mill-
ing sectors, either separately or collectively, in order to expand their capacities
or improve their efficiencies. Overall, four milling strategies are considered:

MI Large-scale strategy. Expanded milling capacity (doubling the num-
ber of large-scale mills, increasing them from 17 to 34, as under the

ATA plan).

M2 Medium-scale strategy. Improving further processing (de-stoning and
polishing) for premium rice (by a 20 percent increase in milling costs),
plus gaining a price premium of 10 percent more in milled rice prices.

M3 Small-scale strategy. Doubling milling costs (because small mills’
operating costs are so low they would need to at least double to pro-
duce a notable improvement in processing) and capturing a price pre-
mium of 10 percent more in milled rice prices from further processing
(e.g., de-stoning) for standard rice.

M4 Comprehensive strategy. Combining all three strategics
(M1 + M2 + M3).

Evaluating the three policy effects under each of these strategies will help
weigh the benefits and costs for choosing one over the other. The benefits
and costs are measured in terms of changes in total milling output from the
base year by miller sector and type of rice; changes in the mix of miller types
from the base year with respect to their contribution to total national output;
changes in the mix of premium- versus standard-quality rice produced in the
domestic rice economy; and changes in employment by the rice milling indus-
try from the base year by miller sector and type of rice.

Tables 6.1 and 6.2 summarize the results with respect to the effect of a
round of policy shocks on total rice output. From Table 6.1, it is clear that the
variant of policy scenario S4—which includes combined investments in rice



TABLE 6.1 Effect of policies on national output by types of miller and rice (million MT)
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Policy Scenarios By type of miller (scale) By type of rice

Large® LargeP Med Small Total Premium Standard Total

Scenario Tariff (%)? Brown Local only Brown & local Local All

Output (million MT)
Base 50 0.6 0.5 0.3 2.3 3.1 1.4 23 3.7
$1—Trade 0 1.1 0.0 0.2 23 25 1.3 2.3 36
100 0.0 0.7 0.6 2.3 36 1.3 2.3 3.6
52 — S&T 50 0.6 05 0.5 2.4 34 1.6 2.4 4.0
S3 — Markets 50 1.0 0.1 0.6 2.8 35 1.7 2.8 45
S4 —All 50 0.9 0.2 0.6 3.2 4.0 1.7 3.2 49
0 1.1 0.0 0.6 3.2 3.8 1.7 3.2 49
100 0.0 0.9 1.0 2.6 45 1.9 2.6 45
Percent change from base (%)

S1 —Trade 0 83.3 -100.0 -33.3 0.0 -19.4 7.1 0.0 2.7
100 -100.0 40.0 100.0 0.0 16.1 71 0.0 2.7
§2 - S&T 50 0.0 0.0 66.7 43 97 14.3 4.3 8.1
$3 — Markets 50 66.7 -80.0 100.0 21.7 12.9 214 21.7 21.6
S4 —All 50 50.0 —60.0 100.0 39.1 29.0 21.4 39.1 324
0 83.3 -100 100.0 39.1 22.6 21.4 39.1 324
100 -100.0 80.0 233.3 13.0 45.2 35.7 13.0 21.6

Source: Rice Milling Model results.

Notes: 2Base year includes a 50 percent tariff. bFor farge millers, they have an option to mill brown rice (large brown) or local paddy rice (large local only). Notice that a complete switch occurs
when tariffs are removed or raised to 100 percent (favoring brown rice for the former and local paddy for the latter). MT = metric tons. S&T = science and technology.
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TABLE 6.2 Effect of policies on shares in national output by types of miller and rice (percent
of total rice output)

Policy Scenario Type of miller (scale) Type of rice
Tariff Large Large
Scenario (%)2 brown?  local? Med Small Total® Premium Standard
Base 50 16.2 13.5 8.1 622 100.0 37.8 622
S1-Trade 0 30.6 0.0 5.6 63.9 100.0 36.1 63.9
100 0.0 19.4 16.7 63.9 100.0 36.1 63.9
§2 - S&T 50 15.0 12.5 12,5 60.0 100.0 40.0 60.0
S3 — Markets 50 22.2 2.2 13.3 62.2 100.0 37.8 62.2
S4 - All 50 18.4 41 12.2 65.3 100.0 347 65.3
0 22.4 0.0 12.2 65.3 100.0 347 65.3
100 0.0 20.0 22.2 57.8 100.0 422 57.8

Source: Rice Milling Model results.

Note: S&T = stience and technology. Numbers might not always add up to 100 because of rounding. ®Base year includes
a 50 percent tariff, " For large millers, they have an option to mill brown rice (large brown) or local paddy rice (large local).
Notice that a complete switch oceurs when tariffs are removed or raised to 100 percent {favoring brown rice for the former
and local paddy for the latter). ®Total includes large brown as well as the three local rice types.

R&D (referred to in the table as “S&T”) and improved market performance
(referred to here as “markets”) but does not include a tariff change—has major
effects on overall output. Local production of rice can potentially rise from 3.1
to 4.0 million MT at the current 50 percent base tariff rate. Simply increasing
the tariff rate to 100 percent (policy scenario S1) does not produce as much,
rising to 3.6 million M'T, although higher than S2 for S&T alone and $3 for
markets alone. There are several reasons for this. First, prices do not rise as
much as the increase in the tariff—a result that is also validated from actual
price data in Chapter 7. Moreover, while prices for premium rice in the large-
scale sector rise by a 0.7 fraction of the tariff change in the model, prices for
the bulk of standard and premium rice flowing from the medium milling sec-
tor were assumed to rise much more slowly (about 20 percent of the change
in tariff). Paddy prices were also assumed to increase at about the same rate
as the rise in standard rice prices. A reasonable assumption, this also implies a
weak supply response in paddy production based on the previous findings in
Chapter 4. Finally, the higher tariff simply replaces brown rice milling with
milling of local paddy only in the large-scale sector.

A rise in premium rice prices due to the higher 100 percent tariff bene-
fits local rice milling by raising the price margin between paddy and milled
rice for both large- and medium-scale operators. As a result, as shown in S1 in
Table 6.2, both sectors respond with higher output from milling local paddy—

although only the smaller medium-scale sector is adding anything to total
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output. For the large-scale sector, its share of milled rice actually declines from
28.9 (16.2 plus 12.7) in the base to 20.2 percent (from both brown and local)
as the sector shifts away from milling any imported brown rice. Alternatively,
increasing investments in either R&D (paddy S&T) in S2 or market improve-
ment (markets) in S3 also produces a higher supply response in the medium
milling sector, which almost doubles its output under the current tariff
regime (50 percent tariff base). For the large-scale sector, improved markets
(e.g.» through lowered transportation costs) in S3 actually favor the milling
of imported brown rice when there has been no change in the tariff regime,
as millers farther from the port of entry face lower transportation costs. The
smaller milling sector seems to benefit more from the combined effect of
both R&D and market improvements, as in S4, with its share of output ris-
ing above 65 percent (Table 6.2) regardless of whether the current tariff is
removed or not. Increasing tariffs to 100 percent, on the other hand, reduces
the sector’s share from 63.3 in the base to 58.5 percent. The higher favorable
prices for rice producers and millers benefit all (see increased output volumes
in Table 6.1), but especially the medium- and larger-scale millers, who are
able to increase their shares of national output. The combined effect of the
high tariff and investments in R&D and markets naturally produces a greater
supply response, especially from the medium- and large-scale sectors (or for
milled premium rice). The increase in the supply of superior-quality variet-
ies from R&D and adoption, lowered transportation and marketing costs,
together with more favorable rice prices, drives such a response. I will come
back to this later.

Another way to evaluate which milling sector benefits or is more resilient to
a policy shock is to examine their resulting industry shares in the national total
after the shock. Table 6.2 summarizes this for both miller types and the rice
type on aggregate. In the base case, the large sector contributes about 29 percent
to total rice milled in the country (this is including brown rice). The medium-
scale sector is the smallest, contributing only about 8 percent to total rice in
the country, with the rest of the rice (the more inferior standard rice) coming
from the small milling sector (about 63 percent). Again, the introduction of
2100 percent tariff regime makes only a very little dent on the supply of local
rice, either premium or standard. While large millers switch completely to local
paddy milling, they simply replace the brown rice they would otherwise mill
under a lower tariff regime. This is also a sector whose total milling capacity is
constrained in the model by the actual number of mills and locations where they
are situated in the country. For example, the bulk of milling brown rice occurs
in Lagos (estimated to have about six large rice mills).
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Altogether, the shares of local premium rice do not rise much with either
higher tariffs or improvements that lower transportation and marketing costs
unless there are significant investments to expand production of higher-quality
premium varieties (S2 and S4 row). The lower costs not only result in lower mill
gate prices for paddy but for brown rice, too. The result is that many of the large
millers switch to brown rice milling, even in northern Nigeria.

The effects of the different policies on output and industry shares among
types of rice millers and types of rice can vary widely at the subnational level,
especially given the spatial nature of the model. Table 6.3 shows the policy
effects on regional output. Because much of the production of rice in Nigeria
occurs in the North Central, North East, and North West zones (for N igeria’s
six geopolitical zones, see the footnote in Figure 1.1), a majority of the increase
in total output comes from these three regions. All three also benefit more from
policies focused on increasing, through S&T investment, productivity and
growth in the supply of quality rice paddy than under the higher tariff regime:
in $4, with the base tariff, total output rises by between 37 and 57 percent. The

TABLE 6.3 Effect of policies on zonal output by types of rice

Policy Scenario Zone
Scenario Tariff %2 NC NE Nw SE SS National
Quantity (million MT)
Base 50 0.97 0.77 1.04 0.40 0.01 3.63
S1 —Trade 0 0.96 0.76 1.03 0.40 0.01 3.59
100 1.02 0.89 1.19 0.40 0.04 3.63
§2 — S&T 50 1.06 0.91 1.14 0.40 0.01 3.96
S3 — Markets 50 1.23 0.95 1.38 0.46 0.04 4.51
S4 - All 50 1.36 1.01 1.63 0.49 0.04 4,98
0 1.33 1.06 1.64 0.43 0.01 4.91
100 1.15 1.22 1.34 0.49 0.04 4.44
Percent change from base (%)
S1 —Trade 0 -1.0 -1.3 -1.0 0.0 0.0 -1.1
100 5.2 15.6 144 0.0 300.0 0.0
S2 - S&T 50 9.3 18.2 9.6 0.0 0.0 91
S3 — Markets 50 26.8 234 327 15.0 300.0 242
S4 —All 50 40.2 31.2 56.7 225 300.0 372
0 37.1 37.7 57.7 7.5 0.0 353
100 18.6 58.4 28.8 225 300.0 22.3

Source: Rice Milling Model results.

Note: NC = North Central zone; NE = North East zone; NW = North West zone; SE = South East zone; SS = South South
zone; SW = South West zone. MT = metric tons. S&T = science and technology. 2Base year includes a 50 percent tariff,
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South West region is particularly sensitive to higher tariffs, as millers in this
region are unable to switch to local paddy. Instead, they would have to purchase
it from excess paddy producing states such as Niger and Benue.

The changing mix in the operating scale of the rice milling industry can
have important implications on employment outcomes within each miller sec-
tor. To estimate employment by milling type, calculations were made based
on the average of field observations with regard to the number of full-time
persons employed by cach milling type’s capacity during peak operations and
calculated as the number of employees per maximum MT capacity that can
be produced in a single year. For large-scale milling operations, this is 0.002
for milling imported brown rice (i.c., 400 employees/[24 MT/ hr * 24hrs *
330 days/yr]) and 0.003 for milling local paddy (i.c., 400 employees/[18 MT/
hr * 24 hrs * 330 days/yr]); for medium-scale operations, this is 0.005 (i.c.,

20 employees/[2 MT/hr * 8 hrs * 270 days]); and for small-scale operations,
this is 0.017 (i.c., 10 persons/[0.5 MT/hr * 8 hrs * 150 days]).

National employment in the rice milling sector for large-, medium-, and
small-scale mills adds up to a very rough figure of about 43,000. For our pur-
poses, however, the accuracy of this absolute number is not as important
because we are only interested here in the proportional change and direction
(up or down) in employment due to different policy scenarios.

Table 6.4 reports the change in total employment due to each policy sce-
nario introduced in the model by each miller type and by rice type (premium
or standard). Table 6.5 shows the shares of labor employed by milling type. In
total, it is estimated that the small milling sector employs over 90 percent of

TABLE 6.4 Effect of policies on change in employment by miller and rice type (percent
change from base)

Policy Miller type (scale) Type of rice
Investments  Tariff %? Large® Med Small Premium  Standard Total
S1 —Trade 0 -9.2 -20.2 -1.4 -13.0 -1.4 2.4
100 -18.8 104.3 0.3 235 0.3 2.4
§2 - S&T 50 2.2 83.6 35 30.2 3.5 5.9
S3 — Markets 50 -7.6 109.9 22.1 32.8 22.1 23.1
S4 - All 50 -3.0 123.2 40.7 40.4 40.7 40.6
0 -9.2 104.9 40.0 30.0 40.0 39.1
100 -5.8 247.2 129 81.2 129 19.1

Source: Rice Milling Model resuits.

Note: S&T = science and technology. 2Base year includes a 50 percent tariff. b arge here includes both brown and local
paddy rice milling. The reduction in employment for large scale under the 100 percent tariff is primarily because of the
closure of large mills in Lagos, as they find it unprofitable to mill local paddy as a substitute for brown rice after tariffs rise
to 100 percent.
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TABLE 6.5 Effect of policies on changes in employment shares by miller
type (as percent of national employment in the rice milling industry)

Policy Miller type (scale)
Investments Tariff %@ LargeP Medium Small
Base? 50 6.0 3.1 90.9
S1 -Trade 0 5.6 2.6 91.8
100 438 6.3 89.0
§2 - S&T 50 5.8 54 88.8
S3 — Markets 50 4.5 5.4 90.1
S4 - Al 50 41 5.0 90.9
0 39 46 91.5
100 47 9.2 86.1

Source: Rice Milling Mode! results.

Notes: S&T = sclence and technology. Totals across miller types may not always equal 100
because of rounding. @Base year includes a 50 percent tariff. "Large here includes both brown
and local paddy rice milling.

the labor force in the country’s rice milling industry. The medium milling sec-
tor employs the least—although the position of the lowest-employing sector
can quickly shift from the medium- to the large-scale sector as policies affect
millers’ operations. An important implication of this is that any small change
in output within the small milling sector has more significant effects on over-
all employment. The other sector most affected by small changes in output

is the medium sector, simply because of its higher dependence on labor per
metric ton of output than the large sector. In fact, Table 6.4 shows that much
of the gain in employment is experienced by the medium sector, as the pro-
duction of premium rice rises following increases in R&D investments and
improved markets; employment more than doubles as a result, although this
is still a small rise as a share of the total employed in the industry (from 3 to

5 percent, as shown in Table 6.5).

Turning to the milling technology and expansion strategies, four differ-
ent strategies arc introduced to test for their effect on total output, employ-
ment, and shares of the premium versus the standard varieties of local rice.
Results are summarized in Tables 6.6 through 6.8. The first strategy is the
large-scale one that involves introducing the 17 new large integrated mills pro-
posed under the ATA strategy for rice. The three largest rice-producing zones
(North Central, North East, and North West) naturally gain the largest share
of new mills. Among current capacities, the South West is dominated by mills
that mostly process brown rice. Although capacity utilization in the base case
is about 96 percent in the large-scale sector, the introduction of 17 new mills
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results in a much lower capacity utilization ratio of 58 percent. This may
explain the small effect on total output illustrated in Table 6.6: with no tar-
iff change, brown rice milling and paddy rice milling increase only 0.7 and
3.4 percent, respectively, in the large sector (S1 row, column under the large-
scale strategy and base 50 percent tariff, and with no change in paddy produc-
tivity and improvement of markets). Despite the expanded milling activities
in the large-scale sector, total rice output in the country changes little due to
a limited supply of superior local paddy varieties. The superior varieties are
demanded by both medium- and large-scale millers, so that an increase in

the capacity of large-scale milling under the ATA strategy simply diverts the
paddy away from medium-scale millers (notice the 3.5 percent decline in out-
put for this milling sector in Table 6.6). All in all, milled output of premium-
quality rice (produced by the medium- and large-scale sectors only) turns out
to increase by only 0.6 percent.

At the current tariff rate, combining the large-sector strategy with
improvements in paddy rice productivity and markets seems to have negligi-
ble effects on output ($4, with no tariff change and with S&T and markets).
While large-scale millers actually increase output of milled brown rice by
9.4 percent, they decrease their milling of local paddy by 12.7 percent. While
this may seem counterintuitive at first glance—one would expect the mill-
ing of local paddy to increase as the supply of paddy increases—the lowered
transportation and marketing costs allow more large millers to partially shift
to milling imported brown rice, as moving it from the port of Lagos becomes
cheaper. Moreover, brown rice milling is cheaper because it does not require
any parboiling and is not constrained by limited supplies during lean seasons,
as is the case for Jocal paddy.

Rice import tariffs can have significant effects on the large-scale sector.
The biggest increase in large-scale output of premium rice actually occurs
when tariffs are removed and a productivity change in paddy and improved
market performance also occur (S4 scenario in Table 6.6 under large-scale
strategy and a zero tariff rate). Production of premium-quality rice increases
by 36.3 percent compared to a higher tariff of 100 percent, when it increases
by only 18.0 percent. Evidently, with zero tariffs, most large millers switch to
imported brown rice milling, adding a significant amount of premium rice in
the marketplace and above the total supply of local paddy. The smaller milling
sector contributes the most to the increase in total local rice under zero tar-
iffs—an increase of 25.6 percent.

Examining across the four strategies in Table 6.6, a medium-scale strategy
has a similar positive response in supplying premium-quality rice as does a



TABLE 6.6 Effect of different miiler strategies on total output by miller and rice type (percent change from base)

M1. Large—scale strategy

M2. Medium—scale strategy

M3. Small-scale strategy

M4. Comprehensive strategy

Sector =0% =50%* T1=100% =0% 1=50%* 7=100% =0% =50%* T1=100% 7=0% =50%* T=100%

L-brown 40.7 0.7 -16.2 13.9 31 -16.2 13.9 04 -16.2 40.7 39 -16.2
é L-local -12.7 34 215 -12.7 -3.4 3.9 -127 -17 75 -127 -4.7 11.5
E Med -1.6 -3.5 -3.7 -5.2 5.1 15.8 -1.6 -0.2 8.2 5.2 37 8.2
E Small -0.3 0.3 0.1 1.2 -1.2 0.1 1.7 3.1 0.2 3.2 2.3 0.1
% Total local -14.6 02 17.9 -16.7 05 19.8 -12.6 1.2 15.9 -14.7 1.3 19.8
E Premium 26.5 0.6 1.7 -4.0 4.8 35 —04 -1.5 -0.5 22.8 2.8 3.5

Standard —0.3 0.3 0.1 1.2 -1.2 0.1 1.7 3.1 0.2 32 2.3 0.1
o L-Drown 40.7 94 -16.2 13.9 7.9 -16.2 13.9 99 -16.2 40.7 12.3 -16.2
% L-local -12.7 -12.7 247 -12.7 6.8 6.5 -12.7 -8.7 10.2 -12.7 -9.5 1.7
.E Med 8.3 -5.2 9.5 ~-1.1 9.6 31.3 1.7 8.6 17.5 2.5 8.8 212
g Small 25.6 1.2 4.1 322 257 0.6 43.9 376 12.6 43.0 38.1 8.1
»
£ Total Jocal 21.2 -16.7 38.3 18.4 28.5 384 329 375 40.3 328 374 41.0
i Premium 36.3 -8.6 18.0 0.1 10.8 21.6 29 9.8 11.6 25.6 11.5 16.7
® Standard 25.6 1.2 41 322 25.7 0.6 439 376 12.6 48.0 38.1 8.1

Source: Rice Milling Modet results.
Note: S&T = science and technology. L-brown and L-local refer to large brown and large local, respectively. *Note that =50 percent is really the base period tariff; therefore, for the large-sector strategy,

the change in output is measuring the effect of introducing 17 new mills without any change in tariffs. For the medium- and small-sector strategies, under the same =50 percent tariff, the output

changes reflect improvements in their current milling technologies, with no tariff change, but with alternative S1 and S4 scenarios (S&T here stands for improved paddy varieties). Changes from base are
weighted by the share of the sector in total output.
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large-scale strategy, especially under a protective tariff regime of 100 percent.
The medium milling sector strategy with 100 percent tariff and no changes in
paddy production of market improvements (S1) would have the effect of increas-
ing output of the premium-quality ricc by 3.5 percent compared with only

1.7 percent under the large-scale strategy of adding 17 new large mills. Under a
small-scale strategy, on the other hand, the small sector would raise national out-
put of local rice by only 1.2 percent with no change in tariffs, while adding lictle
to increase the output of premium rice. Higher tariffs under this strategy mainly
benefit the large- and medium-scale sectors. Altogether, rice output for both pre-
mium and standard rice types increases the most under a comprehensive strategy
that invests in all three milling sectors, with improvements in paddy productiv-
ity and markets (S4) and with zero tariffs. National output of premium-quality
rice would increase by 25.6 percent, while the supply of standard-quality rice
would increase by 48.0 percent. However, much of the increase in premium rice
is derived from the milling of brown rice. Ensuring sufficient growth in the sup-
ply of domestically produced premium-quality rice would occur under a more
liberal tariff regime (zero tariffs) that permits the milling of brown rice. The
milling of local paddy is otherwise unprofitable for a majority of large millers at
zero tariffs.

Disaggregating the effects on output by zones mostly reflects the distribu-
tion of major rice-producing regions. The exception is the South West zone:
this zone’s output most consistently and dramarically fluctuates as tariffs
change. Table 6.7 illustrates this by showing a typical 10 to 11 percent reduc-
tion in its contribution to national output at the 100 percent tariff level. The
explanation for this is the going out of business of several mills, as the milling
of brown rice is no longer profitable at this tariff level. This occurs as other
regions, especially in the three northern zones (NC, NE, and NW), expand
their large-scale milling of local paddy, with some regions even reaching maxi-
mum capacity utilization.

The effect on employment across the various strategics can also be exam-
ined. Table 6.8 reports the estimated effects of cach strategy on employment,
weighted by each sector’s share in total employment in the country’s milling
industry. Naturally, employment rises as output rises in most cases. As in the
case of increased output, for example, the effects on employment are great-
est in S4, with increased R&D investments and market efficiencies. Within
S4, a comprehensive strategy that focuses attention on all the sectors, com-
bined with zero tariffs and permitting the milling of brown rice, produces the
greatest employment effects. Because the removal of tariffs from the base of
50 percent can also be similarly viewed as a reduction in the global rice price



TABLE 6.7 Effect of different miller strategies on total output by zone (percent change from base)

M1. Large-scale strategy M2. Medium-scale strategy M3. Small-scale strategy M4. Comprehensive strategy
Zone =0% 7=50%* 7=100% =0% 1=50%* T1=100% =0% 7=50%* ©=100% 7=0% =50%" T1=100%

2 NC 6.2 0.8 3.2 -0.2 1.8 45 0.1 0.8 14 6.2 1.8 57
% NE 3.2 0.2 1.8 -2.0 -0.2 48 0.0 0.2 3.3 1.2 -0.1 47
§ NW 6.0 0.2 5.6 -0.5 1.5 5.3 1.4 0.3 4.1 7.7 2.8 4.8
g SE 9.5 0.0 1.3 0.0 0.3 -0.8 0.0 0.1 0.0 9.5 0.4 -1.3
5_ SS 0.1 0.1 0.8 0.1 0.1 0.8 0.1 0.2 0.8 0.1 0.2 0.8
Z SwW 1.3 0.0 -10.9 | 03 0.0 -11.0 0.1 0.1 -9.8 1.4 0.1 -11.0
2 NC 16.0 10.6 6.6 12.8 104 9.5 1.7 13.2 6.7 18.3 13.7 9.6
2

g NE 1.4 6.7 10.4 45 6.8 12,5 121 121 12.4 12.8 12.1 10.3
g NW 22.8 16.1 111 143 16.2 96 | 184 16.6 8.6 27.0 16.8 12.7
53 SE 10.2 4.0 3.7 0.7 2.4 0.6 486 45 2.6 13.8 6.2 2.3
§ SS 0.1 0.8 0.8 0.1 0.8 0.8 0.1 0.8 0.8 0.1 0.8 0.8
g SW 1.4 0.1 -10.4 -0.1 0.1 -10.8 -0.1 0.1 =71 14 0.1 -10.9

Source: Rice Milling Mode! results.

Note: NC = North Central, NE = North East, NW = North West, SE = South East, SS = South South, SW = South West. S&T = science and technology. *Note that 7=50 percent is really the base period
tariff; therefore, for the large-sector strategy, the change in output is measuring the effect of introducing 17 new mills without any change in tariffs. For the medium- and small-sector strategies, under
the same 7= 50 percent tariff, these are improvements in their current milling technologies, with no tariff change, but with alternative S1 and S4 scenarios (S&T here stands for improved paddy varieties).
Changes from base are weighted by the share of the sector in total output.
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TABLE 6.8 Effect of different miller strategies on total employment in the milling industry by miller and rice type (percent change from base total)

M1. Large—scale strategy M2. Medium-scale strategy M3. Small-scale strategy M4. Comprehensive strategy
Sector =0% =50%" T1=100% 7=0% =50%* T=100% =0% 1=50%* 71=100% =0% =50%* T1=100%
L-brown 74 0.1 -2.9 25 0.6 2.9 2.5 0.1 =29 7.4 0.7 =29
g L-local =31 0.8 5.2 =31 -0.8 0.9 =31 -0.4 1.8 =31 -1 2.8
E Med -0.6 1.4 -15 -21 20 6.3 —0.6 -0 33 -21 1.5 33
E Small -04 0.4 0.1 1.8 -1.7 0.1 2.5 4.5 0.3 4.7 3.4 0.1
§ Total local -4.1 -0.2 3.8 -34 -0.5 7.3 -12 4 54 -0.5 3.8 6.2
; Premium 37 -0.4 0.8 —2.6 1.8 4.3 -1.2 -0.4 2.1 2.2 1.0 31
Standard -04 0.4 0.1 1.8 -1.7 0.1 2.5 4.5 0.3 47 3.4 01
. L-brown 74 1.7 -2.9 25 14 -29 25 1.8 29 74 22 -2.9
% L-local -3.1 =31 6.0 =31 -1.6 1.6 -31 21 2.5 -31 -2.3 2.8
.S Med 33 21 3.8 -0.4 3.8 12.5 0.7 3.4 7.0 -1.0 3.5 8.5
g Smalt 36.9 1.8 6.0 46.3 37.0 0.9 63.1 54.0 18.2 68.9 54.8 1.6
7]
£ Total local 37.1 -34 15.8 42.8 39.2 15 60.7 55.3 277 64.8 56 22.9
E Premium 7.6 -3.5 6.8 -1.0 3.6 111 041 31 6.5 3.3 34 8.3
® Standard 36.9 1.8 6.0 46.3 370 0.9 63.1 54.0 18.2 68.9 54.8 11.6

Source: Rice Milling Model results.

