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Abstract

This paper examines the impact of the Russia–Ukraine
war on grain and fertilizer supply to Kenya as the sixth

largest economy in Africa using the Regression Disconti-

nuity estimator on monthly data spanning from January

2017 to August 2022. The share of the quantity and value

of cereals and fertilizer imports by Kenya from Russia

and Ukraine in the total quantity and value of cereals

and fertilizer imports by Kenya from world are utilized.

The share of freight and insurance costs on grain and

fertilizer imports by Kenya from Russia and Ukraine in

total freight and insurance costs on grain and fertilizer

from world have also been used. After controlling for

sensitivity and incorporating depreciation of the

exchange rate and a dummy on drought as covariates,

the results indicate the war has had insignificant impact

on imports of grain and fertilizer by Kenya though the

impact is negative for grain but positive for fertilizer.

The findings have policy implications touching on need

for African countries to diversify import sources for grain

and fertilizer, enhance productive capacities through

investment on irrigation, strengthen diplomatic ties with

existing import sources for grain and fertilizer, and

invest in climate action to tackle drought incidences.
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1 | INTRODUCTION

Kenya is the 6th largest economy in Africa1 and is larger than the combined GDP of 21 out of
the 54 economies in Africa (African Development Bank, 2021).2 Further, using the share of
imports to GDP as a measure of openness of an economy, 20 in every Kenyan Shillings
100 earned in GDP are spend on imports (Kenya National Bureau of Statistics, 2022), implying
that Kenya has linkage to world economies through trade. With climate change witnessed
through persistent droughts where 11 counties in Kenya experienced severe droughts in 2022
(National Drought Management Authority, 2022), the country’s food productivity is becoming
constrained. This has made it necessary for the country to turn to importing agricultural com-
modities as an adaptation mechanism (Giulioni et al., 2022). Due to recurrent droughts, for
instance, Kenya’s maize production fell from 36.7 million bags in 2021 to 34.3 million bags in
2022 (Kenya National Bureau of Statistics, 2023). The decline in domestic production has made
it necessary to turn into importing to ensure food security and sustain welfare. Specifically,
imports of food commodities have increased by 8% over the last 5 years.

The country’s average annual rainfall has generally been poor with most regions witnessing
below average precipitation (Kenya National Bureau of Statistics, 2023). Despite bearing an
adaptive potential for countries to sustain food security and national welfare in face of climate
change, the allocative role of trade is, however, prone to shocks like the Russia–Ukraine war,
which has largely affected trade logistics. The outcome could be a rise in cost of living and a
deterioration in consumer welfare.

Before February 2022 when the war started, grain and fertilizer imports by Kenya from
Russia and Ukraine were smaller than what the African country was importing from other
parts of the world especially for the period 2017–2021 (Figure 1). The implication is that the
war could have less pronounced impact on imports of cereals (grain) and fertilizer by Kenya
given the East African economy had existing alternative import sources for the commodities.
Izzeldin et al. (2023) note the negative impact of the war on markets subsided over time, while
Liadze et al. (2022) hold that geographical location was a key determinant of the impacts of the
war experienced by different countries with countries closer to war zone being the most
impacted.

Figure 2 further reveals that the main cereals imported by Kenya from Russia and Ukraine
are wheat, meslin, buckwheat, barley, and maize. Moreover, the largest share of Kenya’s
imports of wheat, meslin, buckwheat, and barley comes from rest of the world (RoW), followed
by Russia and Ukraine, while the largest share of Kenya’s imports of maize comes from Africa,
followed by RoW and then Russia and Ukraine combined. The largest share of Kenya’s imports
of rice comes from RoW, followed by Africa, and the largest share of the country’s imports of
grain sorghum comes from RoW, followed by Africa, while the largest share of Kenya’s “other
cereals” comes from Africa.3 For fertilizer, the bulk of Kenya’s imports (76.2%) come from RoW
with Russia supplying only 15.6%, while Africa supplies Kenya with 8.1% (Figure 3). Again, the
implication is that Russia and Ukraine account for only a small portion of Kenya’s grain and

1See Figure A1.
2Kenya’s GDP (102,427 USD million) is larger than the combined GDP of 21 African Economies (95,427 USD million).
These 21 economies include Namibia, Congo, Rwanda, Equitoria Guinea, Mauritania, Togo, Somalia, Sierra Leone,
Eswatini, Djibouti, Burundi, Liberia, Central African Republic, Eritrea, Lesotho, Gambia, Cabo Verde, Guinea-Bissau,
Comoros, Seychelles, and Sao Tome and Principe.
3This analysis covers the period from January 2017 to August 2022.
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fertilizer imports and the war may not have very pronounced impact on importation of the
commodities by Kenya as the country could turn to the existing alternative import sources.

Has the Russia–Ukraine war significantly impacted Kenya’s access to imports of cereals and
fertilizer? Using monthly customs data spanning between January 2017 and August 2022, this
study endeavors to answer this question. Specifically, the study tests the hypotheses4 below:

H1. The impact of the war on quantity of grain and fertilizer imports by Kenya is
not significant.

H2. The impact of the war on value of grain and fertilizer imports by Kenya is not
significant.

