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Using the World Bank database “Distortions to agricultural incentives,” this paper analyzes the impact that

agricultural (dis)incentives have on food security for a wide sample of countries over the 1990–2010 period.

We adopt a continuous treatment approach applying generalized propensity score matching to reduce po-

tential biases stemming from differences in observed country characteristics. The results provide strong evi-

dence of self-selection and heterogeneous food security impacts at different levels of policy intensity.

Estimates of the dose-response functions show that both discrimination against agriculture and large support

for it lead to poor performance in the availability, access, and utilization dimensions of food security.
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Traditionally, the agricultural sector has been
subject to heavy-handed government inter-
ventions. In recent years many developing
countries have reduced their anti-agriculture
and anti-trade biases, and high-income coun-
tries have eliminated some of the most distortive
policies such as export subsidies. Nevertheless,
existing agricultural and trade policies still ac-
count for an estimated 70% of the global welfare
cost of all merchandise trade distortions despite

the agricultural sector accounting for only 6% of
global trade and 3% of global GDP (Anderson,
Cockburn, and Martin 2010).

The debate on the consequences of these
government interventions on food security
(FS) is receiving particular attention from
policy makers and academics ranging from
those who argue that public intervention soft-
ens hunger, to those who believe that com-
plete market liberalization is the best
approach to achieving FS. There is also a lack
of consensus on the empirical relationship be-
tween agricultural (dis)incentives and poten-
tial gains or losses in terms of FS (Food and
Agriculture Organization of The United
Nations 2015).1 The main reasons for this are
the difficulties involved in measuring the in-
tensity of government interventions and the
level of FS, the choice of an adequate method-
ology to assess the policy impact, and the mul-
tiplicity of the channels through which public
support for agriculture affects the dimensions
of FS, that is, availability, access, utilization,
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1 McCorriston et al. (2013) review the empirical evidence on
the links between agricultural trade liberalization and FS in de-
veloping countries. Thirteen of thirty-four cases predicted that
FS would improve, ten predicted a decline, while the remaining
eleven reported a mixed outcome, with FS metrics varying across
population segments, regions, and time, or with alternative FS
metrics indicating different outcomes for specific countries.
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and stability (Diaz-Bonilla and Ron 2010;
D�ıaz-Bonilla 2015; Laroche-Dupraz and
Huchet-Bourdon 2016). Agricultural policies
can have a direct effect on domestic food
availability through their impact on factor, in-
put, and product markets, which allows them
to contribute to determining the levels and
geographical and temporal distribution of pro-
duction, storage, and processing. Policies can
influence access to food by affecting pro-
ducers’ profits and consumers’ expenditure, as
well as food utilization through the promotion
of production diversification and new dietary
habits. Policies can also have an effect on the
stability of FS since income and commodity
price uncertainties make producers either
under-invest or invest in the “wrong projects”
(Bertola and Caballero 1994), and make con-
sumers deviate from a smooth consumption
path (Montalbano 2011). Finally, policy inter-
ventions can affect national budgets, contrib-
uting to (or threatening) the funding of other
domestic policies such as national investment
in health and education, which directly or indi-
rectly promote increased FS.

The large scale of the problem means that
the net effect of policies on the various FS di-
mensions cannot be determined a priori but
has to be investigated empirically and must
take into consideration the different underly-
ing factors influencing both the level of govern-
ment intervention and FS performance at the
country level. The starting point is that policy
interventions are not random; they are driven
by a series of macro-economic factors such as
the country’s level of development, agro-
climatic conditions, and natural endowments,
among other characteristics (Yu, You, and Fan
2010; Matthews 2013). Since these factors are
also associated with FS performance, there are
several possible sources of endogeneity that
could bias the empirical analysis.

In what follows, we treat self-selection bias
by relying on a generalization of the binary
propensity score matching—that is, general-
ized propensity score (GPS)—as originally
proposed by Hirano and Imbens (2004) and
Imai and van Dyk (2004). Unlike other
matching techniques, GPS allows continuous
treatment, which is particularly appropriate
in this framework since agricultural policy in-
tensity varies widely from country to country,
and over time.2 Going beyond the evidence

provided by single-country case studies, our
empirical analysis includes a sample of sixty-
four countries over the 1990–2010 time pe-
riod. To this end, we use World Bank data
from the “Distortions to agricultural incen-
tives” database (Anderson and Nelgen
2012b), which provides indicators, such as the
nominal rate of assistance, that convert dif-
ferent policy instruments into a common met-
ric for a large set of countries.

Our study contributes to the literature in
three ways. First, it represents an initial at-
tempt to perform a rigorous quantitative
analysis of the impact of national agricultural
policies on FS at the aggregate level. Second,
it provides a comprehensive analysis in terms
of both geographical coverage and time
length. Third, it confirms the presence of self-
selection bias in the causal aggregate rela-
tionship between agricultural incentives and
the four dimensions of FS.

Our results show that: (a) agricultural in-
centives matter, and have heterogeneous im-
pacts on the four dimensions of FS; (b)
primary sector taxation has a consistent nega-
tive impact on all FS dimensions, while mod-
erate support tends to have positive effects
on three (i.e., availability, access, and utiliza-
tion) of the four dimensions studied; and (c)
excessive support for the agricultural sector
could be as damaging as taxation.

These results have numerous policy impli-
cations. First, there is no one-size-fits-all solu-
tion since the impacts of agricultural policies
are differentiated across FS dimensions.
Second, the strategy pursued by several de-
veloping country governments of taxing agri-
cultural producers to make additional
resources available for (supposedly) more dy-
namic sectors turns out to have a negative im-
pact on FS. This is probably due to the costs
involved in transferring resources across sec-
tors (Anderson and Masters 2009). Third, the
positive impact of supporting agricultural
producers comes at a cost that eventually
counterbalances the initial benefits. This is
particularly relevant to those poor countries—
especially in Sub-Saharan Africa—that are

2 GPS matching has been applied to impact evaluation prob-
lems lacking experimental conditions such as the impact of labor

market programs (Kluve 2010; Kluve et al. 2012), regional trans-
fer schemes (Becker, Egger, and von Ehrlich 2012), foreign di-
rect investments (Du and Girma 2009) and European Union
(EU) preferential margins (Magrini, Montalbano, and Nenci
2017), as well as assessments of the relationship between migra-
tion and trade (Egger, von Ehrlich, and Nelson 2012), and the
impact of improved maize technologies on smallholders’ welfare
(Kassie, Jaleta, and Mattei 2014).

848 July 2017 Amer. J. Agr. Econ.

Deleted Text: ;&nbsp;Huchet&nbsp;Bourdon and Laroche&nbsp;Dupraz,&nbsp;2014b
Deleted Text: the 
Deleted Text: They 
Deleted Text: also 
Deleted Text: which 
Deleted Text: - i.e. 
Deleted Text:  - 
Deleted Text: single 
Deleted Text: 64 
Deleted Text: -
Deleted Text:  which
Deleted Text:  first
Deleted Text: <italic>i</italic>
Deleted Text: <italic>ii</italic>
Deleted Text: iii
Deleted Text: ,
Deleted Text: which
Deleted Text:  - 
Deleted Text:  - which


addressing the recent food price crises with ex-
tremely costly (over $1 billion annually in
Africa alone) and frequently ineffective policy
interventions to protect domestic producers
(Jayne 2012; Benson et al. 2013; Torero 2016).
While our analysis clearly shows that agricul-
tural (dis)incentives are effective at influenc-
ing FS, it does not provide normative
implications regarding the utilization of sev-
eral policy instruments, and does not consider
the costs and benefits of specific policy inter-
ventions. However, it suggests the need for
further analyses of the actual country-level
policy mix corresponding to different levels of
agricultural sector support.