Note: S&T = science and technology. L-brown and L-local refer to large brown and large local, respectively. *Note that =50 percent is really the base period tariff; therefore, for the large-sector strategy,
the change in output is measuring the effect of introducing 17 new mills without any change in taritfs. For the medium- and small-sector strategies, under the same T=>50 percent tariff, the output
changes reflect improvements in their current milling technologies, with no tariff change, but with alternative S1 and S4 scenarios (S&T here stands for improved paddy varieties). Changes from base are
weighted by the share of the sector in totai output.
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of 50 percent, this scenario could be particulatly relevant given the current
downward trend in global rice prices.

Conclusion

Chapter 5 emphasized that improving the quality of domestic rice in Nigeria
in order to compete more effectively with imports will depend on how much
the country’s milling industry can be transformed to increase its productivity
and expand production of premium-quality rice. The objective of this chap-
ter is to assess whether this is feasible and how it could be done given the cur-
rent technology mix and scale of the different miller types in Nigeria. More
specifically, it secks to address a number of key policy questions: Are there
differential abilities and efficiencies among existing mill types (small to large)
to supply the domestic market? To what extent does increasing tariffs help
the industry? This is accomplished through the development and applica-
tion of a simulation model representing the rice milling industry in Nigeria—
the RMM.

The empirical analysis in this chapter further validated the importance
of having sufficient access to quantities of superior-quality paddy among
the large- and medium-scale millers in order to increase the supply of premi-
um-quality local rice in Nigeria. Results also show that the reduction in trans-
portation and marketing costs can play a critical role in both the location
and mix of milling types by affecting the prices of paddy and final rice prod-
uct. The exception is the large-scale sector, which is likely to switch to mill-
ing brown rice if tariffs are low enough (or even absent) and the cost to ship it
ovetland from Lagos becomes cheaper. This is particularly true for large mill-
ers farther away from paddy producers, but it is just as relevant for all millers
whenever the seasonal supply of paddy is at its lowest.

Import tariffs are shown to be particularly important for protecting the
large-scale sector. At zero tariffs, these enterprises would go out of business
unless they are able to substitute for milling imported brown rice. The option
to mill brown rice offers large-scale millers a way to manage production risks
associated with inadequate and infrequent supplies of superior-quality paddy,
as well as fluctuations in the price of imported rice. The price risk comes from
either a reduction in the tariff rate or a fall in global prices. As the model
results show, the large sector faces the risk of going out of business if the tar-
iff is removed altogether and the miller is not allowed to mill brown rice. This
is because the milling of imported brown rice does not require any parboiling
and therefore offers a profitable alternative at very low tariff rates. Moreover,
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when facing the same tariff rates, the ratio between the price for imported
brown rice and imported milled rice tends to change little across the country,
as both types of rice experience the same transportation costs from the port
of Lagos. Price movements for both types of rice in world markets generally
move in the same direction as well. Hence, millers can be assured a positive
return most of the time.

In contrast, findings show the small-to-medium-scale sector to be more
resilient to policy shifts and global price changes. These enterprises are able to
stay in business even with zero tariffs. It is also a sector that has more to gain
from improvements in paddy productivity, markets, and processing technol-
ogies. Although the small-scale sector cannot compete directly with imports,
it plays a critical role in supplying a cheaper alternative for poorer consumers.
Moreover, larger employment effects for the whole milling industry are shown
to occur following improvements and expansion in the small milling sector.
After all, this is a sector that currently employs over 90 percent of the total
number of people employed in the industry (that is, across all three milling
types). The medium-scale sector, on the other hand, offers a more immediate
potential for improving productivity and product quality. Like the large-scale
sector, it could serve a similar purpose of helping increase the competitiveness
of local rice with imports.

Finally, model resules also show that a comprehensive strategy that
includes targeted investments among all three milling sectors and a policy
regime of zero tariffs has the potential to contribute the most to output and
employment. The modeling exercise also shows, however, that for such a strat-
egy to be successful in meeting the demand for premium-quality rice, the mill-
ing of imported brown rice should be allowed. Allowing brown rice milling
is necessary if large-scale millers are to remain in business under a zero tar-
iff regime.



Chapter 7

RICE IMPORTS, PRICES, AND CHALLENGES FOR
TRADE POLICY

Paul A. Dorosh and Mehrab Malek

domestic production due to rapid population growth, increasing

incomes, urbanization (and lifestyle changes that accompany urbaniza-
tion), and a decline in the relative price of rice. At the same time, Chapters 4
and 6 also showed how domestic production has been only relatively modest
because of problems with input supply (superior-quality seed and fertilizer),
inadequate extension services, poor quality of postharvest processing and
milling technologies, and inadequate (and highly variable) price incentives for
farmers. This widening gap between demand and domestic production has
been met by rice imports, which have increased from 590,000 tons per year in
the 1970s to an average of 2.42 million tons from 2010 to 2012—a fourfold
increase (USDA 2013)." In this chapter, we focus our attention on the trade
aspect of Nigerias rice economy.

As discussed in Chapter 2, demand for rice in Nigeria has outpaced

In an effort to limit the volume of imports and to provide protection to
domestic rice producers to spur production, the Nigerian government has
placed substantial import tariffs on rice, although these tariffs have varied
widely over time. For example, the import tariff on rice was increased from
50 percent in 2012 to 110 percent in January 2013. These tariffs are likely to
be passed on to the consumer in the form of higher market prices. In addi-
tion to higher tariffs that may affect the domestic price of imported rice, there
have been large fluctuations in nominal and real exchange rates that have
also had substantial influence on incentives for imports as well as the domes-
tic price of imported rice. Further complicating the price incentive picture
of Nigeria’s rice imports is substantial tariff evasion through underpayments
for official imports through Lagos and other ports, as well as smuggling
across Nigeria's borders with Benin and Niger (for the location of Lagos, see
Figure 1.1 in Chapter 1).

1 Inthis chapter, all tons are metric tons.
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The objective of this chapter is to analyze Nigeria’s recent rice import policies
in terms of their effectiveness and tradeoffs with regard to affecting the volume
of imports, domestic prices, and tariff revenues in the country. More specifi-
cally, we present an analysis of Nigeria’s international rice trade, covering inter-
national market price and quantity evidence, Nigeria’s trade (and exchange-rate)
policy, and the effectiveness of tariffs in influencing rice imports and domestic
prices of imported and local rice. We begin by presenting various estimates of the
volume of rice imports, including estimates derived from data on rice-exporting
countries, which show that official figures for imports have substantially under-
stated actual imports. Next, we discuss the price incentives for imports, as deter-
mined by exchange-rate and rice trade policy (import tariffs and periodic import
bans). Price distortions created by these policies are summarized in calculations
of nominal rates of protection. We also analyze the relationship between the esti-
mated import parity price and domestic prices of imported rice and local rice.
The chapter concludes by providing a brief summary of findings.

Alternate Estimates of Rice Imports
There is substantial uncertainty about the volume of Nigeria’s rice imports in
recent years. Table 7.1 presents summary data on recent rice imports from var-
ious sources. The large percentage of Nigeria’s rice imports not recorded in the
country’s customs data suggests widespread tariff evasion. Nigeria's customs
data indicate that an average of 342,000 tons of milled rice (384,000 tons of
rice of all types) were imported each year (column 1 of Table 7.1) from 2009
to 2011. For that same time period, the United Nations Commodity Trade
Statistics Database (COMTRADE) data show that Nigeria reported an aver-
age of 517,000 tons (column 2 of table 7.1) of imported rice per year.” However,
COMTRADE data from exporting countries, shown in column 3, indicate
that total exports of rice to Nigeria averaged 1.9 million tons per year. United
States Department of Agriculture (USDA) estimates of Nigeria's rice imports
in this period are quite similar: 2.1 million tons per year (column 4 of table
7.1). Thus, both COMTRADE and USDA data suggest that on average, only
about one-quarter of Nigeria’s rice imports were recorded by customs in the
2009-2011 period (Table 7.1 and Figure 7.1).

According to the COMTRADE data, in most years the bulk of Nigeria's
imports originate from India and Thailand, though there have also been

2 COMTRADE data for Nigerian imports are based on statistics reported by Nigeria. Thus, there
is an inconsistency between these two Nigerian data sources.
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TABLE 7.1 Rice imports by Nigeria and world rice exports to Nigeria, 2008—2012

m 2 3) @ (5)
Official COMTRADE COMTRADE USDA Official imports
imports Nigeria Exports Nigeria vs. COMTRADE
(thousand imports to Nigeria imports exports
tons) {thousand tons) (thousand tons) (thousand tons) (percent)
2008 318 160 1,021 1,800 31.1
2009 330 398 1,397 2,000 23.6
2010 551 711 2,053 2,000 26.8
2011 270 441 2,299 2,300 11.7
2012 230 — — 2,200 —
Average 2009-2011 384 517 1,916 2,100 20.0
Jan—Aug 2012 169 — — —
Sept-Dec 2012 61 — — —

Source: UN Statistics Division (2012), National Bureau of Statistics (NBS), and USDA Data.
Note: COMTRADE = United Nations Commodity Trade Statistics Database. USDA = United States Department of Agriculture.

FIGURE 7.1 Rice imports by Nigeria and world rice exports to Nigeria, 2008—2012
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sizable imports from Brazil in recent years (Figure 7.2). In addition, rice
smuggled from Benin or Niger into Nigeria may not be included in the
COMTRADE data in all years. COMTRADE data on Benin’s rice exports
to Nigeria vary sharply from year to year but are relatively small in most years
compared to total rice exports to Nigeria. For example, COMTRADE data
for 2009 show 140,000 tons of rice exported by Benin to Nigeria (10.1 percent
of COMTRADE figures for total exports to Nigeria), 552,000 tons in 2010
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FIGURE 7.2 Rice imports by Nigeria and world rice exports to Nigeria by country, 2010 and
2011
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(269 percent of total exports to Nigeria), and zero in 2011 (Figures 7.2 and
7.3). Assuming about 150,000 tons of rice were smuggled from Benin to
Nigeria in 2011 as well, the cross-border trade with Benin averaged about
300,000 tons per year, or about 15 percent of Nigeria’s total rice imports.”
Thus, the evidence suggests that over the period from 2009 to 2011, the bulk
of rice from Benin that passed through Nigeria’s ports was unrecorded.

Trends in Rice Imports

There are two major international sources for time-series data on Nigeria's rice
imports: USDA and the Food and Agriculture Organization of the United
Nations (FAO). In principle, these sources take into account available data

on rice imports from Nigerian government sources but make major adjust-
ments for unrecorded rice imports. Both data series show that Nigeria’s rice
imports have increased rapidly over the past two decades. USDA data indi-
cate that average annual imports of milled rice have almost tripled in the past
two decades, rising from 590,000 tons in the 1990s to 1.68 million tons per
year in the first five years of the 2000s (Table 7.2, column 1). FAO estimates

3 Local sources report that around 8,000 bags of rice are smuggled into Nigeria every day through
waterways between Nigeria and Benin. Assuming a weight of 50 kilograms per bag, the annual
amount smuggled into the country would be 146,000 tons.
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FIGURE 7.3 Benin’s total rice trade and rice exports to Nigeria, 2006—2011
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suggest that annual average imports doubled over the same period, increasing
from 432,000 tons in the 1990s to 1.36 million tons in the first five years of
the 2000s (Table 7.2, column 1). Both sources show rice imports that are sub-
stantially larger than the data from official Nigerian sources. Both sources also
show a consistent increase in rice imports over time.

The growth rate in rice imports was especially high in the 1990s: an
annual average rate of about 17 percent using USDA data (over 13 percent
according to FAQO estimates). Data from the two sources begin to diverge
significantly around 2005, while maintaining a broadly consistent direc-
tion of movement (Figure 7.4). Both USDA and FAO data show that rice
imports grew rapidly during the 2005-2012 period, although slower than
they did during the 1990-1999 period (Table 7.2). Average annual produc-
tion of milled rice rose gradually during these periods from 1.8 million tons
per year in the 1990s to 2.7 million tons per year in the 2010s, growing at a
much slower rate than imports. As a result, the share of imports in domes-
tic availability of rice has risen sharply from 26.5 percent in the 1990s to
almost 50 percent in the first decade of the 2000s (FAO data show the share
of imports in availability rose from about 19 percent in the 1990s to about
43 percent in the 2010s).” Note that although imports account for a large

4 Domestic availability of rice is calculated as availability = milled production less 10 percent
losses plus imports.
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TABLE 7.2 Nigeria's average annual rice imports, production, and domestic availability,
1960-2012

3 @
(1) 2) Rice domestic  Rice imports vs. rice
Rice imports  Rice production availability domestic availability
{thousand tons)  (thousand tons) (thousand tons) (percent)
USDA estimates -
1960-1969 1.00 222.00 201.00 0.5
1970-1979 199.00 357.00 520.00 38.3
1980-1989 529.00 866.00 1,308.00 40.4
19901999 590.00 1,818.00 2,226.00 26.5
2000-2004 1,679.00 1,851.00 3,346.00 50.2
2005-2009 1,790.00 2,131.00 3,653.00 49.0
2010-2012 2,417.00 2,725.00 4,869.00 49.6
Growth rates (1990-1999) 16.69 1.76 5.59
Growth rates (2000-2004) 1.43 -0.06 0.49
Growth rates (2005-2012) 5.70 4.23 4.90
FAO estimates
1960-1969 1.00 138.00 139.00 0.8
1970-1979 161.00 275.00 436.00 36.9
1980-1989 413.00 971.00 1,384.00 29.8
1990-1999 432.00 1,821.00 2,253.00 19.2
2000-2004 1,358.00 1,852.00 3,210.00 423
2005-2009 1,099.00 2,038.00 3,266.00 337
2010-2012 2,035.00 2,713.00 4,748.00 42.9
Growth rates (1990-1999) 12.71 1.71 3.79
Growth rates (2000-2004) 13.67 -0.07 4.53
Growth rates (2005-2012) 7.15 3.90 514

Source: USDA and FAQ data.

Note: All quantities are milled rice. Growth rates are based on logarithmic regression coefficients. USDA = United States
Department of Agricutture. FAQ = Food and Agriculture Organization of the United Nations. Due to rounding, figures in column
4 may slightly differ from the quotients of dividing figures in columns 1 and 3.

share of rice supply, these figures suggest they account for a relatively small
share of calories (213 kcal/capita/day or 8 percent of daily per capita calorie
intake in 2009 [FAO 2012]) and value of imports (2.4 percent). At a world
price of $400/ton C&F (cost and freight) Lagos (rounded to the nearest hun-
dred), 2.0 million tons of rice would cost 0.8 billion dollars, 2.4 percent of
total imports in 2009 (IMF 2012; USDA 2014).
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FIGURE 7.4 Rice imports by source of data
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Exchange Rates and Milled Rice Import Tariffs
Although import tariffs have been the main policy instrument influencing

the price of imported rice in Nigetia, changes in exchange rates, the extent of
foreign-exchange rationing, and the world price of rice are also important com-
ponents in the cost of imported rice (the import parity price). Fluctuations in all
of these components have contributed to substantial volatility in import parity
and domestic rice prices in Nigeria. In this section, we briefly review exchange-
rate and rice tariff policies and discuss the impact of the import tariff and
exchange-rate policies on the domestic price of imported rice.

Exchange-Rate Policy

Exchange-rate policy in Nigeria has been heavily influenced by developments
in the petroleum sector. In the 1950s and 1960, the agriculture sector was the
principal foreign-exchange earner, with 3—4 percent annual average output
growth rates for export and food crops. During this period, macroeconomic
policies were formulated on the principle of taxation (explicit and implicit) of
the agricultural sector to fund investments in other sectors of the economy
(manufacturing, infrastructure development, education, etc.). With the emer-
gence of oil as a major factor in Nigeria’s economy in the 1970s, the need for
explicit taxation of agriculture to fund government expenditures lessened, as
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did indirect tax rates. However, real exchange-rate appreciation resulting from
increased oil exports led to substantial indirect taxation of agriculture.

The increase in foreign currency earnings stemming from increased oil
exports led to a sharp appreciation of the domestic currency (naira) in real
terms. As massive oil export revenues were spent in the domestic economy in
the 1970s and 1980s, nominal wages and the domestic prices of non-tradeable
goods and services rose sharply, while prices of tradeable goods such as cocoa,
palm oil, rice, and many manufactured goods that were largely determined by
the world price—converted to naira at the official nominal exchange rate—gen-
erally remained stable or rose only slowly, resulting in a decline in their prices
relative to prices of non-tradeables. As a result, growth in the non-oil trade-
able goods sector suffered, a phenomenon known as the Dutch Disease (named
for the stagnation of the industrial sector in the Netherlands following a rapid
increase in natural gas export revenues in the 1970s). While some governments
attempted to mitigate the impact of Dutch Disease using exchange-rate protec-
tion (adopting policies to prevent the tradeable/non-tradeable price ratio from
continuing to decline as the oil boom proceeded), the Nigerian Central Bank
adopted a policy of gradual nominal appreciation of the naira against the US
dollar and British pound in the 1970s in order to maintain naira exchange rates
that reflected the country’s balance-of-payments position.”

Table 7.3 presents the evolution of Nigeria's real exchange rate (RER), a mea-
sure of the relative price of tradeables to non-tradeables, here calculated as the
nominal exchange rate multiplied by an index of the price of tradeables (the US
wholesale price index) and divided by a measure of the price of non-tradeables
in Nigeria® During the 1970s and early 1980s, the real exchange rate appreci-
ated by more than 64 percent (from 94.8 in 1970 to an average of 36.3 in 1985)
as the nominal exchange rate (naira/US dollar) depreciated by only 25 percent
from 1970 to 1985 (0.71 to 0.89 naira/US dollar), while domestic inflation
(which raised prices more than 800 percent) greatly outpaced inflation in inter-
national (US dollar) prices (which rose by 180 percent).

Moreover, following the collapse of global oil prices in 1982 and the rise in
real interest rates on international markets, Nigeria experienced increasingly
severe foreign-exchange shortages. As its foreign-exchange reserves dwindled,

5 Throughout this period, Nigeria maintained an adjustable peg exchange-rate policy in the offi-
cial market.

6 More generally, the real exchange rate is defined as RER = ER + PT'/ PNT, where ER is the nom-
inal exchange rate measured in units of local currency per international currency, PT is the
world price of tradeables in a common international currency (typically an index such as the
weighted average of producer prices index of trading partners), and PNT is a measure of domes-
tic prices of non-tradeables, such as the domestic consumer price index.



TABLE 7.3 Average annual nominal and real exchange rates for Nigeria, 1980-2010

Nominal Parallel nominal  Parallel nominal Nigeria Real exchange Parallel real
exchange rate exchange rate exchange-rate US WPI Nigeria CPI inflation rate exchange rate
(naira/$) (naira/$) premium (percent) (2010 = 100) (2010 = 100) (percent) (2010 = 100) (2010 = 100)
1970-1974 0.7 1.0 52 231 0.1 9 85.4 130.4
1975-1979 0.6 1.0 67 36.1 0.3 21 55.0 91.0
1980-1986 0.9 2.8 217 53.8 0.7 16 43.0 131.0
1987-1992 8.5 11.3 35 60.6 2.3 27 1421 189.8
1993-1998 219 745 240 67.1 17.5 39 71.9 219.0
1999-1906 118.5 123.7 5 76.5 45.1 13 139.2 146.5
2007-2008 122.2 122.2 0 98.0 747 8 106.7 1086.7
2009-2011 151.0 151.0 0 100.8 99.6 12 102.0 102.0
2012 157.5 157.5 0 109.4 124.4 12 92.2 92.2
2013 157.3 157.3 0 110.1 134.9 8 85.4 85.4

Source: International Monetary Fund International Financial Statistics and authors’ calculations.
Note: US WPI = US wholesale price index; CPl = consumer price index.
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the Nigerian government resorted to rationing foreign exchange in the offi-
cial market by implementing an import licensing system. As a result of these
restrictions, a parallel foreign-exchange market emerged, with substantial pre-
miums: they rose from an average of 67 percent from 1975 through 1979 to
more than 200 percent from 1980 through 1986.

Macroeconomic reform—including introduction of a Second-Tier Foreign
Exchange Market in 1986 to bring the official exchange rate close to the parallel
market rate and a gradual depreciation of the nominal exchange rate thereafter—
brought about a substantial depreciation of the real exchange rate and greatly
reduced the spread between the official and parallel real exchange rates from 1987
through 1992. During this period, the real exchange rate was on average 142.1
(2010 = 100), 50 percent above its 1970 level (Table 7.3).

Unfortunately, this period of favorable incentives for tradeable goods produc-
tion did not last. The official exchange rate was kept essentially fixed at about 22
naira/US dollar from 1993 through 1998, a period when domestic prices rose by
nearly 320 percent, as domestic inflation accelerated to an average of 39 percent
per year. Given only moderate increases in international dollar prices, the real
exchange rate appreciated again and averaged only 71.9 for the period.

Macroeconomic stability was largely restored in 1998, and the naira was
again allowed to depreciate substantially. Foreign-exchange rationing was
greatly reduced, as evidenced by a sharp fall in the parallel market premium
to only 5 percent. Over the period 1999 through 2006, the real exchange rate

FIGURE 7.5 Nigeria’s nominal and real exchange rates, 1990-2013
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averaged 139.2, essentially the same as from 1987 through 1992. After 2006,
however, the real exchange rate gradually appreciated to 91.8 in 2012 (a total
appreciation of 19 percent between 2006 and 2012), although in the absence
of rationing, there was not a major parallel market for foreign exchange. This
real exchange-rate appreciation implies a substantial reduction in real import
prices (a major disincentive for domestic rice production).

Thus, inconsistent macroeconomic policy in Nigeria has led to very large
swings in real exchange rates (and in the incentives for production of trade-
able goods) since the surge in oil export revenues of the carly 1970s. For rice
and other “exportable” agricultural commodities (like palm oil and ground-
nuts), the appreciation of the domestic currency and the resultant shift in
terms of trade meant that it was cheaper to import these products than to pro-
duce them at home. However, to some extent, rice trade policy (in the form of
import tariffs) has served to partially offset the effects of real exchange-rate
appreciation in recent years, as described below.

Rice Import Tariffs

In the absence of foreign-exchange rationing, the cost of imports (the import
parity price, P,,) is determined as the world price (cost and freight [C&F],
Lagos) measured in foreign currency times the exchange rate, plus tariffs, trans-
port, and marketing costs to the domestic market. In mathematical terms,

P, =EP,(1 + 1) + mkeg, (1)

where Py, is the import parity price in naira, P, is the world price (C&F,
Lagos) in foreign currency units, E is the exchange rate (naira/foreign cur-
rency), T is the ad valorem tariff rate, and mktg is total transport and market-
ing costs.

In many years, effective rationing of foreign exchange through restrictions
on foreign-exchange availability (for imports or for foreign-exchange trans-
fers) resulted in a significant spread between the official and parallel market
exchange rates. For rice imported with foreign exchange acquired through the
parallel market, the relevant import parity price is

P, =E*P,(1 +1) + mktg, (2)

where £* is the parallel market exchange rate (naira/foreign currency) and all
other variables are as defined earlier. However, for rice smuggled into Nigeria,
cither through under-invoicing of imports or evasion of customs procedures,

7 For further discussion of Nigeria’s macroeconomic policies, see Sackey et al. (2012).
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no import tariffs are paid, and if the foreign exchange for these imports is
obtained at the parallel market rate, the relevant import parity price is

Py, = E*P,, + mktg®, (3)

with the cost of smuggling included in the marketing cost (mktg*). On the
other hand, if the smuggled rice is purchased with foreign exchange obtained
through official sources, then the import parity price is given as

D, = EP, + mkeg*. (4)

In the analysis that follows, we include measures of import parity at the
official exchange rate with imports (P,, from equation 1) and import parity at
the parallel exchange with no tariffs (P;;, from equation 3).*

Up until the early 1990s, Nigeria kept its import tariff on milled rice rela-
tively low: 20 percent. Incentives for rice imports nonetheless varied according
to the changes in the real exchange rate discussed above, as well as the changes
in the world price of rice. Rice tariffs became a major policy instrument start-
ing in 1993, when they werc increased to reduce the level of imports, which
had been encouraged by the appreciation of the real exchange rate.

