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Introduction

Sweet potato plays an important role in the food system of Papua New Guinea (PNG), account-
ing for over 12 percent of total calories consumed in the country (IFPRI,2023). Three-quarters of
sweet potato production takes place in the highlands where it is harvested throughout the year
(Chang et al., 2013). However, the production and consumption of sweet potatoes in PNG faces
several challenges, including climate change, pests and diseases, and market access con-
straints. In particular, a significant decline in sweet potato production due to an El Nifio-related
drought in early 2024 is a realistic possibility.

This memo describes analysis using a partial equilibrium model to estimate the potential effects
of a shortfall in sweet potato production on market prices and consumption, including consump-
tion levels for various types of households in the highlands and other parts of PNG. We also dis-
cuss policy options for mitigating negative effects on household welfare.

Consumption patterns

Sweet potatoes are a major staple food in Papua New Guinea (PNG). A recent rural household
survey conducted by the International Food Policy Research Institute (IFPRI) in 2023 found that
average annual sweet potato consumption amounted to 125 kgs per person and accounted for
about one third of total calories from starchy staples, equivalent to 12 percent of total calories
consumed per person per day (Figure 1). There are substantial regional variations in sweet po-
tato consumption, however. Sweet potatoes are the major staple in much of the highlands,
which account for 75 percent of national production and where sweet potato contributes up to
57 percent of calorie intake from starchy foods and about 20 percent of total calorie intake.

Figure 1: PNG Share of Calories from Starchy Staples
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Source: PNG Rural Household Survey sample (IFPRI, 2023)



The household average value of sweet potato consumption accounts for 11 percent of total ex-
penditure.® However, the share of household budget dedicated to sweet potato is considerably
higher for rural households, comprising 15 and 13 percent for poor and nonpoor households,
respectively (Figure 2). Urban households depend less on sweet potato, dedicating approxi-
mately 4 and 3 percent of their household budget for poor and nonpoor households, respec-
tively.

Figure 2. PNG Consumption Expenditure Shares of Sweet Potato by Household
Group
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Source: Authors calculation from HIES 2009/10.

These differences in consumption and expenditure patterns between urban and rural house-
holds are even more pronounced across regions. Within the highlands, rural poor households
consume 1.1 times more kilograms of sweet potatoes per capita than the national average, allo-
cating 18 percent of their household budget to sweet potato. Highland non-poor households
consume 2.2 times more kilograms of sweet potatoes compared to the highland rural poor
households, however dedicate less share of their household budget (14 percent) to sweet pota-
toes given that they have a higher overall household budget (Figure 3).

! Expenditure share includes the market value of own-produced sweet potato that is consumed by the household.



Figure 3. PNG Sweet Potato Consumption, 2009-10
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Marketing

Sweet potato is cultivated year-round in the highlands, with harvests about five months after
planting. This steady supply contributes to ongoing price stability throughout the year. However,
regional price variations of sweet potato are significant. In the highlands, in Mt. Hagen for exam-
ple, sweet potato prices averaged about 1.17 PGK/kg from February 2021 to June 2023. In con-
trast, in the lowlands, where local production falls short of meeting local demand, the sweet po-
tato price is substantially higher. Prices are also higher in major cities along the coast. For ex-
ample, in Port Moresby during the same period, the price of sweet potato was 2.6 times higher
than in the highlands, amounting to 3.04 PGK/kg. This price difference reflects the additional
cost associated with storage and transportation from the highlands to the lowlands (Figure 4).



Figure 4. Market Price of Sweet Potato in Port Moresby and Mt. Hagen (PGK/kg),

2019-23
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Adjusting for inflation using an index based on the PNG Consumer Price Index (CPI), the real
price of sweet potatoes in Mt. Hagen has a slight downward trend, in contrast to real prices in

Port Moresby where there is no significant upward or downward trend (Figure 5).

Figure 5. Market Price of Sweet Potato in Port Moresby and Mt. Hagen (Real 2023

PGK/kg), 2019-23
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Weather-Related Shocks to Sweet Potato Production

While sweet potatoes are adaptable to various climate conditions, they remain susceptible to
extreme weather events such as droughts and floods. According to estimates from the 2015/16
El Nifio event, sweet potato yields in the highlands of PNG declined by up to 50 percent. Like-
wise, an El Nifio-related drought in 2023 and early 2024 could have a similar negative effect on
sweet potato production in PNG.

