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Introduction The problem

The Problem

Despite rising production, food prices are higher and increasingly volatile…
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Introduction The problem

Undernourished people in the world

…causing more (?) people to suffer hunger…

comparisons are complicated by the fact that many of the plots

instead of a sharp rise and fall in 2008-10, tracking the world

Source: The Economist, Oct 10th 2012, based on FAO’s SOFI reports.
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Introduction The problem

Food riots

…and in turn leading to increasing violence.
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2004 2006 2008 2010 2012

Tunisia (300+)

Libya (10000+)

Egypt (800+)

Mozambique (6)

Cameroon (40)
Yemen (12)

Haiti (5), Egypt (3),
Cote d'Ivoire (1) Somalia (5)

Somalia (5)

India (4)

Mauritania (2)

Sudan (3) Tunisia (1)

India (1),
Sudan (1)

Mozambique (13)

Algeria (4), Saudi Arabia (1)
Mauritania (1), Sudan (1), Yemen (300+)

Oman (2), Morocco (5)
Iraq (29), Bahrain (31)

Syria (900+)

Uganda (5)

Burundi (1)

Source: Lagi, Bertrand, and Bar-Yam 2011
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Introduction Food reserves

Food reserve as a solution?

If a poor grain-importing country decides to operate a grain reserve to stabilize

prices…

what is the ultimate target: welfare vs. hunger

what is the optimal size of the reserve?

is it better to use a financial asset?

how is the country’s hunger rate affected by its

operations?
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Introduction Food reserves

Motivation: Is grain storage a good idea?

The logic behind grain storage is simple:

Seven years of abundance followed by seven years of famine…

What if country never has years of abundance?

Opportunity cost of storing grain is very high!

the increase on national hunger induced by an international crisis;

to what extent a reserve alleviates this increase, and at what cost.
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The model Main equations

Key features of the model

Nested utility: two goods, two food

ingredients

Constant demand elasticities

Substitution between ingredients

Intertemporal, two grain prices

Heterogeneous households: log-logistic

income distribution

Log-logistic food consumption

Utility U(fi , ni)

food fi

grain xg vegetable xv

else ni
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The model Main equations

Hunger changes in response to food prices

Γ(P) =

[
1 +

(
cPα(Gπ)η

ζY η sinη(Gπ)

)1/Gη
]−1
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A = hungry even when food is cheap
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The model Main equations

Government problem: objectives and tools

Government runs a grain stockpile to deal with price fluctuations.

Two alternative objectives: welfare vs. hunger

One policy tool: tariff on grain imports

Two state variables: initial stock and grain price

V

(
s, p∗g

)
= max

τ

{
r(τ, p∗g ) + δ EV

(
s′, p∗g

′
)}

subject to s′ = (1− φ)
[
s + 1

p∗g
Υ
(
τ , p∗g

)]
≥ 0

πij = Pr

(
p∗g

′ = pj | p∗g = pi

)
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The model Main equations

Reward function r(τ, P), by objective

Objective, V Reward function, r(τ, p∗g )

Hunger, Γ 1
1−ρ

[
1− Γ(τ, p∗g )

]1−ρ

Utility, S(vi) 1
1−ρ S

[
v(τ, p∗g )

]1−ρ

Romero-Aguilar, Miranda Food Security for Whom? 2014 AAEA Meeting 9 / 22



The model Solution and parameterization

Solving the model: The food crisis in Haiti

Calibration of parameters: Haiti

Γ2011 = 44.5%

Imports ≈ 70% of cereals consumed

p∗g increased 85% during crisis

Food Crisis in Haiti:

Dec2007-Mar2008: rice price doubles

Early April 2008: violent protests in

Port-au-Prince

April 12: Prime Minister Jacques

Adouard Alexis ousted

Residents protest on the streets in Port-au-Prince. Photograph:

Eduardo Munoz/Reuters

Romero-Aguilar, Miranda Food Security for Whom? 2014 AAEA Meeting 10 / 22



The model Solution and parameterization

Solving the model: The food crisis in Haiti

Calibration of parameters: Haiti

Γ2011 = 44.5%

Imports ≈ 70% of cereals consumed

p∗g increased 85% during crisis

Food Crisis in Haiti:

Dec2007-Mar2008: rice price doubles

Early April 2008: violent protests in

Port-au-Prince

April 12: Prime Minister Jacques

Adouard Alexis ousted
Residents protest on the streets in Port-au-Prince. Photograph:

Eduardo Munoz/Reuters

Romero-Aguilar, Miranda Food Security for Whom? 2014 AAEA Meeting 10 / 22



The model Solution and parameterization

Food reserve in Haiti

Jul2013: gov’t begins construction of reserve, 35.000 tonnes

“The construction of this strategic reserve reflects the desire of my

Government to promote national agricultural production, stabilize the

market price of commodities and combat food insecurity. Indeed, the fight

against hunger and extreme poverty constitutes the main pillars of

government action.”