As shown in Table 7.4, at official exchange rates, the C&F price of rice in
real terms (i.c., adjusted for domestic inflation) averaged 53.5 naira per kilo-
gram (n/kg) from 1993 through 1998, less than halfits average level from
1987 through 1992 (111.7 n/kg). Even though the average import tariff in
the 1993-1998 period was higher than the average of the 1987-1992 period
(60 percent and 20 percent, respectively), the average import price (including
tariffs) was still lower in the 1993-1998 period (77.9 n/kg) than the previous
period (134.1 n/kg), implying substantially greater incentives for imports in
the official market. Since 1998, in spite of relatively high tariffs, rice prices at
the wholesale level have remained stable relative to the prices in 1993-1998
and even somewhat lower than prices in the 1987 through 1992 period, in
part because of widespread smuggling,

An analysis of changes in rice tariffs and the levels of premiums in the
foreign-exchange market (which reflected the extent of foreign-exchange
rationing in the official exchange market) shows that the incentives for and
levels of smuggling have varied substantially over time. In the first half of the
1980s, the level of domestic prices relative to import prices in the official and
parallel markets suggests that domestic prices were determined largely by the

8 Note that in any given market, the source of rice imports may vary over time, so that the pre-
vailing marker price (the minimum of Py, and P,,) may fluctuate. The zverage market price of
imported rice over time thus may be between P, and P,
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TABLE 7.4 Import prices, import tariffs, exchange-rate premiums, and wholesale prices of
rice, 1980-2013

Import price  Import Import price  Paraliet exchange- Import price  Wholesale
official ER tariff official ER w/ rate premium parallel ER  market price
(2010) n/kg  (percent) tariff (2010) n/kg (percent) (2010) n/kg  (2010) n/kg
i_970—1 974 131.5 20 157.8 52 176.7 246.6
1975-1979 74.6 20 89.5 67 110.0 158.9
1980-1986 44.0 20 52.8 217 100.1 145.3
1987-1992 117 20 1341 35 140.3 198.3
1993-1998 53.5 60 77.9 240 137.2 118.9
1999-1906 69.5 97 136.9 5 73.7 120.0
2007-2008 69.8 72 116.3 0 749 126.8
2009-2011 66.1 60 105.6 0 71.4 125.0
2012 73.9 72 127.2 0 79.2 110.8
2013 65.7 110 131.5 0 71.0 110.8

Source: Oyejide (1986a, 1986b) for 1970-1976; Robertson (1983) for 1977-1981; Federal Office of Statistics data for
1982-2000 (Walkenhost 2009); Nigeria, NBS (2013b),

Note: Import price is calculated as 5 percent of the Thai broken rice price (with the broken rice price taken from Anderson
[2009)] data files) plus freight costs—which are estimated as 17.8 percent of the Thai broken rice price—multiplied by the
appropriate exchange rates. The wholesale price for 1970-1976 is a spliced series constructed by Oyejide (1986a, 1986b):
the wholesale price for 1977-1981 s from Robertson (1983) and the 1982-2000 wholesale price is from the Federal Office
of Statistics, reported by Walkenhorst (2009); the 2001-2013 wholesate price is the retail price of imported rice in Enugu
(Nigeria, NBS 2013b) divided by 1.5 {the estimated markup from wholesale to retail). Enugu is a city in the South East zone.
ER = exchange rate, n/kg = naira per kilogram.

cost of obtaining foreign currency on the parallel market to import rice. From
1980 to 1986, Nigeria kept rice import tariffs fixed at a relatively low level of
20 percent. Wholesale market prices averaged three times the cost of imported
rice at Lagos port (145.3 n/kg versus 44.0 n/kg), suggesting that most
imported rice was sold at prices reflecting the parallel market exchange rate
that was on average 217 percent above the official exchange rate (Table 7.4).°

Import tariffs remained at 20 percent during the 1987 to 1992 period of
relatively small premiums in the parallel exchange-rate market that followed
the partial liberalization of the foreign-exchange market in late 1986. Import
prices at the parallel exchange rate were generally close to the official market
import price (including the tariff), suggesting relatively little incentive, on
average, for smuggling.

9 Average import prices in the parallel market are determined by the world rice price, as well as
the official exchange rate and the parallel market premium. Parallel market premiums were
especially high in 1983, 1984, and 1985 (456, 341, and 324 percent, respectively), but since these
were years of relatively low international rice prices (as compared to 1980 and 1981), the average
import price at the parallel exchange rate largely reflects the lower premiums of the carly years.
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The period from 1993 through 1998, like the early 1980s, was again char-
acterized by high domestic inflation, limited depreciation of the nominal
exchange rate, and forcign-exchange rationing. In an effort to stem the flow
of rice imports, the government gradually raised import tariffs. They reached
100 percent in 1996 and averaged 60 percent for the period as a whole. Given
that the average premium in the parallel market (240 percent) far exceeded
the average import tariff and that average wholesale prices were less than the
cost of imports at the parallel exchange rate, the data suggest that most rice
imports in this period likely came through official channels. But customs data
on monthly tariff payments provide evidence of substantial evasion of import
tariffs. While the custom data on the rate of tariffs paid on rice imports are
broadly consistent with official tariff schedules (although data by month vary
sharply), the total quantity of rice imports in the customs data is much lower
than the COMTRADE data based on exports of rice to Nigeria. For exam-
ple, the implicit ad valorem tariff rate for milled rice (Table 7.5, column 2),
calculated as monthly data of import tariffs collected divided by declared cus-
toms values, was 60 percent from 2009 to 2011. Using COMTRADE data
on quantity of rice exports to Nigeria (which indicate that on average only
about 19 percent of imports were recorded from 2009 through 2011) and the
average reported price in the NBS customs data for recorded imports, divid-
ing estimated tariff revenues by the value of total imports results in a rate of
only 12 percent (Table 7.5, column 4). Likewise, from January to August 2012,
NBS customs data show that import tariff revenues divided by the official cost
and freight import value (C&F Lagos [$/ton]) equaled 58 percent and subse-
quently rose to 100 percent for September to December 2012. If only about
20 percent of rice imports paid the tariff, however, the average effective tariff
rate would have ranged from 12 to 20 percent.

Figure 7.6 shows trends in import parity price with and without tariffs,
as well as the domestic market price of imported rice at Enugu, the regional
market with the most complete price series in Nigeria. Enugu is a city in the
South East zone (see Figure 1.1 in Chapter 1). Generally, the market price of
imported rice moves in the same direction as import parity price including
the tariff, although the former follows the latter with a lag. Second, beginning
in 2008, the domestic price of imports seems to deviate from import parity
price including the tariff, and this deviation has increased; this is likely to be
partly because tariffs and other trade restrictions have increased since 2000.
The figure suggests that some of the increased tariffs are passed to consumers
in the form of higher domestic price of imported rice, but the pass-through
rate is only partial and seems to be decreasing in recent years, probably due



TABLE 7.5 Nigeria’s rice imports, tariffs, and market prices, 2008—-2013

(1) @ @ @ (5) (6) @ ® ©
C&F Implicit ad Official/total  Average effective Pm Imported price  P_Enugu-urban  Nominal Rate Percent difference
Lagos  valorem tariff imports tariff rate on total Enugu  Pm (w/ tariff) imported of Protection ~ between Pdom and Pm
($/ton) rate (percent) (percent) rice imports (%)  (n/kg) Enugu (n/kg) (n/kg) (7)/(5)-1 (%) (wariff) (7)/(6)—1 (%)
2008 550.2 44 18 8 112.9 156.6 161.6 43 3
2009 373.4 64 17 11 100.5 183.8 194.7 94 6
2010 430.0 64 28 18 116.4 126.1 179.4 54 42
2011 508.2 52 12 6 138.9 182.0 179.1 29 -2
2012 583.9 72 10 8 162.1 261.6 206.7 28 21
2013 577.5 110 — -— 162.1 298.4 = —_ —
Av. 2009-2011 437.2 60 19 12 118.6 164.0 184.4 55 12
Jan-Aug 2012 581.8 58 —_ 161.3 241.2 204.3 27 -15
Sept-Dec 2012 588.1 100 -— 163.6 302.4 2115 29 -30

Source: Authors' calculations based on Nigeria, NBS (2013b) and UN Statistics Division (2012).

Notes: NBS = National Bureau of Statistics; Pdom = NBS retail price of imported rice in Enugu. The figures indicate a very low rate of official tariff collection; however, the high prices in retail markets
suggest substantial rents (possibly including unofficial payments). Annual averages are calculated based on monthiy data, so figures in column 8 will differ slightly from those calculated using the figures
in columns 5 and 7.

(1) C&F Lagos is calculated as 5 percent Thai broken rice plus $44.28/ton freight costs (from Anderson [2009] data files),

(2) The implicit ad valorem tariff is based on monthly data of import tariffs collected divided by declared customs values (2008-2011) and on official tariff rates (2012-2013).

(4) The average effective tariff is the estimated total revenues (implicit ad valorem tariff x official imports)/total (United States Department of Agriculture est.) from rice imports. USDA estimates of rice
imports are not substantially different from United Nations Commodity Trade Statistics Database data for this period.

(5) Pm Enugu is calculated as [C&F Lagos + port handling charges and transport and marketing costs to Enugu] x (1 + 50% retail margin).

(6) Imported price Pm (w/tariff) Enugu is calculated as [C&F Lagos + tariff (column 2) + port handling charges and transport and marketing costs to Enugu] x (1 + 50% retail margin).

(7} P_Enugu-urban imported is the NBS retail price of imported rice in Enugu, also known as “Pdom.”

(8) The Nominal Rate of Protection for rice is calculated as annual averages of monthly values of [P_Enugu-urban imported (Pdom) in column 7/ P, Enugu in column 5] — 1. Therefore, figures may be
different from those calculated using figures in columns (5) and (7), which are annual averages of respective prices.

(8) The percent difference between P_Enugu-urban imported (Pdom) in column 7 and the imported price P, (w/tariff) Enugu in column 6.
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FIGURE 7.6 Nigeria’s domestic and import parity rice prices and rice imports, 2005-2013
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Source: Authors' calculations based on Nigeria, NBS (2013b).
Note: Data are three-month lagged moving averages (MA).

to increased tariff evasion. Since 1998, there is little evidence of rationing of
foreign exchange, as parallel market rates have been close to official exchange
rates. Rice import tariff rates were kept at 100 percent from 1996 to 2007
(except for a one-year reduction to 75 percent in 2002). Wholesale prices of
rice in this period appear to be somewhat less than the cost of imports plus
transport and marketing margins to wholesale markets, suggesting that there
may have been substantial tariff evasion in the 1996 to 2012 period."

As shown in Figure 7.6, import parity prices (including the 100 percent
import tariff) were broadly stable between 2005 and mid-2007. International
rice prices rose sharply in 2007 and 2008, as did wheat and maize prices, par-
ticularly following restrictions on rice exports by India and Vietnam. In order
to prevent a large increasc in domestic prices of rice, Nigeria reduced its rice
import tariff to zero in April 2008.

The rice import parity price, without tariff, dropped to below N 130
(Nigerian naira) per kg by August 2008, while domestic prices remained
high. Imports thus appear to have been constrained during the period from
mid-2008 through late 2009, a time when there were no official trade restric-
tions. The large gap between import parity prices and domestic prices sug-
gests that there were substantial excess profits (rents) in this period. By early
2010, import parity prices with tariff had risen and were again approximately
equal to the domestic price (at Enugu) until almost the end of 2011. Import

10 During the global food crisis of 2008, tariffs on rice were temporarily removed in an effort to
mitigate the effects of high world rice prices.
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tariff rates averaged about 50 percent from mid-2009 through mid-2012, with
potential tariff revenues (including any possible rents) estimated to have been
about $800 million per year (or N 120 billion, at N 150/$1).

There was a substantial increase in the tariff rate toward the second half
of 2012. Because of tariff evasion, however, this large jump in tariffs did not
result in corresponding increases in domestic prices in major rice markets.
Given that international prices were broadly stable during this period, the
lack of response could be explained by an increased evasion of tariffs (in per-
centage terms) and no increase in total marketing margins between C&F
and retail markets. But another explanation is that domestic sales came from
ample imported rice stocks accumulated prior to the tariff increases. The bill
introducing the new tariffs on rice was signed into law in April 2012. This
law increased tariffs on polished/milled rice to 50 percent effective on July 1,
2012, and to 110 percent effective January 1, 2013. In May 2012, there was a
large increase in rice imports (Figure 7.7), which may have been the result of
increased purchasing in order to avoid the new tariff.

In August and September of 2012, recorded quantities of rice imports fell
to near zero at the time of the tariff increase. By October 2012, the volume of
rice imports had recovered in the COMTRADE data but remained very low
in the NBS/customs data, suggesting even greater tariff evasion after the tariff
increase (Figure 7.7).

Though cross-border land imports appear to have been relatively small
in the 2009-2011 period, they may have increased substantially in 2013

FIGURE 7.7 Nigeria’s monthly rice imports, COMTRADE and NBS/customs data, 2010-2013
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following the major tariff increase in late 2012. Interviews with wholesale rice
traders in Kano in October 2013 indicate that rice imports through Lagos
declined precipitously, but that most imported rice was flowing from Benin
through Niger, most likely by crossing into Nigeria at the Maradi-Memuja
border.** How this might have occurred can be illustrated by a simple model
showing the diversion of imports through other unofficial channels as tar-

iffs are raised in the main Lagos port. The stylized model and results are dis-
cussed in Appendix F. From this example, the diversion of imports occurs so
long as the cost of using unofficial channels is sufficiently lower than paying
the tariff (inclusive of inland transportation and marketing costs). At some
threshold tariff rate, all imports would be diverted from the official port of
entry. Although this mechanism needs to be more formally investigated in
future studies, it is consistent with the observed patterns of tariff revenues and
flow of rice. The potential diversion of imported rice can pose uncertainty in
tariff revenues and make them less reliable revenue sources for the government.
Such uncertainty also creates challenges to rice-sector development policies
that can be potentially financed by these revenues.

Import Tariffs on Other Types of Rice

The above discussion focuses on tariffs on milled rice, but Nigeria’s rice tar-
iffs vary with the degree of processing, with higher tariffs levied on prod-
ucts that undergo more processing (¢.g., polished rice) than on unmilled rice
(paddy) or brown rice. Most of Nigeria’s rice imports are classified as milled
and semimilled rice, which includes a wide range of qualities of packaged
milled rice. In 2012, milled and semimilled rice accounted for 67 percent of
the total value of recorded rice imports; husked (brown) rice and broken rice
accounted for 23 and 10 percent of the total value of imports (Table F.1 in
Appendix F). Average tariff rates for brown rice were only 41 percent, as com-
pared to 64 percent for milled and semimilled rice and 74 percent for bro-
ken rice.' To a large extent, as discussed in Chapter 6, these differential tariff

11 COMTRADE data show that Benin imports approximately 600,000 or more metric tons
(Figure 7.3) of rice per year, With a population of 8.6 million in 2009, and assuming per cap-
ita consumption of 30 to 35 kg/capita/year (FAO Food Balance Sheets report 34.4 kg/capita/
year in 2009 in Benin, and 26.9 and 27 kg/capita/year in Nigeria and Ghana, respectively),
Benin’s total rice consumption would be 258,000~301,000 tons. Given domestic net production
of 100,000 tons and imports of 897,000 tons (COMTRADE) in 2009 (based on the figures of
exports to Benin, rather than imports by Benin), consumption of imports would be 158,000~
201,000 tons, leaving 696,000-739,000 tons to be re-exported.

12 Note that broken rice is also milled.
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rates are an attempt to support the domestic milling industry by encouraging
additional supplies of imported brown (husked) rice for light milling (polish-

ing) to white rice.

Effects of Import Tariff on the Price of Local Rice

As discussed in Chapter 2, slightly more than 50 percent of the rice con-
sumed in Nigeria is produced and processed locally in Nigeria (local rice). By
definition, import tariffs are not levied on local rice; taxing local rice would
defeat the purpose of using import tariffs to protect domestic rice producers.
However, it is possible that an increase in tariffs that raises the domestic price
of imported rice will also lead to an increase in the price of local rice, because
local and imported rice are to some extent substitutes in consumption.

The discussion of price trends in Chapter 2 suggests that the price of
local rice responds to increases in the price of imported rice stemming from
increased tariffs and other rice trade policies. Using the Enugu price data men-
tioned earlier as well as similar monthly price data from Niger State, whose
time-series data are long enough to allow econometric analyses, Takeshima
and Masias (2013) recently tested this formally using co-integration analy-
sis. Their analysis tests for the relationship between changes in the price of
imported rice and the price of local rice using monthly time-series data at
Enugu for local rice price and the domestic market price of imported rice. In
order to overcome the fact that sample sizes are still fairly small and that some
series are nonstationary, they use the Autoregressive Distributed Lag (ARDL)
model from Pesaran et al. (2001), which is more robust to small samples than
conventional models. They obtained the following long-run relationships for
Enugu between January 2006 and December 2010:

Pz =0.739 + 0.206P;, (5)
o= 0.477 + 0.3292,, s (6)

where £y and P,, 57 are the observed market prices of local rice and imported
rice, respectively; P;,57is the calculated import parity prices as discussed
above and defined in equation (2) above; and 0.206 and 0.329 are estimated
coefficients.” The estimates indicate that a 1 naira increase in the border

13 Aslong-run estimates, they do not signify a specific length of time. Rather, they indicate how
prices converge over time to these relationships, which the ARDL model can detect. While the
speed of such convergence is unknown, true price movements cannot deviate too far from this.
Further detail on estimation methods and other technical matters can be found in Takeshima
and Masias (2013) and arc available upon request.
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price of imported rice caused by increased tariff increased the price of local
rice by about N 0.20. Similarly, a 1 naira change in the domestic market price
of imported rice induces a 0.33 naira increase in the price of local rice. Based
on the supplementary analysis through the Structural Vector Autoregression
model for stationary segments of the data (Enugu, January 2003 through
December 2010; Niger, January 2007 through December 201 1), Takeshima
and Masias (2013) find that a change in import parity price does not affect
the price of local rice within the same month and only modestly affects it

in the following month. In short, while import tariff may cause an increase
in the price of local rice, the transmission is partial, small, and not instanta-
neous.™* The implication is that tariffs and other protectionist trade policies
may not provide the producer price incentives that policymakers hope for, as is
also demonstrated in Chapter 4.

Conclusion

For most of the past four decades, trade and macroeconomic policies have
combined to reduce incentives for domestic production of rice and lower
farmer revenues from rice. Moderate tariff protection from the 1970s through
the 1990s did not compensate for the macroeconomic bias against domes-

tic rice production that occurred in periods of substantial appreciation of the
real exchange rate. Moreover, the high tariff rates in the 2000s have not been
totally effective in raising real prices of rice.

High tariff rates for rice did not raise substantial government revenue due
to tariff evasion (most likely through underinvoicing of imports or evasion
of customs altogether). The lack of a price response following the 2012 tar-
iff increase is further evidence that, due to the high level of tariff evasion, tar-
iff policy is a very blunt instrument for affecting domestic prices. Nonetheless,
the domestic market price of imported rice is substantially higher than the
import parity price without tariff, suggesting that tariffs and costs related to
tariff evasion (bribes, etc.) substantially raise prices for consumers.

A number of key messages emerge from this chapter. First, rapid increases
in the demand for rice and the inability of domestic production to mect this
increased demand imply that rice imports in Nigeria are likely to continue to
grow in the near future, despite the government’s effort to decrease imports

14 Estimating the exact length of time for full transmission is left for future studies, as it requires
longer data series under relatively stable international prices, where the effects of tariff changes
can be clearly separated from price movements in the international market.
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through trade policies. Second, increased protection through higher tar-

iffs has not decreased rice imports to Nigeria; rather, it has encouraged tariff
evasion and unofficial imports. Efforts to evade tariffs in the future can be
expected, as tariffs are difficult to enforce. Finally, because of tariff evasion,
not all tariff increases are transmitted to the domestic market in the form of
higher domestic prices of imported rice; the divergence between the import
parity price and the domestic price of imported rice increases with higher tar-
iffs. Cointegration analysis shows that only about 20 percent of the import
tariff on rice and 33 percent of changes in the domestic price of imported rice
respectively are transmitted to the price of local rice. This suggests that local
producers do not get the benefit of higher prices that higher tariffs are sup-
posed to bring them.






Chapter 8

ECONOMYWIDE EFFECTS AND IMPLICATIONS OF
ALTERNATIVE POLICIES

Xinshen Diao, Michael Johnson, and Hiroyuki Takeshima

he preceding chapters have focused on specific policy challenges and

opportunities for transforming the domestic rice economy with regard

to consumption, production, milling, marketing, and trade. This chap-
ter considers the economywide effects of these policies on the sector’s compet-
itiveness with imports and income growth, as well as on the broader economy.
Depending on how the rice sector is integrated into the rest of the agricultural
sector and economy, policies targeted at the sector can significantly impact
economic welfare through the effects on producer prices, food prices, rural
and urban incomes, and overall economic performance. This is especially true
for Nigeria, given that many staple crops may substitute for rice from both
production and consumption perspectives.

The objective of this chapter is to assess the potential economywide effects
of rice-sector policies on sector output growth and competitiveness with
imports, changes in the sector and overall food prices, rural income growth,
and overall economic performance. More specifically, we ask the following
questions: (1) Which policies are likely to increase rice production and sub-
stantially reduce rice imports? (2) What are the characteristics of such produc-
tion growth? (3) How will these policies affect production in the agricultural
sector generally, food price inflation, food consumption, and other economy-
wide effects? We use an economywide multimarket (EMM) model developed
for Nigeria to analyze these questions. The chapter also briefly discusses the
potential opportunity costs of pursuing a rice import substitution policy, in
order to provide some partial insights into the cost of implementing key poli-
cies identified through the model’s simulations.

The chapter begins with a brief introduction of the EMM model, its appro-
priateness for addressing the broad policy questions being asked, and the policy
scenarios to be simulated by the model to reflect these. Three broad scenarios
are considered: increased productivity from improved technology use, reduced
marketing costs from market improvements, and import restrictions. Results
are presented in the sections that follow and according to each scenario, We find
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the combination of the first two scenarios, adoption of improved technologies
and improved markets, to have the highest potential impact on output growth,
competitiveness with imports, and overall economic welfare. Nevertheless,
because of the desire by the government to protect local rice producers through
import restrictions during these early stages of transforming the domestic rice
sector, we also offer a discussion of its utility as a policy instrument for promot-
ing import substitution or price stabilization. The final section summarizes and
concludes the chapter based on the model simulation results and discussion.

An Economywide Multimarket Model for Nigeria
An EMM model developed for Nigeria is particulatly suitable for our pur-
poses, as it not only captures the detailed structure of the agricultural sector
but can be particularly useful for dealing with data limitations at the econ-
omywide level. Normally, a computable general equilibrium (CGE) model

is more suitable for assessing economywide impacts of policy changes, as it
builds on the entire structure of the economy. However, it does not break
down the agricultural sector in as much detail as the EMM model or other
types of agricultural sector models are able to. Moreover, the CGE model
requires a detailed and accurate social accounting matrix, which is not always
available due to data limitations. This was also the case for Nigeria. Therefore,
for our purposes given data limitations, the EMM model proved to be the
most appropriate approach. This type of model has been applied in several
contexts in Africa south of the Sahara to analyze the agricultural growth
options of a country or region (see, for example, Diao and Nin-Pract 2007 for
Ethiopia; Nin-Pratt et al. 2011 for the West African region; and Omamo et al.
2007 for the East and central African regions).

The generic EMM model, like other multimarket economic models, is
derived from neoclassical microeconomic theory and designed to analyze the
impact of a wide range of sectoral policies by measuring the interaction and
interrelationships among markets in the economy. These economic relation-
ships rely on estimates of actual demand and supply behavior in response to
price and income changes. These models are easily adaptable to different spec-
ifications and level of detail within a sector or across multiple sectors with
respect to production, demand, and price relationships.” For the Nigerian

| For interested readers, Diao et al. (2007) provide more detail on the mathematical derivation
of the generic EMM model developed at the International Food Policy Research Institute and
adapted for the analysis in this chapter.
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model, for example, a more detailed rice sector is specified for both demand
and supply to enable a more accurate assessment of the likely responses to pol-
icy changes.

The Nigerian EMM model is designed to incorporate a detailed agricul-
tural sector, including a more elaborate rice subsector, together with the rest
of the economy. Within agriculture, there are 41 subsectors or commodities
in total: 26 crops, 5 livestock products, 2 fishery products, and 8 animal prod-
ucts.” For the rest of the economy, two aggregate nonagricultural sectors are
specified. An aggregate production function for each agricultural and non-
agricultural sector has prices as its arguments. Production functions at the
commodity level explicitly incorporate both a yield and an area of cultiva-
tion function and are defined at the state level (37 states in total). We do so
in order to investigate the sources of output changes—yield increases or acre-
age expansion. The production function for rice is further disaggregated into
four production subsystems: upland, lowland, irrigated rice, and other (a resid-
ual that represents all other types of rice production subsystems, such as deep-
water or swamp rice).

Six types of demand are considered: food, seed, feed, processed, waste, and
other. While food demand for a particular product is a function of prices and
per capita income, other types of demand are assumed to be proportional to
cither own-production (for example, seed demand) or the relevant primary
production (for example, feed demand proportional to livestock production
and processed demand for livestock proportional to meat production). The
food demand function for a particular good is defined for rural and urban
population respectively, and total food demand is the sum of rural and urban
demand. The domestic price for a given product is endogenously determined
by the equilibrium between domestic supply and demand when that price is a
departure from cither import or export parities, which are defined as import
or export prices adjusted for import or export tariffs and trade margins. For
import (export) commodities (such as rice and wheat), prices are determined
as the sum import (export) parities plus (minus) import (export) taxes and
trade margins. A detailed description of an EMM model can be found in Diao
and Nin-Pratt (2007).

