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Annex 1.SF.1.  

Food Insecurity and the Business Cycle  

This appendix presents the econometric analysis behind 1) Figure 1.SF.3 (prevalence of 

undernourished); 2) the results about the effect of income shocks on the diet; and 3) Figure 

1.SF.5 (transmission channels).  

Main Econometric Specification. The share of households that falls below some 

hypothetical national food security line depends on average income, on distributional aspects 

related to the shape of income distribution (inequality), and on the general level of food prices. 

More formally,  

∆𝑦𝑖𝑡 = 𝛽0 + 𝜃𝑙𝑛𝑦0 + 𝛽1∆𝑋𝑖𝑡 + 𝛽2𝑊𝑖𝑡 + 𝛽3𝑊𝑖𝑡∆𝑋𝑖𝑡 + 𝛾𝑖 + 𝑒𝑖𝑡                (1) 

where 𝑦𝑖𝑡 measures food insecurity for country 𝑖  at time 𝑡 , proxied by two variables, namely, 

the (log) prevalence of undernourished and diet composition. The right-hand side includes 

country-specific unobserved changes, 𝛾𝑖 , while the matrix 𝑋𝑖𝑡 includes (log) GDP per capita, 

food CPI, and a redistribution measure proxied by per capita social protection expenditure. The 

initial (log) level of undernourishment has been introduced to investigate convergence among 

countries towards some “common level” of food insecurity. The Hausman test does not reject 

random effects, which are preferred being more efficient and necessary to identify the 

convergence coefficient. To investigate 

transmission channels, regressors are interacted 

with selected structural characteristics of the 

economy such as GDP per capita, the income 

share held by the bottom 20 percent, the level of 

social protection expenditure, and food import 

dependency ratio. Finally, to warn off concerns of 

endogeneity bias from contemporaneous reverse 

causality for ∆𝑋𝑖𝑡, we adopt an instrumental 

variables approach, whereby the instruments are 

given by lagged values of the right-hand side 

variables (Reed, 2015).  The set of instruments for 

𝑊𝑖𝑡 is sourced from the literature and includes the 

contemporaneous age dependency ratio in the 

population, the rainfall deviations from their long-

term average and seasonal temperature levels.  

Prevalence of Undernourished. Results are 

presented in Annex Table 1.SF.1.1. A 1 percentage point increase in economic growth leads to 

an approximately 1 percent reduction in the share of undernourished (Annex Table 1.SF.1.1). 

(1) (2) (3) (4)

y0 -0.013*** -0.008**

(0.002) (0.003)

∆ln GDP pc -0.263*** -0.283*** -1.120* -0.932***

(0.094) (0.093) (0.582) (0.340)

∆ Food inflation 0.031 0.030 0.171* 0.151**

(0.023) (0.023) (0.096) (0.073)

∆ln Social transfers -0.009** -0.010** -0.023 -0.028**

(0.004) (0.004) (0.016) (0.014)

_cons -0.010*** -0.043*** -0.013

(0.002) (0.007) (0.016)

N 2232 2232 1935 1937

Estimation FE RE FE-IV RE-IV

Instruments L.X, L2.X L.X, L2.X,

y0

Instrumented All ΔX All ΔX

Sources: UN' FAO, IMF data and IMF staff calculations.

Note: The standard deviation in the estimation sample of the 

covariates are 0.939, 0.037, 0.057 and 0.298, respectively. 
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The elasticity of undernourishment to inflation is 

close to 0.2 percent. In the absence of 

instruments, magnitudes decline.  

Diet Composition. Economic growth is the 

only driver of changes in the share of energy 

derived from non-meat items. For a 1 percentage 

point increase in economic growth, the share of 

energy from cereals, roots and tubers decreases 

by 0.06 percent (Annex Table 1.SF.1.2). For every 

1 percentage point increase in growth, average 

total protein intake increases by 0.55 percent, 

while an increase in food inflation of 1 percentage 

point reduces protein consumption by 0.1 

percent.1  

Transmission Channels. Economic growth is 

interacted with the four variables in 𝑊𝑖𝑡 and similarly for 

food inflation and social transfer changes (Annex Table 

1.SF.1.3). The coefficient on growth ranges from -1.1 

towards zero as countries grow richer. Growth is more 

effective in reducing hunger in countries with more 

inclusive economic systems in which the bottom 20 percent 

of society holds larger shares of national income. Further, 

growth is complementary with social protection in reducing 

hunger, since while social protection spending reaches 

considerable levels in the economy, growth becomes 

irrelevant in reducing undernourishment.  