Methodological Approach

A number of different empirical methods
have been applied to examine the links be-
tween agricultural policy and FS (Adebua,
Okurut, and Odowee 2002; Pyakuryal, Roy,
and Thapa 2010; Yu, You, and Fan 2010;
Matthews 2013; Laroche-Dupraz and
Huchet-Bourdon 2016). To the best of our
knowledge, there are no investigations into
the causal relationship between policy inter-
ventions and FS using non-parametric meth-
ods. We redress this imbalance by using a
non-parametric method that allows us to con-
trol for possible sources of self-selection with-
out the need to impose specific constraints on
the relationship between agricultural incen-
tives and FS. We use matching econometrics,
namely GPS, because this technique does not
require separability of outcomes, choice
equations, and exclusion restrictions, or the
adoption of specific functional forms of out-
come equations (Heckman and Navarro-
Lozano 2004; Imbens and Wooldridge 2009).
Since FS is a multi-dimensional phenomenon
and its relationship with agricultural policies
lacks a robust theoretical model framework,
the choice of a non-parametric approach
seems to be the most appropriate.3

Our methodological choice involves some
major issues. The first is that agricultural (dis)
incentives should be associated with an ex
ante target, that is, an outcome variable
against which the treatment impact can be

properly evaluated. In this respect, whether
and how FS can be clearly expressed using
macro variables is questionable. This issue
has been debated at length by international
organizations and policy makers in search of
aggregate FS indicators, and by the relevant
academic literature on the development of an
aggregate conceptual framework to analyze
the interactions between policies and FS out-
comes: here, we rely on the most commonly-
used macro-level FS measures (Smith 1998;
Diaz-Bonilla, Thomas, and Robinson 2002;
Diaz-Bonilla and Ron 2010; Laroche-Dupraz
and Huchet-Bourdon 2016).

A second issue is that the treatment must
be clearly identified and must be observable.
In this respect, the World Bank “Distortions
to agricultural incentives” database has
greatly increased the clarity and identifiabil-
ity of the treatment associated with the agri-
cultural policies. Many and various pairs of
instruments have been synthesized to pro-
duce a single standardized measure, that is,
nominal rate of assistance. Furthermore, un-
like evaluation exercises based on binary
treatment, the agricultural incentive intensity
is a continuous variable. In our study, the
units of observation are treated with different
intensities, and the final effect depends more
on that intensity than only on being treated
or not. Below we show how the multivalue
nature of the treatment represents an oppor-
tunity rather than a limitation to identify and
estimate the impact of policies on FS.

The third and most important issue relates
to a major limitation of the chosen approach,
which might prevent its application in this
context. In matching exercises with binary
treatment, it is necessary to have a proper
control group. This means that there are
counterfactual observations where the out-
come variable is observed without being sub-
jected to the treatment. However, in the case
of agricultural incentives, finding a proper
strategy to identify counterfactuals and com-
pare them to treated units can be tough if not
impossible because it is difficult to identify
non-treated units (i.e., countries not adopting
agricultural policies). Although it would be
possible to observe a non-treated sample, this
could hardly be considered a proper counter-
factual sample because the decision would
likely be driven by unobserved factors that af-
fect both treatment assignment and outcome.
In other words, the specificity of agricultural
(dis)incentives as a treatment renders it almost
impossible to get rid of the selection-on-

3 Parametric techniques would imply an imposition of restric-
tions (e.g., linearity and normal distribution of the error term) on
the treatment-outcome relationship. If this relationship is not
supported by the theory, the estimates will be based on strong
and (probably wrong) assumptions.
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(un)observables bias in a treated versus
non-treated framework (Esposti 2014).

In such a difficult and unconventional con-
dition (multiple outcomes, multiple and multi-
value treatments, no natural counterfactuals),
GPS provides several advantages. First, it al-
lows the use of matching techniques even if
the treatment is a continuous variable such as
a measure of agricultural incentives. Second, it
allows control for endogeneity bias due to the
fact that agricultural incentives are not ran-
domly assigned but are likely to be endoge-
nously correlated with macro-economic factors
and government objectives. Third, GPS helps
us to isolate the impact of agricultural policies
from other observable confounding events and
to control for the presence of non-linearities in
the relationship between the policy and the FS
outcome. Fourth, it does not require non-
treated observations because it creates internal
control groups for the various levels of the con-
tinuous treatment.

The GPS Estimator

Generalized propensity score is a non-
parametric method that corrects for selection
bias in settings with continuous treatment by
comparing units that are similar in their ob-
servable determinants of “treatment inten-
sity.” The basic setup of the GPS method
described below is based on Hirano and
Imbens (2004) and Imai and van Dyk (2004).
We use index i ¼ 1; . . .;N to refer to a ran-
dom sample of units. The GPS method is
based on the following assumptions: for each
i we postulate the existence of a set of poten-
tial outcomes, YiðtÞ, for t 2 C, where C is a
continuous set of potential treatment values.4

Hirano and Imbens (2004) refer to YiðtÞ for t
2 C as the unit-level dose-response function
(DRF). We are interested in estimating the
average DRF, D(t), across all units i, which il-
lustrates the expected value of the outcome
variable conditional on continuous treatment
as follows:

ð1Þ DðtÞ ¼ E½YiðtÞ�:

Estimation of the D(t) uses information on
three sets of data: a vector of covariates, Xi,
the treatment received, Ti, and the potential
outcome corresponding to the level of the

treatment received, Yi ¼ YiðTiÞ. Following
Hirano and Imbens (2004), we assume the
following: YiðtÞt2C, Ti, and Xi are defined on a
common probability space; Ti is continuously
distributed with respect to a Lebesgue mea-
sure on C; and Yi ¼ YiðTiÞ is a well-defined
random variable. To simplify the notation,
we will drop the i subscript in the sequel.

Let r(t, x) be the conditional density of the
treatment given the covariates

ð2Þ rðt; xÞ ¼ fTjXðtjxÞ

then the GPS is

ð3Þ R ¼ rðT;XÞ:

Generalized propensity score removes the
bias associated with differences in covariates
in three steps. In the first step, GPS is esti-
mated, and its balancing property is checked.
Using a normal distribution for the treatment
given the covariates

ð4Þ TjX � Nðb0 þ b01X; r2Þ

we estimate the parameters b̂0; b̂1, and r̂2 by max-
imum likelihood. Hence, the estimated GPS is

ð5Þ R̂ ¼ 1ffiffiffiffiffiffiffiffiffiffi
2pr̂2

p exp � 1

2r̂2
ðT � b̂0 � b̂01XÞ2

� �
:

If balancing holds, observations within
GPS strata can be considered as identical in
terms of their observable characteristics, in-
dependent of their actual level of treatment.5

Two additional steps are needed to elimi-
nate the bias associated with differences in
the covariates. The first one is estimating the
conditional expectation of the outcome as a
function of two scalar, T and R, as follows:

ð6Þ bðt; rÞ ¼ E½YjT ¼ t;R ¼ r� ¼ w½t; r; a�

where a are the parameters to be estimated.
This is generally assumed to be a flexible para-
metric specification between the three variables
at different orders of the polynomial terms. The
statistical significance of the GPS parameters is
a sign that selection bias is an issue. Interaction
terms between the treatment level and the GPS

4 Here, C is an interval [t0, t1].

5 Note that as long as sufficient covariate balance is achieved,
the exact procedure for estimating GPS is of secondary impor-
tance (Kluve et al. 2012).
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are introduced to control for the marginal im-
pact of the treatment relative to the GPS.

The second step involves estimating the av-
erage DRF of the outcome by averaging the
conditional expectation over the GPS at any
different level of treatment, as follows:

ð7Þ DðtÞ ¼ E½bðt; rðt;XÞÞ�:

Furthermore, we can calculate the varying
marginal effects of the treatment by estimat-
ing the treatment effect function (TEF) that
corresponds to the first derivative of the DRF,
as follows:

ð8Þ hðDÞ ¼ Dðt þ dÞ �DðtÞ:

The main purpose in estimating the GPS is
to create covariate balancing. However, the va-
lidity of R as a measure of similarity or dissimi-
larity across observations depends crucially on
the validity of a set of standard assumptions in
the impact evaluation literature. The most im-
portant one is “weak unconfoundedness.”
which implies that conditional on observable
characteristics, the treatment can be consid-
ered random.6 In other words, for observations
in the strata with the same value of r(t, X), the
GPS has the following property:

ð9Þ X?1fT ¼ tgjrðt;XÞ:

This assumption, combined with “the balanc-
ing property,” guarantees that the treatment as-
signment is weakly unconfounded given the
GPS. The assumption of “weak uncon-
foundedness” potentially could be violated in
the case of endogeneity. In our analysis, the
main risk of endogeneity arises from the possi-
bility of reverse causality between the agricul-
tural (dis)incentives and FS caused by
unobserved factors that influence both treat-
ment and outcomes. To address this, we test
for endogeneity using Instrumental Variables
(IV) and a falsification test. In particular, we
use the Hausman test to verify whether the
treatment coefficient in a Fixed Effects (FE)
model is statistically different from the coeffi-
cient in a IV-FE model with the instrumented
treatment. For the falsification test, we control
for feedback effects in the FE model to test

whether future values of the treatment influ-
ence current values of the outcome.

