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A B S T R A C T   

Violent conflict is a major cause of acute food crises. In 2021, at least 155 million people in 10 countries were 
severely food insecure and eight of those countries were experiencing armed conflict. On February 24, 2022, an 
armed conflict between Russian Federation (Russia) and Ukraine escalated. As Russia and Ukraine are major 
wheat exporters, this will aggravate the already precarious food security situation in many developing countries 
by disrupting wheat production and export and by accelerating price hikes in import-dependent developing 
countries. This study examines the potential impacts of this ongoing armed conflict between Russia and Ukraine 
on wheat price, consumption, and calorie intake from wheat. In doing so, it applies the conditional mixed process 
estimation procedure using information collected from 163 countries and territories for the years 2016–2019 
from online database of the Food and Agriculture Organization of the United Nations (FAO). The study shows 
that, on average, a 1% decrease in the global wheat trade could increase the producers’ price of wheat by 1.1%, 
and a 1% increase in the producers’ price could reduce the yearly per capita wheat consumption by 0.59%, daily 
calorie intake by 0.54% and protein intake by 0.64% in the sampled countries. Based on this, the study dem-
onstrates that a 50% reduction in wheat exports by Russia and Ukraine could increase the producers’ price of 
wheat by 15%, which would induce a reduction in wheat consumption and dietary energy intake by at least 8%. 
Since wheat export has reduced from both Russia and Ukraine, to avoid a food crisis in developing countries, 
policies are suggested, including near term improvement of domestic wheat production by promoting improved 
agronomic practices to close yield gaps to meet a substantial portion of wheat self-sufficiency goals. In the long 
run, countries in Africa, East Asia and South America can explore expanding wheat into new land area. Inter-
national donor agencies can play a key role in supporting the ongoing wheat research and development activities.   

1. Introduction 

For the first time after 1990, the absolute number of poor and hungry 
people in world has started to increase (FAO et al., 2020; United Nations, 
2022a; von Grebmer et al., 2021). In 1950, 63% of the world’s popu-
lation was extremely poor, living on less than US$ 1.90/day (Roser, 
2019). In 1990, the portion of extremely poor was 35.9% (1895 million) 
and this was reduced to 20.8% (1352 million) by 2005 (World Bank, 
2018). In 2015, out of a global population of 7.3 billion (World Bank, 
2022), 654 million (8.9%) were estimated to be undernourished (FAO 
et al., 2020), and by 2019, 864 million persons (8.9% of the 7.68 billion 
world population) were considered undernourished (FAO et al., 2020). 

The major drivers of hunger and food insecurity are climate shocks, 
outbreaks of crop diseases and pests, economic shocks, and war and 

conflicts (FAO et al., 2020). A report shows that in 2020, 155 million 
people globally were acutely food insecure, with 99.1 million of those 
living in 23 countries where war and conflicts were the chief causes of 
food security (von Grebmer et al., 2021). It indicates that war and 
conflicts is a major driver of hunger and food insecurity. When the world 
economy has been started to recover from the COVID-19 induced 
turmoil, on February 24, 2022, a fresh armed conflict between the 
Russian Federation (hereafter Russia) and Ukraine has escalated. 

Both Russia and Ukraine are the major producers and exporters of 
wheat, maize, sunflower seeds, potassium, phosphorus and urea (46% 
nitrogen) fertilizers (FAO, 2022; Glauber and Laborde, 2022a; World 
Bank Group, 2022). In particular, 50 countries in Asia and Africa rely on 
Russia and Ukraine to fulfill 30% of their wheat food demand, and 26 
countries meet 50% of their wheat demand through import from Russia 
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and Ukraine (FAO, 2022). Sea ports in the Black Sea are the major 
gateway of the exports from Russia and Ukraine. Due to the armed 
conflict, ports in the Black Sea are unusable now. Grain transportation is 
disrupted due to the destruction of roads, bridges, and railways. The 
armed conflict between Russia and Ukraine has severely disrupted ex-
ports of crude oil, fertilizers, food grains including wheat (FAO, 2022). 

As Russia and Ukraine are the source of more than a quarter of wheat 
traded in the global market, there is a consensus among researchers, 
think tanks, news agencies, and international donor agencies about the 
potential negative impacts of the ongoing armed conflict between Russia 
and Ukraine on the food security of developing countries (Abay et al., 
2022; Bechdol et al., 2022; Bentley et al., 2022; Chikava, 2022; Douglas, 
2022; FAO, 2022; Glauber and Laborde, 2022a; Headey and Hirvonen, 
2022; Rattner and Barnett, 2022; Sabaghi, 2022). In 2021, 193 million 
people were acutely food insecure and at least 53 countries and terri-
tories required urgent assistance. According to FAO, there is a risk of 
pushing additional 11 to 19 million people to chronic hunger by 2023, 
due to the reduced exports of wheat and other commodities from Russia 
and Ukraine due to ongoing armed conflict (FAO, 2022). 

Applying an econometric estimation process, the present study pre-
dicted the impacts of the ongoing Russia-Ukraine armed conflict on 
wheat consumption and the intake of calories and proteins from wheat 
in 163 countries. This is the first econometric study we are aware of to 
quantify the impacts of the armed conflict of Russia and Ukraine on food 
security. The rest of the study is organized as follows. Section 2 presents 
temporal changes in wheat production and consumption by major re-
gions; Section 3 includes materials and methods; Section 4 presents 
major findings and Section 5 presents conclusions and policy 
implications. 

2. Materials and methods 

2.1. Data 

This study relied on data from FAOSTAT (FAOSTAT, 2022a), a 
database administered by the Food and Agriculture Organization of the 
United Nations (FAO), as well as online data from the World Bank: the 
world development indicators (World Bank, 2022). The study also used 
the Global Hunger Index (von Grebmer et al., 2021) to group the 
sampled countries based on their food security situation. Country-level 
data for four years (2016–2019) on the yearly per capita wheat con-
sumption (kg), daily calorie (kcal) and protein intake (grams) from 
wheat, wheat production, export, import, and international and pro-
ducers’ price of wheat (US$/ton) were collected from FAOSTAT. Data on 
the per capita GDP (US$), GDP growth rate, and share of the urban 
population (%) were collected from World Bank’s world development 
indicators. 

Using FAOSTAT data, our study calculated the international wheat 
price (US$/ton) as the total value of the exported wheat (US$) divided 
by the quantity of exports (tons). As wheat export information is not 
available for a few countries, we replaced the international wheat price 
with the import price, which was calculated as the total import value 
(US$) divided by the quantity of imports (tons). In calculating the in-
ternational wheat price, the extreme values were replaced by taking the 
group average. The data on the producers’ price of wheat (US$/ton) 
(annual average) was collected from FAOSTAT (FAOSTAT, 2022c). For a 
few countries, producers’ price information was not available. In such a 
case, the producers’ price was calculated as the international price plus 
transportation costs which were set at 30%. 