Data used to construct the Nigerian EMM model are obtained from var-
ious sources. The agricultural production data at state level are from the
Nigerian National Bureau of Statistics (NBS) (Nigeria, NBS 2013b), while
FAO (2012) data are used for crops or livestock products not included in the

2 The fulllist of 41 agricultural sectors is provided in Appendix G.
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NBS data. The two nonagricultural sectors are defined as industry and ser-
vice value-added using data from the World Development Indicators (2012).
With the exception of rice, the commodity trade data and data for the six
types of demand are also from FAO (2012). We use COMTRADE data (UN
Statistics Division 2012) to calculate rice imports. Finally, we use the Living
Standards Measurement Study—Integrated Surveys on Agriculture (LSMS-
ISA) (Nigeria, NBS and World Bank 2011) to calculate rural and urban food
demand. We chose 2010 as the base year for the model partly because the
LSMS-ISA (2011) were collected in the harvest scason of 2011. Production,
consumption, and trade patterns in this year are therefore likely to reflect the
2010 conditions.

As a policy simulation tool, the choice of elasticities for both the supply and
demand specifications of the Nigerian EMM model will affect results. Ideally,
the elasticities should be ecconometrically estimated if sufficient data are avail-
able. When such darta are not available, the elasticities can be obtained from
evidence in the literature or calibrated from the model itself. For demand, elas-
ticities were based on model calibrations using income elasticities of demand as
a basis for the calculations. The income elasticities are derived from econometric
estimates using the LSMS-ISA (2011) described in Chapter 2. With more than
40 agricultural sectors included in the model and substantial data limitations,
it is impossible to estimate the supply elasticity econometrically for all crops.
Instead we use an estimated direct or own-price elasticity of 0.2 for rice based
on the analysis presented in Chapter 4. In the supply functions for all other
crops, we chose to use the same own-price clasticity value of 0.2, as this corre-
sponds well with others in the literature despite variations around this mean
(see, for example, Thiele 2000, 2003; Alemu, Oosthuizen, and van Schalkwyk
2003; Abrar, Morrissey, and Rayner 2004; Leaver 2004; and Olubode-Awosola,
Oyewumi, and Jooste 2006). Cross-price elasticities were calculated for all crops
by multiplying the direct or own-price elasticity by the share of the relevant sec-
tor’s production in the total value of agricultural production. Given the econ-
omywide feature of the EMM model, the simulation results are generally not
sensitive to the choice of the own-price supply elasticity in a range from minus
50 percent to plus S0 percent of the value we chose. We use the budget expendi-
ture shares and income clasticities estimated in Chapter 2 to derive price clas-
ticities of demand, assuming a linear expenditure demand system for which the
budget constraint is satisfied for each demand function.

Rice is the focus of this book, and we thercfore pay greater attention to
the design of the rice sector in the model. We distinguish two types of rice—
Jow-quality rice (standard) and high-quality rice (premium), as discussed in
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Chapter 5. From Chapter 2, we found that many local varieties of rice are

only weakly substitutable with imported rice due to their poor quality. Thus,
we assume that the low-quality varieties of rice (or standard local rice) do not
provide strong competition for imported rice. On the other hand, there are
high-quality local rice varicties that are highly substitutable with imported rice
(premium local rice). These two assumptions imply that the low-quality rice is
produced and consumed domestically and its price is endogenously determined
by the equilibrium condition in the domestic market, while the price for the
high-quality rice (local and imported) is determined by import parity. Although
low, we assume some degree of substitutability becween the two types of rice,
which is reflected in the model by non-zero cross-price elasticities of demand.
This is a fair assumption, not only in order to be consistent with our findings

in Chapter 2 of a weak substitutability between local and imported rice, but
because we have assumed the premium local variety competes directly with the
imported one, their interrelationship with the low-quality variety must be the
same. To the extent that increases in the price of low-quality rice induce produc-
ers to increase production of low-quality rice and therefore decrease the need for
imported rice, the two can be considered substitutes in production.

As noted in Chapter 6, there is very little data on the production shares
of high-quality rice. The estimate of 18.3 percent was calculated for the mill-
ing model in Chapter 6 based on the maximum capacity of large-scale milling
operations that existed in Nigeria; this percentage can be used as a rough indi-
cator of the share of high-quality rice in the country because typically such
rice is produced predominantly in large-scale mills (Table E.2 in Appendix
E). For the EMM model, we chose to define “premium” according to the rate
at which high-quality paddy varieties, and in particular certified seeds, were
in use in Nigeria by 2010. Use of certified seeds improves the uniform quality
of final grains processed by modern mills and therefore increases its competi-
tiveness with higher-quality imports. A study by Bentley, Ajayi, and Adelugba
(2011) suggests that between 2005 and 2009, about 4,000 tons of certified
rice seeds were provided to farmers each year. According to FAO (2014), a
total of 120,000 tons of rice seeds were used during this period. If these num-
bers are correct, the share of certified seeds in use by 2010 was about 3 percent.
Further assuming, for simplicity, that yields of the two types of rice varicties
are the same, then the area cultivated by certified seed is also 3 percent.

Four alternative policy scenarios are considered in the model for expand-
ing rice production. The first scenario (S1) focuses attention on increasing
rice yields and expanding the area devoted to high-quality rice varieties; we
define this as a technological change policy scenario. The second scenario (S2)
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reduces marketing margins only; we call it a market improvement policy sce-
nario. The third scenario ($3) combines S1 and S2. The final scenario (S4)
raises the tariff for imported rice with no other policy interventions; we refer
to this simply as an import restriction policy. Because we are only interested in
comparing and contrasting the effects of different policy scenarios, we chose
to assume that any policy instruments or public-sector interventions chosen
under cach scenario will be implemented effectively. This means ignoring the
ineffectiveness of higher tariffs on rice imports in Nigeria due to smuggling,
as pointed out in Chapter 7. Incorporating implementation inefficiencies
would simply reduce the overall effects of any tariffs above 70 percent.

For all four alternative scenarios, we consider two magnitudes of policy
changes: an average effort and an accelerated effort. As abstract terms, they
simply refer to the extent or intensity to which a combination of policies
and/or public-sector investments under each policy scenario is implemented.
The “efforts” here correspond to the changes in key parameters in the model.
Because we assume that much of the focus of needed public interventions will
be for the production of premium local rice if the objective of reducing rice
imports is to be achieved, we assume higher yield and area increases for the
superior paddy variety as a result of policy changes.’ Because superior paddy
attracts a premium price, as discussed in Chapter 4, it also encourages farm-
ers to adopt more intensive production practices and make technological
improvements for high-quality rice relative to low-quality rice.

Table 8.1 summarizes these different magnitudes of policy change for each
of the scenarios in terms of their effect on particular exogenous shocks in the
model. For example, the table shows an “Average” policy effect under the S1 pol-
icy scenario as raising yields of high-qualicy paddy from 1.9 metric tons per hect-
are (MT/ha) in the “Base” to 2.2 MT/ha (about a 16 percent change from the
base), as well as expanding the area under cultivation from 3 to 5 percent. An

“Accelerated” policy effect of the same policy change is assumed to increase yields
even further to 2.5 MT/ha (about a 32 percent increase from the base), and
the area under cultivation also rises substantially more, from 3 to 8 percent as
a share of total rice area. Such higher yiclds are achievable if government policy
focuses on providing improved seeds, increased application of fertilizer, expand-
ing irrigation, and improving farming practices, as we argued in Chapter 4. The
“Base” case characterizes current conditions of low productivity, low adoptions

3 We refer to “superior paddy varieties” here to be consistent with its reference as a high-quality
and high-yielding sced variety for paddy rice production in Chapter 4. “Premium rice varieties,”
on the other hand, refers to the higher-quality milled rice that relies on modern milling methods
but also to the use of the superior paddy variety.
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TABLE 8.1 Assumptions and targets of alternative scenarios applied in the Nigerian
economywide multimarket model simulations

Exogenous Targeted key Magnitude of policy change and effect
. ) parameters  endogenous variables for each relevant scenario
Aiternative Scenario Borkedlin in
the model the model Base Average  Accelerated
Technology Yield Level of yield (MT/ha) 1.9 2.0 2.1
change— % change from base 5 11
standard rice —
(low-quality paddy) Area % of total rice area 97 95 92
% change from base -2 -5
S Technology Yield Level of yield (MT/ha) 1.9 22 25
change— % change from base 16 32
premium rice
{high-quality paddy) Area % of total 3 5 8
rice area
% change from base 67 167
S2 Market improvement Marketing margins 70 60 51
S3 S1+82 Improving rice competitiveness All changes and effects above
S4  Import restrictions Change in fariff rate only (%) 50 100 200

Source: Author’s calculations for Nigerian economywide multimarket modet simulations.

Note: MT = metric tons. A tariff rate of 200 percent is selected for S4. Nigeria’s current average bound tariff levels for the
agricultural sector notified to the World Trade Organization are 150 percent, with slightly higher rates for some commodities
{Kreinin and Plummer 2012).

of high-quality paddy, and high marketing margins due to poor road infrastruc-
ture and inefficient processing sectors, as described in the previous chapters.

While the scenarios are designed to affect changes in rice production, the
economywide nature of the EMM model allows us to simultancously solve
for the effects on all other economic indicators and across all sectors as a new
multimarket equilibrium sets in, such as changes in prices, import volumes,
and consumption. After all, production and consumption of non-rice sectors
as well as the aggregated food price index can be affected when household
incomes change following a change in rice production and rice prices. Model
resules under each scenario are reported in terms of their effect on changes
in rice volumes (production, consumption, and imports), prices (food price
index), and incomes (total agricultural real income and household income) to
enable us to weigh their overall effect on the government’s goals of expanding
rice output and improving economic welfare. Due to data limitations, we do
not assess the feasibility or costs associated with each intervention but address
this later in the chapter when we consider policy tradeoffs.

Finally, it is important to highlight that the EMM model and selected pol-

icy scenarios introduced in this chapter—including model parameter values,
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underlying assumptions, and model structure—are all intended to help illus-
trate the broader economywide implications of alternative policy instruments on
overall domestic rice production, consumption, imports, and household welfare
(as measured by changes in prices and incomes). The simulation results reported
here, then, are not designed to predict actual future values but rather to project
the potential magnitude and direction of change that can occur among economic
indicators as a result of the policy change. For this reason, we do not consider
modeling the potential effects of ineffective implementation for any of the alter-
native policies being considered, despite evidence to the contrary (e.g the prob-
lems of tariff evasion highlighted in Chapter 7). Instead, we discuss some of the
implications of poor implementation in drawing any final conclusions.

Increasing Rice Production
The EMM model simulation results undetline the importance of technologi-
cal change as the key for improving rice competitiveness in Nigeria. Figure 8.1
presents the resulting changes in total rice production under each of the four
scenarios. For each scenario, results are reported under the two different mag-
nitudes of policy change: average and accelerated. For example, for the S1 sce-
nario, the results denote the combined effect of raising rice yields and area
cultivated for both standard and premium rice types.

Referring to Figure 8.1, results for the first scenario (S1) show that rice pro-
duction increases by 6 percent and 18 percent under average and accelerated

FIGURE 8.1 Change in total rice production under alternative scenarios (percent change
from base year)

m Average 25%
Accelerated
18%
1%
9%
6%
5%
-4% . 5
S4, import S1, Technology S2, Market S3, Combined S1
restrictions change improvement &S2

Source: Nigerian economywide multimarket model simulations.
Note; Because of synergies, the accelerated percentage in S3 is greater than the sum of the accelerated percentages for S1
and S2.
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FIGURE 8.2 Change in cultivated rice area under alternative scenarios (percent change from
base year)
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Source: Nigerian economywide multimarket modet simulations.

levels of effort, respectively. The figure also shows the importance of mar-
ket improvement in combination with the technology intervention. Without
technological change or import restrictions, market improvements (S2) alone
increase domestic supply by 3 percent and 5 percent, respectively, for average
and accelerated efforts. Combining technical change and market improve-
ment strategy (S3) increases local rice production by 9 percent and 25 percent
under the two effort levels. Under the policy of import restrictions (with

no technical change and market improvement), domestic rice production
increases by 4 percent and 11 percent, respectively, under average and acceler-
ated efforts.

Figure 8.2 shows the response of areas devoted to rice cultivation under
different policies. It shows that under S1, acreage increases by 2 percent and
8 percent for the average and the accelerated efforts, respectively. Under S2,
acreage under rice cultivation increases by 2 percent and 4 percent for the
average and the accelerated efforts, respectively, while under S3 it increases by
4 percent and 12 percent under the two cffort levels, respectively. Under the
policy of increased import tariff (S4), the acreage devoted to rice production
increases by 6 percent and 14 percent under average and accelerated efforts,
respectively. Production increases under S2 and S4 are mostly due to increases
in the farmgate price. Production increases under S1 and $3 are driven by an
outward shift of the supply function. While production increases induced by
price changes are limited if supply is inelastic, supply shifts can be sizable if
new technologies help to lower the unit production costs substantially.
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When rice growth strategies are centered on technology change, increased
rice production will not be at the cost of reducing production of other crops.
This can be assessed by changes in rice production areas under alternative
growth strategies simulated in the model. As shown in Figure 8.2, the culti-
vated rice area rises modestly under S1, the technology change scenario. The
maximum increase in rice area is 12 percent when technology is combined
with the market improvement in S3 under accelerated efforts of intervention.
Area increases only modestly because of the production structure changes due
to the new technology that allow each hectare of land to produce more output
than the old technology. This means that this policy is unlikely to result in an
expansion of rice production that replaces other crops.

The results from Figures 8.1 and 8.2 suggest that most of the increase in
total rice production under S1 to S3 stems from increased yield/ha (increased
land productivity), while under S4 most of the increased rice production
comes from acreage expansion, as there is no technical change. Here there is
potential for decreased yields per hectare of land; acreage expansion is more
likely to displace the production of other local food staples.

Raising Import Tariffs

We now turn to the discussion of raising import tariffs. Increasing the tariff
rate is intended to reduce rice imports by making rice imports more expen-
sive relative to domestically produced rice and hence induce consumers to
substitute locally produced for imported rice in consumption and producers
to increase production of local rice. This has been referred to as the “infant
industry argument”—the idea of using tariffs to protect an “infant industry”
until it is able to compete on its own. In Nigeria, this scems to be the goal as
well, to promote local production and eventually achieve rice self-sufficien-
cy.* However, the prospect of achieving self-sufficiency in rice production is
unclear if supply response is weak, as Chapter 4 suggests. Moreover, we also
argued in Chapter 7 that it is very difficult to enforce tariff policies in Nigeria
due to tariff evasion, either through underreporting or smuggling. Therefore,
assessing whether higher tariffs can significantly reduce rice imports would
seem to be impractical for Nigeria in this case. However, we chose to ignore
this for our own illustrative purposes by assuming that policymakers will

4 This can be inferred from public pronouncements of Nigerian government officials. For exam-
ple, see Nnabuife (2014) and the February 6, 2013, circular released by the Central Bank of
Nigeria (CBN) on the subject (Nation 2013). Note that the degree of protection is made up of the
10 percent duty + 100 percent levy, for a total tax rate of 110 percent.
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FIGURE 8.3 Ratio of rice imports to consumption under alternative scenarios {percent)
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Source: Nigerian economywide multimarket model simulations.

become more effective in implementing these tariff policies and that higher
tariff rates will consequently be binding. Additionally, given that rice imports
tend not to be very sensitive to small changes in tariff rates, we chose to intro-
duce larger discrete changes in tariffs to test whether tariff increases can help
achieve the desired result of significantly reducing rice imports, irrespective of
the political feasibility for introducing them.

Figure 8.3 presents the model results of rice import-consumption ratios
under alternative scenarios. In the base year (2012, with a tariff rate of
50 percent) of the model, imports account for about half of total rice consump-
tion in Nigeria.” When the rice tariff rate increases to as high as 200 percent
(S4 scenario) from the current S0 percent, the import-consumption ratio falls
to about 33 percent of total consumption.® When the tariff rate increases from
50 to 100 percent (average level in 2013), the import-consumption ratio only
decreases to 43 percent. This shows that tariff increases alone may be ineffec-
tive in reducing rice imports. Because we also assumed that the tariff policy
is implemented effectively in these scenarios—that is, with no smuggling or
underreporting—its overall effect on imports would be less, and thus even more
ineffective, if we remove this assumption.

5 We chose 2012 as the base year when the tariff rate was 50 percent and a policy of increasing the
rate to a 100 percent was being debated in parliament. The tariff rate on imported milled pol-
ished rice was increased to 110 percent effective January 1, 2013,

6 Given the political economy of tariff policy, we admit that this high tariff rate may be politi-

cally and practically impossible to implement. Indeed, the 110 percent tariff rate on milled rice
imposed in January 2013 was eventually reduced to 60 percent in 2014.
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FIGURE 8.4 Change in rice demand under alternative scenarios (percent change from base
year)
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Source: Nigerian economywide multimarket model simulations.

As shown in Figure 8.4 (and Figure 8.1), the decline in the rice import
dependency ratio due to increased tariff is a combined result of increasing
domestic rice production and reducing rice consumption due to higher prices
of rice; that is, the decline in the import-consumption ratio comes partly at
the expense of the consumers. For example, rice consumption is reduced by
15 percent with the accelerated tariff rate of 200 percent. In contrast, consump-
tion increases by about 3 percent under the scenario of both increases in produc-
tivity and reduced marketing margins (S3), thanks to reduced production costs
and thus prices of premium- and standard-quality rice. To further understand
the relationship between rice production and consumption at different rice tar-
iff rates, we run a series of additional scenarios with different rice tariff rates,
ranging from 50 to 200 percent. Figure 8.5 presents these results.

As shown in Figure 8.5, in the base year, with a 50 percent tariff rate, Nigeria
consumes about 5.2 million MT of rice, of which 2.8 million MT are produced
domestically, with about 2.4 million MT imported. When the tariff rate rises to
100 percent (2013 tariff rate) from the base rate of 50 percent, domestic rice pro-
duction increases only modestly, to 2.9 million MT, while demand falls to below
4.8 million MT, which is a 4:1 consumption decline/production increase ratio.
This is consistent with the findings from Chapters 2 and 4; while the own-
price clasticity of demand for rice is generally low as in Chapter 2 (Table 2.8),
the elasticity of supply is even lower at 0.2. At a tariff rate of 200 percent, rice
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FIGURE 8.5 Rice production and demand under different tariff rates
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Source: Nigerian economywide multimarket model simulations.
Note: MT = metric tons.

production increases to 3.1 million MT but is still far below the level of rice con-
sumption (4.4 million MT). Thus, under a high tariff policy, the gap between
domestic supply and rice consumption would remain, albeit smaller. But even
more importantly, the reductions in the size of the gap would be driven mainly
by the decline in rice consumption as consumers face big price hikes, a reduction
of up to 15 percent. The political feasibility of such a policy, therefore, would
need to be seriously considered. Even if this policy option is feasible, there are
very large consumer welfare losses associated with it.

The overall effect of the high tariff policy on the economy might be nega-
tive. As shown in Figure 8.6, with high tariff rates on rice, the consumer price
index (CPI) rises. This increase in CPI is not due to increased demand for goods
but to the higher rice prices. The increased food price is driven by two reinforc-
ing facrors: a higher domestic price of rice due to the higher tariff and increased
prices of domestic staples whose production declines as a result of shifting
domestic agricultural resources to produce rice inefficiently. Demand for non-
traded products (such as staples) may fall, but increased resource allocation to
rice production induced by higher rice prices also raises production costs for
these nontraded products. Real gross domestic product (GDP) would also be
negatively affected by the rising CPI and misallocation of agricultural resources
to the production of rice. Figure 8.6 presents these results. At the tariff rate of
200 percent, nominal GDP falls by more than 0.7 percent while CPI rises by
almost 4 percent. Given that rice production increases and its contribution to
agriculture—and hence to GDP—is positive with high tariff rates, the decline
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FIGURE 8.6 Changes in real GDP and consumer price index under different tariff rates
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Source: Nigerian economywide multimarket model simulations.
Note: GDP = gross domestic product; CPl = consumer price index.

in GDP implies that other agricultural sectors (that is, aside from rice produc-
tion) and the nonagricultural sector will be negatively affected by the rice tariff
policy. Although one may argue that increased tariff revenues could be used to
offset some of these welfare costs, this will depend on how well the government
can effectively collect tariff revenues and ensure the transfers. As is shown in
Chapter 7, very little tariff revenuc is effectively collected in reality.

In Figure 8.7, we assess the impact of alternative rice growth strategies
by examining the impact on the incomes of rural and urban households.
This provides an indication of the overall welfare effect of different policies.
Changes in households’ real incomes are measured as their per capita nomi-
nal incomes deflated by the CPI in each simulation against the corresponding
base-year levels. As shown in Figure 8.7, both rural and urban households are
hurt by the import restriction policy, while both gain significantly under the
policies that promote technology change and improved market efficiency.

For both urban and rural households, the negative welfare effect under a
restrictive import policy is due to declines in nominal income and increases
in CPL For example, at a tariff rate of 200 percent, rural and urban nominal
household incomes fall by about 2.7 and 2.0 percent (not shown in the tables),
respectively, while CPI rises by 4 percent (Figure 8.6). Declines in nominal
incomes are the result of a fall in agricultural and nonagricultural produc-
tion. Given the low price elasticity of demand, consumers are likely to con-
sume nearly the same amount of rice even at a higher price, which reduces the
demand for other agricultural and nonagricultural products. The prices of
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FIGURE 8.7 Changes in rural and urban per capita real income under alternative scenarios
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those commodities produced mainly for domestic markets fall, generating a
negative supply response.

Policies that promote technological change and/or improved market effi-
ciency, such as those under scenarios S1 to S3, benefit both rural and urban
households, with rural houscholds benefiting more. Under these scenarios,
while CPI also rises, nominal incomes of rural and urban households rise
even more. For example, under $3, with the accelerated level of productiv-
ity change and reductions in marketing margins, rural and urban houscholds’
nominal incomes increase by 6.8 and 3.4 percent, respectively, while CPI
increases by 2.1 percent. As a result, increases in real income turn out to be
4.7 and 1.3 percent for rural and urban households, respectively (Figure 8.7).
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FIGURE 8.8 Changss in relative rice prices under alternative scenarios (percent change from
base year)
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Figure 8.8 also reports this phenomenon for changes in real producer and
consumer prices of rice. Technical changes in rice production and increased
income from rice production further increase demand for local rice relative to
other crops, which raises producer incomes of rice relative to CPL. The com-
bined technology changes and reduction in marketing margins increase the
incomes of rice producers while marginally reducing the price consumers pay
(both deflated by the CPI).

If the tariff policy (S4) is maintained together with the combined technol-
ogy change and reduction in marketing margins ($3), we would expect the prices
consumers pay to be higher but still significantly lower than under the tariff
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regime scenario alone. In this case, a rice import tariff may be justifiable under
the “infant industry” argument—especially if such a combination helps to trans-
form the country’s domestic rice sector through productivity and output growth.
The challenge for the Nigerian government under such a scenario would be as
follows: (1) ensuring consistency in tariff policies (for example, to avoid using
tariffs simply as an instrument for domestic price stabilization); (2) effectively
enforcing the tariff (given the leakages observed in Chapter 7); (3) committing
sufficient resources to transform the sector; and (4) committing to a credible
exit strategy to avoid a budgetary crisis on account of increasing an unsustain-
able support of the industry. More important, it is necessary for the government
to provide infrastructure in order to attract private-sector investment.

An Import Tariff for Price Stabilization or
Self-Sufficiency
A combined strategy of improving rice competitiveness and protecting the sec-
tor through import tariffs may have greater effects on rice production than
when each one is pursued individually. As noted carlier, such a dual strategy is
often adopted using the “infant industry” argument, as the Nigerian govern-
ment was trying to do under the Agricultural Transformation Agenda strat-
egy of President Jonathan. Aside from introducing tariffs, the government
also focused attention on raising the productivity of rice production and pro-
cessing. However, as the evidence from Chapters 4 and 6 show, much of the
focus has been on expanding the large-scale milling sector, with less attention
being given to the development and diffusion of improved and superior-qual-
ity paddy varieties, as well as improved access to technologies and infrastruc-
ture for the more dominant small milling sector. As we found in Chapter 6,
while the large-scale milling sector has a greater potential to compete with
imports, it will always more likely require a protective tariff policy in place
unless significant and sustainable improvements in productivity occur. This
is a real challenge, considering the high costs of capital and the current state
of paddy production in Nigeria. The small milling sector, on the other hand,
is shown to be far more resilient to shifts in policy than the large-scale sector
and thus more sustainable in the long run. This becomes important if prices
become volatile either because of a sudden change in global markets or in the
domestic supply of paddy or stocks of milled rice.

In the long run, it is important to maintain a transparent and predict-
able tariff policy. The challenge is not so much about justifying a tariff policy
per se but more about determining the optimal level of protection needed to
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maintain sufficiently stable prices without overly distorting the economy. The
“infant industry” argument can be justified if policies are consistent with effi-
cient resource allocation over time and across sectors. Overall, welfare costs and
benefits to the economy that are likely to occur as a result of the policy must be
weighed. As demonstrated in Chapters 2 and 7, the costs of managing a high
import tariff rate in Nigeria are likely to be considerable, both with respect to
their effects on prices and on consumer welfare. The benefits are also very low,
considering the current poor record of tariff implementation and revenue col-
lection. As discussed in Chapter 7, beyond some level of high tariff rate, a very
large proportion of rice imports to Nigeria flows through unofficial channels;
similarly, low tariff rates may not be enough to provide farmers and millers the
protection they need under the “infant industry” argument. It is very likely that
there is a threshold at which the cost of a certain tariff just equals its benefits.
More research may be needed to determine such an optimal tariff rate.

Opportunity Costs of Pursuing Rice Self-
Sufficiency through Technological Change
Technological change in rice production and market improvement both lead
not only to more efficient domestic rice production growth, but they also have
positive effects on the economy even without the import tariff. Investments
required for these policies may, however, involve substantial opportunity costs.
While a rigorous assessment of such costs is beyond the scope of this book, we
highlight the importance of weighing in these costs in this section.