H3. The impact of the war on freight costs for grain and fertilizer imports by Kenya
is not significant.

H4. The impact of the war on insurance costs for grain and fertilizer imports by
Kenya is not significant.

4The hypotheses (H1–H4) are tested at the 1%, 5%, and 10% levels of statistical significance.

F I GURE 3 Kenya’s imports of fertilizer from various sources. Source: Analysis based on customs data

obtained from Kenya Revenue Authority (KRA).

F I GURE 2 Kenya’s main cereals imports and sources. Source: Analysis based on customs data obtained

from Kenya Revenue Authority (KRA).
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The rest of the work is organized as follows: Section 2 reviews relevant literature—both the-
oretical and empirical; Section 3 documents the data used and stylized facts; Section 4 presents
the empirical methodology and results; Section 5 proffers a conclusion and discussion of the
results, and Section 6 draws implications for policy. One key limitation of the study is that
although the findings could be extended to other developing countries like Kenya, caution
should be exercised, as individual economies have varying degrees of reliance on imports from
Russia and Ukraine and individual economies have varying degrees of diversification of import
sources. Climate change has also disproportionately affected other developing economies and
their reliance on cereals imports may not be prominent.

2 | LITERATURE REVIEW

2.1 | Supporting theories

2.1.1 | Consumer theory

Cereals are largely final consumer goods that sustain consumer welfare by guaranteeing food
security.5 They can be produced domestically or be imported. Even when domestic production
is sufficient to cater for domestic demand, differences in variety between domestically produced
cereals and foreign substitutes could still drive cereals imports. This could even be stronger if
consumers have liberty to maximize utility by revealing their tastes and preferences over local
cereals and imported substitutes (Kim & Niem, 2011; Kokko & Tingvall, 2014; Streletskaya
et al., 2023). The argument for intra-industry trade on cereals commodities notwithstanding,
Kenya is a net food importer (Kenya National Bureau of Statistics, 2023). This exposes con-
sumers to welfare uncertainties linked with external shocks like the Russia–Ukraine war espe-
cially if the shocks are proximal to key import sources for food commodities.

The consumer theory postulates that consumers are rational economic actors striving to sat-
isfy welfare (utility) from consumption of substitutable commodities (Pantzar, 1996;
Thaler, 1980). In this study, consumers are assumed to maximize utility from consumption of
local cereals or imported substitutes given a certain level of disposable income. Consumption
choices are driven by availability, affordability, and differences in variety. Persistent droughts in
the country adversely affect availability and affordability of domestically produced cereals and
consumers resort to imported substitutes. However, external shocks like the Russia–Ukraine
war disrupt import logistics and consequently affect availability of imported cereals. This risks
food security and further deteriorates welfare of the consumer.

2.1.2 | Producer theory

This theory is applicable to fertilizer as an input in the production process. Producers endeavor
to maximize agricultural output using a mix of inputs and given a cost outlay (Emerson, 1973;
Stevenson, 2016). For countries like Kenya, which are largely reliant on imported fertilizers,
logistical bottlenecks related to shocks like the Russia–Ukraine war affect availability and

5The consumer theory is suitable, given cereals are final consumer goods that constitute the consumption basket and
satisfy consumer’s utility. In this study, the theory is applicable to cereals.
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affordability of fertilizer as a production input. The war as a shock, for instance, drove up prices
of imported fertilizer (Kenya National Bureau of Statistics, 2023). The witnessed rise in prices of
the commodity raised cost of agricultural production. It then reduces the marginal returns from
engaging in agricultural production, and this makes agriculture unattractive. The outcome of
the reduced agricultural production due to a rise in cost of inputs makes the country even more
reliant on importation of substitute agricultural commodities to ensure food security.

2.2 | Empirical literature

Ahn et al. (2022) have examined the impact of the Russia–Ukraine war on international grain
and oilseed trade using commodity level data. The results demonstrate that imports of
grain and oilseeds from Ukraine were 78.2% below the counterfactual Ukraine between
February and July 2022. Further, they observe that the war drove substantial trade diversion,
mainly benefitting countries in North America and Europe. The current study argues that the
change in direction of trade in favor of countries in North America and Europe affected terms
of trade making major currencies like the US dollar appreciate with the effect being deprecia-
tion of currencies for developing countries. Using an event-study methodology, Chortane and
Pandey (2022) also observe that the war had asymmetric impacts on currencies across the world
with currencies of advanced economies appreciating the most. The study also notes that the
war had muted impact for global grain and oilseed markets in terms of quantities traded. Event
studies mainly rely on cross-sectional data for a specific point in time compared to the current
study that utilizes time series data. The current study extends this analysis by using the regres-
sion discontinuity technique to impact evaluation with application to Kenya and focusing on
grain and fertilizer.