Model simulations: Potential Impacts of a Sweet Potato Production
Shortfall

To estimate the potential effects of a major sweet potato production shortfall, we use a simple
partial equilibrium model of supply and demand of sweet potatoes in PNG. The model, based on
estimates for production, exports and consumption from the FAO Food Balance Sheets for 2021
(FAO, 2023), calculates production, consumption and price changes given model parameters
(e.g. price responsiveness of supply and demand) and changes in productivity.

Estimates of sweet potato consumption and demand parameters for various household groups
are based on data from the 2009/10 Household Income and Expenditure Survey (HIES) and
Diao et al. (2021). The simulations below are designed to show the potential impacts of an El
Nifio — related drought that reduces sweet potato crop productivity by 50 percent in the high-
lands.? We analyze both short- and medium-run effects, as well as the effects of a drought ac-
companied by a 10 percent reduction in household incomes.

In Simulation 1, we model a 50 percent decline in productivity of sweet potatoes in the highlands
(equivalent to a 37.5 percent reduction in national productivity since highlands production is 75
percent of national production). Production in this scenario falls by only 21.9 percent, given the
resultant market price increase of 74.5 percent, which spurs farmers to produce more sweet po-
tato, albeit this production output takes time to realize (Table 1 and Figure 6).

Table 1: Potential Effects of Drought on the PNG Sweet Potato Sector (Model Sim-
ulations)

Sim 1 Sim 2 Sim 3 Sim 4

2023 2023 2024 2024

Base Short-run Short-run Medium-run Medium-run

Production ('000 tons) 699.0 545.9 530.1 600.6 575.9
(% change) -21.9% -24.2% -14.1% -17.6%
Market Price 74.5% 62.2% 42.4% 35.9%
Consumption ("000 tons)  602.0 470.1 456.5 517.2 496.0
(% change) -21.9% -24.2% -14.1% -17.6%

Source: Model simulations.

2 Model parameters such as sweet potato productivity loss can be set at any reduction level, however we use 50% to illustrate this
simulation, following reported production losses due to the 2015/16 El Nifio event.



In addition to the negative 50 percent productivity shock, simulation 2 assumes that household
incomes throughout PNG also decline by 10 percent due to reduced overall economy activity
linked to the drought. Because of lower household incomes, demand for sweet potatoes is less
than in Simulation 1; consumption declines by 24.2 percent (as compared to 21.9 percent in
Simulation 1) and prices rise by only 62.2 percent (compared to 74.5 percent in simulation 1).

In the medium-run simulations (simulation 3 and 4), farmers and consumers have more time to
adjust production and consumption in response to the drought-induced price increase. As a re-
sult, the price increase required to raise supply and lower demand to bring about a balance in
the market is only 42.4 percent (compared to 74.5% in simulation 1). Ultimately, the percentage
declines in production and consumption are also less — only 14.1 percent, as compared to 21.9
percent in Simulation 1.

Assuming a 10 percent decline in household incomes over the medium term, the 50 percent de-
cline in sweet potato productivity leads to a drop of 17.6 percent in production and a 35.9 per-
cent increase in prices (Simulation 4), compared to a 24.2 percent fall in production and a 62.2
percent increase in price in the short run (Simulation 2).

Figure 6: Effects of a 50 Percent Decline in Sweet Potato Productivity
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*Note: Sim 1 (0%Y) S-Run- Short run simulation of a 50 percent decline in productivity with no income change.
Sim 2 (-10%Y) S-Run: Short run simulation of a 50 percent decline in productivity and a 10 percent income decline.
Sim 3 (0%Y) M-Run- Medium run simulation of a 50 percent decline in productivity with no income change.

Sim 4 (-10%Y) M-Run: Medium run simulation of a 50 percent decline in productivity and a 10 percent income de-
cline.



Impact of sweet potato production decline on highland households

Table 2 and Figure 7 show the simulated short and medium run effects of the sweet potato
productivity declines on household sweet potato consumption. In Simulation 1, the 50 percent
decline in sweet potato productivity in the highlands results in a sharp drop in household con-
sumption for both the rural poor (-14.3 percent) and rural non-poor households (-20.8 percent)
in the highlands. These declines in consumption are even greater if household incomes fall 10
percent (Simulation 2), with consumption falling an additional 2 to 3 percentage points. Urban
households, with their lower dependence on sweet potatoes and better access to alternative
food sources, experience a smaller decline.