As discussed in Chapter 4, some of the key investments needed are in
rice research and development (R&D) and irrigation infrastructure develop-
ment. Rice R&D in Sri Lanka provides a useful insight. While starting from
50 percent import dependency on rice in the 1960s, Sri Lanka had achieved
self-sufficiency by the mid-1980s. In the late 1990s, the country had invested
approximately five to seven times more into rice R&D per rice area than
Nigeria. As presented in Table D.3 in Appendix D, the rice R&D expenditure
in Nigeria in 1998 was 0.3-0.5 (2010 US$ purchasing power parity) per rice
hectare, while it was 2.1 in Sri Lanka. In addition, Nigeria had only six rice
scientists for 1 million ha of rice land in 1999, while many Asian countries
(including Sri Lanka) had approximately 10-20 rice scientists per 1 million
ha in 1983 and 1999 (Takeshima 2014). Roughly speaking, R&D in rice
production and processing in Nigeria must increase by a multiple of several
times from existing levels to realize the varictal seed development and pro-
ductivity growth needed to achieve the Nigerian government’s goal of rice
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self-sufticiency. We will come back to this in the next chapter when discussing
some of the costs and benefits associated with the rice self-sufficiency goal.

Similarly, as with R&D investments, if Nigeria were to expand the irri-
gated area under rice from the current 5 percent to 50 percent (approximately
1 million ha), which is closer to the ratio in many South and Southeast Asian
countries, it will need to rehabilitate 63,000 ha of existing irrigation schemes
and construct new ones of up to 900,000 ha, according to one estimate (see
Enplan Group 2004). This can be very expensive, as costs of building irri-
gation schemes in Africa are generally very high. Estimates by Inocencio et
al. (2007) suggest a cost of US$13 billion (nominal). In addition, operations
and maintenance (O&M) costs of about US$50 million will be needed annu-
ally.” At these cost levels, it could take approximately 80 years to meet these
costs if current total spending levels of US$160 million per year for irrigation
schemes are maintained (Foster and Pushak 2011). While substantially more
public funding is needed for rice R&D and irrigation expansion, this should
not come at the cost of ignoring investments in agricultural extension and
rural infrastructure, particularly rural feeder roads (Fan 2008).

Given scarce public-sector resources, the decision to allocate more
resources to the development of the rice sector must be made carefully as
it will likely affect investments in other sectors. It may require, for example,
reducing spending for fertilizer subsidies, which until recently accounted
for a significant share of the agricultural budget. It may also require reduc-
ing expenditures on other crops for which Nigeria may have greater com-
petitive advantages, such as cassava and sorghum. Spending in other major
sectors such as education, defense, and health could also be affected, all of
which have traditionally accounted for a significant share of the federal gov-
ernment’s budget (Mogues et al. 2008). Although resources could come from
increased taxation, this is hardly an option considering current low incomes,
difficulties of income tax collection, and its effects on reducing private invest-
ment. Alternative sources, such as revenues from petroleum exports and any
import tariffs in place, offer the best option. Ultimately, the push for achiev-
ing self-sufficiency in rice is not going to be cheap; indeed, the opportunity
costs of such a policy, such as the returns from alternative investments, may
exceed its benefits. The Nigerian government must carefully weigh all these
costs and benefits.

7 Applying O&M costs in Asian countries in the 1980s (Gupta, Miranda, and Parry 1995) and
converting them to the current US dollar, typical O8M costs in these countries were $50 per
hectare.
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Conclusion

This chapter assesses how various policies may affect rice production, import
dependency, and overall economic welfare. Our analysis suggests that, given
the importance of rice as a major food staple in Nigeria, rice policies will have
significant effects on GDP, consumer prices, and real incomes. This indicates
that appropriate rice policies will need to be carefully identified.

Historical trade data analyzed in Chapter 7 indicate that import tariffs
may not be effective in reducing rice imports and increasing rice production
in Nigeria. The modeling analysis in the current chapter further suggests
that even if the tariff were effective, its impact may be limited due to inelas-
tic supply and demand for rice, while welfare effects can be substantially
negative. The tariff-induced supply response occurs through rice area expan-
sion without yield growth, which implies that production of other crops can
be negatively affected, including overall effects on welfare, Both rural and
urban houscholds can be hurt by high import tariffs. Finally, despite the
reduced consumption that occurs after introducing very large tariffs (c.g.at
200 percent and assuming tariffs are effective), imports would still account
for a significant share (up to 33 percent) of total consumption. Evidently, even
with no tariff evasion, achieving self-sufficiency through increased tariffs is
unlikely to be successful.

According to the model results, alternative rice growth strategies that focus
on technological change and market improvement offer the best options to
transform the domestic rice sector. With a modest increase in rice yield of
abour 16 percent per hectare—so long as it is in conjunction with the expan-
sion of superior-quality varieties that replace low-quality ones—the com-
petitiveness of local rice can increase substantially. In fact, rice output can
potentially rise to levels close to those that can be achieved under a highly
protectionist policy. Similarly, the import dependency ratios also fall under
both scenarios, in the range of 33 to 38 percent from the current 50 percent.
The difference between the two, however, is their effects on rice consump-
tion and incomes among both rural and urban houscholds. With high import
restrictions, overall consumption and real per capita urban and rural incomes
could fall by 15 percent and 6.8 percent and 6.0 percent, respectively, hurt-
ing consumers the most. In sharp contrast, they could rise with technology
change and market improvement: for consumption, by 3.3 percent and for real
incomes by 4.7 and 1.3 percent for rural and urban incomes, respectively.

Aside from the positive effects of technology change and market improve-
ment on production, consumption, incomes, and trade, the economywide
impact cffects are also positive. Other crop production will not be hurt, and
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some crops even benefit from the expansion of rice production. With income
gains going to both rural and urban populations, including rice producers, as
the rice growth is not accompanied by domestic food price inflation (of an
overall rise in food prices), consumers will have more disposable income to
spend on other goods and services and contributing to overall GDP growth.

The challenge, however, is how to go about investing in technology change
and market improvement, as these also come with significant costs. No matter
what policies and investments are pursued, a careful cost-benefit analysis will
be needed to select the best mix to produce the greatest return to economic
and social welfare in the long run. In the short run, if the government still
considers the tariff policy as politically imperative using the “infant indus-
try” argument, it will be essential to determine an optimal and consistent tar-
iff chat can be effectively managed. In the meantime, public investments in
the rice sector must be maintained. As part of this, it will be important also to
attract private-sector investments, not only in partnership with the public sec-
tor, but to help ensure productivity growth and improved competitiveness over
the long term so that tariffs would no longer be needed in the future. This is
important, as history shows that it is not so easy for governments to stop sup-
porting an “infant industry™ powerful interests within the affected industry
tend to fight against ending the protection they have come to rely on.






Chapter 9

TRANSFORMING THE RICE SECTOR

Kwabena Gyimah-Brempong, Michael Johnson, and Hiroyuki Takeshima

his book presents analyses of primary and secondary data on the produc-

tion, domestic markets, processing, consumption, and trade for the rice

economy in Nigeria using a variety of economic models. The goal has
been to identify constraints and opportunities for policy in order to transform
and improve the domestic rice sector’s competitiveness with imports. In this
chapter, we summarize the key results and findings from this analysis and dis-
cuss the broad policy implications.

Increasing Rice Yields through Technology and
Market Improvement

A number of key messages emerge from our analysis. First, rice has grown in
importance and is now one of the most important staples in the Nigerian diet.
The trend has been driven not only by income and population growth, rapid
urbanization, and lifestyle changes but also by past policies that implicitly
reduced the ability of local rice producers to respond to the growing demand
and compete with cheaper imports.

The demand for rice will likely continue to grow. Moreover, given that
a large component of rice in Nigeria is now being consumed by low-income
houscholds as well, rice has become an important component of household
food security in the country. Our analysis shows that local rice and imported
rice are consumed for different purposes. However, they are not easily sub-
stitutable for each other. This is confirmed by econometric estimates of the
cross-price elasticity of demand between the two types of rice.

Therefore, a change in the price of imported rice alone is not likely to be
sufficient to affect local rice consumption (which currently accounts for more
than half of total rice consumption in rural areas). In addition, low-income
groups—especially low-income urban households—are likely to be hurt the
most by increases in the price of imported rice, which the government tries to
achieve through import tariffs. Policies that focus on increasing the supply of
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rice and thereby decrease the price of rice will generally be pro-poor, improv-
ing the welfare of low-income groups. Policies that restrict supply and thereby
increase the price will generally be regressive, as rice accounts for a relatively
large share of poor households’ rice expenditures.

Thus, existing rice consumption patterns suggest that rice imports in
Nigeria will continue to grow in the near future despite the government’s
effort to decrease rice imports through trade policies, unless domestic produc-
tion increases substantially.

However, growing demand alone does not seem to lead to substantial
rice paddy production growth in Nigeria. Our analyses indicate that while
Nigeria has the potential to increase the competitiveness of local rice through
increasing yield growth, there are many challenges to overcome. For example,
given highly diverse and fragile soil types and a number of pests, diseases, and
weeds that are relatively unknown outside Africa south of the Sahara (SSA),
improved and higher-yield rice varietics imported from other countries are not
as well adapted to local conditions.

The challenges and prospects for increasing yields vary widely. Northern
Nigeria is relatively free of many of the most prevalent pests, diseases, and
weeds, but areas with suitable soils are limited to the major river basins of
fadamas (narrow inland valley bottoms along the two major rivers, the Benue
and Niger). Supplementary investments will be needed to exploit fully these
narrow suitable areas.

The potential to raise yields from expanding areas under irrigation also
has challenges. For example, fertilizer responses of current irrigated variet-
ies appear to be low, and irrigated rice production is often less profitable than
rainfed rice production. These challenges indicate that many production tech-
nologies, including improved varieties, may be outdated, particularly for low-
land and irrigated ecologies, leading to low adoption rates of irrigated rice.
Empirical household analyses provide evidence that is consistent with this
view: neither rice output nor irrigated rice area is very responsive to rice price
increases. Various socioeconomic factors, such as underdeveloped input mar-
kets, weak extension systems, and high marketing transaction costs, have led
to low levels of rice intensification and productivity.

Historical and international experiences are consistent with these findings.
On the technology front, governments in many Asian and Latin American
countries invested heavily in rice research and development (R&D), and
as a result many of their domestically bred varieties became popular with a
majority of producers. Additionally, carlier private investments in irrigation
facilitated the successful adoption of high-yield varicties. Governments also
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invested heavily in public irrigation schemes at a much higher intensity than
Nigeria (given the size of arable land compared to Nigeria’s). This ultimately
affects a whole range of rice-sector activities, including efficiency of both
input and output markets or capacity of R&D and extension delivery.

The growing demand has also not translated into improved postharvest pro-
cessing of domestic rice for the market. Although the bulk of rice milling s still
dominated by a cottage industry of small-scale operators located in villages and
small town markets who produce an inferior rice variety relative to imports, the
sector should not be ignored in favor of promoting large integrated mills for the
sole purpose of ensuring locally produced premium-quality rice, as the govern-
ment has been doing. While meeting the demand for premium-quality rice in
the short run is feasible only through the use of the larger industrial mills, there
is a real danger that in years to come the sector will still have to rely heavily on
government support to remain competitive.

Model simulations of the rice milling sector highlight the vulnerability of
this sector to changes in import tariffs and global rice markets, showing that the
sector is unable to compete effectively without tariff protection. Experiences
elsewhere in West Africa and Asia illustrate this same problem. Meanwhile, by
not paying sufficient attention to improving the small-to-medium-scale sector,
the demand for standard-quality rice would remain unmet.

Promoting (or at least not discriminating against) the small-to-medium-
scale sector makes sense, as this sector is more economically efficient and more
resilient to tariff changes or volatility in global markets. While this type of
rice is less substitutable with imported brands, a majority of poorer consumers
continue to rely on it (about half of total rice consumption), and the potential
to upgrade the sector exists, as our results show. The sector can easily absorb
a 25 to 33 percent increase in costs to further process and improve the quality
of milled rice through de-stoning, polishing, and colorization. Returns can be
raised if the current high trader and marketing cost margins can be reduced.
One possible way of doing this is through the development of milling clus-
ters, wherein economies of scale and location can be taken advantage of by a
greater number of small-to-medium-scale millers choosing to locate within or
in proximity to these clusters.

Experiences in Asia and elsewhere in West Africa also suggest that the
growth and resilience of the small-to-medium-scale mills can play an import-
ant role in contributing to the employment growth and transformation of
rural economies. Over time, as incomes have risen and consumer preferences
have shifted more toward higher-quality rice, the sector has been able to adapt
and attract investors along its value chain in order to upgrade equipment and
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expand milling capacities. Government support has been critical, but it has
mostly been in the following areas: providing access to technology and train-
ing; subsidizing credit and sometimes even the price of paddy; and investing
in infrastructure to lower costs for energy, transportation, and access to mar-
kets and information.

With these supports in place, subagents for paddy producers and other new
trader entrants appear on the scene, including those specializing in post-mill-
ing operations. Eventually, this route has led to the commercialization of
specific rice brands, together with a system of quality grades and standards.
While this process can take time, the Nigerian small-to-medium milling sec-
tor is poised to respond, given the right enabling environment.

Weak institutional capacity often constrains effective policy implemen-
tation and regulatory enforcement in SSA. In the Nigerian rice sector, this
problem is manifested in its rice trade policy. Increased tariffs and import
bans have not succeeded in substantially reducing rice imports. In part, this
is potentially because high import tariffs can encourage unofficial imports
(smuggling), both through Lagos port and other cross-border trading posts
(including the border with Niger). Efforts to evade higher tariffs are difti-
cult to enforce given the size of the market in Nigeria, the difficulties of col-
lecting tariffs on imports coming through Nigeria’s ports, and the expanse of
Nigeria’s porous borders with neighboring countries. In fact, at a high enough
tariff level, imports could simply cease to pass through official channels, as
they are diverted through other channels.

Thus, only a small percentage of tariff increases may be transmitted to
the domestic market in the form of higher domestic prices of imported rice;
moreover, the divergence between import parity price and domestic price of
imported rice increases with higher tariffs. Empirical analyses show that only
about 20 percent of increases in rice import tariffs and 33 percent of changes
in the domestic price of imported rice are transmitted to the price of local rice.
Producer prices, therefore, may not rise substantially either.

Simulations using an economywide multimarket model developed for
Nigeria show that a combination of interventions related to production, mar-
kets, and trade may be necessary, although the feasibility of such an approach is
unknown at this point. Trade and price policies alone, even if they are effectively
enforced, will not result in stimulating a large supply response. If rice prices rise,
consumers—especially the poor, who spend a larger share of their income on
food—will be significantly hurt, offsetting any benefits to producers.

Alternatively, a rice-sector development strategy that focuses more atten-
tion on technological change and market improvement is likely to be more
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successful in benefiting both producers and consumers, while also contrib-
uting to stable food prices and overall GDP growth. If an import tariffis
warranted, maintaining a consistent tariff policy together with increased pub-
lic investments in technological change and market improvements will be
required to spur productivity growth. This is something that will not be easy
to do, considering the government’s record for implementing similar initia-
tives in the past. In addition, public investment in the rice sector can incur
substantial opportunity costs, such as investments in other sectors, that must
be carefully assessed.

Policies to Encourage Domestic Rice Production
Several factors may explain Nigeria’s pursuit of transforming the rice econ-
omy. Recent food price spikes, growing demand for cereals like rice in Asia,
including China, and slowing growth in rice production in major exporting
regions all point toward increasing costs for importing rice for Nigeria. There
is still considerable scope for developing the domestic rice sector. Unlike in
other tropical West African countries, a substantial share of rice production in
Nigeria is in the lowland ecologies, where much of the Green Revolution took
place in Asia. Given its market size and the potential impact it has in interna-
tional rice markets and West African food security, how the rice economy in
Nigeria can be transformed is a question that merits serious examination.

Compared with its counterparts outside Africa south of the Sahara,
Nigeria not only faces the dual challenges of catching up to Asia’s Green
Revolution and transforming the rice postharvest sector, it also faces the addi-
tional task of reversing decades of neglect in agriculture. Doing so in a fash-
ion that will lead to a complete transformation of the rice economy in a short
period of time is a formidable challenge. Therefore, many of the issues that
have been addressed in this book have focused more on a medium-to-long-run
perspective. A successful strategy will depend partly, but crucially, on stocks of
knowledge and capital accumulated through past investments and long-term
future investments in rice R&D and irrigation, supplemented by investment
in physical infrastructure.

Though it is beyond the scope of this book to discuss the political economy
aspects of long-term public investments, these investments need to increase
substantially if Nigeria is to improve the competitiveness of its rice sector.
According to recent estimates, the share of agriculture in total government
expenditures was only 5.3 and 5.7 percent in 2009 and 2010, respectively
(Benin and Yu 2013). The 2013 budget allocation for agriculture remained at
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5 percent as a share of the total projected budget (Ukaoha and Ngene 2013).
This is not very different from the 1970s, when the government was flush
with petrodollars. Moreover, it is well below the 10 percent target agreed upon
by African countries, including Nigeria, under the Comprehensive Africa
Agriculture Development Programme, which is an initiative launched by the
African Union to raise awareness of the importance of increasing government
support of agriculture in Africa. It is critical for the Nigerian government

to assess how effective support for the rice sector can be enhanced as part of
broader efforts in raising agricultural-sector support.

The national government’s commitment to the agricultural sector is
encouraging and should be maintained, even though short-term responses
may be limited, in part because of the small share of public expenditure still
devoted to agriculture. Under its recent strategy for agriculture, the Nigerian
government laid out an ambitious plan to achieve a transformation in the rice
cconomy through policy reforms and fiscal investments. Aside from the use
of import tariffs, the government also introduced reforms that include the
deregulation of the fertilizer sector, marketing reforms that involve promoting
the setup of private market corporations to help coordinate the market and
set grades and standards, and innovative financing mechanisms for supply-
ing credit. Additionally, interstate barriers to trade in paddy rice, such as taxes,
were expected to be eliminated to reduce market transaction costs.

The policy and investment framework for transforming the rice econ-
omy is promising if it can be successfully implemented, kept consistent, and
on course. Asia’s own Green Revolution decades ago relied heavily on protec-
tive policies against imports and strong state involvement in providing sub-
sidies and intervening in the market to help coordinate access to input and
output markets and to stabilize pri'ces (Johnson, Hazell, and Gulati 2003). In
Asia, governments played important roles in various aspects throughout the
course of the Green Revolution. Many of their roles turned out to be effective
because they invested heavily in rice R&D, irrigation, and physical infrastruc-
ture. Moreover, many of these countrics had established strong monitoring
and evaluation systems by the 1970s, so that adequate time-series statistics
on irrigated area, number of tractors, fertilizer use, and so forth are readily
available. This has proved crucial for these countries to evaluate future pol-
icy options and monitor progress over time. It is now critical for Nigeria to do
the same.

Finally, there is always the danger that a rice development strategy that
focuses too much attention on displacing imports of higher-end quality rice
will always have a strong urban bias, as Moscley, Carney, and Becker (2010)
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caution. Unfortunately, this is already the case, considering that much of the
focus on displacing rice imports across many countries in West Africa is being
driven more by concerns of increased vulnerability to volatile global mar-
kets, threats of depleting forcign-exchange reserves, and political risks associ-
ated with not having sufficient supplies of affordable rice, especially in urban
areas. In other words, policymakers’ concerns about reducing the dependency
on imported rice (especially higher-quality premium rice) are strongly urban
biased. Concerns about improving the livelihoods of rice farmers appear to
be secondary. Identifying the right balance between these is likely to remain
an important policy question as Nigeria tries to define its rice-sector develop-
ment strategy.
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A BRIEF CHRONOLOGY OF NIGERIA'S
POLITICAL HISTORY

Kwabena Gyimah-Brempong, Michael Johnson, and Hiroyuki Takeshima

TABLE A.1 A brief chronology of Nigeria’s political history, 1960-2013

1960 Independence from Great Britain, with Prime Minister Sir Abubakar Tafawa Balewa leading
a coalition government.

1963-1966 First Republic (3 years)

1963 Nigeria is proclaimed as the Federal Republic of Nigeria, and former Governor General
Nnamdi Azikiwe becomes the country’s first president.

1966-1978 First period of military rule (12 years)

1966 Prime Minister Balewa is killed in a coup in January. Major General Johnson Aguiyi-Ironsi
heads up a military administration. Ironsi is subsequently killed in a countercoup in July and
replaced by Lieutenant Colonel Yakubu Gowon.

1967-1970 Biafra Civil War: Three eastern states secede as the Republic of Biafra, sparking bloody
civil war. The Biafran leaders surrender in 1970, and former Biafran regions are reintegrated
into the country.

1975 Gowon is overthrown and flees to Britain. He is replaced by Brigadier General Murtala
Ramat Mohammed, who begins the process of moving the federal capital to Abuja.

1976 Mohammed is assassinated in a faited coup attempt. He is replaced by his deputy, Lieutenant
General Olusegun Obasanjo, who helps introduce an American-style presidential constitution.

1978-1983 Second Republic (5 years)

1978 A ban on political activity is lifted and a new constitution is drafted and published.

1979 Elections bring Alhaji Shehu Shagari to power.

1983 August-September: Shagari is reelected amid accusations of irregularities. By December,
Major General Muhammad Buhari seizes power in a bloodless coup.

1984~1993 Second period of military rule (9 years)

1985 Ibrahim Babangida seizes power in a bloodless coup and curtails political activity.

1993 Third Republic (0 years)

1993 In June, the military annuls elections when the preliminary results show victory by Chief
Moshood Ablola. By August, power is transferred to an Interim National Government.

1993-1999 Third period of military rule (6 years)

1993 November: General Sani Abacha seizes power from the Interim National Government and
suppresses any opposition.

1994 Abiola is arrested after proclaiming himself the president of the republic.

1995 Writer and campaigner Ken Saro-Wiwa is executed following a hasty trial for protesting
against the petroleum industry for the damages to his Ogoni homeland.

1998 Abacha dies and is succeeded by Major General Abduisalami Abubakar. Chief Abiola dies in

custody.
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1999-present  Fourth Republic (16+ years)

1999

2003

2006

2007

2010

2011

Parliamentary and presidential elections are held under Abubakar. Olusegun Obasanjo is
sworn in as president.

In April, the first civilian-run presidential elections are held since the end of military rule.
Olusegun Obasanjo is reelected for a second term. Also first legislative elections are held,
with Obasanjo's People’s Democratic Party winning the parliamentary majority.

Nigeria becomes the first African nation to pay off its debt to the Paris Club of rich lenders,
helped by record petroleum prices.

Umaru Yar'Adua of the ruling People's Democratic Party is proclaimed the winner of the
presidential election.

President Umaru Yar’Adua dies after a long period of illness. Vice President Goodluck Jona-
than, already acting in Yar’Adua’s stead, succeeds him.

Goodiuck Jonathan wins the presidential elections.

Source: Nigeria country profile, BBC (2013), and other sources (e.g., Ehigiamusoe 2012).
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THE LINEAR EXPENDITURE SYSTEM MODEL

Kwabena Gyimah-Brempong and Oluyemisi Kuku-Shittu

here are several approaches to the systems demand for commodities by

households, each with strengths and weaknesses. All these estimate how

houscholds allocate their expenditures on food (total household expendi-
ture) among broad classes of goods. In this sense, these models estimate house-
hold budget shares rather than the demand for each individual commodity.
Among the most popular models are Deaton’s Almost Ideal Demand Systems
(Deaton and Mucllbauer 1980) and the Direct Addilog Consumer Demand
Systems popularized by Houthakker and Taylor (1970, 2010). Another conve-
nient model used to study household expenditures is the Linear Expenditure
System (LES) popularized by Stone (1954). Each of these models is derived
from a plausible demand function based on a utility maximization model.

We have chosen to use the LES for a number of reasons. Besides the ease of
estimation and interpretation of results, it allows for “subsistence consump-
tion,” after which additional budget increases are allocated to “supernumer-
ary” consumption as marginal budget shares (MBS). Subsistence consumption
as used here is different from the way it is used in the development literature,
where one thinks of “subsistence farming” as farmers growing just enough
food to feed their families without generating a surplus for sales in the mar-
ket. As used here, subsistence consumption refers to the level of consump-
tion expenditures that the houschold is “committed” to without regard to its
income level. Subsistence demand as used here is akin to demand to satisfy

“basic needs”; the houschold will purchase this level (quantity) of consump-
tion of all commuodities in its consumption basket first before it purchases
additional quantities of any good with its remaining income. It reflects the
minimum quantity (expenditure) of a commodity that enters the household’s
consumption basket. In a low-income country like Nigeria, such subsistence
consumption may be an important component of the welfare of households.
MBS may also be important for ensuring food security and may therefore
be of interest to policymakers. In addition, concerns about increasing food
imports in Nigeria resulting from increased incomes and population growth
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as well as concerns with high rates of food insecurity make the MBS approach
an attractive feature of the LES for modeling the demand for rice in Nigeria.

We note, however, that the LES is not without its weaknesses. In particu-
lar, the assumption of strong separability among broad classes of commodities
may imply that the utility function is additive and that the marginal utilicy
from commodity group 7 does not depend on the consumption of commodiry
group j. Second, it assumes a strict proportionality between income elasticities
and price effects, indicating that own-price clasticities of demand for a partic-
ular product depend on expenditure clasticity of demand for that good and
the sum of cross-price elasticities of demand for that good and all other goods
in the consumer’s consumption basket. Finally, it does not allow for inferior
goods in the system. Despite these weaknesses, Taylor and Houthakker (2010)
show that the direction of change in budget shares is very similar among the
most popular approaches to household demand systems.

We estimate household consumption of rice and its two components—local
and imported—in Nigeria as part of the demand for a large number of broad
categories of food, including rice, yam, millet, sorghum, maize, meat, fish, poul-
try, fruits, and vegetables, among others. The demand system we estimate is
derived from maximizing a Stone-Geary utility function, subject to a household
budget constraint. Formally, the household maximizes a utility function:

Max U=[T{Q; - y)*
STYIP+Q;<Y, (1)

where O is the quantity demanded for good 7, y; is the subsistence level of 7, 4
is the MBS of good 7, Y is houschold income, and P; s the price for 0;.