The validity of both weak unconfoundedness
and the balancing property is coupled with the
stable unit treatment value assumption
(SUTVA). The SUTVA is comprised of two
parts: the “unique treatment assumption,” that
is, the treatment is identical for each treated ob-
servation; and the “non-interference assump-
tion,” that is, treatment applied to one unit does
not affect the outcome of another unit. Despite
the presence of some degree of heterogeneity in
policy coverage, the World Bank database on
agricultural incentives developed by Anderson
and Nelgen (2012b) provides standardized mea-
sures for agricultural policies. These measures
provide a synthesis of the set of heterogeneous
national agricultural policy incentives in a com-
parative setting, which reduces the possible vio-
lation of SUTVA. We address the “non-
interference assumption” by removing from the
sample the countries reporting the highest quo-
tas in terms of international trade value in agri-
culture during the 1990–2010 period. In
particular, we remove the top ten exporters and
the top ten importers based on trade data from
Direction of Trade Statistics (DOTS).7 This re-
duces the risk of interference and spillovers
caused by policy interventions by the main
global exporter and importer countries.

Variables and Data

We use three different sets of data: (a) the
nominal rate of assistance (NRA) as the
treatment variable (T) from the World Bank
database ”Updated National and Global
Estimates of Distortions to Agricultural
Incentives, 1955 to 2010” by Anderson and
Nelgen (2012b); (b) a set of covariates (X) to
explain the probability of reaching a specific
level of NRA; and (c) four outcome variables
(Y) used to proxy for the FS dimension. The
unit of observations is country-time.

The Treatment: The Nominal Rate of
Assistance

Anderson and Nelgen’s (2012b) World Bank
database provides annual values for a set of

6 Only weak unconfoundedness is assumed since joint inde-
pendence of all potential outcomes is not required (Hirano and
Imbens 2004).

7 Note that eight out of ten countries are both main exporters and
main importers, namely the United States, Germany, France, Italy,
Spain, the Netherlands, Belgium, and China. Brazil and Canada are
the other two main exporters, and Japan and the UK are the other
two main importers.
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standardized measures of policy-related dis-
tortions, for a total of eighty-two countries
(which together account for over 90% of
global agricultural output) and seventy prod-
ucts, over the 1955–2011 period.8 This data-
base contains aggregate and by-product NRA
measures defined as the percentage by which
government policies directly raise (or lower)
the gross return to producers from a product
above the world price: NRA ¼ ½E:Pð1þ dÞ
�E:P�=E:P; where E is the exchange rate, d
is a distortion due to government interven-
tions, and P is the foreign price of an identical
product in the international market
(Anderson 2006). Positive values of NRA de-
note a rise in domestic producers’ gross re-
turn (the observed price is higher because of
the presence of an output subsidy and/or a
consumption tax), while negative values de-
note a lower gross return for domestic pro-
ducers (the producers receive less than the
price for the same product in the absence of
government interventions).9

Governments can influence agricultural in-
centives directly through a broad array of
policy instruments, which include interven-
tions in both input and output markets (e.g.,
subsidies, controls over land use, producer
and consumer price supports, taxes, food re-
serves releases), and border measures that
have an impact on a country’s external bal-
ance and terms of trade. Trade policies such
as export and import taxes, subsidies, and
quantitative restrictions are among the most
frequently used instruments and account for
60% of agricultural NRAs at the global level.
In contrast, domestic agricultural policies, which
provide direct subsidies or tax inputs and out-
puts, contribute only minimally to price incen-
tives (Anderson, Rausser, and Swinnen 2013).

Collapsing the net effects of multiple pol-
icy instruments into a common metric
raises issues related to conversion and

aggregation. In the first case, the problem
is due mainly to the growing importance of
agricultural non-tariff barriers (NTBs) such
as quantitative restrictions and technical
regulations, which complicate the capture
of the overall level of protection (Cipollina
and Salvatici 2008). The World Bank data-
base deals with this issue through careful
domestic to international price comparison
of key farm products for a large set of
Organisation for Economic Co-operation
and Development (OECD) and developing
countries, thereby capturing also the do-
mestic price effects of NTBs (Lloyd,
Croser, and Anderson 2010). This is accom-
plished by comparing the domestic and
border prices of like products (at similar
points in the value chain) for each of the
farm industries covered, drawing on na-
tional statistical sources supplemented—
where necessary—by Food and Agriculture
Organization of the United Nations (FAO)
data on producer prices and export and im-
port unit values.

In the second case, since policy incentives
are calculated at a very detailed level, they
need to be summarized into a single aggre-
gate and economically-meaningful measure.
The World Bank database computes the
overall agricultural sector rate (NRAag) as a
weighted average NRA generated by multiply-
ing the value of each primary industry’s pro-
duction share (at farm gate-equivalent
undistorted prices) by its corresponding NRA
and summing across commodities (Anderson
and Nelgen 2012b). Table 1 reports the sum-
mary statistics of the NRA for the overall agri-
cultural sector of the sampled countries, over
the 1990–2010 period. On average, developed
countries protected their agricultural sector,
with the highest positive rates registered in
Northern European countries (Iceland,
Norway, Switzerland, Ireland) and South
Korea. Morocco is the exception, being the
only developing country with a substantially
positive NRA. On the other hand, developing
countries have tended to tax their agricultural
sector, with the highest negative rates recorded
in Sub-Saharan Africa (Ivory Coast,
Zimbabwe, Tanzania, and Ethiopia) and Latin
America (Argentina, Nicaragua, and Ecuador).

The Covariates

Selection of the covariates is based on the po-
litical economy of agricultural and food poli-
cies literature (Anderson 2013; Anderson,

8 The World Bank database on agricultural incentives is not
the only attempt to measure policy-induced effects on agricul-
tural market prices. Other initiatives are the Organisation for
Economic Co-operation and Development (OECD) Producer
and Consumer Support Estimates database for the OECD coun-
tries, the FAO Monitoring and Analyzing Food and Agricultural
Policies (MAFAP) database for Sub-Saharan countries, and the
Inter-American Development Bank (IDB) Producer Support
Estimates database for Latin America and the Caribbean. We
prefer to use the World Bank database because none of the other
data sets provides the country or period coverage required to
perform the present analysis.

9 The border price, used as a benchmark for producer prices
when calculating the NRA, is adjusted to take account of all the ad-
ditional costs generated by the value chain activities and not imput-
able to the policy interventions (Anderson and Valenzuela 2008).
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Rausser, and Swinnen 2013; Swinnen 2010).10

Specifically, we use the following variables (see
table A.1 in the appendix for additional details
and sources): log of real per capita GDP and
its squared and cubic power, to control for
non-linearities in the anti-trade behavior of the
most advanced economies and to facilitate the
balancing property as suggested by Dehejia
and Wahba (1999) and Dehejia (2005); log of
total population and its square to control for
country size; log of per capita arable land to
control for the relative agricultural

comparative advantage; the agricultural total
factor productivity growth index to control for
the productivity of the agricultural sector; the
ratio of food imports to total exports and its
square to control for the country’s ability to
autonomously access the global market and to
be less food-dependent; net food exports to
control for sectoral trade position; absolute
percentage (positive and negative) deviations
from the trend in international food prices to
control for the presence of asymmetric policy
responses to large changes in price levels; and a
measure for international food price volatility to
control for the second moment of the relation-
ship between the international price dynamics
and trade distortions. We include a set of dum-
mies to control for unobservable factors among
groups of countries belonging to the same re-
gional area—African countries (base), Asian
countries, European transition economies, Latin

Table 1. Summary Statistics for the Agricultural Sector NRA of the Sampled Countries
(Average Values, 1990–2010)

Country Mean S.D. Min. Max. Country Mean S.D. Min. Max.