In FAOSTAT, the information on per capita wheat consumption is 
available for 180 countries. For several countries and territories, data on 
GDP per capita (e.g., Cook Island, Equatorial Guinea); wheat con-
sumption (e.g., Brunei Darussalam, Equatorial Guinea); wheat produc-
tion (e.g., Guinea-Bissau, Eritrea); GDP growth rate (e.g., Venezuela, 
South Sudan, Palestine) are not available. After dropping the sampled 
countries with a lack of vital information, the study considered 163 

countries as the sampled countries. 
Based on the hunger severity scale, the Global Hunger Index 2021 

classified the countries into normal (hunger score ≤9.9), moderate 
(hunger score 10.0–19.9), serious (20.0–34.9), alarming (35–49.9), and 
extremely alarming (≥50.0) (von Grebmer et al., 2021). The share of 
wheat in per capita daily dietary energy intake for sampled countries is 
shown in Table 1A, based on the hunger severity scale (Table 1A, sup-
plementary). As the number of countries in the last three groups 
(serious, alarming, and extremely alarming) are few in this study, these 
countries are merged into one group. 

2.2. Econometric modeling process 

Food represents 60–80% of total consumer expenditure in devel-
oping countries, compared to 10–20% in rich countries (Preckel and 
Hertel, 2007; Seale et al., 1904; UNCTAD, 2008). Consequently, many 
empirical studies agree that, at least in the short run, a hike in com-
modity prices hurts poor households, particularly in developing coun-
tries (Barrett and Dorosh, 1996; Ceballos et al., 2016; de Hoyos and 
Medvedev, 2011; Minot and Goletti, 2000; Ravallion, 1990). Studies 
have also confirmed that food price hikes can cause a net welfare loss 
and push households in developing countries into a poverty trap 
(Balagtas et al., 2014; Ivanic and Martin, 2008). A few researchers have 
argued for the possibility of gain in the long run (e.g., Aksoy and 
Isik-Dikmelik, 2008; Ivanic et al., 2012). The net gain or loss from 
commodity price hikes depends on a number of factors including the 
income distribution pattern in the society, the structure of the economy, 
and whether or not the household or the country is a net seller of the 
commodity (Hertel and Winters, 2006; Lokshin and Ravallion, 2004). 

Another strand of the literature has propounded that food con-
sumption is more responsive to price in low-income countries than in 

Table 1 
Wheat production, and trade-related information by the hunger status of the 
sampled countries.   

Country groups based on hunger status  

Severe to 
extremely 
alarming (Group 
1) 

Moderate 
(Group 2) 

Normal 
(Group 3) 

Variables 
No. of sampled countries 40 30 93 
Domestic production of wheat 

(MMT) 
3.45 0.49 6.44 

Domestic supply of wheat 
(MMT) 

4.41 1.81 5.24 

Wheat consumed (MMT) 3.84 1.27 3.32 
Wheat imported (000, tons) 832.1 1399.9 1171.5 
Value of imported wheat 

(million US$) 
220.9 333.4 267.5 

Wheat exported (000, tons) 12.8 4.8 2039.9 
Value of wheat exported 

(million US$) 
3.39 1.56 428.5 

Wheat imported from Russia 
and Ukraine (000 tons)a 

290.9 506.0 176.7 

Share of imported wheat from 
Russia and Ukraine in total 
import (%) 

33.5 36.2 13.8 

Value of wheat imported from 
Russia and Ukraine (million 
US$)a 

74.0 120.8 36.9 

Share of the cost of wheat 
imports from Russia and 
Ukraine (%) 

33.5 36.2 13.8 

International price of wheat 
(US$/ton) 

274.8 279.1 265.1 

Producers’ price of wheat (US 
$/ton)b 

400.7 386.2 314.4 

Sources: Authors’ from FAOSTAT (2022b); aUnited Nations (2022b); bFAOSTAT 
(2022c); cWorld Bank (2022). 
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rich countries, thus any increase in food price can force households to 
reduce food consumption (D’Souza and Jolliffe, 2012; FAO, 2011; Green 
et al., 2013; Mazzocchi et al., 2012; Zaki et al., 2006). In some cases, to 
cope with rising food prices, households in low-income countries 
compromise food quality with quantity by moving away from nutri-
tionally enriched food items to other cheaper food items (D’Souza and 
Jolliffe, 2012; Ulimwengu, 2009; Zaki et al., 2006). 

Even prior to the Russia-Ukraine armed conflict, international food 
prices have risen and reached an all-time high in 2021, with higher costs 
of agricultural services, energy and fertilizers (FAO, 2022). The armed 
conflict between two major agricultural commodity exporting countries 
has sent a shockwave through the global commodity market. For 
example, crude oil price in 2021 was US$70.4/barrel, which has 
increased to US$100/barrel in the first quarter (Q1) of 2022, and it is 
projected to be US $92/barrel in Q12023 (World Bank Group, 2022). 
Similarly, in Q12022, urea price has increased by nearly 76% compared 
to 2021 price. (World Bank Group, 2022). In 2020, the international 
wheat price was US$ 232/ton, which increased to US$ 315/ton in 2021 
(World Bank Group, 2022). In Q1 2022, the price of wheat increased by 
42.7% to US$ 450/ton (World Bank Group, 2022). As many developing 
countries rely on cheap imported wheat from Russia and Ukraine to 
meet demand, how will this price hike affect wheat consumption and 
calorie intake? 

Based on the assumption that domestic markets are linked with in-
ternational markets through trade, and price transmission is expected 
from international to domestic markets (Conforti, 2004; Minot, 2010; 
Mundlak and Larson, 1992; Quiroz and Soto, 1995). For example, Minot 
(2010) estimated that international prices could explain 16–97% of the 
changes in domestic prices in some developing countries. Ianchovichina 
et al. (2014) estimated that, on average, a 1% increase in international 
food prices increased domestic food prices by around 0.2–0.4% in 
sampled Middle East and North African countries. Greb et al. (2012) 
confirmed that, on average, 75% of the changes in the price of agricul-
tural commodities in the international market transmitted to the do-
mestic market, and that the domestic rice price was strongly linked to 
the international price. Baquedano and Liefert (2014), examined wheat, 
rice, maize, and sorghum prices and estimated that around 25% of the 
changes in the domestic prices of these commodities were linked to the 
changes in international prices. Ceballos et al. (2016) estimated that, on 
average, 17.2% of the changes in the domestic prices of maize, rice, 
sorghum, and wheat could be attributed to the changes in the interna-
tional price. Using the AGLINK-COSIMO partial equilibrium modeling 
approach, Araujo-Enciso et al. (2017) demonstrated that an assumed 
reduction in Russian wheat exports by 15%, Kazakh wheat exports by 
30%, and Ukrainian wheat exports by 38% below the baseline level, 
could lead to a reduction of wheat in the world market by 3% and could 