Solving this constrained maximization problem, one can then derive the
demand function for Q;, which takes the following form:

“i(Y_ ZI ;P] *y')
Q= ;:t +9is (2)

where all variables are as defined in (1) above. Equation (2) is written for food
group (category) 7 and can be converted to budget shares by multiplying both
sides by p;/Y to get the share of the household’s budget that is spent on that
particular food item, so that
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In this specification, the share equation is a function of prices and quan-
tities of all goods consumed by the household and the total expenditure
(income) of the houschold. Note that a;and y; may be different for each food
category. One estimates the share equations as a system of linear equations
with the appropriate restrictions (linear homogeneity, homotheticity, ctc.).
There are as many share equations as there are food groups. The error vector
of all the share equations is singular, and therefore the systems cannot be esti-
mated. To make it estimable, we drop one of the share equations and recover
the parameters of that equation from the parameters of other share equa-
tions using the restrictions imposed for estimation. Taylor and Houthakker
(2010) show that parameter estimates are invariant as to which share equa-
tion is dropped from the estimation. For our estimation, we dropped the other
grain category and recovered the parameters of that equation from the esti-
mated coefficients. 0;

[f we use the average budget share (ABS) of food group 7, that is, 5; = P—J—J,
with ZfP, * 0; = ¥, as the budget constraint, the income elasticity of demand
for food group i can be derived from the share equation as

0 v o
=y o T (3)

showing that the expenditure (income) elasticity of demand for food group i is
the ratio of MBS to ABS. The cross-price elasticity of the demand is derived as

_90i B @by % Py
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This suggests that the cross-price elasticity of demand in the LES depends
on the income elasticity of demand for that food item as well as the expen-
diture shares of the other food i ltctm With the imposition of homogeneity
restriction, that is, ({ + Z" &5 £+ &) = 0, the own-price elasticity of demand
can be derived from the known income elasticity, and cross-price clasticity as
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From equations (4) and (5), it is clear that once we know income elasticity,
EZY, subsistence parameter, ;, and price, P;, we can calculate price clasticities of
demand. Box B.1 uses a three-good utility function to illustrate this.
The derived price elasticities of demand are estimated based on the aver-
age price at the national level, estimated income elasticity for national, urban,
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sox B.1 Calculating price elasticities of demand for a three-good example
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and rural average households, and crucially on a subsistence parameter, ;,
discussed above. In our analysis, we calibrated the subsistence parameter for
national, urban, rural, and income quintile groups in rural and urban areas.
Although we are interested in estimating the demand for rice in both the
imported and local forms, we recognize that households spend their food bud-
gets—and indeed, their entire houschold budgets—on more than these two
food items. We therefore model and estimate a household demand system

for 18 food items and one non-food item that cover all the houschold expen-
ditures.! Because we are interested not only in the demand for rice as a whole
but also in the demand for imported rice and domestically produced rice and
the relationship among them, we treat imported rice and local rice as separate
food items in our estimation. The analysis is carried on at the household level.

1 The food items and the non-food item covered in the model are presented in the following
tables. Multiple items are covered by the terms “Other grains” and “Other roots.”



THE LINEAR EXPENDITURE SYSTEM MODEL 217

TABLE B.1A Demand for major commodities by zone (North Central and North East)

Urban Rural
Expenditure  Quantity Expenditure Quantity
(million (thousand  Quantity (million (thousand Quantity
Group naira/year) tons/year) (kg/capita) naira/yeaQ tons/year)  (kg/capita)
North Central
Rice 26,660 190 28.6 54,605 495 28.8
Local rice 10,758 96 14.4 37,126 389 226
Imported rice 15,902 95 14.2 17,479 106 6.2
Maize 9,795 167 25.0 22,277 466 27.1
Wheat 10,016 52 7.8 9,463 52 3.0
Sorghum 5,325 107 16.1 19,141 520 30.2
Millet 928 22 32 7,243 170 9.9
Other grains — — — 168 1 0.1
Cassava root 319 6 0.3 13,282 282 55
Garri 15,693 231 347 26,562 396 23.0
Yam 34,826 619 31.0 80,481 1,573 30.5
Other roots 2,444 47 2.3 4,755 108 2.0
Total 106,006 237,977
North East
Rice 19,690 138 39.7 61,477 543 29.3
Local rice 12,580 99 28.5 51,237 482 26.0
Imported rice 7,109 39 1.2 10,240 61 33
Maize 10,043 174 50.2 36,325 760 411
Wheat 3,563 22 6.4 13,428 85 46
Sorghum 2,889 86 24.9 29,507 1,109 60.0
Millet 2,285 66 19.0 24,233 677 36.6
Other grains 197 1 0.4 56 1} 0.0
Cassava root 122 2 0.2 2,633 48 0.9
Garri 563 7 2.0 4,898 73 3.9
Yam 4,881 65 6.2 15,778 230 4.1
Other roots 1,490 32 3.1 7,131 146 26
Total 45,723 195,466

Source: Authors' calculations based on National Bureau of Statistics and World Bank (201 1).
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TABLE B.18 Demand for major commodities by zone (North West and South East)

Urban Rural
Expenditure  Quantity _Expenditure Quaatity
(million {thousand Quantity (million (thousand Quantity
Group naira/year) tons/year) (kg/capita)  naira/year)  tons/year) (kg/capita)
m West o _

Rice 62,462 513 53.0 142,428 1,259 39.6
Local rice 43,401 389 40.1 124,084 1,144 359
Imported rice 19,061 125 129 18,344 116 3.6

Maize 29,360 549 56.7 70,541 1,490 46.8

Wheat 12,147 56 5.8 26,827 120 3.8

Sorghum 13,627 291 30.1 84,013 2,428 76.3

Millet 19,216 407 42.0 72,926 1,855 58.3

Other grains 939 8 0.8 4,727 46 1.4

Cassava root 659 19 0.7 3,062 62 0.6

Garri 4,004 42 4.3 3,876 41 1.3

Yam 13,391 226 7.8 15,508 280 2.9

Other roots 6,560 100 34 12,971 234 2.4

Total 162,365 436,879

South East

Rice 13,022 192 36.3 29,447 363 26.2
Local rice 2,225 25 47 12,059 111 8.1
Imported rice 10,797 167 315 17,387 252 18.2

Maize 674 118 22.3 727 92 6.6

Wheat 5,309 76 14.4 9,543 79 5.7

Sorghum 127 20 3.8 14 0 0.0

Millet 13 2 04 — — —

Other grains 111 22 4.1 419 32 2.3

Cassava root 585 83 5.2 22,011 700 16.9

Garri 8,441 427 80.6 21,511 794 57.4

Yam 15,029 599 37.7 39,597 1,156 279

Other roots 10,328 357 75 16,542 478 11.5

Total 53,639 139,811

Source: Authors’ calculations based on National Bureau of Statistics and World Bank (2011).
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TABLE B.1C Demand for major commodities by zone (South South and South West)

Urban Rural
Expenditure  Quantity o Expenditure  Quantity
(million (thousand Quantity (million {thousand Quantity
Group naira/year) tons/year) (kg/capita)  naira/year) tons/year) (kg/capita)
South South o o
Rice 41,773 234 24.4 53,440 314 20.9
Local rice 2,117 19 2.0 7,780 78 5.2
Imported rice 39,655 215 22.4 45,660 236 15.7
Maize 193 2 0.2 166 1 0.1
Wheat 17,280 71 7.4 22,402 80 5.3
Sorghum - — — 58 2 0.1
Millet — — — 5 0 0.0
Other grains 75 0 0.0 857 8 0.5
Cassava root 7,254 161 16.8 30,405 634 14.1
Garri 38,994 451 47.0 71,933 846 56.4
Yam 26,992 432 45.0 53,617 814 18.1
Other roots 22,121 282 29.4 40,199 506 11.2
Total 154,682 273,082
South West
Rice 101,058 774 328 30,576 184 26.4
Local rice 1,171 9 0.4 1,339 10 1.5
Imported rice 99,888 765 324 29,236 174 249
Maize 4,978 53 2.2 2,505 30 43
Wheat 44,757 249 10.6 9,201 50 71
Sorghum 9 0 0.0 231 7 1.0
Millet — — —_ 107 3 0.5
Other grains 7,599 53 2.2 140 1 0.1
Cassava root 2,753 37 1.6 1,017 31 1.5
Garri 64,538 932 39.6 19,686 232 332
Yam 113,149 1,375 58.3 38,345 547 26.1
Other roots 19,409 212 9.0 7,145 99 47
Total 358,250 108,953

Source: Authors' calculations based on National Bureau of Statistics and World Bank (2011).



TABLE B.2 Own- and cross-price elasticities of demand for food in Nigeria

Fruits
and

Local Import- Wheat All cas- Oiland vege- Other Other Other Other Dining  Non-
Commodity rice edrice Maize flour Bread sava Sugar Yam Pulses fat  tables Milk Poultry Fish grains roots meat food out food
Local rice 0309 —0.003 —0.006 -0.001 —0.002 —-0.004 0.000 -0.016 —0.008 —0.015 -0.015 -0,001 -0.001 -0.012 -0.017 -0.005 -0.014 -0.004 -0.001 -0.002
Imported rice —0.019 -0.614 -0.012 -0.003 -0.003 -0.008 —-0.001 —0.032 -0.017 -0.030 -0.030 -0.002 -0.002 -0.025 -0.035 -0.011 -0.028 —0.009 -0.001 -0.003
Maize —0.013 —0.004 -0.427 —0.002 —0.002 —0.006 —0.001 —0.022 -0.012 —-0.020 -0.021 -0.001 -0.001 —0.017 -0.024 —0.008 —0.019 -0.006 -0.001 -0.002
Wheatflour  —0.021 —0.005 —0.013 —0.659 —0.004 —-0.009 -0.001 —0.035 -0.018 -0.032 -0.033 -0.002 -0.002 -0.027 —0.037 -0.012 -0.030 -0.009 -0.001 -0.003
Bread _0.022 -0.006 —0.014 —0.003 —-0.696 —0.010 -0.001 -0.037 —0.019 —0.034 —-0.035 0,002 -0.002 -0,028 -0.039 -0.012 -0031 -0.010 -0.001 -0.004
Allcassava  —0.008 —0.002 —0.005 —0.001 —0.001 —0.269 0.000 -0.014 —0,007 -0.013 -0.013 -0.001 -0.001 -0.011 -0.015 -0.005 -0.012 -0.004 0.000 -0.001
Sugar 0013 —0.003 —0.008 —0.002 —0.002 -0.006 —0.416 —0.022 —0.011 —0.020 -0.021 —0.001 -0.001 —0.017 -0.024 —0.007 -0.019 -0.006 -0.001 -0.002
Yam _0.012 -0.003 —0.008 -0.002 —0.002 -0.005 —0.001 -0.400 -0.011 —0.019 -0.019 -0.001 -0.001 —0.015 —0.022 -0.007 -0.017 -0.005 -0.001 -0.002
Pulses —0.010 —0.003 —0.006 —0.001 -0.002 —0.004 0.000 —0.017 —0.324 -0.015 -0.016 -0.001 -0.001 -0.013 —0.018 -0.006 -0.014 -0.004 -0.001 -0.002
0il and fat 0010 —-0.003 —0.006 —0.001 —0.002 —0.004 0.000 —0.016 —0.009 -0.327 -0.016 -0.001 -0.001 —0.013 -0.018 -0.006 -0.014 -0.004 -0.001 -0.002
Sggtfa?)l:gs —0.011 —0.003 —0.007 —0.002 -0.002 —0.005 —-0.001 —-0.019 —0.010 -0.017 -0.375 -0.001 —-0.001 —-0.015 0,020 -0.006 -0.016 -0.005 -0.001 -0.002
Milk —0.023 —0.006 —0.015 —0.003 -0.004 —0.010 —0.001 —0.038 —0.020 —0.035 -0.036 -0.715 -0.002 -0.029 -0.041 -0.013 -0.032 -0.010 -0.001 —0.004
Poultry _0.041 0,011 —0.026 —0.005 —0.007 —0.018 —0.002 -0.067 —0.035 —0.062 -0.064 -0.004 -1.279 -0.052 -0.072 -0.023 -0.058 -0.018 -0.002 -0.007
Fish 0014 -0.004 —0.009 -0.002 —0.002 -0.006 —0.001 -0.023 —0.012 -0.021 -0.022 -0.001 -0.001 -0.449 —0.025 -0.008 -0.020 -0.006 -0.001 -0.002
Other grains  —0.001  0.000 —0.001 0.000 0000 -0.001 0.000 -0.002 -0.001 -0.002 -0.002 0.000 0.000 -0.002 —-0.048 -0.001 -0.002 -0.001 0.000 0.000
Otherroots  —0.015 —0.004 —0.009 —-0.002 —0.002 -0.006 —0.001 —0.025 —0.013 -0.023 -0.023 -0.001 -0.001 0,019 -0.026 —0.473 -0.021 -0.007 -0,001 -0.002
Othermeat  —-0.024 —0.006 —-0.015 —0.003 —0.004 —-0.010 —0.001 —0.039 -0.021 -0.036 -0.037 -0.002 -0.002 -0.030 -0.042 -0.013 -0.777 -0.010 -0.001 -0.004
Other food —0.023 —0.006 —0.014 —0.003 —0.004 —0.010 —0.001 —0.038 —0.020 -0.035 —0.035 —0.002 -0.002 -0.029 -0.040 -0.013 -0.032 -0.721 -0.001 -0.004
Dining out —0.035 -0,009 —0.023 —0.005 —0.006 —-0.015 —0.002 —0.059 -0.031 —0.054 -0.055 -0.003 -0.003 -0.045 -0.063 -0.020 -0.050 -0.016 -1.112 -0.006
Non-food _0.033 —0.009 —0.021 —0.004 -0.006 —0.014 -0.002 —0.055 —0.029 —0.051 -0.052 -0.003 —0.003 —-0.043 -0.060 -0.019 -0.048 -0.015 —0.002 -1.055

Source: Linear Expenditure System mode! results.
Note: Own- and cross-price elasticities measure how responsive quantity demanded is o changes in a good's own-price and the price of other goods, respectively.
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TABLE B.3 Estimates of own-price elasticity

National Urban Rural
Commodity High Medium Low High Medum Low High Medium Low
Localrice -037 -031 -028 -018 015 —015 -059 047 —0.42
Imported rice 075 061 -055 -047 -040 038 -0.85 —-066 -0.58
Maize 052 -043 039 -057 -050 046 -059 —047 —041
Wheat flour 081 066 -059 -053 -046 -043 -138 -108 —0.94
Bread 085 -070 -063 -062 -054 050 -091 071 —062
Al cassava 033 -027 -024 020 -017 016 -039 -0.31 -027
Sugar -051 042 037 -054 -047 —044 058 —045 -0.39
Yam 048 -040 -037 -041 -036 034 -055 044 —0.40
Pulses -039 032 029 -036 031 029 -048 -038 -0.33
Oif and fat 039 -033 -030 -033 029 028 046 -0.37 -0.33
Fruits and vegetables  —0.45 -0.33 034 -044 039 -037 -047 -0.38 —0.34
Milk 088 -072 -064 -091 079 074 -084 -066 -057
Pouitry 157 128 115 -202 -175 -163 -157 122 —1.07
Fish -0.54 045 -041 -037 -033 —031 -060 -048 —043
Other grains 006 -005 -0.04 -014 -012 —011 -012 —-0.09 -0.08
Other roots -057 -047 -043 -053 —046 -043 —061 -048 —042
Other meat 093 -078 —071 -073 -064 060 -1.05 —-0.85 -0.75
Other food -088 -0.72 065 -086 -075 -070 -0.86 -0.67 -0.59
Dining out 136 -1.11 -1.00 140 121 -113 —123 —-096 -0.84
Non-food 129 105 -095 -120 104 -097 -126 —-098 -0.86

Source: Linear Expenditure System model results.
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TABLE B.4 Average and marginal budget shares and income elasticities

National Urban Rural

ABS MBS Income ABS MBS Income ABS MBS Income '
) (%)™ elasticity (%) (%) elasticity (%) (%) elasticity

Rice ) 6.60 4.2 0.63 570 24 0.43 705 54 0.77
Local rice 379 16 0.44 184 04 0.20 469 3.0 0.64
Imported rice 282 25 0.88 382 20 0.53 236 24 1.03
Maize 221 13 061 117 07 0.64 269 19 0.72
Wheat flour 014 041 0.95 013 01 0.60 015 03 1.69
Bread 143 1.4 1.01 1.60 11 0.70 135 1.5 1.12
All cassava 428 1.6 0.38 321 07 0.22 478 23 0.48
Sugar 114 07 0.60 0.69 04 0.61 135 0.9 0.71
Yam 505 28 0.55 459 21 0.46 526 34 0.65
Pulses 359 16 046 299 12 0.40 387 22 0.57
Qil and fat 6.09 28 0.45 470 1.7 0.37 6.73 3.7 0.55
Fruits and vegetables  6.48 3.4 0.52 522 26 0.49 707 40 0.56
Milk 1.05 141 1.04 1.07 141 1.03 1.04 141 1.03
Poultry 101 19 1.85 08 20 2.28 1.07 241 1.92
Fish 576 36 0.63 547 23 0.42 589 43 0.72
Other grains 433 03 0.07 137 02 0.15 578 038 0.14
Other roots 154 1.0 0.68 130 08 0.60 164 1.2 0.74
Other meat 586 6.3 1.08 530 43 0.81 612 7.7 1.26
Other food 241 25 1.03 239 23 0.97 242 25 1.04
Dining out 1042 16.8 1.61 12.77 20.2 1.58 9.34 141 1.51
Non-food 30.53 465  1.52 3950 537 136 26.41 406 1.54
Total 100 100 100 100 100 100

Source; Linear Expenditure System model results.

Note: “ABS = average budget shares. **MBS = marginal budget shares. Because of rounding, column entries might not
exactly total 100.
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TABLE B.5 Sample statistics of consumption (national, urban, and rural)

Expenditure Total quantity Expenditure Quantity
Commodity (million naira/year) (thousand tons/year)  (naira/per capita) (kg/per capita)

a. Sample statistics of consumption (national)

Rice 636,638 5,200 3,938 32.2
Local rice 305,878 2,851 1,892 17.6
Imported rice 330,760 2,349 2,046 14.5

Maize 187,585 3,900 1,160 241

Wheat 183,936 993 1,138 6.1
Bread 161,203 837 997 5.2
Wheat flour 22,733 156 141 1.0

Sorghum 154,941 4,572 958 28.3

Millet 126,956 3,202 785 19.8

Other grains 15,289 173 95 1.1

Cassava 364,798 5,161 2,257 31.9

Yam 451,595 2,946 2,794 18.2

Other roots 151,096 865 935 5.4

Total 2,272,834 27,012 14,060 167.0

b. Sample statistics of consumption (urban)

Rice 264,665 2,041 4,541 35.0
Local rice 72,252 636 1,240 10.9
Imported rice 192,413 1,405 3,301 241

Maize 55,044 1,062 944 18.2

Wheat 93,072 527 1,597 9.0
Bread 83,071 443 1,425 7.6
Wheat flour 10,001 84 172 14

Sorghum 21,977 505 377 8.7

Millet 22,442 496 385 85

Other grains 8,922 84 153 1.4

Cassava 143,923 2,193 2,469 37.6

Yam 208,269 1,324 3,573 22.7

Other roots 62,353 343 1,070 5.9

Total 880,665 8,576 15,110 147.0
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Expenditure Total quantity Expenditure Quantity
Commodity (million naira/year) (thousand tons/year) (naira/per capita) (kg/per capita)
¢-:. Sample statistics of consumption (rurai) R R
Rice 371,973 3,159 3,599 30.6
Local rice 233,626 2,215 2,260 21.4
Imported rice 138,347 944 1,338 9.1
Maize 132,541 2,838 1,282 275
Wheat 90,864 466 879 45
Bread 78,132 394 756 3.8
Wheat flour 12,732 72 123 0.7
Sorghum 132,964 4,067 1,286 39.3
Millet 104,515 2,706 1,011 26.2
Other grains 6,367 89 62 0.9
Cassava 220,875 2,968 2,137 28.7
Yam 243,326 1,622 2,354 15.7
Other roots 88,743 522 859 5.1
Total 1,392,169 18,437 13,468 178.0

Source: Author's calculations based on Nigeria, NBS and World Bank (2011).
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ADDITIONAL TABLES TO CHAPTER 3

Hiroyuki Takeshima and Oladele Samuel Bakare

TABLE C.1 Major soils and rice ecologies

(5)
1 2) 3) (4) Not in rice
Order Lowland Transitional Upland/dryland growing areas
Inceptisols Cambisols Dystric, Eutric, Calcic,
Eutric, Calcaric, Ferralic Cambisol Vertic Cambisols,
Dystric, Andosols Humic Cambisols

Humic Gleysols

Alfisols Gleyic Luvisols

Ultisols Gleyic Acrisols, Humic Acrisols,
Plinthic Acrisols, Humic Nitosols,
Dystric Planosols Dystric Nitosols
(swamp type) (steep terrace)

Entisols Fluvisols
Gleysols

Vertisols Vertisols

Mollisols

Oxisols

Aridisols

Histosols

Spodosols

Others

Gleyic-Solonetz,
Luvisols,
Eutric Nitosols

Arenosols (little)
Regosols (little)

Mollic Gleysols pt.,
Kastanozems,
Chernozems, Rendzinas,
Greyzems, Planosols

Ferralsols
Gleysols

Lithosols
Podsols

Source: Authors’ analysis based on Moormann and van Breemen (1978).
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TABLE C.2 Major known rice pests in Nigeria

U
Insect pest

@
Stage of attack on rice

@)

Control

(a) Stem borer:

Striped borer (Chilo zacconius
Bleszynski), white borer (Maliarpha
separatelia Ragonot), stalk-eyed
flies (Diopsis longicornis Macquart)

(b) African rice gall midge (AfRGM)
(Orseolia oryzivora Harris and
Gagné)

(c) Stem and leaf suckers (white
flies; leaf hoppers and plant
hoppers)

(d) Leaf/stem feeder (lady bird,
cricket and grasshoppers)

(e) Vertebrate pests (rat, squirrel,
and grass cutter)

(f) Birds (weaver, quelea, bishop,
sparrow)

(g) Nematodes

Vegetative/reproductive

Vegetative

Vegetative/reproductive

Vegetative/reproductive
Seeding
Vegetative/reproductive

Reproductive/maturity

Vegetative/reproductive

Plough resiaE into the soil, burn
stubble after harvest. Spray Miral at
0.75 kg a.i./ha (NCRI 2012).

Use of tolerant variety; e.g., FARO
51 (Ukwungwu and Joshi 1992b).
Use clean seed; Spray Miral at
0.75 kg a.i./ha (NCRI 2012). Avoid
late planting (Wada et al. 2012).

Good plant density and good field
sanitation (NCRI 2012).

Use of insecticide (NCRI 2012),

Good sanitation, trapping (NCRI
2012). Rodenticide.

Human scarer, flash tapes, resistant
varieties, synchronized planting
(NCRI 2012).

Nematicides (NCRI 2012).

Source: Authors' compilations from various studies cited in the table.
Note: NCRI = National Cereals Research Institute. kg a.i./ha = kilograms of active ingredient per hectare.

TABLE .3 Major pathogens causing diseases of rice in Nigeria

M
Pathogen

)
Symptoms of attack on rice

3
Control

(a) Blast (Pyricularia oryzae)

(b) Brown spot (Helminthosporium
0oryzae)

(c) Leaf scald (Ger/achia oryzae
Hashioka and Yokogi)

(d) Sheath blight (Rhizochonia
solani Kuhn)

(e) Sheath rot (Sarocladium oryzae)

(f) Rice yellow mottle virus (RYMV)

Spots/lesion; stunted growth
Leaves lesion, spotted grains

Zonated brown lesions

Reddish-gray spots on leaf
sheath

Lesions on uppermost leaf
sheath

Yellow leaves, stunted
growth

Chemical spray (NCRI 2012).

Seed treatment (NCRI 2012),
healthy seeds.

Avoid high use of nitrogen (NCRI
2012).

Avoid overpopulation (NCRI 2012).

Use fully exerted panicle rice variety
(NCRI 2012).

Tolerant variety, good sanitation,
seed treatment (NCRI 2012).

Source: Authors’ compilations based on NCRI (2012, 2013).
Note: NCRi = National Cereals Research Institute.
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TABLE C.4 Some weed species among lowland rice in Nigeria

()
(1) 2 3 4 Known
Weed species Family Common name Types outside Africa
Ipomoea spp. Convolvulaceae ~ Wild potato Known
Ludwigia spp. Convolvulaceae  Water primrose Known
Sphenoclea zeylanica Campanulaceae Chicken spike Annual (RJ) Known
(Gaertn)
Nymphaea lotus Linn Nymphaeaceae =~ Water lily Unknown
Echinochloa spp. Poaceae Jungle rice Annual (RJ) Known
Oryza barthii A. chev. Poaceae Barth’s rice Annual (RJ) NA
Cyperus rotundus Linn  Cyperaceae Purple nut sedge  Perennial (RJ) NA
Kyllinga spp. Cyperaceae Kyllinga Sri Lanka (B}
Cyperus difformisLinn  Cyperaceae Small-flowered Annual (RJ) {infest rice NA
umbrella sedge fields as a result of farmers’

inability to maintain

permanent flooding in

poorly leveled fields) ()
Cyperus haspan Linn Cyperaceae Sharp edge sedge NA
Cyperus iria Linn Cyperaceae Rice flat sedge Annual (RJ) Known
Fimbristylis littoralis Cyperaceae Fimbry Annual (RJ) Known
Gaudet
Mariscus Cyperaceae — NA
longibraceteatus Cherm

Source: Authors' compilations based on Ismaila et al. (2013), Wada et al. (201 2) (B); Imeokparia, Lagoke, and Olunuga
(1992) (I); Rodenburg and Johnson (2009) (RJ).