Some studies have examined the impact of the war on world’s stock and equity markets
(Ahmed et al., 2022; Boubaker et al., 2022; Boungou & Yatie, 2022; Diaconasu et al., 2022; Rose
et al., 2023; Silva et al., 2023), and a gap exists on the impact of the war on grain and fertilizer
through commodity futures whose impact is transmitted through the pass-through effect of
exchange rate adjustment. The war negatively impacted world’s stock markets, and the impact
was more pronounced among countries bordering Ukraine and Russia as well as United
Nations members who condemned the war. Given grain and fertilizer are traded in commodity
exchange markets, this study extends the work by examining the impact of the war on grain
and fertilizer as key commodity futures highly affected by exchange rate adjustments emanating
from change in terms of trade and the associated supply chain risks attributed to the war. Sup-
ply chain risks manifest in freight, and insurance costs as risks associated with the war are
priced through higher insurance premiums, while a change in direction of trade has implica-
tions on freight costs. Izzeldin et al. (2023) have also examined the impact of the war on global
financial markets and find that stock and commodities markets responded sharply to the inva-
sion but gradually stabilized over time. The gradual stabilization of the markets indicates that
the war could generally have muted impact on access to agri-food commodities. Wheat was one
of the most affected commodity given the outstanding exporter status of Russia and Ukraine.
Studies have also examined the impact of the war on economic costs across geographical loca-
tions and find that Europe is the region most affected by the war given its proximity to Ukraine
and Russia and its reliance on energy and food supplies from the two countries (Braun
et al., 2023; Hall, 2022; Liadze et al., 2022). The war has also contributed to global inflation. The
inflation relates to rise in prices of food and energy among advanced economies and has a pass-
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through effect to inflation levels in developing economies. This raises cost of living and makes
grain and fertilizer more expensive. Given geographical proximity to the war zone appears to be
a key determinant of the size of the impact of the war on different countries, the current study
argues that the war is expected to have muted impact on grain and fertilizer supplies to African
countries. The war is especially expected to have muted impact if the importing countries have
existing alternative import sources for grain and fertilizer.

Lin et al. (2022) demonstrate that the war led to reduction in production of wheat, disrup-
tions in harvesting and distributing the grain, disruptions in production and distribution of fer-
tilizer, and a rise in prices. These disruptions encouraged a change in direction of trade as
countries which were reliant on imports of grain and fertilizer from Ukraine and Russia turned
to other sources. Mahlstein et al. (2022) further note countries not implementing sanctions
against Russia would benefit from some trade diversion but would experience larger costs from
trading with Russia. African countries have largely been non-partisan regarding the conflict as
most of them have not officially identified with any side of the conflict and have advocated for
peace negotiations to end the war. Studies have also demonstrated that droughts predispose
countries to food insecurity and make them more reliant on food imports (Arndt et al., 2012;
Hameed et al., 2020; Singh, 2016).

Overall, this study contributes to the literature on the impact of the Russia–Ukraine war on
grain and fertilizer supply to African economies and possible policy options for governments.
Further, majority of the studies that have examined the impact of the war have used event-
study approach. This study makes contribution to the literature and policy options for govern-
ments utilizing the regression discontinuity approach to impact evaluation with focus on Kenya
as key African economy.

3 | DATA AND STYLIZED FACTS

3.1 | Data

The study used monthly customs data obtained from the Kenya Revue Authority (KRA) and
monthly exchange rate (Kenya Shilling per US dollar) obtained from the Kenya Central Bank
(CBK).6 The data span 68 months from January 2017 to August 2022. The data are appropriate
in generating evidence on the impact of the Russia–Ukraine war on grain7 and fertilizer supply
(exports) from Russia and Ukraine to Kenya as one of the largest economies in Africa.8

For both cereals (grain) and fertilizer, key variables used capture exported (supplied) value
and quantity, freight and insurance costs, the exchange rate, and a dummy variable indicating
months in which the country was experiencing severe drought. The dummy variable on
drought incidences in Kenya is constructed using information obtained from the National
Drought Management Authority (NDMA), which provides monthly drought updates at the
national level. The dummy variable is coded with “1” and “0,” where “1” indicates months in
which Kenya as a unit was declared to have experienced droughts and “0” indicates months
in which the country was not declared by the Authority to have experienced drought. The
dummy variable is therefore indicative of drought incidences for Kenya as a unit as opposed to

6These data sources are credible, given they are the main custodians of customs and exchange rate data, respectively.
7The study uses the term grain and cereals interchangeably.
8The unit of observation is therefore the country.
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isolated regions or administrative units.9 The study does not control for drought incidences in
Russia and Ukraine because existing evidence shows high levels of irrigation and utilization of
irrigation technology among ex-members of the Soviet Union (Higgins et al., 1988). Existing evi-
dence shows irrigation agriculture is still low in Kenya accounting for a mere 16% of the irriga-
tion potential (Kanda & Lutta, 2022). The implication is that drought incidences would
adversely affect cereals production and demand for fertilizer in Kenya but would not have
adverse effects on Russia and Ukraine because they have larger investment in irrigation and uti-
lization of irrigation technology.10 The exchange rate is considered because it is one of the chan-
nels through which the pass-through effect of an appreciating US dollar due to war-related
change in terms of trade affects ability of developing economies like Kenya to pay for imports.
The dummy on drought is also considered as a measure of climate change, which threatens via-
bility of the country’s largely rain-fed agriculture and in effect threatens food security, further
making the country reliant on cereals imports.