Domestic Food Price Inflation: Econometric Analysis. 

To explain variation in domestic food price inflation, a 

panel dataset that covers 121 countries between 2001-2018 

is employed. The main goals of the regression analysis are 

to estimate (i) the pass-through from world food price inflation to domestic food price inflation 

and (ii) the effect of food production shocks on domestic food price inflation.  

Letting the indices i and t refer to countries and years respectively, the following specification 

is estimated, which relates domestic food price inflation, ∆𝑦𝑖𝑡, to contemporaneous and lagged 

world food price inflation, ∆𝑦𝑖,𝑡
𝑤  and ∆𝑦𝑖,𝑡−1

𝑤 , and a vector of lagged per capita food supply 

shocks (in logs) 𝑺𝒊,𝒕−𝟏:  

∆𝑦𝑖𝑡 = 𝛽0 + 𝛽1∆𝑦𝑖,𝑡
𝑤 + 𝛽2∆𝑦𝑖,𝑡−1

𝑤 + 𝜷𝟑𝑺𝒊,𝒕−𝟏 + 𝜷𝟒𝑿𝒊𝒕 + 𝑢𝑖 + 𝑦𝑒𝑎𝑟 + 𝜀𝑖𝑡        (2) 

 

1 For the cereal energy share we prefer the FE to the FE-IV estimates, since the overidentification test did not provide sufficient evidence in 
support of the null hypothesis of valid instruments, while for total protein we rely on the FE-IV estimates based on the IV diagnostic test.  

(1)

∆ln GDP pc -0.468

(1.389)

∆ Food inf lation 0.153

(0.104)

∆ln Social transfers -0.021

(0.063)

∆ln GDP pc # GDP pc 0.020

(0.040)

∆ln GDP pc # Income bottom 20% -16.14

(14.32)

∆ln GDP pc # Soc. prot. exp. 1.920

(6.608)

∆ln GDP pc # Food import dep. 0.960

(5.588)

N 1644

A n n e x T ab le  1.SF.1.3. P r e vale n ce  o f 

Un d e r n o u r is h e d . T r an s m is s io n  C h an n e ls

Sources: UN FAO, IMF data and IMF staff calculations.

Note: Column 1 show s estimates of the equation 

w ith interactions of W w ith grow th. Only relevant 

coeff icients are reported.

(1) (2) (3) (4)

Cereal

share

Total

protein

Cereal

share

Total

protein

∆ln GDP pc -0.066*** 0.102*** -0.265 0.551*

(0.015) (0.014) (0.177) (0.331)

∆ Food inflation 0.001 -0.006 0.053 -0.104*

(0.009) (0.008) (0.038) (0.059)

∆ln Social transfers 0.001 -0.001 -0.008 0.006

(0.002) (0.002) (0.011) (0.014)

_cons -0.001 0.002***

(0.001) (0.001)

N 2139 2139 1810 1810

Estimation FE FE FE-IV FE-IV

Instruments L.X, L2.X L.X, L2.X

Instrumented All ΔX All ΔX

A n n e x T ab le  1.SF.1.2. Die t (Re )co m p o s itio n  A cts  A s  

G ro w th  Sh o ck  A b s o rb e r

S ources : UN' FA O , IMF data  and IMF s ta f f  c a lcula tions .