Note: NA = information not avaiiable.
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TABLE c.5 Weed species status at some lowland experimental sites of the National Cereals

Research Institute, 2008 and 2009

Years of experiment
(1) Grasses (2) Family of grasses (3) 2008 (4) 2009
Echinochloa obtusifiora Stapt - Poaceae + B ++ -
Leersia hexandra sw Poaceae + —
Paspalum polystachylum R. Br Poaceae + +
Bracharia deflexa Schumach Poaceae +
Cynodon dactylon (Linn) pers Poaceae ++ +
Broadleaved
Ipomoea aquatic Forsk Convolvulaceae + ++
Nymphaea maculata Schum & Thorn Nymphaeaceae +
Nymphaea lotus Linn Nymphaeaceae - ++
Sphenoclea zeylanica Gaertn Sphenocleaceae ++ ++
Sedges
Cyperus difformis L Cyperaceae +
Fimbristylis littoralis Gaudet Cyperaceae + +
Kylinga bulbosa Beauv Cyperaceae + —
Cyperus esculentus L Cyperaceae + +
Sceleria naumanniana Boeck Cyperaceae — +

Source: Authors' compilation based on NCRI {2011), Bakare, Ukwungwu, and Aliyu (2008a, 2008b).

Note: The degree of prevalence of weeds is indicated by the symbols + = low, ++ = moderate; — = information not

available.
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SUPPLY RESPONSE ANALYSIS

Hiroyuki Takeshima

We estimate that
I;t =f(pit’ Wit’ Hj, EZ’ AEZI’ ACCESSZ" D}I) + i
L, =1ifI%>0,else I, =0 )

Yie =S Piv» Wis Hy, %3, AEZ,, Access;, Dy) + i Iy = 1. 2

The variable I;; = 1 if a farmer 7 grew cassava in year # and 0 otherwise.
The variable y;; is the production of rice (kg). Both are determined by the vec-
tors of price ratios between rice and other major crops (p;,), input prices and
access to technologies (w;,), household characteristics (H;), agroecological
factors (4EZ;), access to infrastructure, market, and research and develop-
ment (Access), and year dummy (D) that controls for year-specific shocks. We
also include z;, which are time averages of all the time-varying variables. This
cxtends Chamberlain’s (1984) method to a pseudopanel specification in order
to control partly for cohort-specific effects that are unobserved.

For pj;, maize, cassava, and yam are included as crops potentially compet-
ing with rice. Prices of local rice and maize are calculated from farm-level
sales information. Other price data were taken from community-level surveys
included in the Living Standards Measurement Study-Integrated Surveys
on Agriculture (LSMS-ISA) (Nigeria, NBS and World Bank 2011, 2013),
where one community was randomly selected for each enumeration area (EA).
Some communities did not report some of the price information. In order to
achieve sufficient degrees of freedom and obrain efficient estimators, we cal-
culated the local government area (LGA)-level, state-level, and zonal-level
averages of these prices and replaced missing observations with these prices.
Importantly, the community survey for LSMS-ISA (2013) or price informa-
tion were not available at the time of the analyses. We therefore used the fig-
ures from the LSMS-ISA (2011) postharvesting survey, which were reported
around March 2011, as a proxy for the prices farmers might have faced at the
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planting time in 2012. Although this is not the perfect proxy, given the gen-
erally low level of market integration for certain crops, a greater increase (or
lesser decrease) of price between August 2010 (post-planting) and March 2011
(postharvesting) could have sustaining effects, keeping the price levels high all
throughout 2011 and up to the planting time of August 2012.

w;, includes the price of commercial fertilizer, nominal farm wage for land
clearing (adult male), and whether tractor owners are in the sample within
the EA (to control for the access to tractor service). Due to the data limita-
tions, fertilizer price and nominal farm wage from LSMS-ISA (2011) are used
for 2012 as well. H; includes household size, age, and gender of the household
head, total farm size, whether the household head had any formal education
or was literate, whether any family member was employed by the government
institution, combined value of livestock and nonproductive household assets
excluding land, and incomes from remittance, retirements, or dividend, which
are exogenous to the cassava production decision.

AEZ; are represented by the dominant soils of the area (FAO/IIASA/
ISRIC/ISSCAS/JRC 2012), the Euclidean distance to the nearest major riv-
ers (FAO 2000) and dams (AQUASTAT 2012), and the historical average
and standard deviation of rainfall (University of East Anglia 2012). Because
Nigeria has diverse soil types, we also include variables measuring various
characteristics of the topsoil (0~5 cm) of interviewees’ locations (ISRIC 2013).
They include soil organic carbon, pH, sand content, silt content, clay content,
cation exchange capacity, and bulk density of soils.

Access; consists of the distance to the nearest road, population center, mar-
ket, and whether the EA is in an urban or rural area to capture the effect
of market and urban access. Access; also includes the average Euclidean dis-
tances to the two rice-breeding institutions in Nigeria (the National Cereals
Research Institute in Bida and the International Institute of Tropical
Agriculture in Ibadan) and seven screening stations of rice in Nigeria
(Amakama, Birnin Kebbi, Ibadan, Mokwa, Uyo, Warri, Yandev) to partly
control for the level of exposure and suitability of improved rice varieties. The
levels are expected to be higher for areas closer to these institutions because of
the similarity of the production environment to the research environment and
the frequency of interactions with rescarchers. Note that the above method
weighs distance from Ibadan: Ibadan is of particular importance because it
has both breeding and screening stations.

I The cation exchange capacity is the soils’ ability to store cation, which is a group of a type of
positively charged ions.
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In the double-hurdle model, (1) and (2) are estimated by Tobit and trun-
cated regression, respectively, with a possible correlation between error terms.
We estimate (1) and (2) separately instead of jointly, assuming errors are
uncorrelated. Such separate estimation makes the model free from potential
misspecification in the other model, which is important in our case because
reliable variables are limited. Using the estimated coefficients, we estimate the
partial effects (PES) of the change in rice price on the probability of deciding
to grow rice (PEp), rice production upon making such decision (PE7), and
combined effects of both (PE). Specifically, they are calculated by the formula

PEp: PEp=¢(Xp)~p
PEp =+ [1 _2*()?%)]
g
o)

PE = (X + 61) * PEp + ®(Xf) » PE7,

q»lf__ﬁi

where =

Q

in which X is a vector of the sample means of all variables; ,[;’, 7, and & are esti-
mated parameters; and ¢ and @ are density and distribution functions of stan-
dard normal distribution. From PE, we obtain the elasticity evaluated at the
sample mean.

While the LSMS-ISA (2011, 2013) is by far one of the best datasets in Nigeria,
itis not free from outliers and some questionable data. Partly due to the high
inflation rates in Nigeria in 2010 and 2011 (more than 10 percent each), growth
rates of crop prices were somewhat volatile across locations. We assumed, how-
ever, that prices were unlikely to have either more than halved or doubled between
2010 and 2012. For households reporting such price movements, we replaced the
prices in both 2010 and 2012 with LGA median prices. In order to include as
many observations as possible, we also calculated median prices at state- and
geopolitical-zone levels and substituted them for missing observations on prices.

Resules are shown in Table D.1 in marginal effects on corresponding out-
comes, and standard errors of PEs are estimated using delta methods, adjusted
for EA-level cluster effects. For irrigated rice area, we present the marginal
effects based on McDonald and Moffitt’s (1980) decomposition. We present
only the coefficients of time-variant variables because time-invariant variables
only control for unobserved EA specific effects, and their coefficients have no
direct meaning.
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TABLE D.1 Rice production and irrigated rice area responses in Nigeria (pseudopanel
double-hurdle model/Tobit)

Rice production Irrigated rice area (ha)
Models
I;robit Truncated_ Tobit_ o
o Dependent variable/outcomes o
Probability of Probability of g;)wing Irrigated
growing rice Rice output (ton)  rice wi_tb irrigation rice area (ha)_

] d] 3 1G] () (6) g @
Marginal ~ Std.  Marginal  Sid. Marginal Std. Marginal  Std.
Variables effect err effect err effect err effect err

Price ratio (natural log)

Local rice/yam 022 .010 .052 .043 .001 .001 018t .009
Local rice/cassava .042* .020 496 .200 .001 .002 013 .039
Local rice/maize .006 005 074 .084 .000 .000 .001 .007
Whether tractor

owners are in the —-.006 .023 —-.047 117 .001 .002 026 .027
EA (1 if yes)

Own tractor

( if yes) .019 019 -137 149 .019 019 .007 015

Total farm size (ha) .000 .000 029 .008 .000 .000 -.001 .001

Time-invariant factors

Fertilizer price Included Included Included Included
Nominal farm wage Included Included Included Included
Household size Included Included Included Included
Household head Included Included Included Included
age

Household head Included Included Included Included
gender

Household head Included Included Included Included
has no formal

education

Household head is Included Included Included Included
literate

Household asset Included Included Included Included
excluding land

Livestock Included Included Included Included
Exogenous income Included Included Included Included
Whether employed Included Included Included Included

in the government

Average historical Included Included Included Included
rainfall
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Standard deviation Included Included Included Included
of historical rainfall

Distance to the Included Included Included Included
nearest road

Distance to the Included Included Included Included
nearest population

center

Distance to the Included Included Included Included
nearest market

Distance Included Included Included Included
(Euclidean) to the

nearest river

Distance Included Included Included Included
(Euclidean) to the

nearest dam

Average distance Included Included Included Included
to the rice research

stations

Dominant type Included Included Included Included
of soil

Topsoil cation Included Included Included Included
exchange

Topsoil pH Included Included Included Included
Topsoil clay content Included Included Included Included
Topsoil organic Included Included Included Included
contents

Topsoil silt Included Included Included Included
Topsoil bulk density Included Included Included Included
Time EA averages Included Included Included Included
Sector dummy Included Included Included Inciuded
(1'if rural)

State dummies Included Included Included Included
Year dummy Included Included Included Included
(1if2012)

Constant Included Included Included Included
Number of obs 4,325 482 4,325 4,325
p-value (HO: .000 .000 .000 .000
insignificant

overall fit)

Source: National Bureau of Statistics and World Bank (2011, 201 3).

Note: Symbols indicate the statistical significance: ** 1%; *5%; T10%. Standard errors are adjusted for EA cluster effects.
Marginal effects are evaluated at the means of all covariates.
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TABLE D.2 Reported production costs for rice (US$ per hectare)

Upland Lowland Irrigated Variety State Year Source
1,010 Ofada Ogun 2010 Omonona et al. (2012)
540-656 Ofada Ekiti 2004-07 PrOpCom (2007c)
543 Unspecified  Anambra  Unspecified Anozie, Okereke, and
Anozie (2012)
886 Unspecified Ebonyi 2009 Nwaobiala (2010)
296-1,512 Unspecified Niger, Unspecified  Kolawole, Oladele, and
Kaduna, Wakatsuki (2011)
Ondo
416 Unspecified Kogi 2011 Ibitoye, Orebiyi, and
Shaibu (2012)
2,370 Local Kebbi 2013 IFPRI fieldwork in 2013
(Deepwater)
773 Improved Kano 2003-04 Enplan Group (2004)
1,156 Improved  Adamawa 2011 Jamala, Shehu, and
Garba (2011)
1,124 Improved Kwara 2006 Akanbi, Omotesho, and
Ayinde (2011)
597  Unspecified ~ Anambra Unspecified  Anozie, Okereke, and
Anozie (2012)
2,235 Local Zamfara 2013 IFPR! fieldwork in 2013
2,461 FARO 44 Kebbi 2013 IFPRI fieldwork in 2013

Source: Author’s compilation based on cited studies and fieldwork in Nigeria.

Note: Figures were converted from naira to US dollars using annual nominal exchange rates from USDA (2014). When years
are unspecified, exchange rates of published years were used. IFPRI = International Food Policy Research Institute.
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TABLE D.3 Rice research expenditure in selected countries

(2) (4) Amount per (5) Amount per
Amount (thousand, 3) rice area 1,000 people

) 2010 US$) PPP adjusted (2010 US$/ha, PPP) (2010 US$, PPP)
Country 1974 1998 1974 1998 1974 1998 1974 1998
Bangladesh? 646 4,548__ 922 9,097 0.1 0.9 13 73
Indonesia 2,959 NA 3,699 NA 0.4 NA 28 NA
India 20,982 16,455 34,970 54,848 0.9 1.2 58 54
Japan 247,480 NA 224,982 NA 82.6 NA 2,055 NA
Nepal 538 NA 1,076 NA 0.9 NA 83 NA
Philippines? 2,690 4,682 5380 11,705 1.5 3.2 135 158
Pakistan 1,130 NA 2,260 NA 1.4 NA 34 NA
South Korea 1,345 NA 1,921 NA 1.6 NA 56 NA
Sri LankaP NA 547 NA 1,824 NA 2.1 NA 98
Thailand 1,614 NA 2,690 NA 0.4 NA 65 NA
Thailand® 6,690 14,000 11,149 26,923 15 2.9 270 449
Taiwan 9,146 NA 11,433 NA 14.7 NA NA NA
Vietnam 861 NA 1,722 NA 0.3 NA 35 NA
Latin America
g‘&%ﬁ;‘gl’;a“fgifc'{)%’gﬁ 22200 NA 33783  NA 45  NA 123 NA
and Venezuela) (1980)
Nigeria NA 197 NA 538-985 NA 0.3-05 NA 5-8
IRRI 12,912 45,484 NA NA NA NA NA NA
WARDA NA 2200 NA 3,300 NA NA NA NA

Source: Author's modifications based on Hossain et al. (2003, 711) for Asian countries and IRRI; Ojehomon et al, {1999,
cited in Dalton and Guei 2003) for Nigeria; unpublished WARDA 1999 “Workplans and Budget” paper, cited in Dalton and
Guel (2003) for WARDA, and de Janvry, Runsten, and Sadoulet (1987, Table 12) for Latin America. All 1974 figures are from
Evenson and Flores (1978) and Barker, Herdt, and Rose (1985, Table 14.9).

Note: IRRAI = International Rice Research Institute. PPP = purchasing power parity. WARDA = West Africa Rice Development
Association (now Africa Rice Center). WD! = World Development Indicators of the Warld Bank. NA = information not avallabla.
Figures are converted into 2010 US$, PPP for Asian countries are estimated by authors using "PPP Conversion Factar (GOP)
to Markel Exchange Rate" by the World Bank WDI. Fer Lalin America, we took the average across seven countries. For
Nigeria, PP adjusted figures have some ranges due to a confiict between Dalton and Guei (2003) figures and WDI-based
figures. For figures in 1974, we applied PPP conversion rates for 1980 (except Vietnam, for which we used 1985) due to the
lack of information. Figures for 1998 are for the total funding for Bangladesh Rice Research Institute and the Philippines
Rice Research Institute, " Figures are for 1999, calculated based on Niranjan, Jogaratnam, and Weerahewa (2001). “Figures
are the averages of 1970-1979 and 1990-2000, respectively, with the authar's recalculation into 2010 US$ based on
Jaroensathapornkul (2007). Alternative estimates for Thailand are included as well, due to the somewhat large variations in
estimates across sources. For this reason, two "Thailand" rows are included in the table.



TABLE D.4 Producer price of rice and fertilizer price in selected countries and Nigeria

Nigeria?

Parallel market
Official exchange rate  exchange rate

(1) @ ®) @ a2 0y b
ltems/ Bang- 3) 4) (5) Philip- (W) 8) Cote (10) Sub- Unsub- Sub- Unsub-
years ladesh Colombia India Indonesia pines Srilanka Thailand d’lvoire Benin sidized sidized sidized sidized

Price of urea per ton of nutrients paid by farmers (current US$ per ton of nutrients)
66-70 261 279 263 178 202
71-75 251 542 385 277 177 332 554 235
76-80 291 594 429 315 529 222 359 613 359 162 610 162 610
81-85 383 705 475 242 646 254 599 639 385 262 1,055 129 493
86-90 332 329 355 214 386 284 375 646 570 130 529 87 329
91-95 304 548 235 256 504 434 574 894 738 206 857 103 429
9600 255 446 212 273 447 262 434 744 1,324 1,560 410 469
01-02 220 463 214 212 367 220 327

Farm harvest price of paddy (current US$ per ton)

66-70 122 95 82 123 74 175 175 Nigeria rice import
71-75 159 12 142 82 109 200 79 163 89 291 291 resriction”
76-80 146 180 164 175 141 161 118 273 192 452 452 Tariff (10-20%),
81-85 160 213 184 179 157 153 118 194 254 647 345 partial restrictions
86-90 172 202 147 138 161 151 132 226 326 498 357 Import ban
91-95 161 202 149 172 213 168 151 212 329 710 409
96-00 128 260 134 153 236 173 159 199 874 284 Tariff (50-100%)

01-02 1M 208 124 123 166 142 113 182

a XION3ddY  9€¢



Fertilizer-paddy price ratio

66-70 2.1 2.9 3.2 1.4 2.7

71-75 1.6 4.9 2.7 34 1.6 1.7 34 2.6

76-80 2.0 3.3 2.6 1.8 3.8 1.4 3.0 2.2 1.9 0.4 1.5 0.4 15
81-85 2.4 33 2.6 1.3 41 17 5.1 3.3 1.5 0.4 18 0.8 3.5
8690 1.8 1.6 2.4 15 2.4 19 2.8 29 1.7 0.3 1.0 04 1.4
91-95 1.8 2.7 1.6 1.5 24 2.6 3.8 42 2.2 0.3 1.3 0.8 3.2
96-00 2.0 1.7 1.6 1.8 1.9 1.5 2.7 3.7 1.5 1.7 4.5 5.3
01-02 2.0 2.2 1.7 1.7 2.2 1.6 29

Source: Authors modifying Estudillo and Otsuka (2012, Table 2.2), World Rice Statistics (farm harvest price of paddy), and FAOSTAT (urea price).

Note: Blank spaces indicate information is not avallable, *Unsubsidized figures for Nigeria are calculated using the historical fertilizer subsidy rates summarized in Liverpool-Tasie and Takeshima (2013,
Table 3). Approximale parallel market rates were assessed from figures or tables in various sources: Ashwarth, Evans, and Teriba (1899) and Kuijs (1998) for the 1880s and 1990-1994, Hashim and
Meagher (1999} for 1995 and 1996, Falola and Adebayo (2000) for 1997 and 1998, and Nnanna (2002) for 1999-2001. While the exact parallel market rates may vary across time and location within
each year, the figures in the table should provide good approximations. ®Mare descriptions are provided in Chapter 7.
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Appendix E

A MATHEMATICAL DERIVATION OF THE RICE
MILLING MODEL FOR NIGERIA

Michael Johnson

two-commodity and spatially oriented optimization model with an

objective of maximizing industry profits across three miller sectors in
all 37 states. These sectors have technologies, operating costs, and production
capacities of differing scales. Prices arc assumed to be given (i.e., they are exog-
enous to the model), while quantities of paddy and milled rice are treated as
decision variables. Results can be reported by milling sector, zone or state, and
at the national level.'

Mathematically, the RMM can be described as a simple linear program-

ming optimization model with the following industrywide objective function:

b
Maximize: ”(Qz/et p Qt/et’ Q:fcg Qn(y Qz/ez;‘] th:t’ Qi/:t)

i f [ lkf(elekt i 9/6 szt ) fi (Qf:{)f + Qz/et) i (Q{Z? + 5/6 Q ikt )]

=1k=1

Thc rice milling model (RMM) for Nigeria can be considered as a

I
M=

l
—

N

~(p2" + #e; + mkt)Q%, - Y [(pP + te;+ mkt)Q{’{g (plt + tc;+ mkt)Qlkt]]

'%(szt zkt (D

[Revenue from milled rice] — [Fixed costs] — [Milling costs] -
[Cost of traditional common paddy] - [Cost of improved superior paddy +
Cost of transporting paddy from zone ;] - [Cost of storage],

wheres,j=1,.., N(N=37); k=1,..,K(K =3); T=1,2. N here represents
all 37 states in Nigeria, K the three miller sectors (small, medium, and large),
and 7 for two rice-production seasons (“on” and “off”). Table E.1 describes in
more detail the annotations and symbols used in the equations above.

The objective function in equation (1) states that profits of the industry are
maximized given the choice of rice milled, stored, and sold during the year by

1 Alist of the 37 states in Nigeria and corresponding geopolitical zones is provided in Table E.7,

239
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TABLE E.1 Annotations and symbols for rice milling model equation (1)

Symbol Description

Variables

me = Quantity of rice in MT milled from local paddy by miller sector 4 in zone i and in pericd 2.
ikt

Qbm = Quantity of rice in MT milled from imported brown rice by miller sector kinzone 7 and in
ikt period 2.

Q P = Quantity of improved superior paddy purchased by miller sector £ in zone ;, from zone j, and
iktj in period £.

Qp! = Quantity of traditional common paddy purchased by miller sector £ in zone ;, from zone j, and
thej in period ¢.

b =
ik
s =
Qikt
Qh.\‘ =
ikt

m
ikt
Parameters
A
ik

P =
Cik
Pt
Py
pi N
P

tfij -
mktl-

T =
Coefficients
y gt =
0!, 6,

b =
ak
IB =

Quantity of quality brown rice imported by miller sector £ in zone 7, from zone (where is
restricted to Lagos), and in period z.

Quantity of focal paddy stored (either common or superior) by miller sector £ in zone ; and in
period z.

Quantity of imported brown rice stored by miller sector 4 in zone s and in period ¢.

Price of milled rice from miller sector £ in zone i and in period &

Annualized fixed costs for milling operations for miller sector £ in zone 7, in $ per MT of paddy
rice (p).
Variable costs for milling operations for miller sector £in zone 7, in $ per MT of paddy rice (p).

Observed prices of traditional common paddy (p¢) in zone 7 during period z.

Prices of improved superior paddy (p:) in zone ; and in period £ as a proportionate share
above p#' (assumed here as 25%, although higher than the reported 6% in Chapter 5).
Transportation costs for shipping paddy or rice between zone ; and zone /, in$/MT.
Marketing costs for paddy or rice trade within zone, in $/MT.

Import tariff rate (percent).

Technical efficiency coefficients of miller sector & for converting paddy (brown) into milled
rice, as a weight ratio of milled rice output to paddy (brown) input, respectively.

Coefficient of brown rice milling costs as a proportion of paddy milling costs for miller
sector £ (restricted to £ = large).

Coefficient in supply response function in equations 4 and 5 (fixed at 0.4).

Source: Authors' rice milling model.
Note: MT = metric tons. The zones refer to the six geopolitical zones.
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each milling sector, including their fixed and variable operating costs, cost of
paddy purchased from any state, transportation and storage costs, and given
output prices for milled rice. The costs of paddy are distinguished by two
quality varieties: improved superior and traditional common. Superior paddy
varieties refer to the most commonly preferred quality seed varieties for mill-
ing premium-quality rice among medium- and large-scale millers, while com-
mon varieties refer to both traditional and other older modern varieties for
milling standard-quality rice by the small milling sector.

Although paddy prices are treated as exogenous in the model, the price
of milled rice (P7,) is explicitly linked to the rice import tariff (z), the world
price for premium imported rice (p}; ), and the price for standard domestic rice

( p:.f)z. The relationship is described in the model as follows:
|:l + (2 — mkt ‘;)
— e

P (k = small) =pfﬁ(l + T)Hk = tcii], VieN,VieT (2

Pk = large) = pl(1 + )" + te;j+ mkt;, NieN,VteT, Vi = Lagos  (3)

P7 (large) if aP}y (large) > WP, (small)
P} (k = large) =< @Py, (small)  if aP}, (large) < wPy (small) (4)
VieN,VreT

P}, (large) if aP} (large) > wP}, (small)
i\ = medium) =< @l (small)  if aP}} (large) < @P],(small)  (5)
VieN,VieT

where 4, in equation (3) is a parameter that represents the extent to which
changes in the global price and/or import tariffs are transmitted to domestic
prices within each of the milling sectors and type of rice marker (standard ver-
sus premium rice). & is a parameter representing a constant ratio of medium
miller rice prices to large miller rice prices (in the model, a is set at 0.85). @ is
a parameter representing a minimum floor price by which medium millers
would still enjoy a price premium over small millers (in the model, @ is set

at 1.05). 7is the rice import tariff. The right-hand terms in equations (2) and
(3) explicitly account for transportation and marketing costs according to

2 Note thatp;ﬁ is an observed price for domestic rice in zone 7. Because the price already includes
local transportation and marketing costs in zone 7, these costs are removed to avoid double
counting when linking the price to an import parity price that already includes these costs.
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cach location. Equations (4) and (5) simply ensure that the prices faced by
medium and large millers can never fall below the prices small millers face—a
reasonable assumption considering the inferiority of rice from the small mill-
ing sector.

The industry’s profits, as expressed in the objective function in equa-
tion (1), are subject to a number of resource and location constraints. First,
the operations of each milling sector are subject to capacity and storage con-
straints and are expressed in the model as

szt + Qlkt <q ., VieN,VkeK, VieT (6)
[Amount of paddy milled] + [Amount of brown milled] < [Milling capacity]
Qﬁ’!, Q;kt <Gy VieN, VkeK, VireT (7)

[Amount of paddy stored] + [Amount of brown stored] < [Storage capacity],

where 777, is the total milling capacity of miller sector £ in geopolitical zone i
during period #, in total MT of paddy per period, and 7, is the total storage
capacity of miller sector k in zone i during period , in total MT of paddy per
period. Equations (6) and (7) constrain milling and storage according to their
maximum capacities at each location, by the miller scale type, and accord-

ing to each seasonal period. Rice milling occurs using either improved (supe-
rior-type) paddy varieties or traditional (common-type) paddy varieties. The
former produces better-quality premium rice after milling, while the latter
produces a standard- and lower-quality rice. Although local paddy can be pur-
chased from any state, this is limited to the premium paddy varieties that are
the preferred type for milling by both the medium- and large-scale operators.
However, purchasing from outside a state can incur higher transport and mar-
keting costs, as the next set of constraints will specify.

