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Abstract
This paper develops a novel approach to the analysis of vulnerability in the context of food
security. The proposed methodology incorporates recent developments in the analysis of risk
management. It can be applied to estimate the probability that a household or a community might
fall below a critical food security threshold at some time in the future. The methodology also aims
to identify the risk management strategies which are most effective in reducing the likelihood of the
occurrence of food insecurity or the severity of its effects.
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1.

Introduction

In recent years there has been increasing awareness that the analysis of food insecurity should be
carried out in a dynamic context. It is essential not just to look at the current incidence of an
inadequate nutritional outcome, but also to identify the individuals, households or the communities
who are more at risk of suffering in the future. The main analytical concept that has been developed
in order to address the issue of the future incidence of food insecurity is vulnerability analysis. The
notion of vulnerability had first been applied to the context of poverty (see Holzmann and
Jørgensen, 2000, for an early application to social risk management), but it is increasingly
acknowledged as an important approach for the analysis of food insecurity as well (Løvendal,
Knowles and Horii, 2005).

The main advantages of the vulnerability approach are twofold. First, the approach is explicitly
dynamic and forward-looking, in the sense that it is not simply concerned with current outcomes but
looks at their future incidence. Hence, it looks at food insecurity ex ante, rather than examining it as
an ex post outcome. Second, the analysis is cast in a stochastic framework and can therefore fully
consider the uncertainties associated with future food insecurity, such as the role of external shocks
and the strategies that households, communities or public institutions can adopt in order to reduce
the likelihood of negative outcomes.

An analysis of the current literature on vulnerability make it apparent that there is at present no
consensus on the conceptual framework – that is, on how to define and measure vulnerability – and
on which empirical methods are the most appropriate for the evaluation and assessment of policies
targeted at reducing vulnerability. In particular, there seems to be insufficient awareness of the
methodologies that have been developed in the Risk Management context for the dynamic analysis
of stochastic processes that can lead to inadequate on unsatisfactory outcomes (see for instance
Elton, Gruber, Brown and Goetzmann, 2003, for applications in a finance context).

The main aim of this paper is to develop a rigorous novel approach to the analysis of vulnerability
in the context of food security, which incorporates recent developments in the analysis of Risk
Management. The proposed methodology can be used in order to estimate the probability that a
household or a community might fall below a critical food security threshold at some time in the
future. This methodology can also be employed in order to identify which risk management
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strategies can be most effective in reducing the likelihood of the occurrence of food insecurity or
the severity of its consequences.

After providing a brief summary of the main approaches to vulnerability analysis (section 2), the
paper considers some specific problems in the measurement of food security (section 3). Section 4
sets forth a new methodology for the analysis of vulnerability to food insecurity. Section 5
discusses some possible indicators of vulnerability, based on the theoretical framework developed
earlier in the paper. Section 6 considers the empirical application of the methodology. It discusses
the data requirements for the analysis and the issues in the econometric estimation of the model, and
explains how to address the relevant policy questions. Section 7 draws some conclusions.

2.

Approaches to vulnerability analysis

There is no established consensus in the literature regarding the most appropriate approach to the
analysis of vulnerability. Furthermore, most analyses of vulnerability focus on poverty, rather than
on food insecurity. Traditional approaches tend to emphasise the role of assets in reducing
vulnerability. Even more crucially, some of the most common methodologies that purport to
analyse vulnerability are static in nature, and thereby fall short of an appropriate assessment of the
dynamic nature of vulnerability.

Sen’s (1988) influential entitlement approach links vulnerability to inadequate access to assets,
including intangible ones, such as social capital. However, access to assets offers no guarantee that
the assets will be used in an effective fashion to reduce vulnerability. The UK Department for
International Development (DFID), for example, develops its vulnerability assessments in terms of
the household assets and activities required to maintain or sustain livelihoods (Department for
International Development, 2003).

By contrast, the World Bank uses a risk-based approach for assessing household vulnerability (as in
World Bank, 2005). The “Social Risk Management” framework of the Bank considers the sources
of vulnerability and the ability of the community to manage the associated risk. The emphasis is
largely on minimising risk exposure, although a major weakness in the approach is the absence of
the consideration of those risks that stem from insufficient ownership or access to assets.
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Many development agencies, including FAO, analyse vulnerability based on the sustainable
livelihood approaches (e.g., Devereux, Baulch, Hussein, Shoham, Sida and Wilcock, 2003). The
FAO identifies currently vulnerable groups in terms of geographic location, and seeks to determine
the causes of their vulnerability.

Whilst definitions of vulnerability are plentiful, the real difficulty has been in finding a robust
measurement of vulnerability that is consistent with the basic tenets of risk analysis. There are two
main approaches to vulnerability measurement. The outcome approach measures vulnerability in
terms of expected poverty (Chaudhuri, 2001; Chaudhuri, Jalan and Suryhadi 2002). The utilitybased approach measures vulnerability as the difference between the utility a household would
derive from the consumption of a particular bundle with certainty and the expected utility of
consumption (Ligon and Schecter, 2003, 2004).

Within the outcome approach the measures of vulnerability vary depending on the definition of
expected poverty. Chaudhuri (2001), Chaudhuri, Jalan and Suryhadi (2002) and Christiaensen and
Boisvert (2000) use the expected headcount measure of poverty; Ravallion (1988) uses expected
squared poverty gap to measure vulnerability, while Kamanou and Morduch (2002) consider
expected changes in poverty as opposed to expected poverty.

The outcome approach to vulnerability can help provide a quantitive measure of the incidence of
vulnerability, which is useful in placing households with respect to the reference threshold, as
policy can be directed towards particular groups. However, as Gaiha and Imai (2004) correctly
point out, vulnerability can be high even if measured poverty is low.

