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Abstract

The impact of drought on household welfare is the cumu-
lative effect of crop losses and price changes in a local
economy that are triggered by these initial losses. This
paper combines data on monthly grain prices and wages
in 82 retail markets over 17 years with data on district-level
weather shocks to quantify the impact of drought on local
prices and how this impact varies by month after harvest.
The results show that price increases occur immediately after
the completion of harvest and then dissipate so that infla-
tionary effects are quite low during the lean season, contrary
to commonly held views. The impact of shocks on prices is
quite low now in Ethiopia—4 percent at its peak post-2005

compared with 12 percent before 2005. In areas of the
country where infrastructure investments have been high,
there is now almost no inflationary impact of drought on
prices. It is not clear whether it is infrastructure investments
or something else that has driven that, but it shows that it is
possible for rainfall shocks to have no inflationary impacts
in low income economies. Inflationary impacts were also
reduced more in districts where the Productive Safety Net
Program was introduced. Comparing inflationary effects in
districts with food versus cash transfers suggests that cash
transfers do not have inflationary effects on grain prices
during times of drought.
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1. Introduction

Well-being in Ethiopia, as in many countries in Sub-Saharan Africa, has historically been
vulnerable to drought. Ethiopian farmers rely almost entirely on rain-fed agriculture and seasonal
rainfall is volatile in large parts of the country. Over the last 50 years Ethiopia has experienced 15
droughts. Drought has a direct effect on poverty and conversely good rainfall has been shown to
be an important driver of agricultural growth and rural poverty reduction (Dercon, 2004; Little et
al., 2006; Carter et al., 2007; Gilligan and Hoddinott, 2007; Demeke et al., 2011; Dercon and
Porter, 2014; Thiede, 2014; World Bank, 2015). The consumption levels of those reporting a
serious drought were found to be 16 percent lower than those of the families not affected, and they
were still experiencing lower consumption growth many years later (Dercon, 2004). A moderate
drought, defined as a rainfall shortfall of 30 percent, reduces growth in agricultural incomes by 15
percent on average and increases poverty by 13.5 percent (World Bank, 2015).

The impact of drought on household welfare is the cumulative effect of a household’s crop
loss and a series of entitlement failures in a local economy that are triggered by this initial loss
(Sen, 1981; Deveraux, 2007). While much of the literature on the impact of drought has focused
on its cumulative welfare impact, a better understanding of the progression of entitlement failures
helps identify the entry points at which the impact of drought may be reduced. Devereux (2007)
characterizes four sequences of entitlement failure in drought affected communities. First,
production fails as a result of the rain failure. Second, because drought affects many households
in the community at the same time, labor markets fail: households are less and less able to find
employment opportunities on others farms or in off-farm activities. Third, commodity markets fail
as grain prices increase and prices of liquid assets decrease. Finally, transfers fail as households
cannot rely on the support of others in their network who are also facing the same constraints in
meeting everyday basic needs.

This paper examines the impact of drought on local (and hence rural) markets, quantifying
its impact on grain prices and unskilled wages in local markets in the 12 months following the
failure of rains. By estimating the impact in each month following the rain failure, the analysis
provides information on the timing of the effect, and thus when intervention may be needed to
address the entitlement failures that result from commodity or labor markets failing. The paper
thus provides an important contribution to the literature, by providing more detail on the timing of
welfare effects after a climatic shock, an area where existing evidence is quite weak. In an agrarian
economy like Ethiopia, weather shocks affect not only grain supply, but also demand by reducing
household income. The net impact on prices is an empirical question.

Previous studies have examined the impact of droughts on local prices in other settings.
Baffes et al. (2015) found that weather shocks, measured by changes in the vegetation index,
strongly affect local prices in Tanzania, especially in areas that are isolated and have limited access
to regional and national markets. Similarly, Brown and Kshirsagar (2015) used changes in the
vegetation index to capture rainfall shocks and their effects on local prices in 51 countries and
found that the effects of local weather conditions on local prices are more pronounced than the
influence of international prices. Prices in 19% of the 554 markets included in their analysis were
affected by weather shocks. In Niger, extreme rainfall increases prices in markets in low-supply
regions, increasing price dispersion between low and high supply regions (Aker, 2008 and 2010).



However, these papers have considered the average impact and have not examined the timing of
these effects and how the price impacts vary throughout the year. As the analyses conducted in
this study show, the impact of these shocks is highly seasonal.

We match monthly data on retail prices of six staple cereals (teff, wheat, maize, sorghum,
barley, and African millet) and wages of unskilled laborers in 82 markets over 17 years to data on
district level annual growing season rainfall.

We find that the impact of the weather shock on grain prices is largest immediately
following harvest in January. On average a | in 5-year moderate drought caused grain prices from
January to May to increase by 9 percent. From May to October the impact of the rainfall shock
on grain prices gradually decreases. During the lean season prior to the new harvest becoming
available the impact of a moderate drought on grain prices is much lower at 3 percent. The sudden
increase in prices at harvest time and the lack of inflationary impacts during the lean season is
somewhat counter to commonly held views where the concern is around price increases during a
prolonged lean season, not price increases at harvest time itself.

In contrast, unskilled nominal wages are not significantly impacted by weather shocks,
implying that the real value of wages falls in the immediate aftermath of harvest when food prices
rise. This is contrary to what has been found in India (Jayachandran 2006).

In addition to providing a robust estimate of the magnitude and timing of the impact of
drought on local grain prices, we also examine whether this has changed over time. Ethiopia has
experienced a prolonged period of particularly fast development in the timeframe of this study. As
part of this development, it invested significantly in roads, basic services, agricultural extension
and a rural safety net to respond to drought. The federal and regional road network increased from
26,500 km in 1997 to 100,000 km in 2015 (World Bank, 2016) and this occurred at the same time
as mobile phone expansion, both of which contributed substantially to better market integration
(Minten et al., 2014). In 2005, it established one of the largest safety net programs in Sub-Saharan
Africa—the Productive Safety Net Program (PSNP)—aimed at addressing food insecurity in the
historically drought-prone parts of the country.> Although household incomes have remained
predominantly agrarian, significant agricultural growth and modernization have been experienced
by many (Bachewe et al., 2015). For a number of reasons then we may not expect drought to have
the same impact on local prices in 2013 as in 1997. Indeed, we find that the impact of weather
shocks on grain prices was more than three times larger prior to 2005 than after. In places where
infrastructure investments have been high, drought has almost no inflationary impact post 2005.