The quantity of grain and fertilizer imported by Kenya from Russia and Ukraine is consid-
ered because a depreciation of the Kenyan Shilling against the US dollar makes imports more
expensive and thus affects the quantity imported.11

Freight and insurance costs are highly responsive to shipping shocks and risks like the
Russia–Ukraine war. For instance, the blockade of Ukraine’s black seaports by Russia in the
early months of the war, coupled with policy actions against Russia by the European Union
(EU) in the form of sanctions on Russian ships may have resorted in change in shipping routes,
thus affecting freight costs, or increased the uncertainty and risk of ships ferrying grain and fer-
tilizer being confiscated and this affects insurance costs. The quantity and value of grain and
fertilizer exports by Russia and Ukraine are also affected by blockade of seaports and policy
measures like sanctions on ships. The quantity of grain exported could rise when the value of
exported grain declines because of cereal donations12 to African countries including Kenya. The
shock related to the war and the resultant disruption in supply chains would be reflected in
freight and insurance costs, and the quantity and value of imports of cereals and fertilizer.

3.2 | Stylized facts on cereals

The variable on cereals exports is measured as the share of cereals imported by Kenya from
Russia and Ukraine in Kenya’s total cereals imports from world. The variable captures both the
value13 and quantity14 of cereals imports by Kenya.15 Insurance costs are measured as the share
of insurance costs for cereals imported by Kenya from Russia and Ukraine in total insurance
costs for Kenya’s cereals imports from world. Freight costs are measured as share of freight

9For details, see link to NDMA https://www.ndma.go.ke/index.php/resource-center/national-drought-bulletin
10Demand for fertilizer and production of cereals in Russia and Ukraine would rarely be affected by incidences of
drought.
11The implication is that the imported value could rise partly because of a depreciation in the local currency against the
US dollar even when the imported quantity is not changing much.
12Donations are exempt from shipping restrictions.
13The raw variable before taking shares is measured in Kenyan Shilling.
14The raw variable before taking shares is measured in Kilograms.
15The logic is that what is exported by Russia and Ukraine is entered as imports at the point of entry into the Kenyan
territory.
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costs for cereals imports from Russia and Ukraine in Kenya’s total freight costs for cereals
imports from world. The exchange rate is measured in terms of Kenyan Shillings per US dollar.

The summary statistics are broken down into the period before commencement of the war
(January 2017–January 2022) and the period after its commencement (February–August 2022)
for which the data used covers. Both Russia and Ukraine exported grain (cereals) to Kenya
before commencement of the war. After the war started in February 2022, however, there were
no cereals imports from Ukraine by Kenya. The stylized facts reveal that the share of the value
of cereals exported by both Russia and Ukraine to Kenya before commencement of the war
accounted for 20.9% of Kenya’s total cereals imports from world. However, after the commence-
ment of the war, the share of the value of cereals exports to Kenya decreased to account for only
2.9% of Kenya’s cereals imports from world. The decline is explained by the stoppage of imports
from Ukraine after Russia’s invasion and blockade of Ukraine’s black seaports. This has food
security implications for Kenya as a major African economy. To bridge the cereals demand,
Kenya turned to existing alternative sources for supply, and this meant a change in direction of
cereals trade.

The share of the quantity of cereals exported by Russia and Ukraine to Kenya increased
marginally from 22.8% before start of the war to 23.9% after its commencement. Given the share
of the value of cereals imports by Kenya from Russia and Ukraine in Kenya’s total cereals
imports from world declined, the share of the quantity of cereals coming from Russia and
Ukraine could only increase if the country received cereals donations. This is explained by the
blockade and mining of Ukraine’s black seaports by Russia between February and July 2022
when a grain deal was signed.16 During this period, however, Russia exported cereals to Kenya.

The share of insurance costs on cereals imports from Russia and Ukraine in total insurance
costs on cereals imports from world declined from 15.7% before start of the war to 4.3% after its
commencement, while the share of freight costs on cereals imports from Russia and Ukraine in
total freight costs on cereals imports from world declined from 26.6% before start of the war to
4.5% during the war. The decline in both insurance and freight costs for Kenyan imports of
cereals from Russia and Ukraine supports the decline in the value of cereals imports from
Russia and Ukraine during the war, and this means the observed rise in the quantity of cereals
coming from Russia after start of the war could be explained by cereals donations. The
exchange rate was Ksh 104.8 per US dollar before start of the war, but the local currency depre-
ciated further to Ksh 116.9 per US dollar after the commencement of the war. The depreciation
of the local currency makes imports more expensive. This could translate to a decline in the
value of cereals imports. The decline in insurance and freight costs for imports of cereals by
Kenya from Russia and Ukraine is consisted with the observation that after the war com-
menced, there were no cereals imports by Kenya from Ukraine.17 Since cereals are a staple food
in Kenya, the fall in imports from Ukraine due to blockade of its black seaports triggered a rise
in cereals imports from other existing sources.