increase the wheat price in the world market by 7%. 
Following the notion of Araujo-Enciso et al. (2017), the present study 

econometrically examines the potential impacts of the increase in wheat 
price due to export disruptions due to Russia-Ukraine armed conflict on 
wheat consumption in the sampled countries (Fig. 1). This study hy-
pothesizes that producers’ price of wheat in the sampled countries will 
be affected by the international wheat price through international trade 
(Fig. 1). Specifically, it is assumed that the domestic price is determined 
by the international price, trade, and domestic wheat production and 
that wheat production in all sampled countries is constant. Thus, it is 
assumed that over the near term there is no increase in wheat production 
to make up for recent losses in global supply. Furthermore, it is assumed 
that no extra export from other countries will make up the loss in exports 
from Russia and Ukraine, and there will be no substantive change in 
wheat consumption habit in the countries sampled. Based on our hy-
pothesis, we have formulated the inverse demand function of the do-
mestic wheat price as follows: 

ln
(
PPDc

)
= α2 + γ1 ln (Domestic production)c + γ2 (Trade)c

+ γ3ln (Intl. price)c + +
∑3

yd=1
φd1(TD)d1 + ε1

(1)  

Where: 

ln(PPD
c ) = natural log of producers’ price of wheat (US$/ton); 

ln (Domestic production)c = natural log of wheat domestically pro-
duced in the country (tons); 
Trade = Export + import of wheat (million metric tons); 
ln (Intl. price)c = natural log of the international wheat price (US 
$/ton); 
(TD)d1 = Year 2017, 2018, and 2019 dummies where the base is the 
year 2016. 

Finally, to examine how changes in the domestic price affect wheat 
consumption and calorie and protein intake from wheat, Eq. (2) is 
developed as follows: 

ln (ykc
)
= α3 + ∅ 1 (SFIS)i + ∅ 2(MFIS)c + ∅ 3 ln

(
PPDc

)
+ ∅ 4(GDPC)c

+ ∅ 5(GDGR)c + ∅ 6 (URB)c +
∑3

yd=1
φd2(YD)d2 + ε2

(2)  

Where: 
ln (yk

c) = a vector of dependent variables including a natural log of 

Fig. 1. Schematic diagram on the relationship between export-import price, producer price, and wheat consumption. Source: Authors.  
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yearly per capita wheat consumption (kg) and daily per capita calorie 
and protein intake from wheat; 

(SFIS)i = dummy for the countries with hunger levels from serious to 
extremely alarming (yes = 1); 
(MFIS)c = dummy for the countries with moderate hunger levels 
(yes = 1); 
ln(PPD

c ) = natural log of the producer’s price of wheat (US$/ton); 
ln (GDPC)c = per capita GDP (000, US$); 
(GDGR)c = the annual GDP growth rate (%); and 
(URB)c = the share of urban population (%). 

In Eq. (1) and Eq. (2), c denotes the sampled countries (c = 1–163), αi 
are the scalar parameters, εi are the error terms, and βi , γi, ∅ i and φdi 
are the parameters to be estimated. In estimating Eqs. (1) and (2), c 
Details about the estimation process can be seen in Roodman (2011). 

3. Findings 

3.1. Summary statistics 

In terms of land allocation and international trade, wheat is the most 
widely cultivated crop in the world. In the triennium average ending 
2020 (TE2020), wheat was cultivated in at least 124 countries on 216 
million ha. At the same time, maize was cultivated in at least 167 
countries on 198 million ha, and rice was cultivated in 115 countries on 
164 million ha (FAOSTAT, 2022a). In TE2019, the total world wheat 
production was 757.4 million metric tons (MMT), of which 31% was 
exported. At the same time, maize and rice production were around 
1138 MMT and 754 MMT respectively, of which 16% (181.5 MMT) of 
maize and 8.9% (67 MMT) of rice were exported (FAOSTAT, 2022a). 

In Table 1, the current state of wheat production, consumption, and 
trade are presented by the countries sampled. In the first group of 
countries (group 1), where the hunger situation is severe to extremely 
alarming, the domestic production of wheat (3.45 MMT) cannot meet 
the consumption demand (3.84 MMT). The countries in this group are 
net importers of wheat, and on average each country in the group had 
imported more than 832 thousand tons of wheat worth US$ 221 million 
(Table 1). Importantly, on average, a country in group 1 imported 299.4 
thousand tons of wheat from Russia and Ukraine in TE2019 worth US$ 
74 million. The share of imported wheat from Russia and Ukraine was 
33%. The international wheat price for the sampled countries in group 1, 
was US$275 ton and the producers’ price in the domestic market was US 
$400/ton (Table 1). 

The countries in the second group (hereafter group 2), where the 
hunger situation is moderate, are also generally net importers. On 
average, a country in group 2 produced 0.49 MMT of wheat but 
consumed 1.27 MMT of wheat and to make up the deficit imported 
around 1.4 MMT of wheat in TE2019 (Table 1). A group 2 country im-
ported, on average, 506 thousand tons of wheat from Russia and 
Ukraine, which was 36% of the total wheat imported (Table 2). The 
sampled countries in group 3, where the hunger situation was normal, 
were generally net wheat exporters (Table 1). Nonetheless, on average, a 

country in group 3 imported 177 thousand tons of wheat from Russia 
and Ukraine in TE2019, which was 14% of the total imported (Table 1). 
The international wheat price (US$/ton) and the producers’ wheat price 
(US$/ton) are also reported in Table 1. In our econometric modeling 
process, the domestic price of wheat (US$/ton) was estimated and 
included in the functions explaining wheat consumption in the sampled 
countries. 

Regarding wheat exports and wheat exporting countries, Russia and 
Ukraine are the top exporters (Fig. 2). Of 2021 global wheat export, 
totaling 199 MMT, Russia and Ukraine’s share was 25% (49.9 MMT) 
(Fig. 2). Egypt, Indonesia, and China are the world’s top wheat 
importing countries in 2021, purchasing a total of 32.5 MMT of wheat, 
16% of the world total wheat exports (Fig. 3). 

Taken together, these findings indicate the importance of imported 
wheat, particularly wheat exports from Russia and Ukraine, in countries 
where the hunger situation is extremely alarming to moderate (Figs. 2 
and 3). Thus, any disruption in the wheat supply due to the ongoing 
armed conflict can significantly affect the hunger situation in countries 
with precarious food security and widespread hunger. 