Changes in infrastructure over time have been widespread across all parts of the country.
It is not clear however that it is infrastructure investments that have driven the change in the impact
of weather on prices as infrastructure investments have been non-random. There has also been
attenuation in areas where road improvements were lower. Attenuation could have been driven by

3 The PSNP has a very wide coverage. In 2010, for example, a total 7.4 million Ethiopians in nine regions were
targeted to receive benefits. Of these, 1.3 million received cash only and 3.3 million received food only. The
remaining 2.8 million received a combination of cash and food transfers (MOARD, 2010). The program uses both
administrative and community targeting approaches. The national targeting guidelines, which aim to guarantee
timely and adequate transfers to the most food insecure people, allowed for regional and local adaptation (Sharp,
2006).



improvements in market efficiency coming from other factors during this time: for example,
increased urban demand, higher trucking capacity or the introduction of cell phones (Minten ef al.,
2014). However, we note that the finding that greater attenuation took place in locations with
greater improvements in market access is consistent with analysis from Tanzania that shows that
the impact of weather shocks on local prices is less pronounced in well-connected markets (Baffes
et al.,2015) and from India. Burgess and Donaldson (2010) find that after Indian districts obtained
railroad access, the intensity of famines in 1875-1919 resulting from rainfall shocks decreased
significantly.

There is little evidence that the introduction of the PSNP can take credit for the change
over time. However, a comparison of districts in which beneficiaries received transfers in kind or
in cash yields some interesting insights. A handful of previous studies have examined the effects
of in-kind and cash transfers on grain markets and prices (Ferri¢re and Suwa-Eisenmann, 2015;
Gelan, 2007; Tadesse and Shively, 2009), but none of these studies focuses on the role of transfers
in influencing grain prices during drought periods. We examine whether being in a PSNP district
is associated with having a larger or smaller price effect, and whether this varies depending on
whether the transfers are provided in food or cash. The results show that districts receiving cash
transfers do not experience more inflation during times of drought. In-kind transfers appear to have
been well targeted to places where the inflationary impact of drought was higher.

The rest of the paper is organized as follows. Section 2 provides more context on
agricultural production and markets in Ethiopia. Section 3 presents the motivation for the empirical
questions tested in this study. Section 4 describes the data in detail. Section 5 presents the empirical
findings. Section 6 concludes and discusses the policy implications.

2. Context: Grain markets and safety nets in Ethiopia

Agriculture is the predominant source of income in rural Ethiopia with 80 percent of
households citing agriculture as their main source of income. Nearly all households in Ethiopia
(92 percent) own some land, and most of the agricultural income is earned through self-
employment (World Bank 2015).# Only 8 percent of households in rural areas report earning wage
income. Agriculture is dominated by cereal production and is highly dependent on rainfall. Less
than 1 percent of cultivated land is irrigated and, as a result, the amount and timing of rainfall
greatly influence yields and total production. Lack of rainfall is the main risk to production.
Ethiopia has a diverse agroecology with five distinct agroecological zones and several micro-
climatic divisions within those. Some parts of the country experience two seasons every year,
others only one season. The rainfall conditions experienced vary across and within zones—with
some areas experiencing drought conditions while others harvest above average production.
Section 4 provides more details on this.

The Government of Ethiopia has had a strong policy focus on encouraging productivity
growth in smallholder cereal farming during this period in the Agricultural Development Led
Industrialization strategy, and its later formulation in the PASDEP and the Growth and

4 All land is owned by the state, but households are granted land user-rights.



Transformation Plan.> As part of this strategy, the government has spent considerable resources
supporting cereal intensification of smallholder farmers, for example, through investments in rural
roads, agricultural extension and supporting fertilizer distribution. Ethiopia experienced
substantial yield growth in cereals from 2005 onwards. Fertilizer use increased during this time,
although there was little reported increase in the use of improved seeds.® A large increase in
availability of extension services, improvements in market access, higher education levels, good
incentives for investing in improved inputs and good weather are considered as major drivers of
increased input use and yield growth (Bachewe ef al., 2015).

Agriculture is also an important driver of non-farm growth. Only one in five rural
households report deriving income from rural non-farm activities. This is about half the proportion
as in other countries in SSA (Naude and Nagler, 2014). The most commonly cited constraint to
starting and operating non-farm enterprises is lack of demand, which is constrained by strong
seasonality in agricultural incomes and the localized nature of sales (Loening et al., 2008; Jolliffe
etal., 2014).

Nearly all cereal consumption in Ethiopia is domestically produced, and Ethiopia exports
very little cereals. Given the agroecological variation, there is considerable specialization in grain
production and consumption across space. The six main grains--teff, wheat, maize, sorghum,
barley, and millet—are produced and consumed widely. In general, with the exception of teff whose
supply is more spatially diffused, markets in the west and south are supply markets, while markets
in the north and east are deficit markets (Minten et al., 2014). Grain markets were fully liberalized
in 1990. However, even if grain markets were competitive, they were not particularly efficient,
with high transaction costs. Distances travelled by individual traders were limited (Gabre-Madhin,
2001). As a result, Minten shows that only half of the main markets for teff, maize, sorghum and
barley were integrated in 2001. Substantial changes throughout the 2000s have caused marketing
margins to fall considerably and improved market integration.” By 2011, 83 to 100 percent of
markets were integrated for all varieties of teff, wheat and maize, while barley and sorghum
markets saw less improvements.

Minten et al. (2014) highlight several factors that could have contributed to this structural
shift in markets: increased urban demand as a result of urbanization and rising urban incomes,
reduction in transportation costs, and the introduction of mobile phones. Urbanization has been
increasing, but more than four-fifths of the population still reside in rural areas. Although this was
a time of rising fuel prices (as the government gradually reduced a fuel subsidy ), transportation
costs fell as a result of a much-expanded road network and increased trucking capacity. The
national road network expanded from 26,500 kilometers in 1997 to 100,000 kilometers in 2015.
Figure A.1 in the annex shows the length of roads rehabilitated from 1992 to 2011. Investment on
roads was increasing throughout this period, particularly from 1995. However, road density, at 1
km per 1,000 people, is still one of the lowest in Africa. The introduction of mobile phone services

5 PASDEP stands for Plan for Accelerated and Sustained Development to End Poverty.

6 Less than 5 percent of cultivated land was planted with improved seeds.

7 Some examples from Minten ef al. (2014): the price difference of wheat from Bale Robe (a supply region) to Addis
Ababa fell from 32 percent during 2001-2005 to 18 percent during 2006-2011, and the price difference of maize
from Addis Ababa to Dire Dawa (a deficit region) fell from 39 percent during 2001-2005 to 17 percent during 2006-
2011.



increased access to information on prices and reduced the cost of search. Gabre-Madhin (2001)
estimated that search costs comprised 19 percent of total marketing and transaction costs in 1996
when no mobile phone service was available. By 2012, all traders reported using a mobile phone
in their business (Minten et al., 2014).