More specifically, the share of the quantity of cereals imported by Kenya from Russia and
Ukraine in total quantity of cereals imported by Kenya from world fell by 17 percentage points
from 20% in 2021 to 3% in the first 8 months of 2022. At the same time, the share of the quantity
of cereals imported by Kenya from Africa in total quantity of cereals imported by Kenya from
world increased by 8 percentage points from 23% in 2021 to 31% in the first 8 months of 2022.

16The grain deal was mediated by Turkey and the United Nations.
17Insurance and freight costs are tied to the value of the goods imported, and as such, a decline in the value of cereals
imported especially from Ukraine would also translate to a decline in both the freight and insurance costs.
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Further, the share of the quantity of cereals imported by Kenya from RoW18 in total quantity of
cereals imported by Kenya from world increased by 9 percentage points from 57% in 2021 to
66% in the first 8 months of 2022. This points to an important aspect of trade diversion for
cereals (change in direction of trade) away from Russia and Ukraine to other sources especially
within Africa and RoW due to the war between Russia and Ukraine. Insurance and freight costs
on cereals imports by Kenya from RoW increased steadily after the commencement of the war,
further reinforcing the argument on change in direction of cereals trade driven by the war
(Figure 4).

3.3 | Stylized facts on fertilizer

Exports of fertilizer are measured as the share of fertilizer19 imported by Kenya from Russia
and Ukraine in Kenya’s total fertilizer imports from world. The stylized facts reveal that
Ukraine did not export fertilizer to Kenya after the war started but Russia did. The evidence
reveals that the share of the value of fertilizer exported by Russia to Kenya in Kenya’s total fer-
tilizer imports from world increased marginally from 16.6% before start of the war to 16.9% after
start of the war. Further, the share of the quantity of fertilizer exported by Russia to Kenya in
Kenya’s total fertilizer imports increased from 17.5% before start of the war to 19.5% after start
of the war. The share of insurance costs on fertilizer exported by Russia to Kenya in total insur-
ance costs on fertilizer imported by Kenya from world increased from 17.0% before start of the
war to 28.2% after start of the war, while the share of freight costs on fertilizer exported by
Russia to Kenya in total freight costs on fertilizer imported by Kenya from world increased from
20.7% before start of the war to 25.7% after start of the war. The rise in insurance and freight
costs on fertilizer imply a rise in imports of fertilizer from Russia in comparison to other
sources. This could also mean that Russia diversified her markets for fertilizer with onset of
sanctions by the EU and its allies on Russia towards more friendly countries especially those
from Africa. Russia’s seaports were not blockaded the country’s exports of fertilizer, and cereals
were exempted from policy interventions in the form of sanctions (Table 1).

Figure 5 further corroborates the summary statistics in Table 2 in that the value and quan-
tity of fertilizer imports by Kenya from Russia and Africa rose marginally while imports from
RoW remained high. Fertilizer was excluded from the sanctions imposed by the European
Union, United States, and allies on Russia. Insurance costs on fertilizer imports by Kenya from
Russia increased,20 but insurance costs on fertilizer imports by Kenya from Africa and RoW fell
drastically.21 To reduce the risk of ships being seized, Russia in collaboration with countries like
Iran embraced new trade routes spanning Sea of Azov, Don River in Russia, Caspian Sea, and
ultimately into the Indian ocean.22 The change in trading route is reflected in freight costs on
fertilizer imports by Kenya from Russia, which fell drastically after commencement of the war,
but freight costs on fertilizer imports by Kenya from RoW23 increased partly due to usage of lon-
ger shipping routes.

18Rest of world here excludes Russia and Ukraine, and Africa.
19Both in value and quantity.
20Partly due to the risk that Russian ships would be seized if they did not sail on neutral waters.
21Partly due to these other import sources becoming less risky.
22Iran’s geographical location allows Russia to safely transport goods via the corridor through Iranian territory to Asia,
India, and Africa without incurring risk of Western sanctions.
23Excluding Africa.
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4 | EMPIRICAL METHODOLOGY AND RESULTS

4.1 | Empirical methodology

The study examines the impact of the Russia–Ukraine war on grain (cereals) and fertilizer sup-
ply to Kenya as a key African economy. Quasi-experimental approach to impact evaluation
deploying the Regression Discontinuity technique is used. The technique has previously been
used in impact evaluations in social science research and has strengths in that results from the
method mimic those generated through randomized experiments (Bloom, 2012; Imbens &
Lemieux, 2008; Lee, 2008; Lemieux & Milligan, 2008; Pei et al., 2022). Hall (2022) argues that
the Russia–Ukraine war is disruptive shock and this makes the Regression Discontinuity tech-
nique appropriate for the analysis. Moreover, the regression discontinuity estimation technique
embraced in this study is more suitable compared to other quasi-experimental techniques like
difference-in-differences in that the data used are not only time series but also that time is the
running variable and treatment starts at a particular threshold in time—February 2022 when
Russia’s invasion of Ukraine commenced (Anderson, 2014; Auffhammer & Ryan, 2011; DePaola
et al., 2013). The regression discontinuity approach is therefore a suitable tool for this analysis
compared to the difference-in-differences technique, which is suitable when the data are cross-

TAB L E 1 Summary statistics on cereals.

