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1. Introduction

International food prices have spiked three times in the past five years. During these events, countries have

adopted restrictions in national barriers to agricultural trade in the attempt to insulate domestic markets

(Anderson et al., 2013). The debate about the effectiveness of these measures as well as on the impact of

these restrictions is becoming an hot issue. While most part of the literature is currently focusing on the

impact of these measures on prices level and volatility, the analysis of the impact of these trade restrictions on

consumer’ welfare and food security has been largely overlooked. The most proximate strand of the literature

is that addressing overall the links between trade policy reforms, poverty and vulnerability (Winters, 2002;

Hertel and Winters, 2006; Aksoy and Hoekman, 2010; Montalbano, 2011; Magrini and Montalbano, 2012).

The main outcome of this literature is that the net effect of trade reforms on the poor depends crucially on

the specific circumstances of the household and, at the country level, on the structure of production and

net trade flows. According to this argument, the adoption of national policy measures on agricultural trade,

no matter whether effective or ineffective in terms of the dynamics of international prices (Anderson and

Nelgen, 2012b), has, in principle, a direct impact on domestic consumer’ welfare, poverty and food security.

The purpose of this paper is twofold: to assess the impact of global distortions on agricultural trade by

commodities on food security; and to estimate the likely influence of insulating policies during the recent

food price spikes.

To this end, we adopt a novel methodological approach, namely the Generalised Propensity Score (GPS)

matching technique. GPS is a non-parametric method to estimate treatment effects conditional on observable

determinants of treatment intensity. The adoption of impact evaluation techniques is key in assessing the

causal effect of trade restrictions on selected outcome indicators of food security, since it allows to better

isolate the average treatment effect among countries characterised by a comparable level of proneness to

trade distortion and food security. More specifically, the adoption of GPS technique helps to avoid the likely

selection bias between food insecurity (the outcome) and trade policy distortions (the treatment) comparing

units that are similar in terms of their characteristics. For example, the net food importer and exporter

developing countries are more likely to adopt agricultural trade distortions during the food price spikes.

The outcomes of our preliminary estimates show clearly that the set of World Bank indicators on agricul-

tural trade distortion is, overall, significantly correlated with one of the most important dimensions of food

security, namely food availability, but on the opposite direction than hoped for by policy-makers. Countries

more prone to adopt trade distortion policies tend to perform worse in terms of food availability. This relevant

empirical evidence is derived after having successfully addressed the issue of selection bias or randomness of

2



the treatment.

The added value of the analysis is twofold: first, we test the casual relationship between trade distortion

and food security; second, we provide a critical analysis of the heterogeneous impact of the different trade

distortion intensities on food security by commodities.

The work is organised as follows: Section 2 briefly summarises the literature; Section 3 presents the GPS

estimator; Section 4 shows the empirical results; Section 5 concludes.

2. Trade and food security: review of the literature

Trade and food security are closely interconnected. It is sufficient to recall here that among the underlying

causes of the recent food crises scholars generally include the adoption of pro-cyclical trade policies (reduc-

tion in import protection or increases in export restraints) able to amplify both price spikes and volatility

(Anderson et al., 2013; Headey, 2010; Karapinar and Haberli, 2010; Kim, 2010; Mitra and Josling, 2009).1

Martin and Anderson (2011), Anderson and Nelgen (2012b), Anderson and Nelgen (2012a), Rutten et al.

(2013), Anderson et al. (2013) argue that such measures are ineffective if many countries do the same. They

do push world food prices to even higher levels and, like a domino effect, drive more countries to follow

thereby perpetuating high food prices, reducing the impact of each country’s initial action on its domestic

price, and exacerbating food insecurity around the world (Martin and Anderson, 2011, 2012). In the case of

small countries - i.e., countries unable to influence their terms of trade - these measures are likely to reduce

national economic welfare too.

The effects of such trade policy responses are supposed to be pervasive on food security since the latter

is supposed to depend crucially on changes in prices but also in incomes that are associated with changes in

factor returns (Rutten et al., 2013). However, the most recent empirical works find that the actual poverty-

reducing impact of trade insulation is much less than expected even if not significantly different from zero

(Anderson et al., 2013). Moreover, they are likely to be inefficient since while the poor can in principle

benefit on the expenditure side, they can be harmed on the earnings side if they are net sellers of food or

suppliers of unskilled labour (Anderson and Nelgen, 2012b). Furthermore, they are also wasteful since they

affect all food consumers and/or producers in the country and not only the target groups.