Note : The  s tandard dev ia tion in the  es timation s ample  o f  the  

cov aria tes  a re  0.040, 0.059 and 0.300, res pec tiv e ly .
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where 𝑿𝒊𝒕 is a vector of control variables, including trend headline inflation (to control for 

monetary factors) and exchange rate appreciation (as most international food commodities are 

traded in USD), 𝑢𝑖 represents country fixed effects to control for average differences across 

countries of (unobservable) time-invariant predictors of food inflation, and 𝑦𝑒𝑎𝑟 represents a 

year trend. 2 Food supply per capita shocks are calculated at domestic, regional, and rest-of-world 

level.3 

Using the benchmark specification (Annex Table 1.SF.1.4, column 4) results indicate that the 

pass-through from world food inflation to domestic food inflation is about 26.4 percent. A 

negative 10 percent domestic food supply shock raises domestic food inflation by 0.24 p.p. At 

the 10th percentile in terms of food import dependency, however, the effect is much larger, that 

is, 0.82 p.p., whereas at the 90th percentile the effect is very close to 0. The exchange rate pass-

through equals 19 percent.  

In Annex Table 1.SF.1.5 we extend our empirical specification by also including food supply 

shocks at the regional and rest-of-world level.  Once we control for world food price inflation, 

the rest-of-world food supply shock is no longer significant4, while the domestic and regional 

shocks remain statistically significant (column 6). Based on this specification, domestic and 

regional supply shocks of 10 percent raise domestic food prices by 0.1 p.p. and 0.7 p.p. 

respectively, showing the importance of stable food supply also at the local and regional level. 

Since the bulk of international trade including food is intra-regional rather than inter-regional, 

this can explain why regional supply shocks remain a strong determinant of domestic food 

prices. 

Regional shocks tend to be smaller than domestic shocks, however, as the effects of a 

negative shock in one country of the region tend to be washed out by a positive shock in 

another. It is found that a negative supply shock of one standard deviation increases food price 

inflation by 0.3 p.p. in the case of a domestic shock, and by 0.7 p.p. in the case of a regional 

shock. Thus, regional shocks can explain more of the variation in food price inflation than 

domestic shocks, but the difference between those is smaller than the difference in magnitude 

between the regression coefficients. 

2 Food CPI and headline CPI represent a combination of data from Haver Analytics and the International Monetary Fund (where we use log-
differences and multiply by 100 to obtain the inflation variables (in % change)); exchange rates (in US$/LCU) are from the International 
Monetary Fund (and transformed into our appreciation variable using log-differences); food supply per capita is the sum of production of 4 
major staple foods (maize, rice, soybeans, wheat) (in kcal/capita/day) and is from the Food and Agriculture Organization (and for which we 
obtain the % deviation from trend production using the cyclical component from a Hodrick-Prescott decomposition); and import dependency is 
the ratio of food imports (in current USD) divided by the sum of food production, food imports minus food exports (all in current USD) and 
comes from the Food and Agriculture Organization. 
3 The regional supply shock for country i represents the average percentage deviation from trend production in all countries within the region, 
except country i. The rest-of-world shock for country i represents the average percentage deviation from trend production in all countries 
outside the country’s region. Regions are defined following the World Bank classification which distinguishes between 7 regions in the world. 
4 Indeed, a simple regression of annual world food price inflation on global GDP growth and world food supply shocks shows that negative 
world food supply shocks increase world food price inflation. 
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Anne x T able  1.S F .1.4.  S tatic S pe cification With S upply S hocks O btaine d F rom H P  F ilte r

(D ome stic food supply shocks only)

(1) (2) (3) (4)

F ood Inflation F ood Inflation F ood Inflation F ood Inflation

H eadline Inflation - trend 1.281*** 1.078*** 1.076*** 1.076***

(0.121) (0.0815) (0.0817) (0.0814)

E xchange R ate ( in U S D /LC U ) ( log difference) -0.0598* -0.168*** -0.169*** -0.170***

(0.0252) (0.0264) (0.0265) (0.0267)

L.D om es tic  F ood S upply p.c . - detrended ( log) -0.0236*** -0.0126* -0.0124* -0.0831**

-0.0069 -0.005 -0.0049 (0.0268)

F AO  F ood P rice Index ( log difference) 0.134*** 0.135*** 0.165***

(0.0132) (0.0133) (0.0425)

L.F AO  F ood P rice Index ( log difference) 0.0758*** 0.0763*** 0.0992**

-0.0076 -0.0077 (0.0300)

