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Remote areas are often characterized by lower welfare outcomes due to economic disadvantages
and higher transaction costs for trade. But their worse situation may also be linked to worse public
service delivery. Relying on large household surveys in rural Ethiopia, we explore this by assessing
the association of two measures of remoteness — (1) the distance of villages and primary service
centers to district capitals and (2) the distance of households to service centers (the last mile) — with
public service delivery in agriculture and health sectors. In the agriculture sector, we document
statistically significant and economically meaningful associations between exposure to agriculture
extension and the two measures of remoteness. For health extension, only the last mile matters.
These differences between the two sectors could be due to the fact that more remote villages tend
to have fewer agriculture extension workers who also put in fewer hours than their peers in more
connected areas. This does not apply in the health sector. These findings provide valuable inputs
for policymakers aiming to improve inclusiveness in poor rural areas.

Keywords: Geography, public services, Ethiopia.

JEL codes: Q16, 118, J24, O15

Geography has been shown to be an important determinant of economic development. For
example, it has been argued that landlocked countries — which are predominant in Africa — have
performed economically worse as isolation and distance from the coast or navigable waterways are
important deterrents to trade and, therefore, a cause of their sluggish growth and higher poverty
(Bloom et al., 1998; Collier and Gunning, 1999; Sachs et al. 2001). At the micro-level, detailed
household surveys in different countries have shown how modern input prices are higher and
adoption rates of improved technologies, agricultural yields, commercial surpluses, and both non-
farm and overall incomes are lower in more isolated areas (Stifel et al. 2016; Jacoby and Minten
2009; Deichmann et al. 2009; Damania et al. 2017; Jacoby 2000).* There is also compelling
evidence of the existence of geographic poverty traps, according to which the geographic
characteristics of the residence alone can lock people into poverty (Kraay and McKenzie 2014).
These insights have led a number of anti-poverty interventions to use geographical targeting to
achieve their objectives (Bigman and Fofack 2000; Baker and Grosh 1994).

A number of authors have looked at specific economic sectors in analyzing links with
geography. Substantial work has been done on the agricultural sector, building on the seminal work
of von Thiinen (1826), who showed strong differential agricultural patterns by distance to cities.
Krugman (1991) argued how the interaction of transportation costs with differential economies of
scale (increasing for manufacturing and constant for agriculture) leads to an often-observed
industrial core and agricultural periphery development pattern. Gollin and Rogerson (2010) look at
the interaction of transportation and agricultural development in Uganda. The large impact of market
access on agricultural practices has further been confirmed by specifically designed studies in
different countries in Africa (Stifel and Minten 2008; Vandercasteelen et al. 2018).

Strong geographical patterns emerge also in social sectors, such as education and health. For
example, Alesina et al. (2019) recently showed how intergenerational mobility in educational
attainment in Africa is strongly affected by transportation networks constructed by colonial

1 With respect to consumer goods, Gunning et al. (2018) show how remote areas in Ethiopia have lower variety and higher prices.



authorities and by location — educational attainment mobility is higher close to the coast, near the
capital, and in areas without malaria. For nutrition, dietary quality and chronic undernutrition among
young children have been shown to vary by access to markets and other remoteness measures
(Stifel and Minten 2017; Hirvonen et al. 2017; Hirvonen and Hoddinott 2017; Headey et al. 2018).

Perhaps a less explored reason for these worse outcomes may also relate to limited service
delivery in more remote localities. Using data from 21,000 interviews in 17 African countries,
Brinkerhoff et al. (2018) show how remoteness is strongly related to access to and satisfaction with
public services in rural Africa. Recently, Briggs (2018) found that less connected areas in Africa are
less likely to receive food aid. Fafchamps and Moser (2003) reported higher crime and insecurity in
isolated areas of Madagascar. Globally, the availability of skilled health personnel also decreases
with remoteness (Dussault and Franceschini 2006).

We contribute to this literature by studying how geography shapes public service delivery in rural
Ethiopia.? A novel feature of our study is that we consider two types of remoteness. First, we assess
how public service delivery differs between remote and less remote villages within the same
geographical areas. Second, we study how the remoteness of households from the service center is
associated with differential access in rural areas in Ethiopia. This distinction is important as it leads
to different policy implications to ensure the inclusiveness of remote areas or households in service
provision. Moreover, our assessment contrasts two important sectors, i.e., agriculture and health, in
which public service provisions play a vital role.

We rely on two large and geographically widespread household surveys to study access to
public services in the agriculture and health sectors in rural Ethiopia. Ethiopia is an interesting case
study for a number of reasons. First, the large majority of households live in rural areas and, while
Ethiopia has invested heavily in the construction of roads in the last decade, remoteness is still a
dominant characteristic of rural life. Schmidt et al. (2018) estimated that in 2015 more than 20
percent of Ethiopians were residing more than 5 hours travel time from a city of at least 50,000
people. Second, Ethiopia has relied on a ‘developmental state' model for the delivery of a large
number of social and extension services of which the public sector is typically the sole provider.

We find that exposure to agriculture service delivery decreases as we move from more
connected villages to less connected villages. But relative remoteness within village, i.e., the last
mile, also matters with households farther away from village centers less likely to have contact with
agriculture extension agents. In the health sector, the location of the village is not correlated with
exposure to services, but the last mile matters; households and pregnant mothers located farther
away from the health posts are considerably less likely to receive key health services. Findings from
exploratory analysis using survey data with the extension workers suggests that these differences
are driven by differences in manpower — more remote villages tend to have fewer agriculture
extension workers who also put in fewer working hours than their peers in more connected areas.
But we do not document similar associations in the health sector. Finally, for both sectors we find
suggestive evidence that the quality of the extension workers declines as we move to more remote
areas; extension workers in remote communities are younger and are less experienced, educated,
and knowledgeable.

2 Analysis of public extension services in Ethiopia has received considerable attention in the literature. Previous work has shown how
poorest households are not well covered by the public services for health, education, and agriculture (Khan 2014; Pankhurst and
Tiumelissan 2018). While some authors found evidence that there was a gender bias in agricultural service delivery in Ethiopia (Mogues
et al. 2009; Ragasa et al. 2013), others did not (Khan et al. 2014; Buehren et al. 2017). Dercon et al. (2009) show that access to exten-
sion led to consumption growth, but some find a lack of focus by agricultural extension agents to agricultural tasks (Berhanu and Poulton
2004) and too much attention on modern input provision and less towards knowledge transfers (Berhane et al. 2018).