Prime Minister, Laurent Lamothe
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The model Solution and parameterization

Solving the model: Numerical methods

Numerical solution:

Collocation method (dpsolve solver in CompEcon)

Chebyshev polynomials with 12 nodes for continuous state st
One discrete variable, price, with values 1.0 and 1.85

Once solved, run Monte Carlo simulations to assess performance of the

policy
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The model Solution and parameterization

Baseline parameters

Parameter Value Description

α 0.788 price elasticity food demand

η 0.814 income elasticity food demand

σ 0.500 elasticity of substitution

θ 0.333 share of grain in food budget

c 30.258 hunger threshold

ζ 1.208 food demand scale

Y 114.925 income per capita

G 0.590 Gini coefficient

pL 1.000 price of grain when low

pH 1.850 price of grain when high

pv 1.000 price of vegetable

γ 0.200 proportion of years in crisis

ψ 3.000 expected duration of food crisis

δ 0.970 government discount factor

ρ 2.500 government relative risk aversion

φ 0.025 marginal cost of storage

r 0.010 interest rate
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Results Without policy

The effects of crisis, without policy

Variable pL pH ∆%

Price of grain 1.0 1.85 85.0

Price of food 1.0 1.25 25.5

Food consumption 50.8 42.5 -16.4

Grain consumption 16.9 11.7 -31.1

Vegetable consumption 33.9 31.8 - 6.3

Hunger rate (%) 44.5 53.8 20.8
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Results Optimal policy

Storage policy
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Results Optimal policy

Effects of storage policy on hunger
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Results Long-term simulations

Long-term distribution of grain reserve

In half of the crisis, the reserve would be empty!
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Results Long-term simulations

Long-term distribution of hunger

The reserve would fail at preventing extreme hunger.
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Results Alternatives to a food reserve

Cash vs. grain reserve?

In this scenario, a grain reserve outperforms a cash reserve, but difference is small.
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Results Alternatives to a food reserve

Food storage vs. fighting poverty

Resources used for grain reserve might be better spent at promoting growth.
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Results Alternatives to a food reserve

Price stabilization vs. safety net?

Income redistribution, targeting the poor, may have a better outcome.
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Conclusions

Conclusions

The optimal grain storage policy…

would not fully stabilize food prices.

would not prevent extreme hunger, yet it would reduce its frequency.

is very sensitive to key parameters (price process, storage costs)

might be outperformed by policies that attack poverty directly.

in many cases, no better than accumulating financial assets.

is more “active” when objective is avoiding extreme hunger.
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Appendix

Possible causes of high food prices

Affecting supply:

1 rising oil prices;

2 declining stocks and reserves;

3 regional catastrophic weather;

4 export restrictions;

5 decline in productivity and R&D in

agriculture.

Affecting demand:

1 strong income growth in China

and India;

2 biofuel production in the USA and

Europe;

3 preventive imports surges;

4 speculation in financial markets.
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Appendix

Empirical relevance of the model
Food adequacy xit and undernourishment Γit in ECOWAS and ASEAN

log
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= d∗i − bf log xit + εit
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FAO’s hunger
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Appendix

Alternative scenarios

1 Baseline

2 Increased risk aversion, from ρ = 2.5 to ρ = 3.0

3 Crisis expected to last ψ = 4 quarters, instead of ψ = 3

4 Double the cost of storage, φ = 0.05

5 Less severe crisis: p∗g = 1.6 instead of 1.85
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Appendix

Summary statistics for other scenarios

Scenario 1: Scenario 2: Scenario 3: Scenario 4: Scenario 5:

(baseline) ρ = 3.0 ψ = 4 φ = 0.05 PH = 1.60

Variable Stat. pL pH pL pH pL pH pL pH pL pH

Tax rate,

%

min

mean

max

1.02 -30.45 1.22 -31.94 0.72 -23.90 0.89 -20.72 0.39 -17.23

3.34 -11.70 3.79 -12.99 2.02 -7.05 2.01 -6.17 1.39 -5.03

10.83 -0.00 11.91 -0.00 7.35 -0.00 6.70 -0.00 5.07 -0.00

Initial

stock

min

mean

max

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3.86 1.67 4.46 2.01 2.88 0.94 1.73 0.63 1.51 0.55

5.14 5.14 6.14 6.14 3.65 3.65 2.18 2.18 1.95 1.95

End stock

min

mean

max

1.29 0.00 1.41 0.00 0.89 0.00 0.80 0.00 0.62 0.00

4.17 0.41 4.81 0.60 3.06 0.21 1.89 0.01 1.64 0.01

5.14 1.70 6.14 2.46 3.65 1.10 2.18 0.04 1.95 0.05

Food

price

min

mean

max

1.00 1.09 1.00 1.08 1.00 1.13 1.00 1.15 1.00 1.10

1.01 1.19 1.01 1.19 1.01 1.22 1.01 1.22 1.00 1.16

1.04 1.25 1.04 1.25 1.02 1.25 1.02 1.25 1.02 1.18

Hunger

rate, %

min

mean

max

44.64 48.07 44.66 47.75 44.60 49.43 44.62 50.06 44.55 48.50

44.94 51.64 45.00 51.39 44.77 52.51 44.77 52.67 44.69 50.57

45.92 53.77 46.05 53.77 45.47 53.77 45.39 53.77 45.17 51.42
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Appendix

The effects of export restrictions on rice prices

Jan: Egypt restrict exports, and 
China adds 10% tax on exports 
& rescinds VAT rebate 

Jan-Feb: Drought in Iran order 
0.8 million mt of Thai rice  

Jan-Apr: Philippines buys 
normal annual quota injust  
4 months, including govt-
to-govt deal with Vietnam 

Mar: India, Vietnam, China & 
Cambodia impose tighter export 
restrictions & new Thai govt 
discusses possibility of ban 

Apr: Nigeria scraps 100% tariffs & 
imports 0.5 million mt Thai rice  

Sep-Oct 2007, Vietnam and India 
place partial restrictions on exports

Sep: India lifts export 
ban on some higher 
quality varieties 

Q1: Saudi Arabia subsidizes rice 
imports; Saudi imports from Thailand 
rise by nearly 90% after India’s ban

Strong demand from energy
exporters keeps rice prices 
25-30% above 2007 levels 

Jun: Cambodia 
removes ban 

Jun: Egypt announces re-
export of rice from Sep. 

Jun: Record harvests, Japan allowed to re-export rice 

stocks, dollar strengthens, oil & other crop prices fall 

Source: Headey (2011)
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