F ood Im port D ependency ( log)  # F AO  food price index 

( log difference)
-0.00782

-0.0095

F ood Im port D ependency ( log)  # L.F AO  food price 

index ( log difference)
-0.00615

-0.0067

F ood Im port D ependency ( log) -0.248 -0.178

(0.300) (0.301)

F ood Im port D ependency ( log)  # L.D om es tic  F ood 

S upply p.c . - detrended ( log)
0.0171**

(0.00614)

Y ear T rend -0.00646 0.0717*** 0.0800** 0.0774**

(0.0247) (0.0208) (0.0240) (0.0239)

Model fe fe fe fe

R
2 0.348 0.484 0.485 0.487

O bs ervations 1596 1596 1596 1596

# of countries 114 114 114 114

+ p<0.10; * p < 0.05; ** p < 0.01; *** p < 0.001.

S ources : F ood and Agriculture O rganiz ation; U nited S tates  D epartm ent of Agriculture; W orld B ank, C lim ate C hange K nowledge 

P ortal;  W orld B ank, W orld D evelopm ent Indicators  databas e;  and IMF  s taff calculatio ns .

Note: S tandard errors  are in parenthes es . R obus t s tandard errors  c lus tered at the country level in parenthes es . C ons tant and 

country fixed effec ts  inc luded in a ll regres s ions  but not reported. fe = country fixed effec ts ; LC U  = Local currency unit; U S D  = dollar.
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(Also includes regional and rest-of-world shocks next to domestic food supply shocks)

(1) (2) (3) (4) (5) (6) (7)

Food Inflation Food Inflation Food Inflation Food Inflation Food Inflation Food Inflation Food Inflation

Headline Inflation - trend 0.990*** 0.985*** 1.104*** 0.989*** 1.119*** 0.984*** 1.097***

(0.193) (0.192) (0.221) (0.193) (0.226) (0.193) (0.222)

Exchange Rate (in USD/LCU) (log difference) -0.186*** -0.191*** -0.102*** -0.187*** -0.0875*** -0.192*** -0.107***

(0.0252) (0.0250) (0.0248) (0.0249) (0.0258) (0.0247) (0.0252)

L.Domestic Food Supply p.c. - detrended (log) -0.0143** -0.0108* -0.0175** -0.0143** -0.0244** -0.0107* -0.0173**

-0.0054 -0.0049 -0.0061 -0.0054 -0.0074 -0.0049 -0.0061

L.Regional Food Supply p.c. - detrended (log) -0.0706*** -0.128*** -0.0729*** -0.125***

(0.0162) (0.0201) (0.0155) (0.0199)

L.RoW Food Supply p.c. - detrended (log) -0.107+ -0.170* -0.120+ -0.152*

(0.0640) (0.0674) (0.0634) (0.0683)

FAO Food Price Index (log difference) 0.137*** 0.128*** 0.132*** 0.122***

-0.0127 (0.0125) (0.0124) (0.0119)

L.FAO Food Price Index (log difference) 0.0780*** 0.0791*** 0.0828*** 0.0845***

-0.0074 -0.0074 -0.008 -0.008

Year Trend 0.0653+ 0.0601 -0.0354 0.0737+ -0.0190 0.0694+ -0.0242

(0.0383) (0.0385) (0.0458) (0.0396) (0.0466) (0.0398) (0.0461)

Model fe fe fe fe fe fe fe

R
2 0.542 0.548 0.447 0.544 0.432 0.55 0.45

Observations 1728 1728 1728 1728 1728 1728 1728

# of countries 121 121 121 121 121 121 121

Sources: Food and Agriculture Organization; United States Department of Agriculture; World Bank, Climate Change Knowledge Portal;  World Bank, World Development Indicators database;  and IMF 

staff calculations.Note: Standard errors are in parentheses. Robust standard errors clustered at the country level in parentheses. Constant and country fixed effects included in all regressions but not reported. fe = 

country fixed effects; LCU = Local currency unit; RoW = Rest-of-World; USD = dollar.

+ p<0.10; * p  < 0.05; ** p  < 0.01; *** p  < 0.001.

Annex Table 1.SF.1.5.  Static Specification With Supply Shocks Obtained From HP Filter.