Ethiopia has seen successful human and agricultural development in the last decade as measured
by changes in a number of indicators in the social sectors and in agriculture. In the agricultural
sector, increasing adoption of improved modern inputs, such as chemical fertilizer and improved
seed, has led to considerable yield increases, estimated at approximately five percent annually over
the last decade (Bachewe et al. 2018a).° In the health sector, indicators for maternal and child
health, addressing communicable diseases, improving hygiene and sanitation, and enhancing
knowledge and health care seeking improved significantly (CSA and ICF 2016). Chronic under-
nutrition (stunting) among young children decreased from 58 percent in 2000 to 38 percent in 2016
(Golan et al. 2019). Success in both sectors has been partly explained by increased outreach by
extension agents (e.g. Bachewe et al. 2018b; Assefa et al. 2019).

In agriculture, the government of Ethiopia has made sizable investments to set up a large-scale
public agricultural extension system (Davis et al. 2010; Abate et al. 2019). The effort has focused on
the provision of advisory and training services through a public extension structure that extends
from the federal ministry to the regions and down to the woreda (district) and kebeles (sub-district)*
through frontline extension agents. In the beginning of the 2000s, training of Development Agents
(DAs) was scaled up through the establishment of Agricultural Technical and Vocational Education
and Training (ATVET) colleges throughout the country. The intent was to assign at least three DAs
(specializing in crop production, livestock, and natural resources, respectively) in each kebele. The
new DAs were trained and mandated to carry out agricultural extension services to train farmers in
each kebele. Each kebele planned to build a Farmer Training Center (FTC) where farmers would
have access to participatory demonstrations for improved technologies and new farming systems.
By 2008 and 2009, the ATVET colleges had trained some 60,000 DAs, and around 8,500 FTCs
have been established in the kebeles (Davis et al. 2010). Relying on data from the Ministry of
Agriculture, Berhane et al. (2018) report that more than 72,000 DAs served about 16.7 million
smallholder farmers in 2016/17 — that is, one DA per 230 farmers or 43 DAs per 10,000 farmers,
one of the highest extension agent-to-farmer ratios in the world.

In the health sector, a health extension program (HEP) was launched in 2002/03 by the
Ethiopian government, and now covers nearly all woredas of the country.®> The program focuses on
hygiene and environmental sanitation, disease prevention and control, and family health services.
The health extension workers (HEWS) play a key role in implementing the health extension
program. To this end, the HEP has trained and deployed over 42,000 HEWSs to kebeles (Assefa et
al. 2019). There is one health post per kebele, and typically two HEWs are assigned to each health
post and are responsible for reaching approximately 5,000 individuals (Lemma and Matji 2013).
They are usually women who speak the local language. HEWs are selected by a committee
nominated by the kebele, appended with representatives from the woreda health and other offices
(Wang et al. 2016). Before deployment, HEWSs receive theoretical training in training stations and
hands-on training in health centers (Wang et al. 2016). Together, this training lasts approximately
12 months. Once deployed, the HEWs are expected to reside in the kebele. Their main tasks
include the provision of basic health services and the promotion of health-related messages. The
HEWSs are also responsible for training and supervising the so-called Health Development Army
(HDA), a group of local volunteers tasked to support the HEWSs.

8 This yield growth — especially in the cereal sector — has been driving poverty declines in the country (World Bank 2014).

4 Ethiopia is administratively divided hierarchically into regions, zones, woredas (districts) and kebeles (sub-districts). Kebele is the lowest
administrative unit.

5 While Ethiopia's health extension program has not been rigorously evaluated, many consider the program a success (Wakabi 2008; Bilal
et al. 2011; Bradley et al. 2012; HEPCAPS1 Project Team 2012; Workie and Ramana 2013; Admasu et al. 2016; Yitayal et al. 2014;
Wang et al. 2016).



We use data collected by the authors through two different household surveys to assess the role of
remoteness on service delivery of agricultural and health extension. We describe each survey in
turn below.

Agriculture extension

To analyze service delivery in the agriculture sector, we use data from a rich household survey of
2,422 farm households. The primary purpose for collecting these data was to evaluate the impact of
Digital Green’s pilot on video-mediated extension in Ethiopia.® The post-intervention survey’ used
here was administered between January and March 2018. In terms of geography, the survey
covered 30 woredas and 346 kebeles in the four main agricultural areas of the country, i.e.,
Amhara; Oromia; Southern Nations, Nationalities, and Peoples' (SNNP); and Tigray regions. Farm
households were selected using a four-stage sampling process. First, 30 woredas were purposefully
selected from the total of 68 Digital Green pilot woredas®. Second, up to 15 kebeles were randomly
selected from each sample woreda.® Third, three development groups'® were randomly selected
from each sample kebele. At this stage, the sample was further stratified by distance of the
development groups to the kebele center to ensure that the sample represented both farm
households that reside close to and far away from the kebele service point. For the last stage,
seven farm households were randomly selected from each kebele, i.e. two from the closest
development group, two from the farthest development group, and three from the development
group situated at the median distance from the kebele center.

While this survey was not designed to represent the four regions, it has a number of useful
characteristics for the purposes of this study. First, it is geographically widespread covering 30
woredas in four regions. Second, within each of the selected woredas, we have a sizable number of
kebeles (9 to 15 kebeles) and farm households (63 to 105 households). Third, the household
guestionnaire contained extremely detailed questions about farmers' contact with the local DAs.
Finally, the survey teams also interviewed the DAs operating in the same communities.

Table 1 shows descriptive statistics for the 2,422 households in our sample. About 40 percent of
the farmers reported that their plots have been visited by a DA during the 2017/18 main cropping
(meher) season. About half of the households reported to have received plot level advice on crop
choice and fertilizer and seed use from their local DAs.

6 Digital Green is non-governmental organization that focuses on developing and testing technology-based solutions to help farmers in
poor countries.

" The original study did not have a household level pre-intervention, i.e., baseline, survey.