Argentina �0.094 0.091 �0.230 0.004 Mali �0.020 0.028 �0.099 0.016
Australia 0.024 0.016 0.005 0.064 Mexico 0.140 0.130 �0.151 0.413
Austria 0.420 0.228 0.066 0.821 Morocco 0.508 0.086 0.328 0.667
Bangladesh �0.020 0.070 �0.154 0.138 Mozambique 0.027 0.037 �0.050 0.090
Benin �0.013 0.019 �0.069 0.005 New Zealand 0.023 0.014 0.004 0.064
Bulgaria �0.002 0.090 �0.188 0.183 Nicaragua �0.091 0.081 �0.229 0.052
Burkina Faso �0.026 0.054 �0.199 0.021 Nigeria 0.065 0.180 �0.087 0.722
Cameroon �0.004 0.016 �0.030 0.049 Norway 0.977 0.243 0.613 1.240
Chad �0.006 0.012 �0.038 0.012 Pakistan �0.027 0.076 �0.216 0.123
Chile 0.059 0.035 0.004 0.102 Philippines 0.202 0.129 �0.059 0.411
Colombia 0.162 0.090 �0.036 0.341 Poland 0.185 0.135 �0.016 0.596
Czech Rep. 0.206 0.122 0.066 0.484 Portugal 0.264 0.110 0.082 0.438
Denmark 0.340 0.181 0.063 0.697 Romania 0.343 0.251 0.036 0.798
Dominican Rep. 0.036 0.132 �0.203 0.281 Russia 0.204 0.101 0.011 0.419
Ecuador �0.035 0.124 �0.212 0.219 Senegal �0.015 0.115 �0.172 0.226
Egypt �0.036 0.082 �0.202 0.104 Slovakia 0.247 0.124 0.066 0.426
Estonia 0.151 0.154 �0.196 0.488 Slovenia 0.558 0.293 0.092 1.056
Ethiopia �0.081 0.275 �0.226 0.892 South Africa 0.051 0.070 �0.067 0.213
Finland 0.479 0.377 0.068 1.260 South Korea 0.963 0.291 0.483 1.271
Ghana 0.045 0.136 �0.064 0.468 Sri Lanka 0.041 0.114 �0.221 0.192
Hungary 0.207 0.124 0.065 0.446 Sudan 0.107 0.316 �0.209 0.826
Iceland 0.992 0.287 0.597 1.228 Sweden 0.460 0.298 0.066 1.128
India 0.055 0.124 �0.128 0.260 Switzerland 0.778 0.305 0.469 1.287
Indonesia �0.014 0.106 �0.218 0.138 Tanzania �0.112 0.058 �0.174 0.000
Ireland 0.572 0.263 0.078 1.051 Thailand �0.004 0.061 �0.093 0.149
Ivory Coast �0.194 0.016 �0.222 �0.169 Togo �0.015 0.019 �0.072 0.003
Kazakhstan 0.047 0.052 �0.024 0.100 Turkey 0.247 0.113 0.013 0.432
Kenya 0.029 0.063 �0.078 0.158 Uganda 0.001 0.007 �0.022 0.009
Latvia 0.219 0.174 0.032 0.541 Ukraine �0.030 0.096 �0.192 0.135
Lithuania 0.222 0.198 �0.155 0.653 Vietnam 0.045 0.177 �0.231 0.322
Madagascar �0.043 0.047 �0.127 0.063 Zambia �0.079 0.128 �0.224 0.134
Malaysia �0.008 0.047 �0.134 0.037 Zimbabwe �0.191 0.042 �0.227 �0.142

10 Note that the literature on matching provides no guidance on
the choice of the conditioning variables that generate identification.
The conventional model selection criteria used to choose the vari-
ables in the conditioning set do not necessarily work in this context.
Including variables that are statistically significant in the treatment
choice equation does not guarantee the selection of a satisfying set
of conditioning variables, that is, variables that achieve the balanc-
ing property (Heckman and Navarro-Lozano 2004).
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American countries, and high income coun-
tries—and a dummy to capture the effects of the
recent food crisis of 2007/2008 (see table A.2 in
the appendix for summary statistics).11

The Outcome: Dimensions of Food Security

The international community has reached
agreement on a definition of FS which em-
phasizes its multidimensionality. Specifically,
FS is described as the condition that “exists
when all people, at all times, have physical,
social and economic access to sufficient, safe
and nutritious food to meet their dietary
needs and food preferences for an active and
healthy life” (Committee on World Food
Security “CFS” 2009). Based on this defini-
tion we can identify four pillars of FS: avail-
ability, access, utilization, and stability (CFS
2009). Availability is a measure of the
amount of physical food available in the pop-
ulation over a certain period of time. The
availability of food does not guarantee that
everyone will be free from hunger, which is
why access matters. The access pillar is re-
lated to Sen’s Capability Approach frame-
work and refers to people’s actual capacities
to regularly acquire adequate quantities of
food.12 The third pillar, utilization, is a mea-
sure of the population’s ability to achieve suf-
ficient nutritional intake and absorption over
a given period. The fourth pillar, stability, in-
volves the risk components present in the first
three pillars, for example, natural events,
man-made shocks, or malfunctioning interna-
tional markets (Pangaribowo, Gerber, and
Torero 2013).

Since Fixed-effects is characterized by multi-
ple dimensions and can be defined at the na-
tional, local, household, or individual levels,
there is no single available measure that
encompasses all of these aspects. The literature
provides more than 450 indicators and repre-
sentation of each pillar by a specific set of

variables and indicators (Hoddinott 1999;
Cafiero 2013; Pangaribowo, Gerber, and
Torero 2013). The set of available choices is
limited by data availability. Hence, we chose
the following outcome variables for our empiri-
cal exercise: supply of food commodities in
kilo-calories per person, per year (as a proxy
for food availability); depth of the food deficit
(food access); prevalence of anemia among
children aged under five (food utilization); and
per-capita food supply variability (stability; see
tables A.1 and A.2 in the appendix for addi-
tional details, sources, and summary statistics).

Empirical Results

We conduct an empirical analysis of each di-
mension of FS, which avoids the use of a com-
posite indicator. Data availability in FS
measures constrains us to limit our data set to
the sub-period of 1990–2010. To reduce possi-
ble sources of bias we omit from the analysis
the main importer and exporter countries,
which results in a sample of sixty-four countries
(table 1).13 Following Anderson and Nelgen
(2012a) and Anderson and Nelgen (2012b), we
convert NRAag into a nominal assistance
coefficient ðNACÞ to transform the negative
values of NRAag: NAC ¼ 1þNRAag. In
other words, the threshold between positive
and negative support is equal to one: if the
NAC is above one, producers receive incentives
from government, if it is below one, they are pe-
nalized. If the government decides to increase
the subsidies (decrease taxes) to the sector, the
NAC increases; with higher taxes (lower subsi-
dies), the NAC decreases. The NAC observa-
tions before the 5th percentile and after the 95th
percentile were removed from the sample in or-
der to clean the data of potential outliers.

Controlling for Endogeneity: Preliminary
Regression-Type Estimates

Before moving to the GPS analysis we need
first to exclude the risk of potential endoge-
neity caused by reverse causality between FS
and agricultural policy distortions. To this
end, for each dimension of FS, we run FE
and FE-IV estimates. As the excluded instru-
ment, we use the previous decade’s simple

11 We acknowledge that other determinants (e.g., income distri-
bution or food aid assistance) might improve our matching exercise
significantly. However, to our knowledge there are no available
datasets that provide yearly information on these variables for all
the countries and for the whole period under analysis. Also, we need
to consider that there is always a trade-off between increasing the
explanatory power through the use of additional covariates and the
risk of an over-parameterized model, which in turn could exacerbate
the support problem and increase the variance in the propensity
score estimates (Bryson, Dorsett, and Purdon 2002).

12 In the Capability Approach, human well-being can be con-
sidered an index of the person’s “actual being and doing” (func-
tionings), where capabilities are the substantive freedoms people
have reason to value to achieve alternative combinations of func-
tionings (Sen 2001).

13 Note that their inclusion does not change the empirical out-
comes and corresponding DRF significantly. We also repeated
the analysis removing all EU member countries: the final results
do not change significantly.
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moving average of NRA, which is supposed
to be correlated with the current level of
NRA but uncorrelated with any other deter-
minants of future FS. To control for both ob-
servable and unobservable factors that might
influence the above relationship, we add to
the regressions a set of country-level covari-
ates selected according to the empirical liter-
ature on the macro drivers of FS (Garrett and
Ruel 1999; Rose 1999; Iram and Butt 2004;
Misselhorn 2005; Feleke, Kilmer, and
Gladwin 2005; Pangaribowo, Gerber, and
Torero 2013), and also country- and time-
fixed effects. Specifically, we estimate the fol-
lowing linear relationship for each dimension
of FS:

ð10Þ fid ¼ aþ b1tid þ b2Xid þ hi þ hd þ �id

where f is our FS outcome; t is NAC; X is a
bundle of standard control covariates; hi and
hd are, respectively, country- and time-fixed
effects; and � is the error component.
Countries are indexed i ¼ 1; . . .;N and ob-
served once per period d ¼ 1; . . .;D. In order
to capture the non-linear relationship be-
tween agricultural incentives and FS, we also
run the model including the square and cubic
terms of NAC in equation (10).