Wheat is a major staple grain in the world (Dixon, 2007; Dixon et al., 
2009; Erenstein et al., 2022; Shiferaw et al., 2013). In 2019, wheat was 
consumed in at least 180 countries; the per capita wheat consumption in 
TE2019 was 66.7 kg, which was 38% of the per capita total cereal 
consumed (174.7 kg) in the same year (FAOSTAT, 2022a). The per 
capita wheat consumption in the countries where the hunger situation 
was severe to extremely alarming was 42 kg in TE2019, more than 28% 
of the total cereal consumed annually (Table 2). In the countries where 
the hunger situation was moderate, the TE2019 per capita wheat con-
sumption was 45 kg, 25% of the total cereal consumed by a person in a 
year (Table 2). In the countries where the hunger situation was normal, 
the TE2019 per capita wheat consumption was 96 kg, 70% of the total 
cereal consumption by a person in a year (Table 2). 

In TE2019, wheat supplied 14% of a person’s daily dietary energy 
and 16% of their daily total protein intake in the countries with a severe 
to extremely alarming hunger situation (Table 2), and 13% of a person’s 
daily dietary energy and 14% of their daily total protein intake in the 
countries with a moderate hunger situation (Table 2). In the third group 
of countries, where the hunger situation was normal, wheat supplied 
24% of a person’s daily dietary energy intake and 23% of their daily 
total protein intake (Table 2). 

Interestingly, due to the increase in population, per capita income, 
and urbanization, wheat consumption in Africa and South Asia has been 
increasing (Mason et al., 2015; Mottaleb et al., 2018a, 2018b; Nagar-
ajan, 2005). It is projected that the global average per capita wheat 
consumption may increase from 67 kg per capita in TE2019 to 70 kg by 
2030 and to 75 kg by 2050 (Mottaleb et al., 2021). In addition, millions 
of resource-poor farmers in Asia and Africa rely on wheat cultivation for 
their livelihood and income (Erenstein et al., 2021; Shewry, 2009). This 
suggests that the importance of wheat as a major staple will continue in 
the future. 

In Table 3, some of the important macroeconomic indicators are 
presented by the hunger status of the sampled countries. On average, the 
yearly per capita GDP of a country in the group with a severe to 

Table 2 
Wheat consumption and nutrition intake from wheat by the food security status of the sampled countries.   

Country groups based on hunger status 

Variables Severe to extremely alarming Moderate Normal 

Wheat consumption (yearly/capita/kg) 42.1 45.4 96.0 
%Share of wheat in total cereal consumption 28.4 24.9 69.4 
Calorie intake from wheat (daily/capita/kcal 346.2 363.9 761.9 
%Share of calorie intake from wheat to the daily per capita total calorie intake 14.3 13.3 24.0 
Protein intake from wheat (daily/capita/grams) 10.0 10.3 22.5 
%Share of protein intake from wheat to daily per capita total protein intake 16.4 14.3 23.5 

Source: Authors based on FAOSTAT (2022b). 

K.A. Mottaleb et al.                                                                                                                                                                                                                            



Global Food Security 35 (2022) 100659

5

extremely alarming hunger situation was US$ 1664.4, which was 2.6 
times lower than the per capita GDP of the countries with a moderate 
hunger situation (US$ 4355.4), and 14 times lower than the per capita 
GDP of the countries with a normal hunger situation (US$ 23284.1) 
(Table 3). The average GDP growth rate was 0.99% per annum for the 
countries with a severe to extremely alarming hunger situation, 2.69% 

for the countries with a moderate hunger situation and 2.13% for the 
other countries (Table 3). 

Forty per cent (40%) of the total population in the countries with a 
severe to extremely alarming hunger situation, 48.4% of the population 
in the countries with a moderate hunger situation, and 70% of the 
population in the countries with a normal hunger situation reside in the 
urban areas (Table 3). In the empirical estimation process, the GDP per 
capita, the annual GDP growth rate, and the share of the urban popu-
lation (%) are used as regressors in estimating the yearly per capita 
wheat consumption and the daily dietary energy and protein intake from 
wheat. 

In Table 4, the pairwise correlation coefficients are presented for the 
yearly per capita wheat consumption in kg, the daily per capita calorie 
(kcal) and protein intake (grams) from wheat, and the producers’ and 
the international prices of wheat. All variables are converted into the 
natural log form (Table 4). As is expected, the relationship between the 
international and the producers’ prices of wheat are negatively and 
significantly correlated with yearly per capita wheat consumption 
(− 0.36, p < 0.00) and daily per capita calorie (− 0.35, p < 0.00) and 

Fig. 2. Total wheat export in million metric ton and top nine wheat exporting countries in 2021/22. Source: USDA (2022).  

Fig. 3. Top 12 wheat importing countries in 2021/22 (million metric ton). Source: USDA (2022).  

Table 3 
Important macroeconomic indicators by the hunger groups of the sampled 
countries.   

Country groups based on hunger level 

Variables Severe to extremely 
alarming 

Moderate Normal 

GDP per capita (US$) 1664.4 4355.4 23284.1 
GDP growth rate (%) 0.99 2.69 2.13 
Share of urban population 

(%) 
40.1 48.4 70.4 

Source: Authors’ based on World Bank (2022). 
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protein intake (− 0.37, p < 0.00) from wheat. Furthermore, the rela-
tionship between the international and the producers’ wheat prices is 
+0.73 (p < 0.00). The findings in Table 4 show that an increase in in-
ternational wheat prices is predicted to increase producers’ prices and 
negatively affect wheat consumption and nutrition intake. 

A simple relationship between variables is indicated. The correlation 
coefficients are not calculated considering the influences of other vari-
ables, and the correlation coefficients cannot be used for inference 
purposes (Table 4). To infer how a change in international price affects 
the producers’ price of wheat, and how a change in the producers’ price 
can affect wheat consumption and calorie intake from wheat, Eqs. (1) 
and (2) are estimated and reported next. 

3.2. Empirical findings 

The estimated functions specified in Eqs. (1) and (2), explaining 
producers’ prices and wheat consumption, are presented in Table 5. The 
first column of Table 5 presents the estimated function explaining the 
(ln) yearly per capita wheat consumption (kg), the second column pre-
sents the (ln) daily per capita calorie intake from wheat (kcal), and the 
third column presents the (ln) daily per capita protein intake from wheat 
(grams). 

The last segment in Table 5 presents the estimated functions 
explaining the producers’ price of wheat. The domestic production of 
wheat is negative and highly statistically significant (p < 0.00) in 
explaining the producers’ price of wheat. It shows that a 1% increase 
(decrease) in domestic production can reduce (increase) producers’ 
prices by 0.018%. This finding suggests that to smooth out the influence 
of global price hikes, it is necessary to enhance domestic production in 
the countries where this is possible. The international wheat price and 
producers’ price of wheat are positively and highly statistically signifi-
cant (p < 0.00). On average, a 1% increase in international wheat prices 
increases producers’ prices in the sampled countries by 0.89% and vice 
versa (Table 5). Similar to the findings of Minot (2010); Ianchovichina 
et al. (2014); Greb et al. (2012); Baquedano and Liefert (2014), and 
Ceballos et al. (2016), the findings of the present study are consistent 
with global commodity prices as transmitting into domestic markets, 
which has severe consequences for purchasing power and food security.. 