8 The woredas were purposefully selected to ensure the availability of a sufficient number of kebeles (= 9 kebeles) unexposed to video-
mediated extension prior to a randomized control trial (RCT) experiment for the Digital Green evaluation. Thus, the selected study
woredas consisted of those that were not saturated or fully covered by Digital Green approach prior to the 2017 meher season; woredas
that Digital Green planned to expand into in 2017 meher season; and woredas that would not be fully saturated in that same season to
ensure the presence in the study of within-woreda control kebeles.

9 In woredas with 9 to 15 kebeles, the study considered all the kebeles. In woredas with more than 15 kebeles, the study randomly chose
15 kebeles.

10 Development groups are a semi-formal administrative structure below kebele that comprise 25 to 30 farm households and serve as a
grassroots forum to discuss local development issues.



Table 1: Descriptive statistics — cereal survey

Standard
Mean deviation Min Max
Exposure to extension services:
Development Agent (DA) visited the plot (0/1) 0.4 0.5 0 1
DA provided advice on amount of fertilizer to use on the plot (0/1) 0.5 0.5 0 1
DA provided advice on type of fertilizer to use on the plot (0/1) 0.5 0.5 0 1
DA provided advice on type of seed to use on the plot (0/1) 0.5 0.5 0 1
DA provided advice on the type of crop suitable to the plot (0/1) 0.5 0.5 0 1
DA provided crop specific advice on the plot (0/1) 0.6 0.5 0 1
Distance variables:
Distance to the woreda capital by car (km) 19.0 12.2 1 61
Household's distance to Farmer Training Center (minutes) 30.1 23.2 0 90
Household characteristics:
Male head (0/1) 0.9 0.3 0 1
Age of the household head (years) 45.9 12.9 20 95
Education of household head (years of schooling) 3.3 3.8 0 17
Males 0-15 years of age (number) 1.4 1.2 0 7
Males 16-64 years of age (number) 1.6 1 0 10
Males 64+ years of age (number) 0.1 0.3 0 4
Females 0-15 years of age (number) 1.3 1.2 0
Females 16-64 years of age (number) 1.4 0.8 0 7
Females 64+ years of age (humber) 0.1 0.2 0 2
Value of household assets (in ‘000 birr) 15 4.6 0 36.1
Plot characteristics:
Land area cultivated (hectares) 3.4 3.5 0.1 18.1
Plots managed (number) 2.6 1.6 1 15
Slope of the plot is flat (0/1) 0.6 0.4 0 1
Soil is fertile (0/1) 0.3 0.4 0 1
Travel time to the plot from residence (minutes) 19.7 21.1 0 180

Source: Authors’ calculation based on the 2018 Digital Green's household survey data.
Note: N = 2,422 farm households.

We used two measures of remoteness: distance between the kebele center and the woreda
capital; and the distance of the household to the Farmers Training Center (FTC), which is typically
located at the kebele center. The distance between the kebele and the woreda capital was
estimated by the DA. The average kebele in our sample is located about 19 km away from the
woreda capital. However, there is sizable variation in distances to the woreda center. While some
kebeles are located just a kilometer away, residents of the most remote kebeles need to travel more
than 60 kilometers to reach the woreda center. For the last-mile distance measure, we asked
sample households to estimate the average time required to reach the FTC using their usual means
of transportation. As shown in Table 1, it takes 20 minutes for sample households to reach the FTC,
on average. Again, for some households the distance is much longer with the most remote
households traveling about one and half hours to reach the FTC. Figure 7 in the Appendix provides
full distributions for both distance variables.

The summary statistics on household characteristics indicate that the vast majority of sample
households are male-headed (90 percent) with low education levels (3.3 years of schooling). The



average household in our sample manages close to 3 plots with a total farm size of 3.4 hectares,
although only 30 percent of the plots is reportedly fertile. On average, the plots managed by the
sample households are located just less than 20 minutes away from their dwelling.

The summary statistics based on the interviews with the 781 DAs are reported in Table 2. On
average, there are more than three DAs per kebele, consistent with the government’s plan to assign
at least three DAs per kebele, each specialized in either crop production, animal science, and
natural resources management. A typical DA in our sample works about 36 hours per week.

Table 2: Descriptive statistics — agricultural Development Agents

Standard

Mean deviation Min Max
Number of Development Agents in kebele 35 1.3 1.0 8
Average working hours per week 36.0 14.5 3.0 84
Age (in completed years) 28.8 6.2 20.0 56
Education (diploma or higher) 0.8 0.4 0.0 1
Years of experience (in completed years) 6.7 5.1 0.1 26.5
Average technology test score 65.2 11.0 22.3 89.8

Source: Authors’ calculation based on Digital Green’s Development Agent survey, 2018.
Note: 781 observations.

The average DA in our sample is 29 years old and has 7 years of work experience in agricultural
extension. However, there is substantial variation both in age and years of experience. Eighty
percent of the DAs in our sample held a college diploma or higher, indicating that DAs in Ethiopia
are relatively highly educated.

We also measured the knowledge of DAs using a set of questions about selected technologies
and practices that they promote. These questions were drawn directly from the technical extension
guidelines drafted by the Ethiopian government. The knowledge tests were crop-specific, with 17
guestions on teff, 16 on wheat, and 16 on maize — the main cereals that the agricultural extension
service primarily focuses on. The questions were designed in multiple choice format, and we scored
the responses to these questions on a 0 to 100 scale where 100 indicates that the respondent
answered all questions correctly. As shown in Table 2, the average DA correctly answered about 65
percent of the questions across the three crops. Strikingly there are DAs who scored as low as 22
percent on their knowledge of technologies and practices they themselves promote.

Health extension

To assess the role of geography in health extension, we use data from a household survey
administered in March 2017.1! The primary purpose of the survey was to serve as a baseline for an
evaluation of nutrition-sensitive components of the fourth phase of the Productive Safety Net
Program (PSNP)*2. A stratified sample of 2,635 households with children less than 24 months of
age was drawn from localities in which PSNP operates. In total, the survey covered 164 kebeles in
88 woredas in Amhara, Oromia, SNNP, and Tigray regions. First, 88 woredas were randomly
selected from the full list of PSNP woredas. Three kebeles were randomly selected from each
woreda, and from each kebele, one enumeration area was randomly selected. After a full household
listing of the enumeration area, 10 eligible households were randomly selected. The sample was

11 A follow-up survey with the same households was administered in August 2017, but these data are not used here.

12 pSNP is a geographically widespread safety net program that provides cash and in-kind transfers to approximately eight million people
residing in chronically food insecure areas of rural Ethiopia. The two main components are a public works program for households with
labor capacity and a direct support element that provides direct transfers to households without sufficient labor capacity.



further stratified so that roughly half of the selected households were PSNP beneficiaries and the
other half were poor but not benefitting from the program. Given the focus on poor households with
young children, this sample is not representative of the kebeles in which the sample was drawn.