In this paper we examine how the impact of weather on local prices has changed given
these substantial structural changes in the performance of grain markets over time. We also
examine whether changes have been larger for places that have seen increased access to urban
areas as a result of urban growth and improvements in road networks.

In addition to changing grain markets, the management of drought has improved
considerably during the period analyzed in this paper. In the past, drought was managed through
the provision of food aid to households in food insecure districts. However, food aid distribution
was often ad hoc, late and poorly targeted. Ethiopia has transitioned from a system of emergency
food aid to one in which many vulnerable households are covered under a safety net program, the
PSNP. The PSNP was introduced in 2005 in the most food insecure districts of Ethiopia. It
accounted for 1% of the GDP in 2010/11, and it is one of the largest safety net programs in Sub-
Saharan Africa. The immediate direct effect of transfers provided to rural households in the
program has reduced the national poverty rate by 2 percentage points (World Bank 2015). The
PSNP has also had an effect on poverty reduction above and beyond the direct impact of transfers
on poverty. PSNP transfers have been shown to increase agricultural input use among some
beneficiaries, thereby supporting agricultural growth (Hoddinott et al., 2012).

The changing management of drought may also have had an impact on the relationship
between weather and local prices, and it may have driven some of the changes observed in the
relationship. We also examine whether the changes observed in the drought-price relationship are
different in districts in which the PSNP was introduced.

3. Theoretical motivation and empirical approach

In rural Ethiopia, where the main source of income is agriculture, weather shocks not only
affect supply but also demand through their effects on household income. When markets are not
fully integrated, weather shocks can impact local prices by influencing both supply of and demand
for grains. At the extreme, when a market is entirely autarkic as a result of very high transportation
costs, prices are entirely determined by local conditions. This was well documented by Sen’s
analysis of the drought of 1973-74 in Wollo in which he highlights that grain prices did not change
much given the countervailing effect of these two forces. Grain markets in the country have
become increasingly integrated over time (Minten et al., 2014), but high transportation costs in
some rural markets mean that prices in a given market are likely to be greatly dependent on local
supply and demand.

The net impact of weather shocks on the price is indeterminate as it reduces both demand
and supply. Thus, in a reduced form regression of the price impact of weather shocks, the
coefficient on weather shock depends on the relative magnitude of supply and demand side effects
of the shock. In this study, we focus on staple crops, and we may expect demand to be relatively
inelastic to income in this case. As a result, we can expect to find that prices increase in response



to a drought as the supply effect dominates, but this is something we test in the analysis. The
pattern may differ across crops depending on their elasticity of demand. For example, the increase
could be more muted for teff, which has a high elasticity compared to sorghum and maize (Tafere
etal.,2010).

When markets are not autarkic, trade is possible, and hence prices are not determined by
local market conditions only. Consider for example, when there is one other market, market j, with
which market i can trade. When local conditions are such that the local market clearing price in
market 7 at time ¢ would be very high relative to market j, trade from market j becomes profitable—
increasing supply and lowering prices in market i. When local conditions are such that the local
market clearing price in market i at time # would be very low relative to market j, it becomes
profitable to supply other markets with grain from market i, reducing supply and increasing the
price in market i. Local supply and demand conditions determine prices within a band (the size of
which is determined by the cost of trading between market i and ;). Outside this band, prices are
determined by prices prevailing in other markets.

What does this mean for the impact of weather on prices? If there is some heterogeneity in
weather conditions across markets, as is the case in Ethiopia where weather conditions vary
considerably across the country, trade can limit the positive or negative impact of weather on
prices.

With this in mind, we present four questions that we explore using a unique data set on
weather shocks and prices in rural markets across Ethiopia from 1996 to 2012. The data set
combines monthly retail price data for six grains collected from 82 rural markets with data on
rainfall losses in the rural district surrounding the market.® In addition, data on participation of the
district in a rural safety net program that started in 2005, and on market access in 2000, 2005 and
2011 are also included.

Question 1: Is there an inflationary impact of weather shocks on grain prices, and when in
the season is it largest?

The impact of weather shocks on supply and demand is unlikely to be uniform across the
season. Most of the concern is around higher prices occurring during the lean season, but if prices
increase earlier in the season the impacts of rainfall shortfalls may be felt by households much
earlier than expected. The demand effect may not be observed immediately, unless households
immediately adjust their consumption in response to lower harvests. If this is the case, we may
observe weather having a stronger positive impact on prices immediately after the harvest, which
dissipates as demand effects are increasingly observed. Additionally, in a market where there is
poor connectivity to other markets, the supply effect may be particularly pronounced early on,
until other markets start supplying the deficit market.

8 Specifically, the percentage of crop yield calculated to be lost in the woreda due to rainfall shortfalls. A detailed
discussion on how the rainfall losses are estimated is presented in the ‘Data Section’.



The average impact of weather shocks on prices across markets in Ethiopia, then, is
unknown and depends on whether, on average, demand or supply effects dominate. However, it
may fall as the season progresses. We test this by estimating:

Py = 211712=1(VmWit * Iy + Im) +a; + ﬂt + &itm (1)

where W;; is the weather shock experienced in the district surrounding market i in year ¢. Pjpy, 18
the price prevailing in market i during year t and month m. I, is an indicator variable for month
m, a; are district fixed effects, which capture all time-invariant district specific determinants of
prices, f5; are year fixed effects, which capture time-varying determinants of prices and &, are
other time-varying, location-specific shocks to prices. To account for a potential serial correlation
between price series within a year and spatial correlation for observations from a market, we allow
the errors to be clustered across market and year.” The coefficients y,, capture the monthly impact
of rainfall loss on prices. Specifically, it is the percentage increase in grain prices in month m as a
result of a one percent point increase in rainfall loss during harvest year corresponding to that
month. !