The variable trade, which is the sum of wheat exports and imports 
(MMT) is negative and statistically significant (p < 0.00) in explaining 
the producers’ wheat price (Table 5). Based on the findings, a 1% in-
crease in exports and imports can reduce the international wheat price 
by 1.1% (Table 5). Alternatively, a 1% decrease in trade can increase the 
international wheat price by 1.1% (Table 5). This indicates that an 
undisrupted and increased international wheat trade can smooth out the 
domestic wheat price in the long run. 

The first segment of Table 5 demonstrates that after controlling for 

the influence of other variables, the average yearly per capita wheat 
consumption (kg), and the daily calorie and protein intake from wheat is 
at least 0.96%–1% lower in the countries where the hunger situation is 
extreme or seriously alarming (Table 5). Similarly, in the sampled 
countries where the hunger situation is moderate (yes = ), wheat con-
sumption and calorie and protein intake from wheat are lower by 
0.75–0.78% compared to the base countries where the hunger situation 

Table 4 
Pairwise correlation matrix explaining the relationship between international 
and domestic prices of wheat and the consumption, calorie, and nutrient intake 
from wheat in the sampled countries.  

Variables 1 2 3 4 5 

1. ln 
(consumption/ 
capita/kg) 

1.00     

2. ln(daily 
calorie intake) 

0.99*** 
(0.00) 

1.00    

3. ln(daily 
protein intake) 

0.99*** 
(0.00) 

0.99*** 
(0.00) 

1.00   

4. ln(producers’ 
price of wheat) 

− 0.36*** 
(0.00) 

− 0.35*** 
(0.00) 

− 0.37*** 
(0.00) 

1.00  

5. ln 
(international 
wheat price) 

− 0.27*** 
(0.00) 

− 0.26*** 
(0.00) 

− 0.28*** 
(0.00) 

0.73*** 
(0.00) 

1.00 

Note: P-values are in the parenthesis. *** indicate significance at the 1% level. 
Source: Authors calculation. 

Table 5 
Estimated functions applying the Conditional (recursive) mixed process esti-
mator with multilevel random effects and coefficients explaining the con-
sumption of wheat (yearly/capita/kg), calorie intake from wheat (daily/capita/ 
kcal), and protein intake from wheat (daily/capita/grams).   

ln(Wheat 
consumption 
(yearly/capita/ 
kg)) 

ln(Calorie 
intake (daily/ 
capita/kcal)) 

ln(Protein 
intake (daily/ 
capita/ 
grams)) 

Food security status 
dummies (base 
country: hunger 
situation is normal ¼ 0)    

Dummy for the country 
where hunger situation is 
serious/alarming/ 
extremely alarming (yes 
= 1) 

− 1.00*** 
(0.18) 

− 0.98*** 
(0.19) 

− 0.96*** 
(0.19) 

Dummy for the country 
where hunger situation is 
moderate (yes = 1) 

− 0.78*** 
(0.15) 

− 0.75*** 
(0.15) 

− 0.77*** 
(0.15) 

ln(producers’ price, US 
$/ton) 

− 0.59*** 
(0.20) 

− 0.54*** 
(0.18) 

− 0.64*** 
(0.18) 

GDP per capita (000, US$) − 0.001 
(0.00) 

− 0.001 
(0.00) 

0.0003 
(0.00) 

GDP growth rate (%) − 0.01 
(0.01) 

− 0.01 
(0.01) 

− 0.01 
(0.01) 

% Urban population 0.01 
(0.00) 

0.01 
(0.00) 

0.01 
(0.00) 

Year dummies (base year 
2016 ¼ 0)    

Year 2017 dummy 0.05** 
(0.03) 

0.05** 
(0.02) 

0.05** 
(0.03) 

Year 2018 dummy 0.06** 
(0.03) 

0.06** 
(0.03) 

0.07** 
(0.03) 

Year 2019 dummy 0.04 
(0.03) 

0.04* 
(0.02) 

0.05* 
(0.03) 

Constant 7.40*** 
(1.17) 

9.22*** 
(1.10) 

6.22*** 
(1.09) 

Dependent variable ln of producers’ price (US$/ton) 
ln(Domestic production of 

wheat, tons) 
− 0.02*** 
(0.00) 

− 0.02*** 
(0.00) 

− 0.02*** 
(0.00) 

Export + import of wheat 
(MMT) 

− 0.01*** 
(0.00) 

− 0.01*** 
(0.00) 

− 0.01*** 
(0.00) 

ln(International wheat 
price ton/USD) 

0.89*** 
(0.07) 

0.89*** 
(0.07) 

0.89*** 
(0.07) 

Year dummies (base year 
2016 ¼ 0)    

Year 2017 dummy 0.02 
(0.01) 

0.02 
(0.01) 

0.02 
(0.01) 

Year 2018 dummy 0.03** 
(0.01) 

0.03** 
(0.01) 

0.03** 
(0.01) 

Year 2019 dummy 0.02 
(0.01) 

0.02 
(0.01) 

0.02 
(0.01) 

Constant 0.97** 
(0.40) 

0.95** 
(0.39) 

0.99** 
(0.40) 

lnsig_1 − 0.37*** 
(0.08) 

− 0.37*** 
(0.07) 

− 0.35*** 
(0.07) 

lnsig_2 − 1.20*** 
(0.10) 

− 1.20*** 
(0.10) 

− 1.20*** 
(0.10) 

atanhrho_12 0.29** 
(0.14) 

0.27** 
(0.14) 

0.31** 
(0.14) 

No. of observations 652 652 652 
Wald chi2(15) 1350.2 1370.9 1428.8 
Prob > chi2 0.00 0.00 0.00 
Log pseudolikelihood − 802.9 − 800.7 − 811.4 

Values in parentheses are clustered standard errors. ***, **, and * indicate 
significance at the 1%, 5%, and 10% levels. 
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is normal (Table 5). Importantly, following the law of demand, findings 
are consistent with the following: a 1% increase in producers’ wheat 
price reduces wheat consumption by 0.59%, calorie intake by 0.54%, 
protein intake by 0.64%, and vice versa (Table 5). The positive and 
weakly significant year dummies indicate that over time, in general, 
wheat consumption and dietary nutrition intake from wheat have been 
increasing in the sampled countries (Table 5). 