While the geographic and demographic restrictions limit the representativeness of the sample,
the survey has several useful characteristics. First, the sample is large and geographically
widespread, covering 264 kebeles and 88 woredas in four regions. Second, although all 264
communities are poor, they vary substantially in terms of remoteness. Third, in addition to collecting
data on households' access to health services, the survey teams visited and interviewed health
extension workers (HEW) operating in these communities. Finally, we have GIS coordinates for both
the surveyed households and the health posts, permitting us to compute distances between the two.
After dropping 20 households with missing observations, we are left with 2,615 households in our
analytical data set.

Table 3 shows the summary statistics for the households in the final sample. In terms of
exposure to the health extension workers, we see that 79 percent of the households know at least
one HEW working in their kebele but only 36 percent of the households had contact with a HEW in
the last 3 months. Meanwhile, 23 percent reported that a HEW had visited their home anytime, and
11 percent said this happened in the last 3 months. Seventy-five percent of mothers reported to
have received antenatal care during their recent pregnancy, and 29 percent said that a HEW visited
their home during the pregnancy.

We asked the community leaders to estimate the average time required by car to reach the
woreda capital. The responses ranged from zero to eight hours with the sample mean of just over
one hour. We use the GIS coordinates to compute the distance between the health post and
household's location. Figure 8 in the Appendix provides full distributions for both distance variables.
The average household resided 2.5 km from the health post. Some households resided in close
proximity (20 meters) while for others the distance was over 40 km.

The other summary statistics reported in Table 3 further indicate that these are typical rural
Ethiopian households characterized by low education and asset levels.

Table 3: Descriptive statistics — health survey

Standard
Mean deviation Min Max

Exposure to extension services:

Household knows a Health Extension Worker (HEW) working in kebele 0.79 0.41 0 1

Household has met with HEW in the last 3 months 0.36 0.48 0 1

HEW ever visited household's home 0.23 0.42 0 1

HEW visited household's home in the last 3 months 0.11 0.31 0 1

HEW visited the mother during pregnancy 0.29 0.45 0 1

Mother received antenatal care during last pregnancy 0.75 0.44 0 1
Distance variables:

Distance from community to woreda capital by car (min) 66.75 73.95 0 480

Distance from household to the health post (km) 2.49 3.12 0.02 41.35
Household characteristics:

Youngest child is male 0.50 0.50 0 1

Youngest child's age in full months 11.44 6.75 0 29

Mother's age (years) 28.82 6.51 16 50

Mother's education (years of schooling) 0.87 2.24 0 13
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Standard

Mean deviation Min Max
Male head 0.89 0.31 0 1
Head's age (years) 38.01 10.80 17 100
Education of head (years of schooling) 1.10 2.56 0 13
Head is Orthodox 0.48 0.50 0 1
Head is Muslim 0.32 0.47 0 1
Males 0-5 years (number) 0.85 0.76 0 4
Males 6-15 years (humber) 0.83 0.97 0 6
Males 16-60 years (number) 1.11 0.59 0 4
Males 61+ years (number) 0.05 0.22 0 2
Females 0-5 years (number) 0.89 0.76 0 4
Females 6-15 years (number) 0.82 0.98 0 6
Females 16-60 years (number) 1.18 0.47 1 6
Females 61+ years (number) 0.04 0.21 0 2
Land area operated (hectares) 0.87 0.81 0.0001 45
Number of tropical livestock units (TLU) owned 3.04 2.99 0 16.25

Source: Authors’ calculation based on 2017 Productive Safety Net Program (PSNP) survey data.
Note: N=2,615 households.

Summary statistics based on the interviews with 249 HEWs are reported in Table 4.13
Consistent with the government plan, there are about 2 HEWSs per kebele, on average. In 15
percent of the kebeles there was only one HEW, while in 23 percent of the kebeles there were more
than two HEWSs. The average HEW in our sample reported to have worked 212 hours per month.
Moreover, she is 27 years old and has 7 years of work experience as a HEW. The HEWSs tend to be
less educated than the DAs. About 3 percent of the HEWSs reported to have only completed primary
school, 8 percent secondary school, and 7 percent high school. More than 67 percent had
completed technical or vocational training and 15 percent had a degree from a university or college.

Table 4. Descriptive statistics — Health Extension Workers

Standard
Mean deviation Min Max

Number of Health Extension Workers in the kebele 2.14 0.73 1 5
Average working hours per month 212.7 53.3 40 420
Age, years 26.9 4.47 18 52
Years of experience 6.97 3.92 0.1 18
Highest level of education:

Primary school 0.03 0.17 0 1

Secondary school 0.08 0.27 0 1

High school 0.07 0.26 0 1

Technical/vocational training 0.67 0.47 0 1

University/college diploma 0.15 0.36 0 1
Average infant and young child feeding (ICYF) test score 90.7 9.01 429 100

Source: Authors’ calculation based on the 2017 Productive Safety Net Program (PSNP) survey data.
Note: 249 observations.

13 The reasons for not interviewing all 264 HEWs were because the kebele did not have a health post or because the health extension
worker was temporarily absent due to training, leave, or some other reason.
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One of the key tasks of the HEWSs is the provision of nutrition counselling. We therefore tested
HEWSs knowledge about age-appropriate infant and young child feeding (IYCF) practices through a
set of 14 multiple choice questions. The mean test score was 90 percent, indicating a very good
understanding by the HEWs of recommended IYCF practices.