Table 2 reports the outcomes of the above
panel regressions for the first dimension of
FS, that is, food availability (proxied by food
supply in kcal/capita/day); in the supplementary
material online we present the results for the
other three dimensions.14 The coefficients of
the determinants of food availability are
highly significant in both the baseline FE and
the IV-FE estimates. The NAC always has a
positive and significant effect on food avail-
ability in the FE regressions (columns 1–3)
but loses significance in the IV-FE model
(columns 4–6) with the introduction of the
squared and cubic powers.15 More impor-
tantly, the Hausman test does not reject the
null hypothesis that NAC can be treated as

exogenous. This means that the FE and IV-
FE estimates are not significantly different,
and the relationship between agricultural in-
centives and food availability is not affected
by reverse causality.

As a falsification test, we investigate
whether NRA at time d þ 1 influences FS
outcomes at time d. As suggested by
Rothstein (2010) and Wooldridge (2010),
testing for feedback effects is another way of
controlling for the strict exogeneity of our
treatment variable, and excludes the possibil-
ity of covariance among trends or other omit-
ted variables. The lack of endogeneity is
confirmed by the results in table 2, columns
7–9: the coefficients of future adoption of ag-
ricultural incentives are close to zero and
never significant. These results are confirmed
for all the FS dimensions.16 However,
regression-type analyses do not rule out the
risk of misspecification due to the self-selec-
tion bias, induced by incomparable
observations.

GPS Estimation and Balancing Property

Moving to the GPS exercise, we first regress
our measure of agricultural (dis)incentives on
a set of pre-treatment observable characteris-
tics (equation 5). Since the joint Jarque-Bera
normality test provides strong support for the
null hypothesis of a normal distribution of
our treatment variable, in this first stage, we
use Ordinary Least Squares (OLS).17 Table 3
presents the results.

The R-squared is quite high and consistent
with that obtained in similar empirical GPS
exercises (Becker, Egger, and von Ehrlich
2012; Serrano-Domingo and Requena-
Silvente 2013; Magrini, Montalbano, and
Nenci 2017), and the estimated coefficients of
the covariates are reasonable. The higher the
NAC, the higher is the country’s per capita
income (although at a decreasing rate), and
the lower the country’s comparative advan-
tage in agriculture (proxied by arable land
per capita). We also found a negative rela-
tionship between NAC and the country di-
mension (proxied by population size).
Countries characterized by high dependence

14 It should be noted that while the economic literature pro-
vides many examples of a linear specification between food avail-
ability and its determinants, in the case of the other
dimensions—food access, utilization, and stability—we lack a ro-
bust theoretical model framework (Pangaribowo, Gerber, and
Torero 2013).

15 All the multivariate F-tests for excluded instruments reject
the null hypothesis that the instruments are not correlated with
the endogenous regressors. The results of the F-tests are equal to
180.49, 92.74, and 64.71 for columns (4), (5), and (6), respectively,
and confirm that the instruments are relevant. However, there is
a need for some caution because there are no tests to verify the
validity of the NRA moving average as an instrument.

16 The details are available in a supplementary material
online.

17 A zero-skewness log transformation was applied to normal-
ize the NAC distribution. The p-value is 0.611, which is well
above the standard 5% statistical significance threshold.
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on food imports with respect to their total ex-
ports tend to have lower levels for NAC since
they are aimed at reducing the domestic pri-
ces of imported goods (Valdés and Foster
2012).

The “anti-trade pattern” of agricultural poli-
cies is confirmed because countries with higher
values for net food exports tend to provide less
protection. The NACs are negatively corre-
lated with positive and negative deviations of
international prices from their trend. This is
consistent with the governments’ goal of stabi-
lizing the domestic market since food imports
tend to decline during price spikes, and export
taxes tend to be increased (Anderson 2013;
Anderson and Nelgen 2012b). Comparing the
absolute values of the coefficients suggests that
policy makers react more strongly to price
spikes compared to price troughs.
International food price volatility has a nega-
tive impact on the NACs, highlighting a strong
correlation with trade distortions, which imply
lower gross returns for domestic producers,
probably because of the well-known depressive
impact on the consumption behavior of price
volatility. The signs of the coefficients of the
regional dummies are consistent with other
well-known policy patterns such as the “devel-
opment pattern” in which richer countries tend
to provide higher protection for domestic

producers, while developing countries tend to
maintain lower levels of NAC.18 Finally,
NACs are lower, on average and ceteris pari-
bus, during “food crisis” years.

The second step in our impact evaluation
exercise is to test the ”balancing property.”
We compare the covariates across groups
with and without the GPS correction. Then
we conduct a series of two-sided t-tests across
groups, for each covariate. Table A.3 in the
appendix presents the results. We have four
approximately similar-sized groups based on
their actual NAC.19 Before controlling for
GPS there are significant differences across
the treatment groups with respect to the co-
variates (t-values—reported in bold—indi-
cate the presence of statistically significant
differences at the 5% level). The average t-
stat is 4.58 (well above the 1.96 threshold),
and forty-eight out of seventy-two tests reject
the balancing assumption. If we condition on

Table 3. Generalized Propensity Score Estimates (Dep. Variable: NAC)

Covariates Coef. SE (robust)

L.ln real pc gdp 0.979** 0.463
L.ln real pc gdp2 �0.115** 0.056
L.ln real pc gdp3 0.005** 0.002
L.ln pc arable land �0.037*** 0.006
L.ln pop �0.099*** 0.025
L.ln pop2 0.005*** 0.001
L. Agr.TFP �0.015 0.035
L.food import/total exports �0.720* 0.406
L.food import/total exports2 2.805 1.799
L.net food exports �0.059*** 0.008
L.pos dev food prices �0.445*** 0.143
L.neg dev food prices �0.303*** 0.108
food price volatility �1.195*** 0.469
group 2 -Asian DCs �0.072*** 0.017
group 3 - Latin American DCs �0.072*** 0.018
group 4 - European Transition Economies 0.036* 0.020
group 5 - High-income Countries 0.014 0.028
food crisis �0.045*** 0.015
cons �2.265* 1.311
No. of observations 1076
adj. R2 0.429

Note: Asterisks ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.

18 Given the significance of trade within geographic regions,
and its potential for violating the SUTVA, we re-ran the model/
regression, dropping the regional dummies to reduce the proba-
bility of matching countries being in the same area. Omitting the
regional dummies did not change the final results but slightly re-
duced the first-stage fitting since they help to capture some unob-
servable factors. The results are provided in the supplementary
material online.

19 We ran t-tests for different numbers of groups before choos-
ing the best combinations in terms of the balancing property.
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Figure 1. Common support before and after GPS

Source: Authors’ calculations. Left-hand side graphs are before GPS correction; right-hand side graphs are after GPS correction.
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the value of the GPS score—building eight
strata—and impose the common support condi-
tion (eliminating those control observations
outside GPS support of the treated groups), we
observe an evident improvement in the
balancing of the covariates. The average t-stat
reduces to 0.92, and balancing is rejected in
only four out of the seventy-two tests. Figure 1
provides a visual overview of the differences in
common support before and after GPS correc-
tion. As shown by the pictures, the GPS distri-
bution between actual and control groups
differs substantively before the pruning (see
left-hand side panels), whereas there is a clear
overlap after it (see right-hand side panels).
Table A.4 in the appendix reports the final
group-strata data structure, whereas figure A.1
in the appendix shows the map of sample coun-
tries with the percentage of observations ex-
cluded based on common support.

The Dose-Response Function

The last step is to estimate the DRF to assess
whether there is a causal link between NAC
changes and each dimension of the FS (equa-
tion 7). We test a polynomial parameteriza-
tion of the conditional expectation of the
outcome as a function of the observed treat-
ment and the estimated GPS. While the GPS
coefficients control for selection bias in the
different treatment intensities, the interaction
term shows the marginal impact of the treat-
ment relative to the GPS. Thus, if there were
selection bias between the level of agricul-
tural incentives and the FS dimension, both
the GPS and the interaction coefficients
would be statistically significant. Following
Bia and Mattei (2008) we use bootstrap
methods to obtain the DRF standard errors
and confidence intervals.

Following Egger, von Ehrlich, and Nelson
(2012), we test our DRF for different orders
of the polynomial terms, dropping those that
proved insignificant. The results are summa-
rized in tables A.5, A.6, A.7, and A.8 in
the appendix. As in the first stage, the R-
squared is relatively high and consistent with
previous GPS exercises (Becker, Egger, and
von Ehrlich 2012; Serrano-Domingo and
Requena-Silvente 2013; Magrini,
Montalbano, and Nenci 2017). Further, the
coefficients of the GPS and the interaction
terms are always highly significant, confirm-
ing our initial hypothesis about the existence
of self-selection into different agricultural in-
centive intensities.