The estimated functions reported in Table 5 are based on pooled 
data. One might argue that the results are just spurious regression. In 
Table2A in Annexure A, the model is estimated using only 2018 data. 
The estimated coefficients reported in Table 2A are the same as those 
reported in Table 5, indicating the robustness of our findings. In addi-
tion, the significant orthogonality test coefficients in Table 5 indicate the 
suitability of the application of the conditional mixed process estimation 
with the multilevel random effects estimation process. 

4. Discussion 

This study demonstrates econometrically how changes in producers’ 
prices can affect the consumption of wheat, where the producers’ wheat 
price is a direct function of domestic wheat production, the international 
wheat price, and trade (exports + imports). Findings demonstrate that a 
1% increase in the international wheat trade can reduce domestic wheat 
prices by 1.1%, larger than some earlier studies and with severe con-
sequences for food security in some countries (Table 5). In 2020, the 
total wheat export around the globe was 192.6 MMT, worth US$ 
44796.3 million. In the same year, total wheat exports by Russia and 
Ukraine were 53.3 MMT, which was 28.7% of the total wheat export, 
worth US$ 11512.5 million (United Nations, 2022b). 

Due to the armed conflict that started in March 2022 between Russia 
and Ukraine, Ukraine banned exports of oats, wheat, and other food 
items to prevent an internal food crisis (The Associated Press, 2022). In 
2020, Ukraine exported 18.1 MMT of wheat, which was 9.4% of the 
global exports and worth US$ 3594.2 million (United Nations, 2022b). 
Let us assume that 50% of Russian and Ukrainian wheat − 14.4% of the 
total world exports — will not be available in the international market 
due to the current armed conflict. Based on our estimated elasticities, in 
such a case other thing remaining the same, the global average pro-
ducers’ price of wheat will increase by 15% (1.04648 × 0.1436). 
Keeping other things constant, this increase in the producers’ price of 
wheat will force consumers to reduce the yearly per capita wheat con-
sumption (kg) by 8.9% (0.15 × 0.59), the daily per capita calorie intake 
from wheat by 8.1% (0.15 × 0.54), and the daily per capita protein 
intake from wheat by 9.6% (0.15 × 0.64). This finding is similar to the 
findings of Araujo-Enciso et al. (2017), which estimated that a reduction 
in Russian wheat exports by 15%, Kazakh wheat exports by 30%, and 
Ukrainian wheat exports by 38% below the projected baseline level, 
could lead to a reduction of wheat in the world market by 3%, and that 
consequently the wheat price in the international market would increase 
by 7%. 

Since 1990, the absolute number of hungry and poor people in the 
world has started to increase globally (United Nations, 2022a; von 
Grebmer et al., 2021). In 2020, around 720–811 million people went to 
bed with a hungry stomach, which was higher by 118–161 million 
people compared to the previous year (FAO et al., 2020). While climate 
shocks, outbreaks of crop diseases and pests, and economic shocks are all 
global drivers of food insecurity, war and conflicts are the main drivers 
of food insecurity and hunger in the world (FAO et al., 2020). According 
to von Grebmer et al. (2021) in 2020, 155 million people globally were 
acutely food insecure, with 99.1 million of those living in 23 countries 
where war and conflicts were the main reason for food insecurity. 
Furthermore, the COVID-19 pandemic has intensified the food insecu-
rity situation in many countries of the world. Considering the issues, von 
Grebmer et al. (2021) predicted that at least 47 countries are off course 
in achieving the United Nations, 2022a zero hunger goal (von Grebmer 
et al., 2021). 

Despite tremendous progress in crop yields and production, prices 
have been continuously increasing in the world since 2004, mainly due 
to the increase in demand stemming from growth in population and 
incomes (FAO et al., 2020). The Russia and Ukraine armed conflict has 
contributed to escalating food prices to an unprecedented level. There is 
a consensus that the current crisis can increase food prices, which in turn 
reduces affordability and real incomes, with severe consequences for 
food security, particularly in developing countries. 

A search in the United Nations online database on commodity 
trading (Comtrade) revealed that in 2020, at least 89 countries imported 
wheat from Russia, and at least 63 countries imported wheat from 
Ukraine (United Nations, 2022b). Our study shows that in the sampled 
countries where the current hunger status is severe to extremely 
alarming, wheat supplies 14% of the daily dietary energy and protein 
intake per person. These countries secure at least 33% of their imported 
wheat from Russia and Ukraine, and any potential disruption of this 
wheat supply could seriously undermine the overall food security situ-
ation of these countries, where the food security situation is already 
precarious. The findings of this study confirm quantitatively that a 50% 
reduction in wheat exports from Russia and Ukraine could increase the 
average domestic price of wheat (producers’ price) by 15%, and that this 
price increase could reduce per capita wheat consumption, thus 
reducing daily calorie and protein intake per capita by at least 8%. The 
findings of this study is similar to the findings of Araujo-Enciso et al. 
(2017), which asserted that a reduction in Russian wheat exports by 
15%, Kazakh exports by 30% and Ukrainian wheat export by 38% below 
the projected baseline level, can lead to a reduction of wheat in the 
world market by 3% and it will result in an increase of wheat price by 7% 
in the world market. 

High reliance on imports for any commodity to meet food demand 
cannot not be a sustainable solution, as major commodity exporting 
countries may stop exporting in the face of any crisis, prioritizing their 
own requirement in a critical time. For example, during commodity 
price hikes in 2007–08, India banned rice exports (Government of India, 
2007), and in 2019, India banned onion exports (Gettleman et al., 2019). 
Finally, India, the second largest wheat producing county in the world, 
following a harvest reduced by excess heat, also banned wheat export on 
May 13, 2022 (Menon, 2022). 

A related issue highlighted here is that of fertilizer price shocks. Both 
Russia and Ukraine are major producers and exporters of potassium, 
phosphorus and urea (46% nitrogen) fertilizers (FAO, 2022; Glauber and 
Laborde, 2022a; World Bank Group, 2022). Because of the ongoing 
armed conflict and rising crude oil price, in the first quarter of 2022, 
urea fertilizer price has increased by nearly 76% compared to 2021 
price, and it is projected to be 55% higher in the first quarter of 2023 
than 2021. Urea is the chief nitrogen source relied upon for high yields 
and is essential to producing high-protein wheat in particular which is 
important for bread production. There are crop production conse-
quences of the confluence of price spikes in fertilizer and grain, but more 
importantly, these have long-term sustainability consequences. Both 
short and long-term strategies are needed that encompass fertilizer and 
other input costs, address yield gaps and consider the entire value chain, 
so as to ensure wheat production is sufficient at both a country, local 
scale, and a global scale. 