Question 2: Has the impact of weather shocks on grain prices fallen over time?

As documented in section 2, both the structure of marketing and the management of drought
changed dramatically since 1997. As markets become more integrated, the impact of local
conditions (supply or demand) will have less impact on local prices. We would thus expect that
the impact of weather shocks on local prices to fall over time. We test this by splitting the time
period of analysis into two and estimating:

Pitm = Yoee1 (YmWit<2004 * Im + Vi Wits2005 * Im + Im) + @i + B + €im ()

We would expect ¥,5 to be closer to zero than ;5. We test this by comparing 1997-2004 to 2005-
2012.

Question 3: Has the impact of weather shocks on grain prices fallen more significantly in
markets that have become more accessible or markets that have introduced cash transfers?

The drivers of market integration have not been uniformly present across Ethiopia. Improvements
in access to markets and access to urban demand has been particularly faster in some parts of the

% In some specifications, data for multiple crops are combined in a single regression. For such cases, we introduce
crop index (c) as follows: Pityne = Ypi=1 (YmWit<z004 * Im + YmWits2005 * Im + Im) + @i + By + €itme. Whenever
data on more than one crop are pooled together in a single estimation, we allow clustering by market, crop and year.
19 Throughout the paper, we present an alternative specification that replaces the monthly dummies with a
polynomial regression on time elapsed since harvest as follows:

Pim = Xi=1 (8 Wie * L + L) + a; + By + €iem

where L indicates the time elapsed since harvest is collected in October, and it runs from 1 to 12 during November-
October. To reconstruct the monthly impacts, as in the 12-month dummies represented by I,,, in equation 1, we use
the estimated coefficients (8;—83) and corresponding elapsed time, i.e. L, L? and L>. In other words, the impact in
each month (¥,,) is calculated as: ¥s3_; 8 * L¥, where L ranges from 1 for November to 12 for October.



country than in others. We would expect larger reductions in weather-induced price volatility in
areas where improvements in market access have been faster. Data on access to markets in 1994
and 2007 is available from Schmidt and Kedir (2009) allowing a comparison of markets that saw
significant improvements in market access prior to 2007 with markets that saw less improvement.
We test whether the price impact of shocks is lower in markets with greater improvements in
market access.

The demand effect of weather on local grain prices will fall if the sensitivity of household
income to weather is reduced. This can occur if households increase the share of their income that
comes from non-weather dependent sources. Since 2005, transfers have been made to households
in selected districts as part of the PSNP. These transfers increase slightly when weather conditions
are bad as there is some provision within the program for benefits to be scaled up when the weather
is bad. Some districts have received transfers in kind and some in cash. The in-kind transfers from
PSNP affect both the local demand and supply of food, but cash transfers have no supply effect,
only a demand effect. We examine whether the impact of weather on local prices is smaller in
places where the PSNP has been introduced. We examine whether the presence of cash transfers
made as part of the PSNP has been associated with a lower demand effect of weather on prices in
markets of the recipient districts, causing the inflationary supply effects to dominate in these
markets.

Districts are not selected to receive transfers at random. The PSNP has been targeted to
more food-insecure woredas/districts in Ethiopia.'! Weather shocks may have had a differential
impact on prices in these markets even before the PSNP transfers were introduced in 2005. After
controlling for these differences, we expect that the introduction of transfers in PSNP districts
would keep demand for goods high mitigating any price impact of lower demand in the wake of a
shock. This, however, requires that there were no other reasons for the relationship between
weather shocks and prices to be changing differently in PSNP districts, and this is not something
we can assume. The results of this analysis cannot determine whether it is the introduction of the
safety net that has driven any observed changes.

Question 4: Do weather shocks impact local wages for unskilled labor?

In addition, we examine whether the wage data recorded for unskilled workers in the
monthly retail market survey indicates weather shocks having an impact on local labor markets.
In some contexts, the negative shock to farm incomes that a weather shock results in increased
supply and reduced demand for labor, both of which depress wages (Deveraux 2007). Labor supply
increases as households seek to make up agricultural income losses and demand for labor falls as
households have reduced ability to hire labor. If local labor markets are limited, as in rural Ethiopia
where farms and small business rely on family labor, we may expect both effects to be small.
Therefore, we anticipate the negative effect on wages to be negligible in rural Ethiopia, contrary

' Administratively, Ethiopia is divided into nine regions/kilils (Tigray, Afar, Amahara, Oromia, Benishangul-
Gumuz, Gambella, Harari, Somali and Southern Nations, Nationalities, and Peoples’ Region (SNNP)) and two
autonomous cities (Addis Abeba and Dire Dawa). These regions and cities are divided into zones or sub-cities,
which are further divided into districts (woredas).



to wage depressing effects in India documented by Jayachandran (2006). This question is explored
by estimating:

wageéiym = Zrlnz=1(ymWit * Ly + Im) +a; + B + €itm (6)

where wage;; represents wages in market i in year ¢t and month m.

4. Data

In this study, we match data on monthly retail prices of six major cereals (teff, wheat,
maize, sorghum, barley, and millet) and wages of unskilled workers in 82 markets from 1997 to
2013 with annual weather shock data for the same period. In addition, the price and weather
information is combined with data on the type of PSNP transfers households in the beneficiary
districts since 2005 (if any) and data on access to towns with population greater than 50,000 in
1997 and 2004. The data is introduced in section 4.1. In section 4.2, the key features of weather
shocks are described.

4.1. Data sources

Grain prices and wages: We use monthly price data collected in 119 markets from 1996 to
2013 for the analysis.!? The data come from the Retail Price Survey, which is conducted every
month by the Ethiopian Central Statistics Agency (CSA). CSA has selected 119 representative
markets to be visited monthly in this survey. The markets surveyed have stayed remarkably
consistent across time. More markets used to be covered prior to 2001, but this data is not included
in the analysis. Although there are about 119 markets that were followed in this survey, this
analysis focuses only on those located in rural districts for which crop loss data is available. In
addition, most of the analysis is focused on 82 markets that are in districts which experience only
one major rainy season, Meher season. This is done by excluding markets that also experience
another rainy season, Belg. We use nominal prices in the analysis and include year and monthly
dummies to control for inflation and seasonal price patterns. '3

Weather shocks: Data on weather shocks is taken from the Livelihoods, Early Assessment
and Protection project (LEAP). LEAP combines ground and satellite rainfall data collected
throughout the year to provide rainfall data for each district in Ethiopia.