The empirical analysis of the actual impact of trade restrictions on consumer’ welfare and food security

has been largely overlooked by the literature. The reference conceptual framework is the analysis of the links

1Demeke et al. (2009) show that of 81 developing countries covered in their survey, 25 were found to have implemented
export restrictions or bans and 43 were found to have reduced import tariffs.
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between trade and poverty (Winters, 2002; Winters et al., 2004; McCulloch et al., 2001). It considers the

following channels: i) the distribution channel, which relates to changes in the prices of goods and services;

ii) the enterprise channel, which relates to changes in profits, wages and employment; iii) and the government

channel, which relates to changes in taxes and transfers. A starting point of the above framework is price

changes at the border and their actual effects on the prices of goods that are important for the poor.

The main finding of econometric estimates is that price changes at the border do not necessarily covariate

with domestic prices (McCulloch et al., 2001). Furthermore, the effect of a single small price change on

household welfare depends on whether the household is a net supplier or net demander of the good or service

in question

To sum up, no clear cut evidence on the links between trade policy responses and food security can

be derived from the above applied literature. According to the most recent empirical literature the actual

impact of trade policy on poverty seems to be weak and greatly dependent on model specifications, the types

of goods under investigation as well as the political economy context. To overcome the above limits two main

issues need to be undertaken. The first one is to adopt an appropriate impact evaluation technique able to

assess the causal effect of trade restrictions on selected outcome indicators of food security. Acknowledging

the presence of context specific factors, we adopt a non-parametric method to estimate the actual impact

of trade insulating policies by isolating the average treatment effect among countries characterised by a

comparable level of proneness to trade distortion and food insecurity.

The second issue is to isolate the most appropriate definition and assessment indicators of food security.

Giving a working definition of food security is an arduous task. Many different concepts and definitions have

been developed over time. One of the most popular definitions of food security emphasizes its multidimen-

sionality, describing food security 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 pref-

erences for an active and healthy life” (CFS, 2009). Four dimensions (or pillars) of food security have been

usually adopted as a way to provide better guidance to policy aimed at addressing the problem (Cafiero,

2013), namely: availability, access, utilization and stability. Availability is a measure of the amount of food

physically available in a population during a certain period of time (most likely related with production

and market availability). The accessibility dimension embraces Sen’s framework of the capability approach

emphasizing that food availability does not guarantee that everyone is free from hunger (Sen, 1981). The

third dimension - utilization - is a measure of a populationâs ability to obtain sufficient nutritional intake and

nutrition absorption during a given period. The last dimension - stability - refers to the the risk component
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of the above three (such as natural events, man-made shocks, malfunctioning international markets, etc.)

(Pangaribowo et al., 2013).

As food security covers a complex set of concepts and dynamics, a comprehensive assessment of food

security able to cover its multidimensional nature is not an easy task. No single indicator can be able to

capture all the identified dimensions that comprise the problem. Consequently, there has been a proliferation

of proposals for food security indicators. According to Hoddinott (1999), “there exist approximately 200

definitions and 450 indicators of food security”. In this paper we decide not to use a composite indicator of

food. We differentiate food security indicators based on the four dimensions (availability, access, utilization

and stability) and we use different indicators, one for each dimension. We start with the food availability

dimension and, following Cafiero (2013), we use the food supply (kcal/day/pc) variable taken from FAO

dataset, i.e. per capita total amount of net calories available in a given country. As a result, we focus on

quantitative indicators instead of qualitative ones and we also limit our considerations to aggregate level

indicators, at global, regional, and national levels.

3. The GPS estimator

The GPS estimator -originally proposed by Hirano and Imbens (2004) and Imai and van Dyk (2004) - is a

generalisation of the binary treatment propensity score. It is a non-parametric method to correct for selection

bias in a setting with a continuous treatment, by comparing units that are similar in terms of their observable

determinants of “treatment intensity” within the treatment group. Hence, it does not require control groups.

It is based on the following assumptions: for each i there is a vector of covariates Xi, a ”treatment” received,

Ti ∈ [t0, t1] and a potential outcome, Yi = Yi(Ti). Following Hirano and Imbens (2004) we assume: Yi, Ti

and Xi are defined on a common probability space; Ti is continuously distributed with respect to a Lebesgue

measure on τ ; Yi = Yi(Ti) is a well defined random variable. For each i we postulate the existence of a set of

potential outcomes, Yi(t), for t ∈ τ where τ is the interval [t0; t1] referred to as the unit-level dose-response

function. We are interested in the average dose-response function, across all observations i that illustrates

the expected value of the outcome variable conditional to continuous treatment as follows:

D(t) = E[Y i(t)] (1)

In this exercise we use index i = 1, ..., N to indicate countries and assume the unit-level dose-response of

potential outcomes of food security, Yit as a function of the treatment t, where t is the annual NRA in the
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commodity under investigations. Following Hirano and Imbens (2004), we define GPS as:

R = r(t,X) (2)

where R is the propensity score, i.e. the conditional probability of receiving a specific level of treatment

given the covariates, which is estimated via the following standard normal model:

R̂i =
1√

2πσ̂2
exp

[
− 1

2σ̂2
(ti − β̂0 −Xβ̂1)2

]
(3)

The main purpose of estimating GPS is to create covariate balancing. However, the validity of R as a measure

of similarity or dissimilarity across countries depends crucially on the validity of a set of assumptions which

are standard in impact evaluation literature. First of all, the randomness of the treatment, namely the

assumption of “unconfoundedness” or “ignorability of the treatment”. It means in this case to avoid the likely

selection bias between food insecurity (the outcome) and trade policy distortions (the treatment) due to

the fact that the net food importer and exporter developing countries are more likely to adopt agricultural

trade distortions during the food crisis. Imbens (2000) shows that if the treatment assignment is weakly

unconfounded given the observed covariates, then the treatment assignment is weakly unconfounded given

GPS. In other words, the GPS has the following property:

X⊥1 {T = t} |r(t,X)(4)

GPS removes the bias associated with differences in covariates in three steps. In the first step, the

GPS is estimated and its balancing property checked. If balancing holds, product-level flows within GPS

strata can be considered as identical in terms of their observable characteristics, independently of their

actual level of treatment.2 Then, two additional steps are needed to eliminate the bias associated with

differences on the covariates (see Hirano and Imbens (2004) for a proof). The first one is the estimation of

the conditional expectation of the outcome as a function of two scalar, the treatment level T and the GPS

R, β(t, r) = E[Y |T = t, R = r]. The final one is to estimate the average dose-response function (DRF) of the

outcome (i.e., the different dimensions of food security) averaging the conditional expectation over the GPS

2Please note that as long as sufficient covariate balance is achieved, the exact procedure for estimating the GPS is of secondary
importance (Kluve et al., 2012).
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at any different level of NRA, as follows:

D(t) = E[β(t, r(t,X))] (5)

Furthermore, we can estimate the varying marginal effects of the treatment by estimating the treatment

effect function, which is the first derivative of the corresponding dose-response function.

4. GPS estimation and results

In this exercise we make use of three different sets of data: i) the annual NRA by commodity (i.e., the

treatment, Ti) derived from the World Bank dataset (“Updated National and Global Estimates of Distortions

to Agricultural Incentives, 1955 to 2010”) by Anderson and Nelgen (2012c). It includes a core database of

Nominal Rates of Assistance to producers (NRAs), together with a set of Consumer Tax Equivalents (CTEs)

for farm products and a set of Relative Rates of Assistance (RRAs), which capture the extent to which

domestic prices faced by farmers relative to those for producers of non-farm tradable goods have been

distorted away from prices at the country’s border (Anderson and Valenzuela, 2008); ii) the observable

characteristics able to explain the probability to reach a specific level of NRA (Xi); iii) the outcome in terms

of the various dimensions of food security (Y (t)).

The complete dataset of NRAs covers 75 countries and the period from 1955 to 2009 including 2782

observations. As in Anderson and Nelgen (2012b) and Anderson and Nelgen (2012a) NRA data have been

converted to a nominal assistance coefficient (NCA) = (1+NRA) in order to transform NRAs negative values

(i.e., when producers receive less than the price at the border in the absence of government intervention)

into NAC values between zero and one (one becomes the threshold between a positive and negative NRA).

NAC observations before the 5 percentile and after the 95 percentile have been removed from the sample

in order to clean our dataset from potential outliers. Finally, a zero-skewness log transformation has been

applied to normalize the NAC distribution.

In this first draft version of the paper we start with the most important commodity: wheat. In the first

stage estimation, we regress the indicators of trade distortion on a set of observable characteristics, and

estimate the GPS. The covariates applied for the first stage of GPS have been selected as in Anderson et al.

(2013) and Anderson and Nelgen (2012a). Differently from them, we include also countries fixed effects to

take into account of country level unobservables. In the second stage, we compute a dose-response function

which illustrates if and how the level of food insecurity respond to changes in the intensity of agricultural
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trade distortions. Finally, we provide estimates of the marginal effects of agricultural trade distortions on

food security during the recent price spikes.

Table 1 presents the outcome of the first stage equation in the case of wheat. The coefficients are

significant and show the expected signs (with the relevant exception of arable land). As in Anderson (2013)

and in Anderson and Nelgen (2012b), NRA tends to be higher the higher a country’s income per capita

(even if at a decreasing rate) and the weaker the country’s comparative advantage in agriculture. NRAs are

negatively correlated with wheat international price deviations from its trend, since food import restrictions

tend to be eased during price spikes, while the anti-trade bias of net exporter countries is reflected in the

negative coefficient of the dummy variable for countries that export wheat (Anderson, 2013; Anderson and

Nelgen, 2012b,a).