Variable

Before February 2022a

Obs.b Mean Std. dev Min Max

Export value 61 .209 .187 0c .719

Export quantity 61 .228 .223 0 .780

Insurance 61 .157 .191 0 .792

Freight 61 .266 .236 0 .849

Exchange rate 61 104.762 3.478 101.301 116.96

Drought 61 .5902 .4959 0 1

TAB L E 1 (Continued)

Variable

From February 2022

Obs. Mean Std. dev Min Max

Export value 7 .029 .051 0 .119

Export quantity 7 .239 .157 0 .476

Insurance 7 .043 .077 0 .192

Freight 7 .045 .082 0 .208

Exchange rate 7 116.96 0 116.96 116.96

Drought 7 .5714 .5345 0 1

Source: Analysis based on customs data from Kenya Revenue Authority (KRA) and Central Bank of Kenya (CBK).
aFebruary 2022 is the time point when the Russia–Ukraine War commenced.
bThe observations are in months across all the tables.
cExplain the months in which there was 0 value of imports
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sectional or panel with multiple sets of groups in which some are treated and others are
untreated (Fricke, 2017; Zeldow & Hatfield, 2021).

4.2 | Results

4.2.1 | Cereals

Figure 6 reveals that the value of cereals exports by Russia and Ukraine to Kenya declined indi-
cating a rise in cost of importation partly driven by depreciation of the Kenyan Shilling against
the US dollar used in paying for imports. Through change in terms of trade, the war saw major
currencies especially the US dollar appreciate, while currencies for developing countries like
the Kenya Shilling depreciated. The quantity of cereals exported, however, rose, indicating
African economies especially Kenya received cereals donations. This could explain the rise in
quantity exported but a decline in value of cereals at the same time. Another important stylized
fact emanating from Figure 6 is that when the value of cereals exports by Russia started to
rise,24 the quantity of cereals exports sharply declined, signifying a potential stop in cereals
donations after a grain deal was agreed in July 2022. The share of freight and insurance costs

24The period after the invasion.

TAB L E 2 Summary statistics on fertilizer.

Variable

Before February 2022

Obs. Mean Std. dev Min Max

Export value 61 .166 .215 0 .841

Export quantity 61 .175 .218 0 .863

Insurance 61 .170 .219 0 .848

Freight 61 .207 .219 0 .811

Exchange rate 61 104.762 3.478a 101.301 116.96

Drought 61 .5902 .4959 0 1

TAB L E 2 (Continued)

Variable

From February 2022

Obs. Mean Std. dev Min Max

Export value 7 .169 .139 .017 .368

Export quantity 7 .195 .157 .022 .442

Insurance 7 .282 .263 .018 .714

Freight 7 .257 .189 .025 .551

Exchange rate 7 116.95 0 116.96 116.96

Drought 7 .5714 .5345 0 1

Source: Analysis based on customs data from Kenya Revenue Authority (KRA) and Central Bank of Kenya (CBK).
aNote that the exchange rate has the largest standard deviation, meaning it has the largest variability from mean. The largest

variability has been making imports more expensive and thus contributing to the high cost of import both cereals and
fertilizers.
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for cereals exported by Russia in total freight and insurance costs on cereals from world
declined during the early months of the war before they took an upward trend. The decline in
the share of insurance costs for cereals exported by Russia was, however, less pronounced com-
pared to freight costs. The initial decline explains the stoppage of cereals exports by Ukraine in
the early months of the war when Ukraine’s black seaports were blockaded, while the rise in
the second quarter of 2022 explains the removal of black seaports blockade after the United
Nations and Turkey mediated a grain export deal signed by both Russia and Ukraine and the
consequential uptick in export activity by Ukraine. Before the start of the war, the bulk of com-
bined cereals exports by Ukraine and Russia came from Ukraine. After the start of the war and
the resultant blockade of Ukraine’s black seaports that stopped Ukraine’s exports of grain,
Russia stepped up grain exports to Kenya to fill the gap emanating from stoppage of Ukrainian
cereals exports in the first quarter of 2022.

Table 3 presents results from analysis using the Regression Discontinuity technique. The
exchange rate (Kenya shilling per US dollar) was used a covariate given that depreciation of
local currencies within African economies driven by change in terms of trade associated with
the war among major economies especially the United States translates to weakening of local
currencies, and this makes imports especially cereals and fertilizer imports more expensive. A
dummy variable on drought was also included as a covariate with the reasoning that the pro-
longed periods of drought experienced in Kenya during the review period made it even more
necessary to import cereals to bridge the domestic production gap for cereals, which constitute
the main staple food in the country. The results are presented for the estimation with and without
the covariates, as well as the estimation controlling for sensitivity.

Before controlling for sensitivity
The results from the estimation before controlling for sensitivity reveal that majority of the vari-
ables (log export value, log freight costs, and log insurance costs) all have a negative coefficient
except log export quantity, which has a positive coefficient. Further, it is only log export value
and log freight costs that are statistically significant. The implication is that the impact of the
Russia–Ukraine war on cereals has been felt largely through freight costs and export value.
These variables are highly sensitive to supply shocks. Due to weakening of the local currency,
cereals imports became more expensive, and expenditures on importation of cereals declined.
Specifically, before controlling for the covariates, the results indicate that the war decreased the
share of the value of cereals imports by Kenya from Russia by 0.142% but increased the share of
the quantity of cereals imports by 0.102%, while the share of freight and insurance costs on
cereals imports by Kenya from Russia decreased by 0.196% and 0.033%, respectively.