Our econometric analysis focuses on the relationship between service delivery and remoteness in
rural Ethiopia. We model the exposure to extension services of household i that resides in
community ¢ of woreda w as a function of two measures of remoteness — the community's distance
to the woreda capital (F.,,) and the household's distance to the kebele center (L;.,):

(1) Eicw = .BIFCW + )BZLiCW + Xi’cw5 + Wy + Eicw»

where X, is vector of household characteristics and w,, represents woreda-level fixed effects. The
error term is captured by &,

In the context of agriculture extension, we use six different binary exposure variables (E;.,,)
capturing scenarios where the DA:

1. visited the household's plot in the previous agricultural (meher 2017-18) season;
provided advice on amount of fertilizer to use on the household's plot;

provided advice on type of fertilizer to use on the household's plot;

provided advice on type of seed to use on the plot;

provided advice on the type of crop suitable to the plot; and

provided crop specific advice on the plot.

o gk wN

To assess the exposure to health extension services, we use five binary outcome variables:

the household knows a HEW working in the kebele;

the household has met with a HEW in the last 3 months;
a HEW ever visited the household's home;

a HEW visited the mother during pregnancy; and

the mother received antenatal care during last pregnancy.

arwdE

The use of several outcome variables raises a concern that some of the statistically significant 3
estimates are due to chance, i.e., false positives. To address this concern, we report p-values in our
regression tables and then indicate if the p-value is below the Bonferroni-adjusted (B-adj.) critical
value that accounts for the mean correlation across the outcome variables (Aker et al. 2016).

The survey instruments do not allow us to use uniform distance measures across the two
surveys. In both surveys, the distance between the community and woreda capital (F,,,) was
estimated by the community leaders or the DA. In the agriculture survey, the distance from the
community to the woreda capital is measured in terms of distance to the woreda capital by road in
kilometers. In the case of health extension, the distance was measured at the travel time in minutes
it takes by a car to reach the woreda center. We express this distance variable as a set of three
binary variables that place kebeles located in the same kebele into terciles based on their distance
to the woreda capital. The tercile capturing the kebeles closest to the woreda capital is selected as
the reference group.

The way we measure the last mile (L;.,,) also varies across the surveys. In the agriculture
extension survey, we asked the households to estimate the time in minutes it takes for them to walk
to the FTC. In the health extension survey, we used GPS coordinates of the household and the
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health post and computed the distance in kilometers between the two points. In both cases, we
express this last mile distance variable as a set of three binary variables that rank households into
terciles based on the distance within the kebele. As before, the tercile capturing the households
closest to the extension office is selected as the reference group.

Households located in more remote woredas or more remote areas within the kebele may differ
from less remote households in several ways that may also affect their demand for extension
services. We control for many such factors by including household level controls to the estimated
specification. These variables are listed in Tables 1 and 3. They vary somewhat between the two
surveys to account for different factors that shape demand in the context of agriculture and health
extension, respectively.

The woreda fixed effects w,, capture all woreda level aspects, such as administrative capacity,
climate, and infrastructure, that are shared by the households residing in the same woreda. While
most of our dependent variables are binary ones, we use a linear probability model (instead of logit
or probit) to better accommodate these woreda fixed effects. We account for the stratified sampling
strategy in both surveys by clustering our standard errors at the woreda level.

A common concern in observational studies such as ours is that the error term is correlated with
the variables of interest. In our application, the two distance variables (F,,, and L;.,) may well be
correlated with the error term (g;.,,). If SO, our estimates for the 8s would be biased. While we
cannot rule this out, we note that our model addresses many sources of such correlation. In addition
to controlling for woreda fixed effects, we control for several household characteristics that might be
associated with remoteness and the demand or supply of extension services. We also note that in
Ethiopia, migrating to farm in less remote localities, be it outside or within the community, is difficult
because of absent land markets. All land is owned by the state, and farmers only have usufruct
rights to their land granted by local government authorities, who further privilege access to those
who already live in that locality (Ambaye 2012).

Agriculture extension

Table 5 shows the regression results on exposure to agriculture extension. We document strong
correlations between exposure to agriculture extension and advice along both distance gradients
(F.,, and L;.,,) even after controlling for household characteristics and woreda fixed effects. The
results on DAs visit (as measured by plot level visits) show that, relative to farm households in the
least-remote kebeles, households located in the farthest kebeles had a 5 percentage points lower
likelihood of a visit by a DA (column 1).1* Given that only 30 percent of our sample farmers were
visited by the DA (Table 1), this translates to a 17 percent drop in the likelihood that a DA visited
households in the most remote locations. The relative remoteness within one's kebele seems to
matter even more. Farm households residing farthest from the FTC in their kebele had a 37 percent
(11 percentage points) lower probability of a plot level visit by a DA (p<0.01; B-adj. p<0.1) compared
to the least remote households. Households in the second tercile were also considerably less likely
to receive these visits than the least remote households.

14 The estimate is statistically significant only at the 10 percent level and the p-value exceeds the Bonferroni-adjusted critical value based
on a 0.10 significance level.
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Table 5: Relationship between relative remoteness and exposure to agriculture

extension

1) @

WERRGIS
plot visited Did the DA
advise on

Outcome variable:

by the

©) 4 ©)

Did a DA
advise on
the type of

Did the DA Did the DA
advise on advise on

©)

Did the DA
provide
crop

Develop-
ment Agent
(DA)?

amount of
fertilizer to
use?

type of  type of seed
fertilizer to  to use on
use? this plot?

crop
suitable to
this plot?

specific
advice on
the plot?

Distance to woreda from kebele center (km)

First tercile (reference) (reference) (reference) (reference) (reference) (reference)
Second tercile -0.023 -0.046 -0.049 -0.065* -0.034 0.000
(0.032) (0.035) (0.034) (0.035) (0.030) (0.032)
[0.468] [0.193] [0.156] [0.073] [0.274] [0.999]
Farthest tercile -0.050* -0.064** -0.080** -0.095*** -0.065** -0.032
(0.029) (0.032) (0.031) (0.030) (0.031) (0.028)
[0.099] [0.052] ® [0.015] b [0.004] ® [0.044] ® [0.261]
Household's travel time to Farmer Training Center (in minutes)
First tercile (reference) (reference) (reference) (reference) (reference) (reference)
Second tercile -0.084*** -0.053** -0.047* -0.066*** -0.071* -0.038
(0.026) (0.027) (0.027) (0.025) (0.034) (0.023)
[0.003] ® [0.055] [0.085] [0.014]® [0.045] ® [0.111]
Farthest tercile -0.109*** -0.074%** -0.067** -0.075%** -0.075%** -0.048**
(0.028) (0.025) (0.027) (0.026) (0.026) (0.024)
[0.001] ® [0.006] ® [0.020] [0.008] ® [0.007] ® [0.055]
Region dummies? Yes Yes Yes Yes Yes Yes
Household level controls? Yes Yes Yes Yes Yes Yes
Woreda fixed effects? Yes Yes Yes Yes Yes Yes
Observations 2,367 2,367 2,367 2,367 2,367 2,368
R?/within-R? 0.065 0.053 0.053 0.062 0.047 0.035
Adjusted R%*adjusted within-R? 0.058 0.045 0.045 0.054 0.039 0.027