We use a weighted average of the rainfall during the growing season for the analysis. The
relevant rainfall measure for this analysis is not necessarily the total rainfall that falls in the season
as the timing of the rainfall also matters for crop production. In order to aggregate decadal rainfall
data into one number which accurately reflects both the quantity and the timing of the rainfall
experienced in the district in that season, we use a crop model, chosen based on the crops usually
grown in a given place. The crop model measures how sensitive the crop is to rainfall losses at that
moment in the production cycle. Rainfall losses in that 10-day period are given more weight. The

12 Occasionally there were months in which prices of certain commodities were not collected on certain markets.
This data is treated as missing.
13 Specifically, the prices are expressed in log of Ethiopian birr per kilogram, and birr per day for wages.

10



crop model also takes into account the amount of evapotranspiration normally recorded at that
location. The final weighted average of rainfall losses reflects the proportion of normal yield that
is estimated to have been lost during that season due to poor rainfall in that location. It is important
to note that this is a calculation, though, not an estimate from a regression.

The LEAP loss estimates are compiled for each year since 1996. Rainfall losses are
produced for both the main Meher season as well as the secondary Belg season in the parts of the
country that experience this second season. Planting and harvesting dates for each season vary
across crop and location, but in general the Meher season runs from May to November and the
Belg season from January to May. For a detailed description of the LEAP system, see Conway and
Schipper (2011), and Balzer and Hess (2010). Analysis in Hill and Tsehaye (2014) also show that
the rainfall-based yield loss estimates from LEAP are highly predictive of yields measured in the
CSA’s yield estimates using crop cutting and harvesting experiments.

Roads: We use Schmidt and Kedir’s (2009) estimates of time to travel to a town of 50,000
people in 1994 and in 2007 to estimate an average annual reduction in travel time. The distance at
each square kilometer in the district is averaged to provide a district level average estimate.

Agricultural production practices: We use zone level measures of increases in the
proportion of farmers that have reported applying fertilizer from 1997 to 2011. These measures
are compiled using the annual Agricultural Sample Survey conducted by CSA.

PSNP: The PSNP covers about 300 woredas in seven regions (Tigray, Amhara, Oromia,
SNNP, Afar, Somali, and Harari) and Dire Dawa. The beneficiary woredas and the type of
transfers they receive have been quite stable since the program was started in 2005.'* We reviewed
the Annual Plans of the PSNP in recent years to identify woredas that are recipients of transfer as
well as the type of transfers they received. The transfer that each woreda receives is either cash
only or a combination of cash and food. Based on this review, woredas were classified into three
groups: those that are not in the PSNP, those that receive only cash and those that receive both
cash and food under the PSNP. We use these categories in the analysis.

4.2. Weather shocks across time and space

In this section we provide a brief description of the extent of rainfall losses in Ethiopia and
how these losses vary temporally and spatially. We also describe the trend in grain prices across
regions.

Figure 1 presents the mean, median and standard deviation of rainfall losses during the
main Meher season in 8 regions over 17 years from 1996 to 2012. There is a substantial regional
heterogeneity in the amount rainfall lost. For instance, Afar and Somali regions experience very
high rainfall losses on average, and they respectively lose about 60 and 42 percent of their Meher
rainfall during this period. On the other hand, Benishangul-Gumuz, SNNP, and Gambela regions
experience low levels of rainfall loss. Despite this variation in the amount of rainfall lost on

14 The number of beneficiaries woredas has changed slightly over time: there were 282, 290, 301, 319, and 319
woredas in 2007/8, 2008/9, 2010/11, 2011/12 and 2013/14, respectively (Source: PSNP Annual Plan for the
corresponding year).
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average across regions, the standard deviation of rainfall losses is quite constant across regions
(with the exception of Benishangul-Gumuz which experiences very low levels of variation). This
suggests that although rainfall losses are often high on average in Afar and Somali regions, they
are not more variable than in other regions.

Figure 1: Meher rainfall losses across regions during 1997-2012 period
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Note: the rainfall loss is measured in terms of the amount of yield that is calculated to have been lost as a
result of rainfall shortfalls during the season. Source: LEAP from 1997 to 2012

To explore the temporal variation in rainfall losses in the country, we present annual
average and standard deviation of rainfall losses from 1996 to 2012 (Figure A.2 in the Annex).
There is a considerable year-to-year variation in rainfall losses. Some years particularly standout
as ones in which bad droughts were experienced: 1999-2003, 2008, and 2012. The share of Meher
rainfall lost was the highest in 2001, and the mean rainfall loss in the country was 18 percent.
Another notable result is that the spatial variation in rainfall losses tends to increase in drought
years. This evidence suggests that rainfall losses tend to be localized, and some areas are
particularly hit hard. This notion of localized droughts is perhaps different to drought in other
countries that may have larger widespread effects and arises on account of the significant variation
in agroclimatic conditions in different parts of Ethiopia. These spatial differences are leveraged to
study the effects of localized weather shocks on grain prices.

There are also major year-to-year variations in rainfall losses in each region. Figure A.3
shows the average rainfall losses in each region from 1996 to 2012. In almost all regions, 2001
has been the year when the highest rainfall loss was experienced. For instance, in Afar and Somali
regions in 2001 it was calculated that they would lose more than three-quarters and half of their
yields as a result of poor rainfall. Afar and Somali regions also had the highest rainfall losses in
each year.



4.3. Price trends

Nominal price trends for the three most commonly traded commodities—mixed teff, white
wheat and maize—for Tigray and Oromia are presented in Figure 2 (prices are averaged across
markets in each of these regions). The figures show that grain prices were quite stable until 2007
and they spiked during the 2007/8 commodity price crises. Trends are consistent in both regions.
Prices have generally been higher in Tigray than in Oromia throughout the period under
consideration, although there is some evidence this difference is falling as found in Minten et al
(2014).

Figure 2: Trends of nominal prices for commonly traded cereals
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Prices experience considerable seasonality. Figure 2d presents results for the average difference in
price from the January price across all markets in Ethiopia (starting in November). On average,
cereal prices are at their lowest in January to March when the full harvest has taken place and
much of it has been marketed. Prices steadily increase until July to October which represents the
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lean season. Prices start to fall in November as early harvesting takes place and the new harvest
becomes available for consumption and marketing in parts of the country. Maize prices are
somewhat different increasing more steeply until August and starting to all from August as new
production starts to enter the market from the short Belg season in which some maize is produced.
Prices plateau in November to December until the Meher harvest is realized and they fall further,
increasing from February. Unskilled wages have the same seasonality as grain prices, but the
degree to which they vary is much more muted (although still significant). In the following section
we examine how weather shocks cause prices to deviate from this seasonal trend.