In addition to capacity and storage constraints, millers across all three sec-
tors are also constrained to purchase not more than the supply of improved
(superior) or traditional (common) local paddy available anywhere in Nigeria.
Additionally, they purchase from further afield only if the relative price of
paddy in that location, inclusive of any transportation and marketing costs, is
lower than any other location during each seasonal period. To allow for a pos-
itive supply response to price changes, we assume positive own-price elastici-
ties of 0.4 for superior varieties and 0.2 for common varieties in the inequality
constraints of excess supply modeled as inverse supply functions (/) with
respect to the price relationships in equations (2) and (3) as follows:
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ﬁi Ol <FUPL( + 0P [2 = mbs] + 1" VieN,VeeT  (8)

[Supply of improved superior paddy] < [ f(Price of improved superior paddy)]

B
i <L L+ 0 [1+ 2 - mke)] + 1," VieN,VeeT  (9)
[Supply of traditional common paddy] <

pply paaay
[ f(Price of traditional common paddy)].

The inverse supply response functions ( f) in the right-hand side of equa-
tions (8) and (9) for each paddy variety type are intended to account for
changes in output as prices are made to adjust, either due to a change in the
world price or the rice import cariff (z). The value of 74/ is calculated using
currently observed paddy prices and production levels for both superior and
common paddy varieties, respectively, and in each zone.

In addition to considering the purchase of paddy across different loca-
tions in the country, millers can also access stored paddy from the previ-
ous season. Storage of paddy rice is permitted in the model between an oz
season (November to March) and an gff season (April to October) during
cach rice-production year. This is illustrated in equations (10) and (11),
which allow for the storage of paddy or brown rice, respectively, between
the seasons.

Qﬁ’f + tht z Q:kg nL.f Qu{cr—l’ Vi’jEM VkeK, VreT (10)

[Paddy milled and stored in current scason] +
[Paddy purchased in current and stored from previous seasons]

o+ b = ZQZ/@;, + Q% | VieN,VkeK, VT (11)

[Brown milled and stored in current season] =
[Brown purchased in current and stored from previous seasons].

For simplicity, there are no carryover stocks of stored paddy or brown rice
between years in equations (10) and (11) based on the assumption tha all
stocks are milled and sold by the end of each production year to meet domes-
tic demand.

Finally, the model places some restrictions on the type of paddy vari-
ety traded between states and by whom, as well as for brown rice, which is
restricted for use by the large milling sector only as follows:
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Ol + Ol = 0.Vi= jeN, Vk = small, VreT (12)
[Small millers cannot purchase any paddy from other zones]
Q&fﬁ =0, Vi, jeN, Yk = small, VteT (13)

[Large and medium millers cannot purchase traditional common

paddy varicties]

Ol Ot Ol = 0, VieN, Y # lagos, Yk # large, V€T (14)

[Brown rice can only be purchased from Lagos by large millers]

b i b s bs .
Qf/:f’ Qiie» Qﬁ»g’ Ofgg’ Qiktj’ Q;'D/et’ Oy, 20, Vi, jeN, VkeK, Vel (15)

=1

[Paddy or brown purchased, stored, and milled cannot be negative].

The restrictions on paddy trade only occur for the small milling sector, equation
(12), as this is dominated by small millers located within village or small town
market centers, which operate mostly on a fee basis for local producers. The rest
are variable restrictions in (13) through (15) and based on our assumptions of
the milling industry structure and type of products. For example, we restrict
medium and large millers to purchase superior paddy varieties only.

Model Assumptions and Validation

The model is validated to 2010 base-year quantities of paddy production and
prices, as discussed in the main text. Production of paddy occurs season-
ally (unless there is irrigation) and serves as the major input into production
of milled rice. Table E.2 summarizes the baseline production levels used in
the model by major zones (sec Total column). Almost 90 percent of paddy
production comes from the North Central, North East, and North West
zones. The type of milling technologies and hourly capacities considered are
as follows: Small (about 0.1 MT/hr, unconstrained)—about 70-75 percent
of total rice milled; Medium (0.5-2 MT/hr)—unknown (about 9 percent
from 2002/2003 surveys); Large (12 MT/hr)—potentially 15-21 percent
of total rice milled (excluding brown rice). In the baseline, a majority of
paddy is assumed to be milled by the dominant small cottage industrial
sector in rural areas (totaling about 73 percent nationally), although this
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TABLE E.2 Milling output by miller sector and zones

Milling output ('000 MT) Share of zonal output (%)
State B Elrge Medium Small ___Total —LaTge —Medium Small
North Central  172.8 771 974 12073 143 64 79.3
North East 0.0 164.5 738.0 902.5 0.0 18.2 81.8
North West 345.6 76.6 792.2 1,214.4 28.5 6.3 65.2
South East 172.8 5.4 150.3 3285 52.6 1.6 45.8
South South 0.0 0.0 221 221 0.0 0.0 100.0
South West 0.0 22 98.0 100.2 0.0 2.2 97.8
Total 691.2 325.8 2,758.0 3,775.0 18.3 8.6 73.1

Source: Nigeria, NAERLS (2009) and author’s calculations based on milling capacities.

Note: The total also reflects total supply of paddy in each zone, as the small miller sector was treated as a residual in calcu-
lating milling capacities (i.e., total paddy production less large and medium milling capacities).

varies by zone, as shown in Table E.2 (e.g., 81.8 percent in North East, and
65.2 percent in North West). Total monthly and annual capacities for large
mills are binding for each state (later relaxed with the introduction of new
mills); medium mills have nonbinding capacity except in low-producing
states with no capacity (< 30,000 MT); and small mills serve as a residual
for all states.

Supply of paddy is constrained by current production levels of the two
types of paddy—traditional common and improved superior varieties. Paddy
output from superior varieties averages about 29 percent nationally in the
baseline case (summarized in Table E.3). This is quite conservative, as esti-
mates in the NAERLS (2009) puts this closer to 35 percent on average, while
NTBS data shows an average of 51 percent.?

Storage capacity varies by miller sizes and is measured in terms of stor-
able months (Small = 1 month, Medium = 2 months, and Large = 3 months).
Prices and all costs are assumed given (i.e., exogenous), and baseline includes
import tariffs of SO percent for both milled rice and brown rice. The price for
superior paddy is assumed to command a 20 percent premium over more com-
mon paddy rice varieties. Rice from small-scale mills versus medium and large
is assumed to be non-substitutable. Rice prices for large-scale millers arc the
same as for imported rice. The latter are a function of the cost, insurance, and
freight price of imported rice at the port of Lagos plus any transportation and

3 The lower conservative estimates were purposefully selected to introduce a binding constraint
in the model in the baseline scenario for the medium- and large-scale millers, who are assumed
to strictly prefer superior paddy varieties.
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TABLE E.3 Use of superior and common paddy varieties by major zone in the baseline
scenario

Common varieties

All improved  Improved Older

Improved varieties superior improved  Traditional

superior Common (NBS) varieties varieties varieties

varieties  varieties  Total (1) 2) (3) 4)

Output (metric tons) Percent of area

North Central 333.3 874 1,207.3 50 27.6 224 50
North East 2471 655.5 9026 58 27.4 30.6 42
North West 418.3 7961 1,2144 55 34.4 20.6 45
South East 70.4 2582 3285 30 21.4 8.6 70
South South 6.0 16.1 221 55 27.2 27.8 45
South West 21.5 787  100.2 53 21.4 31.6 47
Total 1,065 26785 3,775.1 51 29.0 22.0 49

Source: Nigeria, NAERLS (2009), Nigeria, NBS (2013b), and author's calculations.

Note: “Superior varigties” here are limited to the most commonly preferred paddy rice varieties for milling premium-quality
rice and hence are assumed to be less than the adoption of all improved varieties. The lower, more conservative estimates
ware purposefully selected to introduce a binding constraint in the model's baseline scenario for the medium- and the large-
scale millers, who are assumed 1o strictly prefer superior paddy varieties. “Common varlefies” refers to both traditional and
other older improved varieties that are considered inferior for milling purposes. Adding columns 2 and 3 equals column 1.
Column 4 is 100 less column 1.

marketing costs to local markets in each state, and therefore by definition it is
the import parity price observed in that market. For medium scale, the price
is set at a premium above the smaller rice millers that is 50 percent of the price
gap with the large-scale and imported rice prices. Such a price assumption was
necessary given the advantage of medium over small millers with respect to
the quality of rice produced. The opposite is true when compared with the
larger industrial mills.

Figure E.1 shows the cross-sectional levels of original price data used in
the model and sorted by distance from Lagos port. The sorting was necessary
to compare the resulting calculations of the import parity price in cach mar-
ket (which here only accounts for transportation in estimating inland costs)
with local price data. As the figure shows, the calculated import parity price
of imported rice (excluding marketing costs) lies below the actual observed
price of imported rice in local markets. Assuming the difference measures
additional marketing costs, we use this information to estimate such costs for
the model. From the same figure, it is worth noting that prices for local rice
appear more variable, while prices for paddy (more generally) are more consis-
tent across all the states.
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FIGURE E.1 Baseline data of average state prices for paddy, local, and imported rice in
Nigeria, 2012
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Source: Data are from Nigeria, NBS (2012); Nigeria, NBS and World Bank (2013).

Note: Import parity price is calculated as Lagos FOB plus unloading costs, port fees, and transportation and marketing costs
to each state. FOB = free on board.

Paddy can be bought from any state by medium and large mills, with the
option to import brown rice for large mills only. Large- and medium-scale
mills demand premium-quality paddy only, while small mills can use either.
Marketing and transaction costs are determined by analyzing actual price dif
ferentials from NBS state average price data between local and imported rice.
Rice can be sold by large or medium mills in any state (inclusive of transpor-
tation cost). A small sample of trailer costs for hauling rice from Lagostoa
number of cities in Nigeria was collected to estimate average per-unit trans-
portation costs (naira/MT/km) and then multiplied by the actual distances
between cities (Table E.4). The final per-unit (MT/km) transportation costs
(naira/MT/km) within each zone are presented in Table E.5.

From Table E.5, not surprisingly, the highest cost of transporting a met-
ric ton of rice is from southern to northern regions: the cost can range from
13.2 to0 17.3 naira per metric ton. With regard to marketing costs, the high-
est are reportedly in the South East. This is a region that showed wider gaps
in the data between actual and import parity rice prices. Here we present only
30 percent of the difference, which we have assumed in the model to represent
genuine marketing costs.
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TABLE E.4 Estimation of average transportation costs from Lagos port

Zone To [city, state] Total kms?® Naira/trailer? Naira/MT Naira/MT/km
South West Ibadan, Oyo N 122 200,000 6,667 55
South West 0Osogbo, Osun 234 220,000 7,333 31
South East Enugu, Enugu 617 280,000 9,333 15
South South Calabar, Cross River 737 400,000 13,333 18
North East Jalingo, Taraba 1,153 450,000 15,000 13
North East Yola, Adamawa 1,304 450,000 15,000 12
North West Kano, Kano 984 380,000 12,667 13
North West Sokoto, Sokoto 959 380,000 12,667 13
North West Katsina, Katsina 940 380,000 12,667 13
North Central Abuja, FCT 722 320,000 10,667 15
North Central lforin, Kwara 280 220,000 7,333 26

Source: Authors' calculations.

Note: Naira/trailer = naira per trailer load, N/MT = naira per metric ton, N/MT/km = naira per malric ton and per km. 2Based
on Google Maps in actual distances along major highways. b One trailer load = 30 metric tons, 600 bags of 50 kg each.

Technology and unit cost data are summarized in Table E.6. They include
paddy-to-milled rice conversion factors, annualized fixed costs, milling oper-
ational costs, and storage costs (all in naira per kg). Transportation costs are
calculated based on actual distances, per-unit costs (naira/MT/km), and
include 20 percent unobservable marketing (or transaction) costs. Cost values
are calculated for each miller sector and based on field visits and interviews
with milling operators (Figure E.2). The values were cross-checked with other
estimates in the literature.

Fixed costs for the proposed integrated large mills were taken directly from
the Agricultural Transformation Agenda, a document laying out a proposal
for the new mills. The fixed costs are annualized over the life of any up-front
capital investments, including building, milling facilities, storage space, vehi-
cles, and so on. Notice that the up-front investment costs for the newer inte-
grated mills are much higher.

Milling costs are variable and based on operations at maximum capacity.
We assume the per-unit output milling costs to be similar between newer and
older large integrated mills. However, we expect the newer ones to be more
technologically efficient by proving a higher paddy-to-milled rice conversion
factor. Medium-scale millers experience much higher milling costs per unit
of output. This is primarily because of high labor and energy costs for milling
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TABLE E.5 Average transportation and marketing costs between and within states,
respectively (naira/MT)

North North North South South South From
Central East West East South West Lagos
a. Between states zonal average transportation c;sts (naira/MT) Naira/MT/km
North Central 6.4 1.9 10.5 9.2 10.4 9.9 18.0
North East 1.9 5.9 12.1 13.8 15.3 17.3 12.2
North West 10.5 121 6.4 14.3 15.3 13.2 13.2
South East 9.2 13.8 14.3 2.8 4.6 9.8 15.1
South South 10.4 15.3 15.3 4.6 45 9.4 18.1
South West 9.9 17.3 13.2 9.8 9.4 35 225

b. Regional average marketing costs (naira/MT)
In state 15.4 16.6 17.4 20.9 15.7 10.2 =

Source: Author's calculations from actual distances, based on Google Maps, along major highways between states and zones.

Note: Unit costs were recalculated as a matrix measuring the costs of transporting a metric ton between capitals of each
state. Only averages are reported here. These reflect the total transportation cost given distance and the per-unit
(naira/MT/km) estimated cost in the last column. MT = metric tons.

TABLE E.6 Parameter estimates per unit of output production costs at maximum capacity
and transportation costs by miller type (naira/kg)

Miller scale Paddy/rice CF! Fixed costs? Milling costs3 Storage costs?
Large (new) 0.62 18.00 6.08 0.10
Large (current) 0.60 9.83 6.08 0.10
Medium 0.64 1.30 15.26 0.20
Small 0.66 0.07 4.65 0.20

Source: Author field data.

Note: ' CF = conversion factor. 2 Fixed costs are annualized over the life of any up-front capital investments, including build-
ing, milling facilities, storage space, vehicles, efc. The up-front investment costs are higher for the newer integrated mills.
3Milling costs are variable and based on operations at maximum capacity, We assume costs to be similar between newer
and older large integrated mills. However, we expect the newer ones to be more technolagically efficlent by proving a higher
paddy-to-milled rice conversion factor, 4 Storage costs are minimal but higher for the small- and medium-scale operators.

premium-quality rice. Smaller operators are less concerned with quality and
typically mill on a fee basis, hence the lower costs. Large-scale millers enjoy
economies of scale and are able to keep their milling costs per unit of output at
much lower rates than medium-scale operators. However, they have the high-
est up-front costs in capital investments and hence higher discounted annual-
ized fixed costs over their life. With combined fixed and operating costs, the
medium- and large-scale operators end up with similar per-unit costs.
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FIGURE E.2 Average baseline cost data for rice milling model by miller type (naira/kg)
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Source: Marketing costs are authors’ calculations based on 30 percent of the price differential between actual imported rice
prices and the impart parity price in each state (inclusive of transportation costs from Lagos port).
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TABLE E.7 Geopolitical zones, states, and state capital cities in Nigeria

Zone State Capital city Zone State Capital city
Mﬂﬁ)e_nt? Benue Makurdi R South East Abia Umuahia B
FCT Abuja Anambra Awka
Kogi Lokoja Ebonyi Abakaliki
Kwara llorin Enugu Enugu
Nasarawa Lafia Imo Owerri
Niger Minna South South Akwa lbom Uyo
Plateau Jos Bayelsa Yenagoa
North East Adamawa Yola Cross River Calabar
Bauchi Bauchi Delta Asaba
Borno Maiduguri Edo Benin City
Gombe Gombe Rivers Port Harcourt
Taraba Jalingo South West Ekiti Ado Ekiti
Yobe Damaturu Lagos Ikeja
North West Jigawa Dutse Ogun Abeokuta
Kaduna Kaduna Ondo Akure
Kano Kano Osun 0Osogbo
Katsina Katsina Oyo Ibadan
Kebbi Birnin Kebbi
Sokoto Sokoto
Zamfara Gusau

Source: Nigeria, NBS (2013a).
Note: FCT = Federal Capital Territory, home of the national capital of Nigeria, Abuja.






Appendix F

A STYLIZED RICE TARIFF MODEL

Paul A. Dorosh and Mehrab Malek

simple model of rice imports is developed as a stylized representation

of what could be occurring in the Nigerian example in order to pro-

vide a plausible economic explanation. The model is intended to help
illustrate how increases in rice import tariffs beyond a certain threshold may
become ineffective under conditions when the tariff is evaded by diverting
imports through unofficial channels. Two ports of entry for rice imports
are assumed on the outset: the first port (1) is assumed to represent imports
through official channels (as would be the case at the Lagos port), and the
second port (2) is through other channels that evade the import tariff either
through underinvoicing or smuggling (as could be occurring through north-
ern Nigeria).

For rice imported through customs at the first port (1) at Lagos, the

import parity price of rice in wholesale markets in southern Nigeria (P35} is
given by

P3, = EP,(1 +1) + mhkigy,

where mktgy is the margin for port handling and marketing costs to wholesale
markets. For imported rice that is transported to the north, the import parity
priceis

PN = EP,(1 + 1) + mktg + 6,

ml
where J is the margin for additional marketing costs between wholesale mar-
kets in southern Nigeria and those in northern Nigeria.
For rice imported through the northern border with Niger,' the import

parity price of rice in wholesale markets in northern Nigeria (P2,) is given by

PN =EP, + mkig,,

1 This simplified model abstracts from imports through Benin. While gencrally small,
COMTRADE data (UN Statistics Division 2012) for Benin exports to Nigeria may indicate
exports that flow through Niger as well.

R
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where mktgs is the margin for port handling in Cotonou, Benin, and mar-
keting costs to wholesale markets in northern Nigeria (note that there are no
import tariffs on rice in Benin or Niger and that rice flowing from Niger to
Nigeria evades customs).” For imported rice through this channel that is fur-
ther transported to southern Nigeria, the import parity price is

= ED,, + mktgy + 0.

The prevailing market price for imports in each region will be the minimum
of the import parity prices for rice coming through Lagos or from the north-
ern border:

Py, = min{P,, Py,3P,)
= min{PL, PV},

Thus, the import parity price of rice from Lagos determines the market price
. S S . .
in the south as longas P, < P, ,; thatis,

EP,(1 +7) + mkig) < EP,, + mktg,
+ 6 EP,T + mktg) < mktgy + 0.

Similarly, the import parity price of rice from the northern border determines
the market price in norchern Nigeria as longas P}, < PJ; that s,

EP,, + mktgy < EP,(1 + 1) + mktgy
+ 6 mktgy < EP,, T+ mkig) + 0.

Figure F.1 shows the resules of simulated trade flows under alternative
import tariff rates using this simple stylized model. (These calculations assume
mhktg) = 15 naira/kg; mktg, = 50 naira/kg; 6 = 25 naira/kg; I, = $600/ton;

ER = 160 naira/$.) At low tariff rates, all imports will come through Lagos port
and imported rice will flow from southern to northern Nigeria. At higher tariff
rates (3070 percent in this example), traders supplying northern Nigerian mar-
kets will find it cheaper to import rice through the northern border (and evade
the tariff), in spite of higher transport and other marketing costs through Benin
and Niger. At very high tariff rates (> 70 percent in this example), it is cheaper to
import rice through Niger, even for sales in southern Nigerian markets.

Implicitly, the model assumes that the domestic price of imports in the
south is not directly linked to the domestic price of imports in the north

2 Ifthere is a parallel market for exchange, E is replaced by E* in this equation.
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FIGURE F.1 Simulated effects of rice tariff increases
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Source: Model simulations.

Note: These preliminary simulations are based on rough approximations of marketing costs and do not necessarily indicate
traders’ actual incentives,

(except when all import trade flows exclusively through Lagos or all import
trade flows exclusively through Niger). If the markets for local rice in north-
ern and southern Nigeria are integrated, then the ratio of P,,/P; (price ratio of
imported to local rice) varies between south and north. Supply and demand
response for changes in P,, are overstated compared to a model that takes into
account these variations across space and imperfect substitution. To take this
into account, the current model uses conservative elasticitics. Further refine-
ments of the model could include explicit equations for imperfect substitution
and variations in the price of P;.

For this stylized model, we assume that demand and supply for rice can be
specified as a function of the price of imported rice only, either because the
price ratio of imported to local rice is constant or because the share of local
rice in total consumption is small (here assumed to be only 8.8 percent in the
south). Additional assumptions include the following: total milled rice pro-
duction is 2.9 million metric tons, total rice demand is 5.2 million metric tons,
and total rice imports are 2.3 million metric tons; the country has two subna-
tional regions (north and south); about 9 percent of local rice consumption is

in the south (the rest is in the north); 40 percent of imported rice demand is
in the south (the rest is in the north).’ In this case, price changes for imported

3 Calculated from Living Standards Measurement Study-Integrated Surveys on Agriculture
(2011), with downward adjustments in quantities for three states in the South East zone.
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TABLE F.1 Nigeria: Official data on rice imports and tariffs by type of rice, 2007-2012

Imports: Imports: Gross tariff Average Average tariff
net weight value revenue price collected
(°000 MT) (billion naira)  (billion naira) (naira/kg) (%)
%ken rice R
2007 100 10 22 104 208
2008 19 1 2 43 205
2009 64 13 6 207 42
2010 2 2 1 827 39
2011 8 3 2 413 55
2012 40 25 19 632 74
Husked (brown) rice
2007 41 1 1 13 210
2008 10 <1 1 40 202
2009 3 4 1 1,211 22
2010 32 12 2 370 15
2011 7 10 1 1,335 10
2012 117 57 24 488 41
Other milled rice™
2007 2,314 50 82 22 162
2008 318 10 20 3 203
2009 330 53 23 160 43
2010 551 61 35 110 58
2011 270 140 75 517 53
2012 261 169 108 646 64
All rice™*
2007 2,455 61 105 25 171
2008 348 1 23 32 203
2009 398 70 29 176 42
2010 585 74 38 127 51
2011 286 153 78 536 51
2012 418 251 150 600 60

Source: All figures are based on unedited monthly data from Nigerian customs.

Note: MT = metric tons. The actual amounts of imported rice are likely higher than the official figures. Other

milled rice imports in 2007 may be substantially overstated. The alternative estimate is 1.014 million tons

of rice imports using approximate average prices to calculate the quantity of imports in June and July 2007.
*Milled and semimilled rice.” ** Includles very small amounts of rice seed, rice in husk (paddy or rough rice),

and “other rice." Figures may also not match exactly the sum of rice in the three categories due to rounding.
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rice determine changes in production, consumption, and imports. Import tax
revenues are then calculated as the quantity of imports multiplied by the C&F
price and effective tariff rate (here we assume that 30 percent of the official
rate is captured to take into account under-invoicing).

As shown in Figure F.1, import tariff revenues rise with increases in tariff
rates until the tariff exceeds a threshold (in our stylized model this is at the
70 percent tariff rate), at which point tariff revenues fall to zero as imports
through Lagos stop and all imports flow through the northern border (and
cvade tariffs). Thus, due to the assumption of a high level of tariff evasion,
raising tariffs beyond a certain threshold has no effect on domestic prices,
making tariff policy an ineffective instrument for further raising revenues or
domestic prices in this example.






Appendix G

AGRICULTURAL SECTORS INCLUDED IN THE

ECONOMYWIDE MULTIMARKET MODEL

Xinshen Diao, Michael Johnson, and Hiroyuki Takeshima

TABLE G.1 List of agricultural sectors (products) included in economywide

multimarket model

Crops

Cereals
1. Maize
2. Rice
3. Millet
4, Sorghum
5. Wheat
6. Other cereals
Root crops and tubers
7. Cassava
8.Yam
9. Sweet potato
10. Potato
11. Cocoyam

Oilseeds and pulses
12. Groundnuts

13. Soybeans

14. il palm

15. Sesame seed
16. Other oilseed

17. Total pulses

Livestock and fisheries

Cash crops
18. Cotton
19. Sugar
20. Cocoa
21. Coffee

Fruits and vegetables
22. Total vegetables
23. Total plantains

24. Other fruits

Tree nuts and spices
25. Total spices
26. Nuts

Livestock

27. Cattle

28. Chickens

29. Sheep and goats
30. Pigs

31. Other livestock

Animal products
32. Beef

33. Poultry

34. Lamb and goat
35. Pork

36. Other meat
37. Milk

38. Eggs

39. Skin

Fisheries
40. Sea fish
41, Fresh fish

Source: Authors, from economywide multimarket model.
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Latin America, 204; New Rice for Africa,
15, 32, 75; nitrogen response of, 95-96,
95f; number released, 101, 101¢; pest and
disease resistance of, 73, 74, 80, 99, 106;
popular, 55, 56t; productivity growth
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structure in, 84; investment in, 8-9; rice
consumption in, 26, 27t, 28-29, 28t,
40-47, 41t, 48-49, 203, 224t

RYMYV. See Rice yellow mottle virus
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ciencies in, 65, 76; salinity of, 76; suitable
for rice production, 67-69, 70f, 71f, 72f;
types of, 67-68, 68t, 69t, 225¢; in West
Africa, 68, 69, 69t, 71f

Solar radiation, 63-64, 67

Sorghum: consumption of, 24, 25f, 25t; pro-
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86-87; model, 96-97, 229-31; policy
implications of, 99~110; price elastic-
ity of irrigated rice area, 97-98, 99, 204;
price elasticity of supply, 96, 97-99, 192,
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Smuggling

Tariffs: economywide impact of changes
in, 186, 190-94, 196-98, 200; effects
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