Source: Authors’ calculation based on the 2017 Productive Safety Net Program (PSNP) survey data.
Note: Standard errors clustered at the woreda level and reported in parenthesis.
Statistical significance denoted by * p < 0.10, ** p < 0.05, *** p < 0.01.

Bonferroni adjusted p-values in brackets and in italics. Bonferroni-adjusted critical value for 0.10 significance level, considering the
average correlation between the six outcome variables, is 0.055. b indicates that the estimated p-value is below this threshold.

Remote households are also less likely to receive advice on fundamental inputs (fertilizer and
seed) and crop specific practices. For instance, compared to households in more connected
kebeles, farm households in most remote kebeles had 6 and 8 percentage points lower likelihood of
receiving advice on the amount and type of fertilizer to use on their plots, respectively (columns 2
and 3). Similarly, remote households within the kebeles had a 7-percentage points (14 percent)
lower probability of getting advice on fertilizer use than the least remote households (column 3). DA
advice on the type of seed farmers should use in a plot is also limited in remote areas. Households
in the most remote kebeles were 10 percentage point (or 23 percent) less likely to receive plot level
advice on seed selection, while most remote households within their kebele had an 8 percentage
point (or 18 percent) lower likelihood of receiving such advice (column 4). Households in the second
tercile in terms of distance from the woreda or FTC were similarly disadvantaged relative to their
peers in the least remote locations.

14



On crop specific advice, we find that farm households in distant kebeles were 7 percentage
point less likely to receive advice on the type of crop suitable for their plots compared to households
residing in kebeles closer to the woreda capital (column 5). Household's distance to the FTC is
similarly associated with a decline in the likelihood of receiving this advice. Finally, we checked
whether the access to crop specific DA advice varies by distance to service centers. While the
distance of the kebele to woreda capital is not strongly correlated with the probability of receiving
crop specific DA advice, the relative distance to the FTC is negatively associated with access to
crop specific guidance, i.e., households in the most remote villages had a 5 percentage points (8
percent) less likelihood of receiving crop specific DA advice (column 6).1°

These results also imply that doubly remote households, i.e., those located in remote kebeles
and far away from the FTC in their kebele, are least likely to receive extension services. For
example, adding up the coefficients reported in column 2 tell us that these doubly remote
households are 14 percentage points (or 28 percent) less likely to receive advice on the amount of
fertilizer to use on their plot.®

Health extension

Table 6 reports the results with respect to health extension services. In contrast to agricultural
extension, we see that household's exposure to health extension is not associated with distance to
the woreda capital; all coefficients are small in magnitude and not statistically different from zero.
However, we do document strong associations regarding exposure to health extension and
household's distance to the health post, but mostly for households in the farthest tercile.

Compared to least remote households, households located farthest away from the health post
are 7 percentage points (p=0.02; B-adj. p<0.1) less likely to even know a health extension worker in
their kebele (column 1). Considering that 79 percent of the households know at least one health
extension worker operating in their kebele (see Table 3), this translates into a 11-percent lower
likelihood of knowing a health extension worker between households in the first and last distance
tercile.

The same story holds when we assess the likelihood of having met a health extension worker
(columns 2 and 3). For example, health extension workers are less likely to visit homes that are
located farther from the health post (column 3). Relative to the least remote households,
households in the third distance tercile were 4.5 percentage points (p=0.02; B-adj. p<0.1) or 20
percent less likely to have been visited by a HEW (column 3).

Similar patterns emerge when we consider services to pregnant women. Pregnant mothers
located farthest from the health post are 5 percentage points (p=0.02; B-adj p<0.1) less likely to
receive a visit from a health extension worker as compared to those located close to the health post
(column 4). Considering that 29 percent of the mothers reported to have been visited by a health
extension worker during their pregnancy (see Table 3), this translates into a 17 percent fall in the
likelihood of a visit when we move from the first distance tercile to the last one. Column 5 tells us
that mothers residing far away from the health post are also less likely to receive antenatal care
(p=0.02; B-adj p<0.1).

15 While the estimate is statistically significant at the 5 percent level and the p-value exceeds the Bonferroni-adjusted critical value based
on 0.10 significance level.

16 The joint estimate is computed by summing up the coefficients on two 'Farthest tercile' coefficients in column 2; -0.064+(-0.074)= -
0.138. Based on an F-test, this joint-estimate is statistically different from zero (p<0.01)
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Table 6: Relationship between relative remoteness and exposure to health extension

Outcome variable:

1)

Knows a

Health

Extension
Worker (HEW)
working in the

kebele?

Distance to woreda from kebele center (km)

Has met with
HEW in the
last 3 months? visited home?

HEW ever

HEW visited

during

pregnancy?

Received
antenatal

care?

First tercile (reference) (reference) (reference) (reference) (reference)
Second tercile -0.005 0.027 -0.001 -0.025 -0.012
(0.027) (0.023) (0.023) (0.025) (0.024)
[0.853] [0.233] [0.973] [0.305] [0.630]
Farthest tercile -0.019 -0.004 -0.013 -0.019 -0.002
(0.024) (0.027) (0.026) (0.030) (0.024)
[0.443] [0.874] [0.617 [0.535] [0.945]
Household's distance to health post (km)
First tercile (reference) (reference) (reference) (reference) (reference)
Second tercile -0.018 -0.048™ -0.025 -0.030 -0.012
(0.018) (0.022) (0.020) (0.019) (0.019)
[0.319] [0.034] [0.209] [0.126] [0.507]
Farthest tercile -0.066™ -0.078™ -0.045™ -0.048™ -0.043™
(0.019) (0.022) (0.020) (0.019) (0.019)
[0.001] ® [0.001]° [0.025]° [0.011]P [0.030]°
Region dummies? Yes Yes Yes Yes Yes
Household level controls? Yes Yes Yes Yes Yes
Woreda fixed effects? Yes Yes Yes Yes Yes
Observations 2,615 2,615 2,615 2,615 2,615
R2/within-R? 0.022 0.018 0.016 0.013 0.011
Adjusted R?/adjusted within-R? 0.013 0.009 0.008 0.005 0.002

Source: Authors’ calculation based on the 2017 Productive Safety Net Program (PSNP) survey data.
Note: Standard errors clustered at the woreda level and reported in parenthesis.