5. Results

5.1. Impact of weather shocks on grain prices and wages

The impact of rainfall losses on monthly prices is presented in Figure 3 (results from
estimating equation 1).'> The regression results behind these effects are presented in Table 1. The
regressions use the log of the nominal price as the dependent variable and include year and monthly
dummies to account for inflation and seasonality in prices. Market fixed effects are also included
to control for the susceptibility of the local market to the shock (Dell et al., 2014) and other
unobserved time-invariant market characteristics. The year fixed effects control for inflation. '® We
also allow clustering of standard errors across markets, years and months. For regressions that pool
prices across crops, clustering is also allowed across crops. The impact is estimated for each month
following the Meher season harvest from November to October the following year.

The results show that there is seasonality in the impact of rainfall losses on prices. In the
harvest period from November to December, the impact of the weather on price is muted. Prices
start to increase, but only marginally. The impact of rainfall losses on prices can be contextualized
by considering a moderate, 1 in 5-year drought that causes a 30 percent loss in rainfall. This type
of moderate drought would increase prices by 3 percent in December. The main impact on prices
is observed by the end of harvest in January and lasts for 4 months until April. In this period a
moderate drought results in a 9 percent increase in prices. The price impact lessens from May until
the following harvest and is already back to 3 percent by the beginning of the lean season in July.

These three findings—the limited price effect until the full harvest is complete, the sudden
increase in prices on completion of harvest, and the decline in prices by the start of the lean
season—are not necessarily expected. Information about the harvest is available well before
January as rainfall conditions are known and early harvests are observed, so it is not clear why
there is a sudden jump in prices upon completion of harvest and before any shortages in local
markets occur. The gradual dissipation of the price impact from May could reflect lower incomes
driving lower demand or increased supply from other markets. This could perhaps be expected,
but it is important to note that it is contrary to the received wisdom that price inflation following a

15 Note that harvest is usually collected starting from November. Therefore, rainfall losses from the previous
planting season are matched with prices starting from the harvest month till the next harvest is collected.

16 As a robustness check, real prices are used as the dependent variable, using monthly national CPI to deflate prices.
The results are not qualitatively different. They are excluded for brevity.
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poor harvest is particularly challenging during the lean season. This analysis shows that food price
inflation during the lean season is not much higher after a poor harvest than in a regular year.

These results can be summarized in a polynomial regression with the elapsed time since
the harvest is collected in November, column 2 of Table 1. The polynomial approximation reflects
the monthly relationship well in each case. So, for the rest of the paper, this is the empirical
specification used.

In Figure 4 the results are presented separately for areas in which there is only one Meher
harvest and areas in which there is both a Meher harvest and a minor Belg harvest (Figures 4a-b).
In areas without a Belg harvest the inflationary impact of drought remains higher from May to
October, suggesting some of the dissipation is due to the supply effect, but not all (Figure 4a).

Figure 4 also presents results separately for the three grains for which price data is most
commonly collected: mixed teff, white wheat and maize (Figures 4c-h respectively). These figures
show that the price pattern is consistent for mixed teff, white wheat and maize, although the timing
of the effects is different, most likely on account of different harvesting periods. Maize is harvested
before wheat and teff, that is why the impact of the drought on prices is already strong by
November and there is reversion to the mean in September to October.

Figure 3: The average impact of weather shocks on grain prices, 1997-2013
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Note: Prices are the log of the nominal price in Ethiopian Birr per kg and rainfall loss is the percentage of
crop yield calculated to be lost due to rainfall shortage.

Table 1: The average impact of weather shocks on grain prices, 1997-2013

Impact on In(price) P-value Impact on P-value
In(price)
Percent rainfall loss
November 0.001 1% 0.00
December 0.0013%** 0.00
January 0.0028** 0.00
February 0.0027%** 0.00
March 0.0028** 0.00
April 0.0027%** 0.00
May 0.0020%** 0.00
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June 0.0014%** 0.00

July 0.0010%** 0.00
August 0.0009%:* 0.00
September 0.0005%* 0.05
October 0.0004 0.10
No. of Months after October (t) 0.0015%** 0.000
t? -0.0002%** 0.000
t3 0.0000%** 0.000
N 126,306 126,306
Number of markets 82 82

Note: *** indicates significant at 1%, ** significant at 5% and * significant at 10%. The dependent variable
is the log of nominal prices (Birr per kg). The regression includes month and year dummies to control for
inflation and seasonality in prices. Grain type (by grade) dummies are included to account for average
differences in relative prices across commodities and market fixed effects are included to account for average
differences in prices across markets. Standard errors are cluster at market, year and crop level.
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Figure 4: The impact of weather shocks disaggregated by season and grain type
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In contrast, there is little significant impact of weather shocks on unskilled wages. The
impact of weather shocks on unskilled wages is depicted in Table 2. The coefficients are significant
in only four months and remain very small. This weak impact of drought on wages might be due
to the limited hired labor in rural Ethiopia. Farms typically rely on family labor, and there are
initially few employment opportunities outside the farm.!” This is in contrast to findings for rural
India where agricultural wage labor is a much more important source of employment for rural
landless households (Jayachandran 2006).

Table 2: The average impact of weather shocks on wages, 1997-2013

Impact of 1 percent of rainfall loss on
In(daily wage) of unskilled labor in

the following months
Coefficient P-value

November 0.000%* 0.09
December 0.000 0.17
January 0.001* 0.06
February 0.001* 0.08
March 0.000 0.18
April 0.000 0.11
May 0.000 0.15
June 0.001 0.10
July 0.000 0.36
August 0.000 0.43
September 0.001* 0.08
October 0.000 0.31
N 9,428

Number of markets 82

Note: The dependent variable is the log of nominal wages (Birr per day). The regression includes month and year
dummies to control for inflation and seasonality in wages. Market fixed effects are included to account for average
differences in prices across markets. We allow clustering of standard errors at market and year level.