Table 1: Generalised Propensity Score Estimation: wheat

coef t

Ln real pc GDP 0.945*** 3.17

Ln real pc GDP squared -0.045*** -2.81

Ln pc arable land 0.057 1.35

Exportable dummy -0.262*** -7.08

% dev. int.l prices from trend -0.003*** -6.82

Constant -5.121*** -3.69

Country fixed effects Yes

Observations 1.689

R squared 0.325

Notwithstanding the relevance of our set of covariates, it is worth noting that in impact evaluation

exercises the interpretation and statistical significance of the individual effects of the covariates are of minor

importance than getting a powerful GPS (i.e., a GPS that works well in balancing the covariates by respecting

the condition in eq. 4).

Following the approach applied by Egger et al. (2012) a further step of our impact evaluation exercise

is to test the “balancing property”. To this end, we compare the covariates across groups with and without

the GPS correction. Hence, we first perform a series of two-sided t-tests across groups for each covariate.

Groups of approximately the same size are formed on the basis of the actual NRA, while 10 GPS strata are

estimated. Before controlling for the GPS we obtain an average t-stat of 2.414 and the common support

condition was not respected by 87 observations out of 177. After the GPS correction the average t-stat is
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0.436 and the common support condition is rejected only by 5 observations.

The last step is to estimate the dose-response function, i.e., to assess the impact in terms of each dimension

of food security at any specific level of annual NRA in wheat, given the estimated GPS. Table 2 shows the

dose-response function parameters estimated using OLS. Among the different polynomial alternatives, we

choose the following specification with the linear treatment variable and the cubic GPS, together with

their interaction.3 Other polynomial specifications neither add any relevant information nor affect the dose

response function.

Table 2: Dose-Response Function estimation: wheat

Coef t

NRA 9.315 31.21 ***

NRA2 -3.123 -25.81 ***

GPS 4.160 3.47 ***

GPS2 -11.969 -5.12 ***

GPS3 7.854 5.84 ***

Observations 1569

The left panel of Fig. 1 reports the graphical representation of the dose-response function, i.e. the

non-parametric functional form of the relationship between food security and annual NRAs in the case of

wheat, while the right panel of Fig. 1 represents the treatment effect function, i.e. the first derivative of the

dose-response function. The corresponding standard errors and 90% confidence intervals of both functions

are also reported in the figures and estimated via bootstrapping. As expected, according to the dose response

function in the left panel of Fig. 1 food availability increases with NRA moving from negative to positive

values (please recall NAC=1+NRA) but until a certain point (around 1.5) when food availability actually

worsen for higher values of NRA. The treatment effect function in the right panel of Fig. 1 shows however

that, for each level of NRA, food availability actually worsens in correspondence of any marginal change in

NRA, with the relevant exception when NRA is around zero (which corresponds to a value of NCA=1). It

means, both negative and positive NRAs have, on average, a negative impact on food security cross-countries.

5. Conclusions

This paper deals with the impact on food security of trade policy restrictions to agricultural trade applied

by national governments in the attempt to insulate domestic markets from international prices spikes. The

3As emphasised by Hirano and Imbens (2004), similarly to what occurred in the first stage’ case, also the parameters reported
in Table 2 do not have a causal interpretation.
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Figure 1: The dose-response and the treatment effect function:wheat

outcomes of our preliminary estimates show clearly that the set of World Bank indicators on agricultural

trade distortion is, overall, significantly correlated with one of the most important dimensions of food security,

namely food availability, but on the opposite direction than hoped for by policy-makers. Countries more

prone to adopt trade distortion policies tend to perform worse in terms of food availability.

To address the issue of selection bias or randomness of the treatment we apply a novel methodological

approach, namely the Generalised Propensity Score (GPS) matching technique. According to the average

dose response function, food availability increases with NRA moving from negative to positive values but until

a certain point (around 1.5) while, according to the treatment effect function, for each level of NRA, food

availability actually worsens in correspondence of any marginal change in NRA, with the relevant exception

when NRA is around zero.
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Appendix A.

Figure A.1: Common support before GPS - group 1

Source: Authors’ calculations
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Figure A.2: Common support after GPS - group 1

Source: Authors’ calculations

Figure A.3: Common support before GPS - group 2

Source: Authors’ calculations
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Figure A.4: Common support after GPS - group 2

Source: Authors’ calculations
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Figure A.5: Common support before GPS - group 3

Source: Authors’ calculations

Figure A.6: Common support after GPS - group 3

Source: Authors’ calculations
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