Statistical significance denoted by * p < 0.10, ** p < 0.05, *** p < 0.01.
Bonferroni adjusted p-values in brackets and in italics. Bonferroni-adjusted critical value for 0.10 significance level, considering the
average correlation between the five outcome variables, is 0.032. b indicates that the estimated p-value is below this threshold.

6. REMOTENESS AND CHARACTERISTICS OF PUBLIC
EXTENSION PROVIDERS

The foregoing results put forward two interesting stylized facts.

1. The last mile matters: More remote households within their kebeles are considerably less

likely to receive both types of extension services; agriculture and health.

2. Exposure to agriculture extension declines as we move from more connected kebeles to
kebeles located far from the woreda capital. But interestingly, we do not document a neg-

ative gradient when it comes to exposure to health extension.

In this section, we explore some potential reasons for the difference between the two sectors.
We do so by running a series of locally weighted polynomial regressions in which we regress
various extension worker characteristics on the distance from the kebele to the woreda capital. We
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also replicated these results using regression models that control for woreda fixed effects. Tables 7
and 8 in the Appendix show the regression results based on the agriculture extension survey and on
the health extension survey.

Starting from Figure 1, we see how the number of DAs declines as we move to more remote
kebeles, but the same is not true for HEWs.” Figure 2 shows that DAs in more remote localities
work less hours per week.'® However, we do not observe a similar gradient for HEWs — if anything,
HEWSs in more remote localities report working slightly more hours per month than their peers
located closer to the woreda capital. °

Together, these results indicate that the total manpower (number of extension workers and their
effort) in agricultural extension is lower in more remote localities compared to those located closer to
the woreda capital. This alone could explain the finding in Section 5 according to which farm
households in more remote kebeles are less likely to receive agriculture extension services.

Figure 1. Number of extension agents in kebele and distance to woreda capital
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Source: Authors’ calculation based on Digital Green’s DA survey, 2018 and Productive Safety Net Program (PSNP) survey, 2017
Note: Local polynomial regression. The vertical axis in both graphs measures the number of extension workers operating in the kebele.
The area between the dashed lines indicates the 90% of the distance distribution (between the kebele center and woreda capital).

17 Column 1 in Tables 7 and 8 in the Appendix confirm the patterns reported in Figure 1.

18 We asked the DAs to report the number of days they work in a typical week and also the number of hours they work in a typical day.
Using these responses, we constructed a variable measuring the number of hours the DAs work per week. The HEW questionnaire
contained similar questions, but the recall period was a month, i.e., "How many days in a month do you usually work as HEW?".

19 Column 2 in Table 7 in the Appendix confirms the negative slope observed in Figure 2a. However, the estimated coefficients for health
extension workers are statistically not different from zero, indicating that the positive slope observed in Figure 2b is not robust to
controlling for observed and unobserved woreda characteristics.
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Figure 2: Reported working hours and distance to woreda capital
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Source: Authors’ calculation based on Digital Green’s DA survey, 2018 and Productive Safety Net Program (PSNP) survey, 2017.

Note: Local polynomial regression. The vertical axis in graph a) measures the number of typical working hours per week reported by the
agriculture extension worker. In graph b) the vertical axis measures the number of typical working hours per month reported by the health
extension worker. The area between the dashed lines indicates the 90% of the distance distribution (between the kebele center and

woreda capital).

We used the same techniques to assess how some other key characteristics of the extension
workers vary by remoteness. We see that both agriculture and health extension workers located in
more remote localities are somewhat younger (Figure 3) and less experienced (Figure 4) than their
peers in less remote localities. The likelihood that the agricultural extension worker had completed
their diploma or achieved higher education declines as we move farther from the woreda capital
(Figure 5). However, such negative education gradient does not exist when we use our health
extension survey data.?° These reported associations hold if we control for woreda fixed effects; see

columns 3to 5 in Tables 7 and 8 in the Appendix.

Figure 3: Age of the extension worker and distance to woreda capital
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Source: Authors’ calculation based on Digital Green’s DA survey, 2018 and Productive Safety Net Program (PSNP) survey, 2017.
Note: Local polynomial regression. The vertical axis in both graphs measures the extension workers age in years. The area between the
dashed lines indicates the 90% of the distance distribution (between the kebele center and woreda capital).

20 Note that the education measures are not fully comparable across the two surveys. For agriculture extension workers, we use a
variable that assumes a value of 1 (and zero otherwise) if the DA reported to have completed a diploma or a higher level of education,
whereas for the HEWs the binary variable is determined based on them completing vocational training, technical training, or a higher level

of education.



Figure 4. Work experience of extension worker and distance to woreda capital
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Source: Authors’ calculation based on Digital Green’s DA survey, 2018 and Productive Safety Net Program (PSNP) survey, 2017.
Note: Local polynomial regression. The vertical axis in both graphs measures the extension worker's work experience in years. The area
between the dashed lines indicates the 90% of the distance distribution (between the kebele center and woreda capital).

Figure 5: Education level of extension worker and distance to woreda capital
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Source: Authors’ calculation based on Digital Green’s DA survey, 2018 and Productive Safety Net Program (PSNP) survey, 2017.

Note: Local polynomial regression. The vertical axis in graph a) measures the share of agriculture extension workers that reported to
have completed a diploma or a higher level of education and graph b) the share of health extension workers that reported to have
completed vocational/technical training or higher level of education. The area between the dashed lines indicates the 90% of the distance
distribution (between the kebele center and woreda capital).