The upper panels of figures 2–5 report the
DRFs—which provide graphical representa-
tions of the relationship between agricultural
incentives and FS; the lower panels depict the
TEF, that is, the first derivative of the respec-
tive DRF. The corresponding standard errors
and 90% confidence intervals of both func-
tions are also reported (dotted lines in the
figures). For the first dimension of FS, we as-
sume that the aim of policy intervention is to
increase food availability. Indeed, according
to the estimated DRF in figure 2, the highest
level of food supply is registered when the ag-
ricultural sector receives support of around
20%. We find also that the highest marginal
benefit—on average—is obtained by eliminat-
ing residual taxation and moving to limited
support, with NAC values ranging from 0.9 to
1.2. However, the estimated DRF shows also
that if the NAC value is greater than 1.2—
equivalent to strong support for producers—
the level of food availability starts to decrease
(as shown by the negative values of the TEF).

With respect to the access and utilization
dimensions, policy goals are associated with
minimizing the response value. For food ac-
cess, the depth of the food deficit is mini-
mized for a NAC equal to 1.15 (see figure 3,
upper panel). This again implies that limited
support has a positive impact, while both tax-
ation and major support increase the food
deficit. The pattern is similar for food utiliza-
tion since the lowest value for infant anemia
corresponds to an NAC treatment of 1.16;
the worst performance is for an NAC of less
than 1 or higher than 1.3 (see figure 4, upper
panel). Note that although the flexible non-
parametric approach imposes no a priori
functional form on the relationship between
the treatment and the FS outcomes, the em-
pirical results appear to be consistent across
these three dimensions. The DRFs/TEFs
show broadly similar patterns, while the
thresholds for the relationship between agri-
cultural incentives and FS are not signifi-
cantly different. Some caution is needed for
the stability dimension. The specialized liter-
ature relates it to the risk components for all
FS dimensions, for example, natural events,
man-made shocks, and malfunctioning inter-
national markets (Pangaribowo, Gerber, and
Torero 2013). Due to data constraints we
proxied this by the variability of per capita
food supply. The DRF shows that the lowest
expected per capita food supply variability is
associated with moderate taxation (NAC equal
to 0.95) or very substantial support (around
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Figure 2. The impact of agricultural (dis)incentives on food availability

Figure 3. The impact of agricultural (dis)incentives on food access

860 July 2017 Amer. J. Agr. Econ.



Figure 4. The impact of agricultural (dis)incentives on food utilization

Figure 5. The impact of agricultural (dis)incentives on food variability
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1.4), although in this latter case the confidence
intervals are pronounced and less reliable. It
should be noted that treatment levels in the
range associated with the best performance in
the case of the other FS dimensions, in this
case produce the worst result.

The consistency across the first three DRFs
allows us to cluster our sample countries based
on past observed NAC frequency in order to
provide some insight into conditional future
FS performances.20 Table 4 reports countries’
relative frequencies for NAC. These values
are observed within the ranges obtained by
applying the empirically-estimated thresholds
using the DRF for the availability dimension
(i.e., number of times the NAC is below 1, be-
tween 1 and 1.2 and above 1.2). The left panel
includes the majority (twenty-six) of our sam-
ple countries. Most have a NAC below 1 for
most of the time (Ivory Coast, Tanzania,
Zimbabwe, Argentina, Nicaragua, and
Zambia all over the period). The prevailing re-
gime in these countries of negative price sup-
port is likely to determine lower outcomes in
terms of FS, ceteris paribus. Note that Africa
is the only macro-regional area with NAC be-
low 1 most of the time, on average. The right-
hand panel includes the twenty countries re-
porting the highest frequency of NAC, in the
range above 1.2 (Iceland, Morocco, Norway,
South Korea, and Switzerland register NAC
above 1.2 all over the period). Also, in this
case the prevailing regime is supposed to de-
termine a lower expected FS, ceteris paribus.
The middle panel includes fourteen countries
where the highest frequency of NAC is in the
range 1 to 1.2. According to our analysis, this
frequency is associated with the best expected
impact in terms of food availability.

Conclusions and Policy Implications

Agricultural policies affect the market struc-
ture, productivity, and composition of agricul-
tural output, as well as the variety, quality,
and safety of food products and the composi-
tion of people’s diets. To varying degrees,
these factors influence all FS dimensions.
Existing in-depth country-level case studies
take account of the historical, political, and

institutional contexts in the link between agri-
cultural incentives and FS but have found it
difficult to attribute causality, as well as to pro-
vide an adequate view of global trends and po-
tential counterfactuals. This paper filled this
gap by investigating whether countries follow-
ing different agricultural policy strategies dif-
fer in their FS performance. We applied GPS,
which is a non-parametric method for causal
inference in quasi-experimental settings with
continuous treatment. Since agricultural policy
interventions are not random and depend on
national tendencies to intervene in the domes-
tic market, GPS allows possible sources of se-
lection bias, which might be driving empirical
estimates, to be addressed.

Our results show that agricultural (dis)incen-
tives matter and that their impact on FS varies in
a non-linear way with the level of intensity. We
showed that taxation of the primary sector (NAC
lower than 1) has a consistent negative impact on
the four FS dimensions analyzed. We found also
that countries providing moderate support within
a limited range to the primary sector tend to do
better on most FS dimensions (food availability,
access, and utilization) with the best performance
recorded for NAC values greater than 1 but less
than 1.3. More generally, our empirical analysis
confirms that achieving FS is complex and there
are no one-size-fits-all solutions.

There are two major policy implications.
First, taxing agricultural producers to obtain
additional resources for investment in (alleg-
edly) more dynamic sectors comes at a price in
terms of FS. This is in line with the findings in
Anderson, Rausser, and Swinnen (2013), which
show that taxation can harm the welfare of
both producers and consumers. For producers
it reduces both profits and incentives to re-
spond to market signals. In addition, if taxation
discourages farming activity, it can affect poor
consumers negatively due to falls in demand
for farm labor, and wages for unskilled workers
in both farm and non-farm jobs. Therefore,
while poor households might benefit from taxa-
tion if it contributes to reducing food prices
(e.g., an export tax or an import subsidy), they
lose earnings if they are suppliers of unskilled
labor. The net effect depends on the relative
importance of the agricultural sector in the
economy. Since our sample includes many de-
veloping countries—especially from Asia and
Africa—where the agricultural sector accounts
for the majority of employment, it is not sur-
prising that our results show a net loss in terms
of FS performance as a consequence of agricul-
tural disincentives.

20 Since the average values are influenced by outliers (i.e., ex-
treme values that could be interpreted as a shock), we use the
number of times a country has maintained its policy stance (i.e.,
relative frequency) to proxy for observed agricultural policy.
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The second policy implication is that the
positive impact of moderate support to agri-
cultural producers provides opportunities for
the use of public interventions in relation to
agriculture. This might be consistent with re-
quests from developing countries for a “de-
velopment box” within WTO negotiations.
However, too much support for producers
comes at the cost of aggregate FS perfor-
mance, which might counterbalance the ini-
tial benefits or be more damaging than
taxation. Our empirical exercise shows that
excessive support to the agricultural sector
could be as damaging as an anti-agriculture
bias in domestic policy. This is a particularly
relevant issue for those poor countries—
especially in Sub-Saharan Africa—that have
chosen to tackle the recent food price crisis
with extremely costly and frequently ineffec-
tive policy interventions to protect domestic
producers, such as the accumulation of exces-
sive food stocks based on governments buy-
ing from farmers at prices well above the
market equilibrium, or the (re-)introduction
of large-input subsidy programs.

Our analysis does not allow normative im-
plications since it does not take account of
treatment costs. Also, using a single agricul-
tural incentives metric provides no indications
as to which policy measures are the most ef-
fective. However, our results are relevant for
policy since we introduce an empirical frame-
work able to quantify, net of self-selection
bias, the extent to which agricultural policies
could influence food insecurity at the aggre-
gate level. These results justify further analy-
ses focusing on specific policy instruments and
actual policy mixes at the country level.

Supplementary Material

Supplementary material is available at
American Journal of Agricultural Economics
online.

References

Adebua, A., F. Okurut, and J. Odowee. 2002.
Determinants of Regional Poverty in
Uganda. African Economic Research
Consortium, AERC Research Paper 122
Nairobi, Kenya.

Anderson, K. 2006. Measuring Distortions to
Agricultural Incentives: Beyond Tariffs.
Plenary paper presented at the Summer

Symposium of the International
Agricultural Trade Research Consortium
(IATRC), Gustav-Stresemann-Institut
(GSI), Bonn, Germany.

——— 2013. The Political Economy of
Agricultural Price Distortions.
Cambridge and New York: Cambridge
University Press.

Anderson, K., J. Cockburn, and W. Martin.
2010. Agricultural Price Distortions,
Inequality, And Poverty. Washington
DC: The World Bank Group.