Thus far, we have presented the average impact of weather shocks on prices across the 82
markets over the entire study period. However, it may be the case that the impact of weather shocks
is quite different across markets and an estimate of the simple average impact may not be fully
informative. In some cases, it may be more important to know the impact of weather shocks on
prices for the average grain produced or traded—giving more importance to the impact of shocks
on prices in those areas that produce more cereals. In other cases, it may be more important to
know the impact of weather shocks on prices for the average person or the average poor person.

To check this, we compare the unweighted regression results with results that weight the
markets by the quantity of the cereal produced in the surrounding zone, and results that weight the

17 This result does not change when looking at the impact on different periods of time. It does not change when
considering real wages either.
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markets by the poverty rate of the surrounding zone. The results indicate that weather shocks have
a more inflationary effect in the average market than in markets in the poorest pars of the country.'®
Markets in poor regions have seen slightly smaller effects of weather shocks on prices, perhaps
because demand effects are likely to be larger at lower levels of income, or because supply effects
are smaller in poorer places, which are more often characterized by marginal agricultural
production.

The impact on the average grain produced, however, is higher than the impact in the
average market. Prices are more likely to increase in response to weather shocks in markets located
in zones where production is higher, most likely because the supply effect on prices is more
pronounced in places where the supply of grain is larger, which makes sense. For wheat and teff
the demand effects observed at the end of the season also seem to be larger in these markets. Whilst
this paper does not consider the impact of weather shocks on national prices and inflation, these
results suggest it may be slightly larger than the local price effect estimated in this paper.

5.2. Impact of shocks on grain prices over time

Thus far the results have shown the average impact of weather shocks on prices for the full
17-year period from 1997 to 2013. However, as described above this has been a period of
considerable changes in Ethiopia and it may be that the impact of local weather shocks on local
prices is very different at the end of this period than at the beginning. If markets have been
integrating over time in Ethiopia, we would expect that the positive impact of local weather shocks
on local prices would have been diminishing over time. Similarly, if the government had become
increasingly effective at responding to local drought, the impact of local weather shocks would
also have been diminishing over time. We examine whether the impact of drought on prices has
changed over time by estimating equation 2. Figure 5a shows the impact of weather shocks on
grain prices before and after 2005. We choose this cutoff because it falls midway in the time period
we are considering and there was a noticeable difference in infrastructure and safety net
investments before and after 2005.

Over time the impact of weather shocks on prices has fallen. On average, a moderate
drought would have induced a 12 percent increase in prices in March before 2004 in comparison
to a 4 percent increase post 2004. After 2004 there was no inflationary impact of drought shocks
on prices during much of the lean season, quite in contrast to the prevailing narrative of lean season
food price inflation following a drought. The reduction in the impacts of drought on prices seemed
to occur largely after 2002."

We test whether these results are due to one specific year, for example if the years of
drought that we cover before and after 2004 were sufficiently different to be driving the results.
We test this by excluding one year at a time and testing whether or not the same relationship is
observed. The results are presented in Figure A.4 and show that the findings are robust to the

18 The graphs are redacted for brevity.
19 The results for individual crops show the same pattern, largely insignificant impact of drought on prices after
2007. The results are redacted to save space.
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exclusion of any one year, suggesting this change represents a shift in how rainfall shocks are
impacting drought rather than reflecting the nature of any one drought.

Figure 5: The impact of weather shocks on grain prices over time
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Note: Prices are the log of the nominal price in Ethiopian Birr per kg and rainfall loss is the percentage of
crop yield calculated to be lost due to rainfall shortage.

We examine whether the change in the impact of rainfall shocks on food prices over time
is correlated with some of the major government policies introduced during this period. We
examine investments in roads and the introduction of a large safety net program, the PSNP.
Improvements in market access have not been even throughout the country and we would expect
that areas where improvements in market access have been higher would have seen larger
reductions in weather-induced price volatility. It could also have been the case that the introduction
of the PSNP reduced the impact of weather shocks on grain prices by providing an alternate source
of income and in some communities, also food supplies (in some locations beneficiary payments
are made in food).

Both infrastructure investments and the PSNP are targeted investments, and areas with
these interventions are different from other districts. We cannot test whether higher road
investment or the introduction of the PSNP had an impact, but we examine if trends were different
between these districts. The regression results are presented in Figure 6. Panel a shows the
estimated price impact for four types of districts: those that had neither PSNP or high road
investment, those that had either the PSNP or high road investment, and those that had both the
PSNP and high road investment. It shows the estimated price impact before and after 2005 for
these four groups. Panel b shows the difference in the price impact before and after 2005 for these
four groups. Again, 2005 is chosen because this is when the PSNP was introduced and also when
infrastructure investment started to increase rapidly.
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Before discussing the differences presented in panel b we note that, even prior to 2005,
there was a difference in the price impacts in districts with low road investments and high road
investments (panel a, comparing the green and brown bold lines to the blue and grey bold lines).
Places that received more road investment already saw inflationary price impacts dissipating much
more quickly before 2005. It is not clear why this is the case. One explanation is that road
investment was targeted to better connected areas and better-connected areas are less likely to be
impacted by low supply.

Secondly, we note that in places that have had high road investments there is very little
inflationary impact of rainfall losses post 2005. This is true regardless of whether or not the PSNP
is operational in the district. We cannot point to road investments as causing this pattern, but the
results do show that there are some places in Ethiopia where local weather shocks have no
meaningful impact on prices. This is quite encouraging, suggesting that price shocks are not an
automatic feature of drought in low income countries.

Panel b shows that the largest reductions in inflationary impacts of drought occurred in
places that received both the PSNP and high road investments after 2005. The smallest reductions
occurred in places that had neither the PSNP nor high road investments. Those receiving one lie
in the middle. We cannot say why we observe this difference.

In some districts the PSNP was introduced through cash payments to beneficiaries and in
other districts, it was introduced in the form of food aid. It is possible that these two types of
payment method have very different implications for the relationship between rainfall shocks and
food prices. Cash payments increase demand for food without impacting supply, while food aid
payments increase both the demand for food and the supply of food. Cash payments could have
more inflationary impacts in local markets than food payments.