Upon controlling for the exchange rate and the dummy on drought as a measure of climate
change, however, the statistical significance for log export value and log freight costs disappears.
Moreover, all the coefficients become positive, meaning presence of prolonged droughts have
led to increase in cereals imports even in presence of the war. The rise in the quantity and value
of cereals imports by Kenya is also explained by the fact that cereals are a staple food and thus
have inelastic elasticity of demand. The rise in both the quantity and value of cereals imports
by Kenya from Russia in total imports by Kenya from world after the war started is explained
by the fact that whereas Ukraine’s seaports were blockaded, Russia’s seaports were not, and
Russia was still able to supply (export) cereals. The rise in insurance and freight costs of rise in
both export activity for cereals by Russia and rise in risk of potential sanctions and seizure of
Russian vessels especially on unfriendly waters. Specifically, while controlling for the exchange
rate and drought as a measure of climate change, the results indicate that the Russia–Ukraine
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war increased the share of the value and quantity of cereals imports by Kenya from Russia by
0.020% and 0.060%, respectively, while the share of freight and insurance costs on cereals
imports increased by 0.017% and 0.003%, respectively.

After controlling for sensitivity
On controlling for sensitivity, however, no variable is statistically significant both in the estima-
tion controlling for the covariates and the one without. The variables retain the signs as in the
estimation without controlling for sensitivity and without controlling for covariates. Specifi-
cally, the results for this estimation indicate that the Russia–Ukraine war reduced the share of
the value of cereals imports by Kenya from Russia by 0.085%, but the share of the quantity
of cereals imports increased by 0.125%, while the share of freight and insurance costs on cereals
imports by Kenya from Russia declined by 0.098% and 0.029%, respectively.

The signs for the coefficients for the estimation controlling for sensitivity and controlling for
covariates, however, change drastically compared to those for the estimation without control-
ling for sensitivity but controlling for covariates—in that all the coefficients now become nega-
tive except the share of the quantity of cereals imports from Russia, which remains positive.
Specifically, the share of the value of cereals imports by Kenya from Russia decreased by
0.039%, but the share of the quantity of cereals imports by Kenya from Russia increased
by 0.039%, while the share of freight and insurance costs in cereals imports by Kenya from
Russia decreased by 0.039% and 0.021%, respectively (Table 4).

The results from the estimation controlling for both sensitivity and covariates are more
robust and thus reliable. The positive coefficient for the share of the quantity of cereals imports
by Kenya from Russia is explained by the argument that Russia stepped up cereals exports to
bridge the supply gap created by Ukraine being unable to export cereals after the black seaports
were blockaded. With the prolonged droughts witnessed in Kenya, cereals demand became
even stronger. The negative coefficient for the share of value of cereals imports by Kenya from
Russia is explained by the argument that the depreciation of the Kenyan Shilling made cereals
imports more expensive while the ensuing supply uncertainties for imports from Russia drove
up prices. This is also explained by the argument that, although cereals are a staple food in
Kenya and thus would be expected to have inelastic elasticity of demand, Kenya had existing
alternative sources from which she could source cereals from (this is supported by the stylized
facts discussed earlier). The increase in the share of the quantity of cereals imported from
Russia is therefore partly explained by the argument that Russia gave cereals donations to
Kenya. The negative coefficients for the share of value of cereals and freight and insurance costs
on cereals imports from Russia are indicative of a decline in import activity from Russia by
Kenya and an uptick of import activity for cereals from alternative sources that were existing
(this is also supported by the stylized facts discussed earlier). Overall, one of the inferred
impacts of the Russia–Ukraine war is change in direction of trade.

4.2.2 | Fertilizer

The share of the quantity and value of fertilizer imported by Kenya from Russia in the total
quantity and value of fertilizer imports by Kenya from world registered sharp increase immedi-
ate after the war started and have retained an upward trend (Figure 7) after the grain deal
between Russia and Ukraine with mediation by United Nations and Turkey in July 2022. The
grain deal had provisions excluding Russian fertilizer exports from sanctions and other
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restrictive measures especially those implemented by the EU in collaboration with allies.
Freight costs for fertilizer exports by Russia rose more than the rise in insurance costs in the
early months of the war, but insurance costs later rose more sharply than the rise in freight
costs partly driven by removal of restrictions on fertilizer exports and partly by resumption of
traditional shipping routes after the black sea route was demined and opened for ship voyage.
Another important explanation for why exports of fertilizer to Kenya rose was that it was a
planting season in Kenya from March 2022 and fertilizer was in high demand.

Before controlling for sensitivity
For fertilizer, all the variables have positive coefficients both in the standard estimation as well
as in the estimation controlling for covariates. Moreover, the share of the value and quantity of
fertilizer imports by Kenya from Russia and the share of freight costs on fertilizer imports were
significant in the estimation before controlling for covariates. After controlling for the
covariates, the statistical significance disappears.