Anderson, K., and W. Masters. 2009.
Distortions to Agricultural Incentives in
Africa. Washington, DC: The World
Bank Group.

Anderson, K., and S. Nelgen. 2012a.
Agricultural Trade Distortions during the
Global Financial Crisis. Oxford Review of
Economic Policy 28 (2): 235–60.

——— 2012b. Updated National and Global
Estimates of Distortions to Agricultural
Incentives, 1955 to 2010. Washington
DC: World Bank. Available at: www.
worldbank.org/agdistortions.

Anderson, K., G. Rausser, and J. Swinnen.
2013. Political Economy of Public
Policies: Insights from Distortions to
Agricultural and Food Markets. Journal
of Economic Literature 51 (2): 423–77.

Anderson, K., and E. Valenzuela. 2008.
Global Estimates of Distortions to
Agricultural Incentives, 1955 to 2007.
Washington DC: World Bank. Available
at: www.worldbank.org/agdistortions.

Becker, S.O., P. Egger, and M. von Ehrlich.
2012. Too Much of a Good Thing? On
the Growth Effects of the EU’s Regional
Policy. European Economic Review 56
(4): 648–68.

Benson, T., N. Minot, J. Pender, M. Robles,
and J. von Braun. 2013. Information to
Guide Policy Responses to Higher Global
Food Prices: The Data and Analyses
Required. Food Policy 38: 47–58.

Bertola, G., and R.J. Caballero. 1994.
Irreversibility and Aggregate Investment.
Review of Economic Studies 61 (2):
223–46.

Bia, M., and A. Mattei. 2008. A Stata
Package for the Estimation of the Dose-
Response Function through Adjustment
for the Generalized Propensity Score.
Stata Journal 8 (3): 354–73.

Bryson, A., R. Dorsett, and S. Purdon. 2002.
The Use of Propensity Score Matching in
the Evaluation of Active Labour Market

864 July 2017 Amer. J. Agr. Econ.

Deleted Text: is 
Deleted Text:  - 
Deleted Text:  - which
Deleted Text: ,
Deleted Text: -
Deleted Text: e
Deleted Text: of 
Deleted Text: to what
Deleted Text: y
https://ajae.oxfordjournals.org/lookup/suppl/doi:10.1093/ajae/aaw103/-/DC1
http://www.worldbank.org/agdistortions
http://www.worldbank.org/agdistortions
http://www.worldbank.org/agdistortions


Policies, Working Paper No. 4,
Department for Work and Pensions,
London, United Kingdom.

Cafiero, C. 2013. What Do We Really Know
About Food Security? National Bureau
of Economic Research, Working Paper
No. 18861, Cambridge, Massachusetts.

Cipollina, M., and L. Salvatici. 2008.
Measuring Protection: Mission
Impossible? Journal of Economic
Surveys 22 (3): 577–616.

Committee on World Food Security (CFS).
2009. Reform of the Committee on
World of Food Security: Final Version.
Available at: ftp://ftp.fao.org/docrep/fao/
meeting/018/k7197e.pdf.

Dehejia, R. H. 2005. Practical Propensity
Score Matching: A Reply to Smith And
Todd. Journal of Econometrics 125 (1):
355–64.

Dehejia, R.H., and S. Wahba. 1999. Causal
Effects in Nonexperimental Studies:
Reevaluating the Evaluation of Training
Programs. Journal of the American
Statistical Association 94 (448): 1053–62.

D�ıaz-Bonilla, E. 2015. Lost in Translation:
The Fractured Conversation about Trade
and Food Security, volume 1490.
International Food Policy Research
Institute (IFPRI), Washington DC, USA.

Diaz-Bonilla, E., and J. Ron. 2010. Food
Security, Price Volatility, and Trade: Some
Reflections for Developing Countries.
Issue paper 8. International Centre for
Trade and Sustainable Development
(ICTSD), Geneva, Switzerland.

Diaz-Bonilla, E., M. Thomas, and S.
Robinson. 2002. On Boxes, Contents,
and Users: Food Security and the WTO
Negotiations. IFPRI Trade and Macro-
Economics Discussion Paper, 82,
International Food Policy Research
Institute, Washington DC, USA.

Du, J., and S. Girma. 2009. The Effects of
Foreign Acquisition on Domestic and
Export Markets Dynamics in China.
World Economy 32 (1): 164–77.

Egger, P.H., M. von Ehrlich, and D.R.
Nelson. 2012. Migration and Trade.
World Economy 35 (2): 216–41.

Esposti, R. 2014. To Match, Not to Match,
How to Match: Estimating the Farm-
Level Impact of the Cap-First Pillar
Reform (Or: How to Apply Treatment-
Effect Econometrics When the Real
World Is a Mess). Universit�a Politecnica
delle Marche, Dipartimento di Scienze

Economiche e Sociali, Quaderno di
Ricerca n. 403 ISSN: 2279-9575.

Feleke, S.T., R.L. Kilmer, and C.H. Gladwin.
2005. Determinants of Food Security in
Southern Ethiopia at the Household Level.
Agricultural Economics 33 (3): 351–63.

Food and Agriculture Organization of The
United Nations. 2015. The State of
Agricultural Commodity Markets 2015-
2016. Rome: FAO Publications. http://
www.fao.org/publications/soco/the-state-
of-agricultural-commodity-markets-2015-
16/en/.

Garrett, J.L., and M.T. Ruel. 1999. Are
Determinants of Rural and Urban Food
Security and Nutritional Status Different?
Some Insights from Mozambique. World
Development 27 (11): 1955–75.

Heckman, J., and S. Navarro-Lozano. 2004.
Using Matching, Instrumental Variables,
and Control Functions to Estimate
Economic Choice Models. Review of
Economics and Statistics 86 (1): 30–57.

Hirano, K., and G.W. Imbens. 2004. The
Propensity Score with Continuous
Treatments. In Applied Bayesian Modeling
and Causal Inference from Incomplete-Data
Perspectives: An Essential Journey with
Donald Rubin’s Statistical Family, ed. A.
Gelman and X.-L. Meng. 73–84. Chichester,
UK: Wiley Series in Probability and
Statistics.

Hoddinott, J. 1999. Operationalizing
Household Food Security in Development
Projects: An Introduction. International
Food Policy Research Institute Technical
Guide No.1, Washington DC, USA.

Imai, K., and D.A. van Dyk. 2004. Casual
Inference with General Treatment
Regimes: Generalizing the Propensity
Score. Journal of the American Statistical
Association 99 (467): 854–66.

Imbens, G.W., and J.M. Wooldridge. 2009.
Recent Developments in the Econometrics
of Program Evaluation. Journal of
Economic Literature 47 (1): 5–86.

Iram, U., and M.S. Butt. 2004. Determinants of
Household Food Security: An Empirical
Analysis for Pakistan. International Journal
of Social Economics 31 (8): 753–66.

Jayne, T. 2012. Managing Food Price
Instability in East and Southern Africa.
Global Food Security 1 (2): 143–9.

Kassie, M., M. Jaleta, and A. Mattei. 2014.
Evaluating the Impact of Improved
Maize Varieties on Food Security in
Rural Tanzania: Evidence from a

Magrini et al. Agricultural (Dis)Incentives and Food Security: Is There a Link? 865

http://ftp://ftp.fao.org/docrep/fao/meeting/018/k7197e.pdf
http://ftp://ftp.fao.org/docrep/fao/meeting/018/k7197e.pdf
http://www.fao.org/publications/soco/the-state-of-agricultural-commodity-markets-2015-16/en/
http://www.fao.org/publications/soco/the-state-of-agricultural-commodity-markets-2015-16/en/
http://www.fao.org/publications/soco/the-state-of-agricultural-commodity-markets-2015-16/en/
http://www.fao.org/publications/soco/the-state-of-agricultural-commodity-markets-2015-16/en/


Continuous Treatment Approach. Food
Security 6 (2): 217–30.

Kluve, J. 2010. The Effectiveness of European
Active Labor Market Programs. Labour
Economics 17 (6): 904–01.

Kluve, J., H. Schneider, A. Uhlendorff, and
Z. Zhao. 2012. Evaluating Continuous
Training Programmes by Using the
Generalized Propensity Score. Journal of
the Royal Statistical Society: Series A
(Statistics in Society) 175 (2): 587–617.

Laroche-Dupraz, C., and M. Huchet-Bourdon.
2016. Agricultural Support and
Vulnerability of Food Security to Trade in
Developing Countries. Food Security 8:
1191–1206

Lloyd, P.J., J.L. Croser, and K. Anderson.
2010. Global Distortions to Agricultural
Markets: Indicators of Trade and
Welfare Impacts, 1960 to 2007. Review of
Development Economics 14 (2): 141–60.