5. Conclusion and policy implications 

Currently, 864 million persons- 8.9% of the world population, suffer 
from hunger (FAO et al., 2020) and at least 77 million are severely food 
insecure due to war and conflicts (von Grebmer et al., 2021). For the first 
time since 1990, the number of absolutely poor people in the world has 
started to increase and COVID-19 induced economic turmoil has exac-
erbated the situation. At least 47 countries are expected to fall short of 
the United Nations, 2022a zero hunger goal (von Grebmer et al., 2021). 

The findings of this study warn the consequences of the ongoing 
armed conflict between Russia and Ukraine including reduced yearly per 
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capita wheat consumption and calorie and protein intakes from wheat. 
This will worsen the already precarious food and nutritional security of 
the countries where food security situation is already extremely alarm-
ing. Rising wheat prices, particularly in countries that rely on imported 
wheat, can lead to violence and social unrest, as occurred during 
2007–11 (Clapp and Cohen, 2009; Kliger, 2008; Kron, 2011; Sneyd 
et al., 2013; Zerbe, 2009). 

Based on the findings, first and foremost we urge international donor 
agencies to mobilize resources to ensure alternative sources of afford-
able wheat for import-dependent, resource-poor countries. To avoid 
crisis in the future, steady public funding is needed for basic and 
adaptive research to improve agronomic management and genetic gains 
for wheat production. This is essential given the crop’s central role in 
staple foods for the 9.7 billion, highly-urbanized world population ex-
pected by 2050 (World Bank, 2021). 

To avoid a potential disaster, this study suggests enhancing domestic 
wheat production as well as substituting alternate crops for wheat to the 
extent feasible, particularly in Asia and Africa to lessen the reliance of 
these on imports. Also, to increase exportable surplus, wheat production 
in India, China, United States, Argentina, and other major wheat pro-
ducing countries should be enhanced immediately. 

In the long run, expansion of improved agronomic practices and 
seeds in Asia and Africa can contribute substantially to avoid potential 
crisis and achieving towards self-sufficiency in wheat. The average 
wheat yield in Africa in TE2020 was 2.73/ton, and in Asia it was 3.40 
ton/ha, whereas the global average yield was 3.78 ton/ha. In particular, 
the large wheat yield gap in Africa points to a great opportunity to in-
crease wheat production in the continent(Silva et al., 2021) Closing the 
yield gap by research and investment can be instrumental in achieving 
towards self-sufficiency in wheat and overall food security in Africa 
(Baudron et al., 2019; Bentley et al., 2022). 

Exploring the possibility of land expansion for wheat, in the long run, 
could be another option to avoid a disaster. While in South Asia the 
possibility of expanding the cropland is very limited, in East Asia around 
100 million ha of cropland is potentially available (Bruinsma, 2009). 
Deininger et al. (2011), and Fischer and Shah (2010) also indicated that 
a total of 295 million ha of land could be made available to use as 
cropland, conditional on a negligible investment in infrastructure. A 
study commissioned by the International Maize and Wheat Improve-
ment Center (CIMMYT), Mexico indicated that vast areas of land in 
Nigeria, Tanzania, DR Congo, Angola, Kenya, and Madagascar, had high 
potential for wheat cultivation. Policies that facilitate access to 
improved agronomy, along with modern, high-yielding varieties, could 
significantly improve wheat production in these areas. Converting land 
to cropland entails environmental costs (IPCC et al., 2019; WBGU, 
2020). Keeping this in mind, a careful expansion of the wheat areas in 
East Asia and Africa could significantly improve the wheat supply and 
could be achieved through doubling cropping and intercropping in some 
areas to minimize pressure on land (Bentley et al., 2022). In addition, it 
is imperative to expand social protection programs, and support policies 
for income growth particularly for the poor in the countries where food 
security situation is precarious. International donor agencies can play a 
significant role by supporting wheat research and development through 

ensuring a continuous and steady supply of research funds. Further-
more, one policy that could be considered is strengthening global trade 
rules to prohibit countries from banning exports of staple foods at the 
time of crisis, unless absolutely necessary (e.g., Glauber and Laborde, 
2022b; Smaller, 2022). 

While this study provides a firsthand potential impact of the ongoing 
armed conflict between Russia and Ukraine on wheat consumption, 
there are several limitations of the study. Crude oil price, fertilizer price, 
and global production determine international wheat price, and inter-
national wheat price transmits into domestic market and affects pro-
ducers’ price. Producers’ price affects retail price which affects 
consumption. For simplicity, this study modeled potential impacts 
considering two step procedures, based on a cross-section panel dataset. 
Assumptions included no change in other variables, such as interna-
tional price, consumption pattern and GPD per capita. In reality, any 
change of these variables can affect wheat consumption and calorie 
intake from wheat differently. To understand the complete impacts of 
the ongoing armed conflict between Russia and Ukraine more deeply, it 
is imperative to conduct country level case studies. In particular, many 
Middle-Eastern and African countries, where wheat is the major staple, 
heavily rely on imported wheat to meet their demand. In this study, we 
have grouped sampled countries based on their food security situation. 
However, grouping of countries based on their geographic location may 
provide additional and different perspectives on the potential impacts of 
the current Russia-Ukraine armed conflict on the global food security. 
Future research may examine potential impacts by grouping countries 
based on geographic locations. Finally, in addition to wheat, Russia and 
Ukraine are also the major exporters of sunflower seeds, barley, maize, 
and chemical fertilizers. Future research should consider export, import 
and consumption/utilization of these commodities in quantifying the 
impacts of the ongoing armed conflict between Russia and Ukraine. 
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Annexure- A  

Table 1A 
Sampled countries grouped based on the food security status and share of wheat (%) in daily total energy intake (kcal) per capita.  

Countries by food security situation and wheat share in daily total dietary energy per person (%) 

Serious, alarming, extremely alarming Wheat share (%) Moderately food insecure Wheat share (%) Food secure Wheat share (%) 

Afghanistan 61.0 Bangladesh 6.1 Albania 29.9 
Angola 9.9 Bolivia 18.3 Algeria 40.1 
Benin 4.3 Cabo Verde 12.7 Antigua and Barbuda 24 

(continued on next page) 
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Table 1A (continued ) 

Countries by food security situation and wheat share in daily total dietary energy per person (%) 

Serious, alarming, extremely alarming Wheat share (%) Moderately food insecure Wheat share (%) Food secure Wheat share (%) 