Specifically, the share of the value and quantity of fertilizer imports by Kenya from Russia
increased by 0.109% and 0.134%, while the share of freight and insurance costs on fertilizer
imports by Kenya from Russia increased by 0.169% and 0.182%. This rise coincides with higher
demand for fertilizer by Kenya to meet the needs for the planting season. It is also explained by
the argument that Russian fertilizer was exempted from sanctions, Russia’s seaports were
unblockaded and that the country has comparative advantage in producing and supplying fertil-
izer. The statistical significance disappears covariates on exchange rate and drought because
whereas the depreciation of the Kenyan Shilling raised cost of importation, continued expecta-
tions for droughts in the country reduced demand for fertilizer, given the country’s agriculture
is highly rain-fed. The share of the value and quantity of fertilizer imports by Kenya from
Russia increased by 0.074% and 0.079%, respectively, while the share of freight and insurance
costs on fertilizer imports by Kenya from Russia increased by 0.067% and 0.082% after control-
ling for the covariates.

After controlling for sensitivity
All the coefficients have a positive sign but are insignificant. The share of the value and quan-
tity of fertilizer imports by Kenya from Russia increased by 0.080% and 0.096%, respectively,
while the share of freight and insurance costs on fertilizer imports increased by 0.090% and
0.048%, respectively, in the standard estimation. After controlling for the covariates, the share
of the value and quantity of fertilizer imports by Kenya from Russia increased by 0.070% and
0.081%, respectively, while the share of freight and insurance costs on fertilizer imports
increased by 0.063% and 0.045%, respectively. The rise in fertilizer imports from Russia is also
explained by a move to increase supplies by Russia and fill in the gap emerging from Ukraine
stopping exports of fertilizer due to blockade of the black seaports.

5 | CONCLUSION AND DISCUSSION

5.1 | Conclusion

The study examined the impact of the Russia–Ukraine war on grain and fertilizer supply to
Kenya as one of the largest economies in Africa using monthly customs data obtained from the
Kenya Revenue Authority. The findings from the tested hypotheses indicated that the war had
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significant impact on cereals imports by Kenya and the associated fright costs, but the statistical
significance disappeared after controlling for sensitivity.

The stylized facts and findings reveal that both Russia and Ukraine exported cereals and fer-
tilizer to Kenya before commencement of the war. After the war started, however, Ukraine
stopped exporting cereals and fertilizer especially during the first 7 months of the war when her
black seaports were blockaded, but Russia continued to supply Kenya with both cereals and fer-
tilizer. Moreover, the share of cereals and fertilizer imports by Kenya from Russia and Ukraine
before start of the war were smaller than the share imported from other parts of the world. The
results also reveal that Russia stepped up to fill the gap created by Ukraine being unable to
export cereals and fertilizer after her ports were blockaded.

5.2 | Discussion of the results

While controlling for sensitivity, the results from the Regression Discontinuity estimation indicate
that the war did not have a significant impact on supply of cereals and fertilizer to Kenya due the
fact that Russia’s seaports were still operational, cereals and fertilizer were largely exempted from
sanctions, Russia turned to new supply routes, and that Kenya had other reliable import sources
that were in existence. Lin et al. (2022) have argued that the war encouraged a change in direc-
tion of trade by turning to other sources as economies moved to cushion themselves from risks
associated with the war. Some countries also avoided implementing sanctions against Russia with
an aim of benefiting from the consequential change in direction of trade (Mahlstein et al., 2022).

Despite the impact of the war being insignificant when controlling for sensitivity and
covariates on the exchange rate and drought, it had a negative impact on the value of cereals
imports and freight and insurance costs on cereals. This is partly so due to Kenya resorting to
existing alternative sources for grain. This finding is consistent with the documented stylized
facts. Hennessy (2023) has also argued in favor of diversification of supply chains as channel for
cushioning countries against external risks. In contrast, the war had a positive impact on the
value and quantity of fertilizer imports by Kenya as well as freight and insurance costs on fertil-
izer. Despite continued drought in Kenya during the review period, the high demand for
fertilizer is explained by the argument that the government was preparing stock in readiness for
the planting season. The fact that trade, despite being a channel for adaptation to climate change,
is prone to unforeseen external shocks like the war has incentivized governments in developing
countries to increase investments on irrigated agriculture to increase domestic food production.

6 | POLICY IMPLICATIONS

The findings have policy implications touching on a need for countries to continue diversifying
import sources for cereals and fertilizer, enhance productive capabilities for cereals and fertilizer
especially through targeted investments on irrigation agriculture and investment in productive
of organic fertilizer, strengthen diplomatic and economic ties with existing alternative import
sources for cereals and fertilizer to eliminate potential barriers to accessing the commodities,
advocate for negotiations to resolve the war, sustenance of current grain deal between Russia
and Ukraine under mediation of the United Nations (UN) and Turkey, and deliberate action to
invest in climate action to address drought incidences. Trade is an adaptation channel in periods
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of drought, and this implies a need to embrace fair trade agreements for enhanced access to
food commodities in the wake of climate change manifested in persistent droughts.
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