Magrini, E., P. Montalbano, and S. Nenci.
2017. Are EU Trade Preferences Really
Effective? An Impact Evaluation
Assessment of the Southern Mediterranean
Countries Case. International Review of
Applied Economics 31(1): 126–144.

Matthews, A. 2013. Food Security Typologies
of Developing Countries. Background
paper prepared for OECD available at
https://www.researchgate.net/publication/
312041295_Food_Security_Typologies_of
_Developing_Countries, DOI: 10.13140/
RG.2.2.26347.54564.

McCorriston, S., D.J. Hemming, J.D.
Lamontagne-Godwin, J. Osborn, M.J.
Parr, and P.D. Roberts. 2013. What is the
Evidence of the Impact of Agricultural
Trade Liberalisation on Food Security
in Developing Countries? London:
EPPI-Centre, Social Science Research
Unit, Inst-itute of Education, University of
London.

Misselhorn, A.A. 2005. What Drives Food
Insecurity in Southern Africa? A Meta-
Analysis of Household Economy Studies.
Global Environmental Change 15 (1): 33–43.

Montalbano, P. 2011. Trade Openness and
Developing Countries’ Vulnerability:
Concepts, Misconceptions, and
Directions for Research. World
Development 39 (9): 1489–502.

Pangaribowo, E.H., N. Gerber, and M. Torero.
2013. Food and Nutrition Security
Indicators: A Review. University of Bonn -

Center for Development Research (ZEF)
Working Paper No. 108

Pyakuryal, B., D. Roy, and Y. Thapa. 2010.
Trade Liberalization and Food Security
in Nepal. Food Policy 35 (1): 20–31.

Rose, D. 1999. Economic Determinants and
Dietary Consequences of Food
Insecurity in The United States. Journal
of Nutrition 129 (2): 517S–20S.

Rothstein, J., 2010. Teacher Quality in
Educational Production: Tracking,
Decay, and Student Achievement.
Quarterly Journal of Economics 125 (1):
175–214.

Sen, A. 2001. Sen, A. 2001. Development as
freedom (2nd ed.). Oxford New York:
Oxford University Press.

Serrano-Domingo, G., and F. Requena-
Silvente. 2013. Re-Examining the
Migration-Trade Link Using Province
Data: An Application of the Generalized
Propensity Score. Economic Modelling
32: 247–61.

Smith, L. 1998. Can FAO’s Measure of
Chronic Undernourishment Be
Strengthened? Food Policy 23 (5): 425–45.

Swinnen, J.F. 2010. The Political Economy
of Agricultural and Food Policies:
Recent Contributions, New Insights, and
Areas for Further Research. Applied
Economic Perspectives and Policy 32
(1): 33–58.

Torero, M. 2016. Consistency between Theory
and Practice in Policy Recommendation by
International Organizations for Extreme
Price and Extreme Volatility Situations. In
Food Price Volatility and Its Implications
for Food Security and Policy, ed. Kalkuhl
M., J. von Braun, and M. Torero, 457–510.
Cham, Switzerland: Springer.

Valdés, A., and W. Foster. 2012. Net Food-
Importing Developing Countries: Who
They Are, and Policy Options for Global
Price Volatility. International Centre for
Trade and Sustainable Development
Programme on Agricultural Trade and
Sustainable Development, Issue Paper 43.

Wooldridge, J.M. 2010. Econometric Analysis
of Cross Section and Panel Data. Boston,
MA: MIT press.

Yu, B., L. You, S. Fan, 2010. Toward a Typology
of Food Security in Developing Countries.
Washington DC: International Food Policy
Research Institute, Technical Report.

866 July 2017 Amer. J. Agr. Econ.

https://www.researchgate.net/publication/312041295_Food_Security_Typologies_of_Developing_Countries
https://www.researchgate.net/publication/312041295_Food_Security_Typologies_of_Developing_Countries
https://www.researchgate.net/publication/312041295_Food_Security_Typologies_of_Developing_Countries


Appendix

Figure A.1. Map of countries (percentage of observations excluded by the common support)

Source: Authors’ calculations.
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Table A.2. Summary Statistics of Covariates and Outcomes

Mean S.D. Min. Max. Obs.

Covariates
Real per-capita GDP 9688.87 11136.77 323.26 51791.63 1076
Population 52592.55 137895.10 269.00 1156898.00 1076
Per-capita arable land 0.328 0.348 0.030 2.807 1076
Agricultural TFP 110.74 15.85 49.13 178.52 1076
Food import/total exports 0.016 0.024 0.001 0.260 1074
Pos. deviation of int.l food prices 0.010 0.030 0.000 0.142 1076
Neg. deviation of int.l food prices 0.050 0.041 0.000 0.138 1076
Food price volatility 0.021 0.009 0.006 0.050 1076
Net Food Exports 1.731 2.305 0.013 24.346 1076
Group 1 - African DCs 0.332 0.471 0.000 1.000 1076
Group 2 - Asian DCs 0.170 0.376 0.000 1.000 1076
Group 3 - Latin American DCs 0.121 0.326 0.000 1.000 1076
Group 4 - European Transition Economies 0.204 0.403 0.000 1.000 1076
Group 5 - High-income Countries 0.173 0.378 0.000 1.000 1076
Food Crisis 0.091 0.288 0.000 1.000 1076
FS Outcomes
Food Supply (in Kcal/capita/day) 2724.691 524.204 1557.000 3826.000 1047
Depth of Food Deficit (kcal/capita/day) 98.16802 110.2965 1 615 988
Prevalence of anemia among children 42.40548 24.40874 9.4 89.5 1076
Per capita Food Supply Variability 12.66497 13.36718 0.5094946 81.39553 1048
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Table A.4. The Final Group-Strata Structure

Strata Control1 Group1 Control2 Group2 Control3 Group3 Control4 Group4

1 200 31 88 31 218 28 410 15
2 134 30 75 31 96 27 77 14
3 52 31 71 31 42 27 28 14
4 35 30 70 30 44 27 72 14
5 41 30 60 31 54 27 28 15
6 43 31 63 31 67 27 38 14
7 46 30 84 31 31 27 18 14
8 26 30 63 30 51 27 34 14

Table A.5. DRF Estimation for Food
Availability

Food availability Coef. SE (robust)

NAC 6.427*** 1.939
NAC2 �5.230*** 1.555
NAC3 1.359*** 0.403
GPS �0.383*** 0.072
GPS 2 �0.063 0.042
GPS3 0.014** 0.007
NAC*GPS 0.407*** 0.035
cons 5.361*** 0.769
No. of observations 824
Adj R2 0.31

Note: ðNACÞ ¼ ð1þNRAÞ. Asterisks ***, **, and * denote significance at

the 1%, 5%, and 10% levels, respectively.

Table A.6. DRF Estimation for Food Access

Food Access Coef. SE (robust)

NAC �82.465*** 22.066
NAC2 73.761*** 18.439
NAC3 �20.789*** 4.993
GPS 3.427*** 0.634
GPS2 0.596** 0.348
GPS3 �0.112** 0.059
NAC*GPS �4.013*** 0.273
cons 33.418*** 8.411
No. of observations 763
Adj R2 0.273

Note: ðNACÞ ¼ ð1þNRAÞ. Asterisks ***, **, and * denote significance at

the 1%, 5%, and 10% levels, respectively.

Table A.7. DRF Estimation for Food
Utilization

Food utilization Coef. SE (robust)

NAC �15.475*** 5.201
NAC2 13.617*** 4.151
NAC3 �3.728*** 1.071
GPS 0.681*** 0.196
GPS2 0.269*** 0.115
GPS3 �0.038** 0.020
NAC*GPS �1.124*** 0.093
cons 9.412*** 2.082
No. of observations 839
Adj R2 0.197

Note: ðNACÞ ¼ ð1þNRAÞ. Asterisks ***, **, and * denote significance at

the 1%, 5%, and 10% levels, respectively.

Table A.8. DRF Estimation for Food
Variability

Food Variability Coef. SE (robust)

NAC �7.541*** 1.797
NAC2 3.035*** 0.689
GPS �0.985*** 0.237
GPS2 �0.055 0.035
NAC*GPS 1.208*** 0.194
cons 6.257*** 1.043
No. of observations 823
Adj R2 0.087

Note: ðNACÞ ¼ ð1þNRAÞ. Asterisks ***, **, and * denote significance at

the 1%, 5%, and 10% levels, respectively.
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