Botswana 15.9 Cambodia 1 Argentina 27.7 
Burkina Faso 3.6 Cameroon 7.8 Armenia 25.7 
Burundi 3.5 Ecuador 13.4 Australia 17.9 
Cote d’Ivoire 6.3 Egypt 35.3 Austria 19 
Chad 1.1 Eswatini 12.7 Azerbaijan 49.9 
Congo 17.3 Gabon 16.7 Barbados 21.3 
The Democratic Republic of the Congo 1.9 The Gambia 14.8 Belarus 18.4 
Djibouti 35.4 Ghana 4 Belgium 18.3 
Ethiopia 13.4 Guatemala 11.3 Belize 17.7 
Guinea 5.3 Guyana 13 Bosnia and Herzegovina 21.4 
Haiti 11.2 Honduras 10 Brazil 11.6 
India 20.0 Lao People’s Democratic Republic 0.7 Bulgaria 26.2 
Indonesia 7.8 Malaysia 11.4 Canada 16.7 
Iraq 45.9 Mauritius 27.8 Chile 29.5 
Kenya 12.9 Myanmar 3.4 China, Hong Kong SAR 13.6 
Lesotho 8.1 Nepal 14 China, Macao SAR 14.8 
Liberia 4.4 Nicaragua 8.4 China, mainland 17.3 
Madagascar 5.9 Oman 19.8 Colombia 7.9 
Malawi 1.9 Philippines 8.6 Costa Rica 10.8 
Mali 5.0 Senegal 12.6 Croatia 23.3 
Mauritania 32.5 Solomon Islands 8.9 Cuba 12.1 
Mozambique 7.6 South Africa 16.6 Cyprus 31.6 
Namibia 16.9 Sri Lanka 12 Denmark 17.3 
Niger 1.2 Suriname 17.6 Dominican Republic 6.9 
Nigeria 7.6 Tajikistan 43.6 El Salvador 13.3 
Pakistan 35.2 Thailand 4.5 Estonia 15 
Papua New Guinea 13.4 Viet Nam 3.8 Fiji 21.4 
Rwanda 3.4 Group average 13.0 Finland 20.5 
Sierra Leone 4.3   France 25.4 
Sudan 20.7   Georgia 36.2 
The Syrian Arab Republic 39.6   Germany 19.4 
Togo 5.4   Greece 23.8 
Uganda 2.7   Grenada 18.4 
United Republic of Tanzania 5.5   Hungary 25.6 
Yemen 45.8   Iceland 19.1 
Zambia 2.8   Iran (the Islamic Republic of) 42.1 
Group average 14.0   Ireland 23.5     

Israel 23.1     
Italy 29.3     
Jamaica 21.5     
Japan 14.3     
Jordan 30.8     
Kazakhstan 25.3     
Kuwait 25.2     
Kyrgyzstan 37.2     
Latvia 15.8     
Lebanon 35.9     
Libya 33.7     
Lithuania 26.7     
Luxembourg 25.5     
Maldives 20.4     
Malta 28     
Mexico 7.6     
Mongolia 25.9     
Montenegro 28     
Morocco 40.7     
Netherlands 17.8     
New Caledonia 27.5     
New Zealand 21.5     
North Macedonia 23.3     
Norway 26.2     
Panama 10.1     
Paraguay 9.3     
Peru 12.5     
Poland 24.7     
Portugal 19.9     
Republic of Korea 11.8     
Republic of Moldova 29.4     
Romania 27     
Russian Federation 32.7     
Saint Lucia 27.5     
Saint Vincent and the Grenadines 20     
Saudi Arabia 26.3     
Serbia 29.4 

(continued on next page) 
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Table 1A (continued ) 

Countries by food security situation and wheat share in daily total dietary energy per person (%) 

Serious, alarming, extremely alarming Wheat share (%) Moderately food insecure Wheat share (%) Food secure Wheat share (%)     

Seychelles 22.8     
Slovakia 26     
Slovenia 27.1     
Spain 20.2     
Sweden 20.9     
Switzerland 20.6     
Trinidad and Tobago 25.6     
Tunisia 45.3     
Turkey 34.1     
Turkmenistan 51.5     
Ukraine 27.9     
United Arab Emirates 26.1     
Kingdom of Great Britain and N 25.5     
United States of America 15.7     
Uruguay 25.3     
Uzbekistan 41.9     
Group average 23.9   

Table 2A 
Estimated functions applying the Conditional (recursive) mixed process estimator with multilevel random effects and coefficients explaining the consumption of wheat 
(yearly/capita/kg), calorie intake from wheat (daily/capita/kcal), and protein intake from wheat (daily/capita/grams). Only 2018 data.   

ln(Wheat consumption (yearly/ 
capita/kg)) 

ln(Calorie intake (daily/ 
capita/kcal)) 

ln(Protein intake (daily/ 
capita/grams)) 

Food security status dummies (base country: hunger situation is 
normal ¼ 0)    

Dummy for the country where hunger situation is serious/alarming/ 
extremely alarming (yes = 1) 

− 0.98*** 
(0.20) 

− 0.97*** 
(0.20) 

− 0.93*** 
(0.20) 

Dummy for the country where hunger situation is moderate (yes = 1) − 0.74*** 
(0.15) 

− 0.72*** 
(0.15) 

− 0.73*** 
(0.15) 

ln(producers’ price, US$/ton) − 0.74*** 
(0.23) 

− 0.69*** 
(0.21) 

− 0.79*** 
(0.21) 

GDP per capita (000, US$) − 0.00074 
(0.00) 

− 0.00028 
(0.00) 

0.00078 
(0.00) 

GDP growth rate (%) − 0.023 
(0.02) 

− 0.024 
(0.02) 

− 0.023 
(0.02) 

% Urban population 0.0051 
(0.00) 

0.0049 
(0.00) 

0.0046 
(0.00) 

Constant 8.40*** 
(1.37) 

10.2*** 
(1.27) 

7.23*** 
(1.25) 

Dependent variable ln(producers’ price of wheat) 
ln(Domestic production of wheat, tons) − 0.018*** 

(0.00) 
− 0.017*** 
(0.00) 

− 0.018*** 
(0.00) 

Export + import of wheat (MMT) − 0.011*** 
(0.00) 

− 0.011*** 
(0.00) 

− 0.010*** 
(0.00) 

ln(International wheat price ton/USD) 0.87*** 
(0.08) 

0.87*** 
(0.08) 

0.86*** 
(0.08) 

Constant 1.13** 
(0.46) 

1.12** 
(0.45) 

1.14** 
(0.46) 

lnsig_1 − 0.39*** 
(0.08) 

− 0.40*** 
(0.07) 

− 0.38*** 
(0.07) 

lnsig_2 − 1.30*** 
(0.11) 

− 1.30*** 
(0.11) 

− 1.30*** 
(0.11) 

atanhrho_12 0.25 
(0.16) 

0.24 
(0.16) 

0.27* 
(0.16) 

No. of observations 163 163 163 
Wald chi2(15) 870.5 868.3  
Prob > chi2 0.00 0.00 0.00 
Log pseudolikelihood − 181.5 − 180.8  

Values in parentheses are clustered standard errors. ***, **, and * indicate significance at the 1%, 5%, and 10% levels. 
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