We examine whether there was a different relationship between drought and types of
transfer under PSNP in Table 3. The results show that food transfers were more likely to be
provided in places where the inflationary effects of food aid were larger, and this relationship was
reversed after 2005. There is no difference in the impact of rainfall shocks on prices in the PSNP
cash districts either before or after 2005. The results are consistent with food payments being well-
geographically targeted to areas with higher food price inflation but this pattern changing
significantly after 2005 (as a result of the provision of food in the PSNP or something else, we
cannot say). The results are also consistent with cash payments having no inflationary effect in
places where they are provided.
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'Fable 4 The impact of weather shocks on grain prices in places with high road investment and PSNP

Impact on p-value
In(price)

Percent rainfall loss interacted with
No. of Months after October (t) 0.002%** 0.00
t? -0.000%** 0.00
t3 0.000%*** 0.00
After 2005 * t -0.000 0.39
After 2005 * 0.000 0.79
After 2005 * £ -0.000 0.83
High roads * t -0.000 0.63
High roads * t* 0.000** 0.02
High roads * t* -0.000%** 0.00
High roads after 2005 * t -0.000 0.32
High roads after 2005 * t? 0.000 0.69
High roads after 2005 * t* 0.000 0.91
PSNP district * t -0.001* 0.07
PSNP district * t? 0.000** 0.03
PSNP district * t* -0.000** 0.03
PSNP district after 2005 * t -0.001** 0.03
PSNP district after 2005 * t2 0.000 0.11
PSNP district after 2005 * t3 -0.000 0.31

N 126,306

Number of markets 82

Note: *** indicates significant at 1%, ** significant at 5% and * significant at 10%. The dependent variable is the log of
nominal prices (Birr per kg). The regression includes time since harvest and year dummies to control for inflation and
seasonality in prices. Grain type (by grade) dummies are included to account for average differences in relative prices across
commodities and market fixed effects are included to account for average differences in prices across markets. Standard
errors are cluster at market, year and crop level.

Figure 6: Impact of rainfall on prices in places with high road investment and the PSNP
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Table 3 Food versus cash transfers in the PSNP
Impact on p-
In(price) value
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Percent rainfall loss interacted with

No. of Months after October (t) 0.0014*** (.00
t? -0.0002***  0.00
t 0.0000* 0.06
After 2005 * t 0.0005 0.38
After 2005 * -0.0001 0.23
After 2005 * t* 0.0000 0.21
High roads * t 0.0002 0.52
High roads * t? 0.0001 0.31
High roads * t* -0.0000**  0.02
High roads after 2005 * t -0.0011*** (.01
High roads after 2005 * 2 0.0002* 0.07
High roads after 2005 * t3 -0.0000 0.25
Cash PSNP district * t -0.0006 0.15
Cash PSNP district * t 0.0001 0.15
Cash PSNP district * t3 -0.0000 0.21
Cash PSNP district after 2005 * t -0.0004 0.50
Cash PSNP district after 2005 * t2 0.0001 0.62
Cash PSNP district after 2005 * t* -0.0000 0.66
Food PSNP district * t 0.0008** 0.03
Food PSNP district * t? -0.0002**  0.04
Food PSNP district * t3 0.0000** 0.05
Food PSNP district after 2005 * t -0.0016***  0.00
Food PSNP district after 2005 * t2 0.0003*** (.01
Food PSNP district after 2005 * t3 -0.0000**  0.02
N 126,306
Number of markets 82

Note: *** indicates significant at 1%, ** significant at 5% and * significant at 10%. The regression includes
time since harvest (t, t> and t%) and year, grain type (by grade) and market fixed effects. Robust standard
errors were used to estimate the p-values presented. We allowed for autocorrelation within each panel while
allowing the coefficient of AR(1) process to vary across panels.

6. Conclusion and policy implications

Studies on the impacts of drought in Ethiopia have focused predominantly on analyzing
the household-level effects by exploring its impacts on food security, poverty, asset holdings,
migration decision and so on. In addition to household-level effects, understanding the meso-level
impacts of weather shocks is crucial as this is a key mechanism through which droughts influence
welfare. The current study is dedicated to analyzing key meso-level effects of localized weather
shocks on grain prices and wages, which in turn affect welfare. Further, the study examines when
these meso-level effects are observed, providing an understanding of the timing of the impact of

drought on welfare.
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The results show that there is clear seasonality in the impact of weather shocks on grain
prices. In contrast, weather shocks have no effects on unskilled wages. A moderate, one in five-
year drought, causes a 9 percent increase in grain prices immediately on completion of the harvest,
but by six months after harvest this effect diminishes significantly. A number of reasons are posited
for this pattern in price effects. As households enter the lean season prior to the next harvest, the
demand side effects on prices could become stronger as income shocks are felt more keenly by
local farmers. Or supply effects could weaken as additional supply becomes available. Regardless
of the reason, the immediate impact of the drought on prices shows the importance of acting
quickly after a drought when markets are not well integrated in order to prevent the inflationary
effects from impacting welfare.

As Ethiopia has developed over this period, the impact of local weather shocks on local
prices has attenuated. A moderate drought would have resulted to price increases of 12 percent in
the first half of the period considered, but that fell to 4 percent by the latter half of the period. In
some parts of Ethiopia (those places where road investments have been high) there is almost no
inflationary impact of local drought on prices, which is very encouraging. There are a number of
reasons that could be behind this attenuation. Markets may have become better integrated or the
government may have become more adept at managing droughts over time. We would have
expected larger impacts in places with higher road investments, but the results are consistent with
other work on Ethiopia that shows reductions in transaction costs because of other factors such as
improved trucking capacity and the introduction of cell phones (Minten et al., 2014).

The time-trends in the impact of drought on prices also cannot be explained fully by the
introduction of the PSNP. Food transfers in the PSNP were introduced in places where the impact
of drought was more inflationary. These are also the places where reductions in the inflationary
impacts of rainfall shortfalls were the largest, but it is not clear that this is a result of the PSNP.

A comparison of PSNP districts receiving food and cash transfers suggests there is no
evidence that cash transfers are having untoward effects on prices during times of drought. This is
important information for policy makers when considering types of transfers to be provided to
drought affected areas. Cash transfers can be made more cheaply than food transfers and increased
in the face of drought more quickly (Clarke and Hill 2013). It brings into question the need for
food transfers still to be made in the PSNP, although it remains to be seen whether this finding
would translate into areas where food transfers are made.
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Annex

Figure A.1: Length (km) of roads improved in each year by regional and federal road authorities
(1992-2011)
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Figure A.2: Annual National Rainfall Losses (Meher season)
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Figure A.3: Historical Average Rainfall Losses by Region (annual average for Meher season, 1996-2012)
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