Finally, in both surveys we assessed extension workers' work-related knowledge through
quizzes (Figure 6). For agricultural extension workers, these knowledge questions focused on
growing practices of teff, maize and wheat, while for health extension workers, the questions were
designed to measure their knowledge about age-appropriate infant and young child feeding
practices. Figure 6 shows that both types of extension workers located in more remote localities
score fewer points in their knowledge test compared to their counterparts in less remote localities.
The corresponding regression coefficient based on woreda fixed effects is reported in column 6 in
Tables 7 and 8 in the Appendix.
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Figure 6: Knowledge level of extension worker and distance to woreda capital
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Source: Authors’ calculation based on Digital Green’s DA survey, 2018 and Productive Safety Net Program (PSNP) survey, 2017.
Note: Local polynomial regression. The vertical axis in both graphs measures the job-related knowledge test score result (min=0,
max=100) of the extension worker. The area between the dashed lines indicates the 90 percent interval of the distance distribution
(between the kebele center and woreda capital).

Overall, the results in Figures 3 to 6 raise a concern that the quality of both agriculture and
health extension services decline as we move from more connected areas to less connected areas,
albeit more so for agricultural extension services.

Previous literature has quantified a sizable remoteness penalty along several welfare dimensions
and largely attributed this finding to economic disadvantages and higher trade barriers. But another
reason for these observed lower welfare outcomes may also relate to limited service delivery in
more remote localities. We explore this link between geography and public service delivery by
focusing on two types of remoteness: (1) distance from the household to service centers; and

(2) distance from service centers and villages to district capital. Using detailed household level data
from rural Ethiopia, we find that exposure to agriculture service delivery decreases as we move from
more connected villages to less connected villages. But relative remoteness within village, i.e., the
last mile, also matters with households farther away from village centers less likely to have contact
with extension agents. In the health sector, the location of the village is not correlated with exposure
to services, But here too, the last mile matters; households and pregnant mothers located farther
away from the health posts are considerably less like to receive key health services.

These differences between the two sectors could be due to the fact that more remote villages
tend to have fewer agriculture extension workers who also put in fewer hours than their peers in
more connected areas. We do not document similar associations in the health sector.

This study has limitations. First, while both surveys are geographically widespread, they are not
nationally representative, nor representative of the regions where they were administered. Second,
while we control for a wide array of factors that may be correlated with both the exposure of a
household to extension services and its remoteness, we cannot claim that we are documenting
causal relations here. Finally, the core of our study focuses on the extensive margin of service
delivery, i.e., exposure. But, service quality may also vary across the remoteness gradient. Our
analysis based on the interviews with the extension workers provides some suggestive evidence
that this may well be the case — agriculture and health extension workers on average are younger
and are less experienced, educated, and knowledgeable in more remote kebeles.
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With these caveats in mind, our findings have important implications for policy and research.
First, it has been shown that investments in road infrastructure have large impacts on economic
activities and that rates of returns to, for example, rural road construction is often high (e.g., Jacoby
2000; Stifel et al. 2016). However, these calculations often ignore the benefits of better connectivity
for improved public service delivery including in the social sectors. More investments in
infrastructure will likely lead to further improvements in such services and might therefore provide
additional justification for infrastructure investments.

Second, to ensure better inclusiveness of remote rural residents in their access to social
services, a number of actions could be envisaged. A denser system of outreach could be aimed to
cover especially the last mile. Extension agents from outside areas are often reluctant to settle in
more remote places. Living conditions are often worse in these areas and the agents have no
additional incentives to do so. Offering better financial incentives to public agents posted in more
remote areas could be one policy option to reverse this. However, non-financial incentives may also
be highly effective. For example, Ashraf et al. (2019) show how emphasizing career opportunities
within the civil service sector during the recruitment process in Zambia led to a more qualified pool
of rural health workers who also performed better on their job. Exploring these policy options in the
rural Ethiopian context forms an important path for future research.
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APPENDIX

Figure 7 (Appendix): Histogram of the distance measures — agriculture extension
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Source: Authors’ calculation based on Digital Green’s household and DA survey, 2017 and 2018.
Note: The area between the dashed lines indicates the 90% of the distance distribution

Figure 8 (Appendix): Histogram of the distance measures — health extension

a) Travel time from kebele to woreda capital b) Travel time from household to health post
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Table 7 (Appendix): Development Agent characteristics by remoteness

1) @ ©) (4) ©)

Outcome variable: Number of Working Work

DAs inthe hours per Age experience
kebele week in years (years) Education

Distance to woreda from kebele center (in minutes)

First tercile (reference) (reference) (reference) (reference) (reference) (reference)
Second tercile -0.026 -3.149** -2.255%** -2.202%** -0.032 -1.837**
(0.125) (1.353) (0.589) (0.539) (0.028) (0.815)
Farthest tercile -0.459%** -3.104%*x -3.099*** -2.959%** -0.068* -2.796%**
(0.100) (1.053) (0.610) (0.523) (0.035) (0.908)
Woreda fixed effects? Yes Yes Yes Yes Yes Yes
Observations 781 781 781 781 781 781
Within-R? 0.045 0.018 0.058 0.080 0.007 0.014

Source: Authors’ calculation based on Digital Green’s household and DA survey, 2017 and 2018.
Note: Standard errors clustered at the woreda level and reported in parentheses.
Statistical significance denoted by * p < 0.10, ** p < 0.05, *** p < 0.01.

Table 8 (Appendix): Health Extension Worker characteristics by remoteness

1) @ ©) (4) ®)

Outcome variable: Number of Working Work

HEWSs in the hours per Age experience
kebele month in years (years) Education

Distance to woreda from kebele center (in minutes)

First tercile (reference) (reference) (reference) (reference) (reference) (reference)
Second tercile -0.049 1.553 -0.435 -0.815 -0.060 -1.025
(0.097) (6.066) (0.664) (0.578) (0.045) (1.066)
Farthest tercile 0.002 11.346 -1.746%** -2.516*** -0.074 -2.998**
(0.106) (7.418) (0.655) (0.535) (0.051) (1.346)
Woreda fixed effects? Yes Yes Yes Yes Yes Yes
Observations 249 248 249 249 249 249
Within-R? 0.002 0.017 0.038 0.097 0.016 0.033
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