Table 2: Effects of a 50 Percent Decline in Productivity on Household Sweet Po-

tato Consumption

Sweet Sim 1 Sim 2 Sim 3 Sim4
Potato
Consumption 2023 2023 2024 2024
('000 tons) Short-run Short-run Medium-run Medium-run
Urban Highlands 3.3 -8.2% -9.1% -5.3% -6.6%
Poor
Urban Highlands 3.7 -9.2% -9.7% -5.9% -6.9%
Non Poor
Rural Highlands 109.7 -14.3% -17.8% -1.7% -12.3%
Poor
Rural Highlands 267.5 -20.8% -23.2% -12.9% -16.6%
Non Poor

Source: Model simulations.

Figure 7: Effects of a 50 percent decline in productivity on household sweet po-

tato consumption
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The medium-run simulation results (Simulation 3 and 4) show similar patterns, but with lower
percentage declines in consumption than in Simulations 1 and 2, as consumers and producers
have more time to adjust their consumption patterns and production inputs to the productivity
shock. The largest losses are suffered by the rural poor and rural non-poor households in the
highlands. Sweet potato consumption of the rural poor and non-poor in the medium term de-
clines by 7.7 and 12.9 percent, respectively, compared to their short run reductions of 14.3 and
20.8 percent. Including the effects of a 10 percent decline in household income (simulation 4),
sweet potato consumption in the medium-run declines by -12.3 and -16.6 percent for poor and
non-poor rural households in the highlands, respectively.

Responding to and Preparing for an El Nifio-Related Drought in the
Highlands: Lessons Learned and Future Planning

The 2016 El Nifio Related Drought: Government Response

In mid-2015, areas of the highlands suffered from a drought and periodic frost that led to losses
in agricultural productivity. An estimated 1.47 million people faced food insecurity, of which 180
thousand were classified as severely food insecure. In response, WFP collaborated with the
Government of PNG to distribute fortified rice to 4,930 households (24,650 people), represent-
ing 13.7 percent of the severely food insecure population. Each household was to receive a 70
kilogram ration of rice, expected to last six weeks (totaling 345.1 tons of rice at a cost of USD
37.6 million).3

Planning for a potential El Nifio Related Drought in 2024

A major production shortfall in sweet potato like that of 2015-16 could have significant adverse
effects on household incomes and consumption in Papua New Guinea. Model simulations indi-
cate that an El Nifio - related drought in the highlands could result in a 22 percent decrease in
production (and consumption) of sweet potato in the short-run, and a 14 percent decrease in
consumption of sweet potatoes the medium-run.

In principle, it would be possible to replace these 83 to 129 billion kcals* (equivalent weight of
kcals under the 14-22 percent decrease in consumption simulated above) of sweet potato that
would normally be consumed under average conditions with an alternative food source. For ex-
ample, substituting an equivalent number of calories from sweet potato would require 23 to 35
thousand tons of rice costing 8 to 12 million USD (at a CIF import price of USD 350/ton).

In addition to the financial cost of providing food aid to affected populations, it is crucial that lo-
gistical planning for mobilizing a delivery mechanism (perhaps utilizing private sector trade and
transport services) is in place as early as possible to avert delays in food aid delivery and ac-
counting. The costs and challenge of reaching remote populations will require substantial plan-
ning to ensure a timely response if the anticipated production shortfall does indeed occur.

3 Only 23% of the ration was received by 18 April 2016. WFP (Relief Web, 2016).

4 Assuming 980 kcal/lkg and 3650 kcal/kg for sweet potatoes and rice, respectively.



Summary and Conclusions

Sweet potatoes are a major food crop in Papua New Guinea, particularly in the highlands,
where they account for about 20 percent of total calorie intake from all foods (IFPRI, 2023).
There is essentially no external trade (imports or exports) of sweet potatoes, so domestic prices
are determined by domestic production (supply) and consumption (demand).

The modeling analysis presented in this note suggests that a major production shortfall in the
highlands, as occurred in 2015-16, could result in sharp increases in the price of sweet potatoes
and corresponding declines in consumption. For example, a 50 percent decline in productivity of
sweet potatoes in the highlands (corresponding to a 38 percent decline in national productivity),
could result in a 75 percent increase in sweet potato prices and a 22 percent decline in sweet
potato consumption in the short run.

In the short-term, one option to offset this loss of supply of calories would be targeted transfers
of rice (as was done through a World Food Programme relief effort in 2016). Other options to

reduce food insecurity of poor households in the highlands include other in-kind food transfers,
cash transfers, subsidized sales of rice or other food, and emergency school feeding programs.

In the medium term, investments in local water capture and storage for supplemental irrigation
in drought years, as well as research and extension on drought tolerant sweet potatoes and
other crops could help increase and stabilize production. More research on production, market-
ing and other aspects of the sweet potato value chain is also warranted.
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