The utility-based measures of vulnerability contrast the expected utility derived from consumption
against the utility derived from consumption of a particular bundle with certainty. The utility
function can be decomposed into distinct components measuring poverty and risk. The risk measure
has the advantage of capturing both aggregate and idiosyncratic risk. This approach can in principle
identify whether vulnerability affects those with low asset levels, unfavourable settings or low
returns to assets.

Glewwe and Hall (1998) and Dercon and Krishnan (2000) adopt a different approach to
vulnerability by considering the ability of the household to smooth consumption through observed
changes in consumption over time in response to shocks. The approach is however, in essence, not
3

dissimilar to the expected poverty approach but uses an internal rather than a socially defined
poverty threshold.

Ligon and Schechter (2004) have attempted to evaluate different measures of vulnerability by using
various definitions and estimators of vulnerability using datasets from Vietnam and Bulgaria. The
main purpose of their study is to allow practitioners with any given dataset to identify a suitable
approach to measuring vulnerability.

A fundamental difficulty with most existing approaches to vulnerability is that they are essentially
static, and are therefore not fully appropriate to measure the dynamic aspects of risk. Chaudhuri
(2001) and Chaudhuri, Jalan and Suryhadi (2002) analyse the probability of being below a critical
consumption threshold by estimating a parametric heteroskedastic probit model, conditional on
contemporaneously-observed characteristics of the household. Ligon and Schecter (2003, 2004)
also use currently observed regressors to decompose the difference between a threshold level of
utility and the certainty equivalent level of consumption.

Gentilini and Webb (2005) suggest an interesting extension of the well-known Human
Development Index to include hunger indicators, that were originally excluded from the calculation
of the HDI. Their approach is however still a static one, since they measure the current hunger
status rather than vulnerability to food insecurity.

By contrast, the approach to the analysis of vulnerability developed in this paper is intrinsically
dynamic and captures the forward-looking aspects of vulnerability to future risks.

3.

Analysing Food security

There are numerous measures of food insecurity depending on the specific focus and the aims of the
analysis. Anthropometric measures such as wasting (low weight-for-height) or stunting (low heightfor-age), for example, are nutritional outcome measures of food insecurity. They reflect the
consequences of prolonged food insecurity, but do not consider the determinants of food insecurity
as such (Dasgupta, 1993).
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The annual report by the FAO on the State of Food Insecurity in the World (SOFI) includes several
measures of food insecurity, from those living on less than a dollar a day to those consuming less
than the recommended calories intake for a healthy life. These measures give a very clear snap-shot
of the current global situation.

There has been a recognition of the need to develop analyses to inform policies that are not only
aimed at the currently food insecure but at those who are likely to become food insecure in the
future. The emphasis on forward-looking analyses has received a great deal of attention, but most
studies on vulnerability look at poverty rather than at food security. While the two concepts are
related, there are a number of specific issues with food security that should be explicitly addressed.
To a large extent these depend on identifying the factors that result in food insecurity in the first
place, which may not always be consistent with the factors that result in poverty.

In analysing food insecurity where availability, access and stability are the key determinants of food
security (Devereux, Baulch, Hussein, Shoham, Sida and Wilcock, 2003; Løvendal and Knowles,
2005). Access refers to the means or assets needed to consume food while stability refers to the
long-term need to maintain consumption levels. A fourth element pertains to utilisation, that is, the
extent to which food is effectively transformed by the body.

The Twin-Track approach developed by the FAO provides a very comprehensive policy approach
to food insecurity based on rural development and productivity enhancement combined with safety
net measures. Crucially the approach recognises that food insecurity needs to be treated through
both direct and indirect measures depending on the context. Even in the crisis context, there is
growing acknowledgement of a scope for long-term food security interventions by ensuring access
to food and by enhancing stability in consumption (see Pingali, Alinovi and Sutton, 2005, and
Flores, Khwaja and White, 2005). By advocating policies for long-term food security, the policy
recommendations of the Twin-Track approach also have a bearing on the reduction of vulnerability
to food insecurity.

4.

A new methodology for the analysis of vulnerability to food insecurity

The main difficulty with most existing approaches to the analysis of food insecurity, both
theoretically and empirically, is that they are not sufficiently distinct from a static analysis of
5

inadequate nutritional outcomes. Existing approaches directly stem from the analysis of poverty,
and tend not to exploit fully the dynamic, forward-looking potential of the notion of vulnerability.
For instance, as explained in section 2 both the approaches by Chaudhuri, Jalan and Suryhadi
(2002) and by Ligon and Schecter (2003, 2004) apply static econometric methods which only make
use of contemporaneously-observed characteristics of the household and, therefore, fail to capture
the dynamic aspects of vulnerability.

The methodologies applied in Risk Management theory, by contrast, can provide a sound
conceptual framework for an appropriate theoretical analysis of the concept of vulnerability, and
can offer the methods and tools for a dynamic empirical analysis. Risk Management has mainly
been developed precisely because of the need to identify strategies for dealing with risks in
uncertain environments. It has a rigorous foundation in probability theory and in risk analysis, and
is an extremely operational discipline insofar at its main aim is to provide practical guidance to
decision making. Crouhy, Galai and Mark (2001) and Elton, Gruber, Brown and Goetzmann (2003)
provide excellent expositions of the main concepts and methods of Risk Management.
Scaramozzino (2005) discusses some recent methodologies with applications to finance and
banking.

Rigorous methodologies from risk analysis have rarely been applied to the analysis of vulnerability
to food insecurity. Their application would therefore be a novel feature of the present approach, and
could represent an innovative contribution to the literature on food security and offer new
perspectives on policies and programme interventions.

The most relevant risk management methodology for the measurement of vulnerability in a food
insecurity context is the Value-at-Risk (VaR) analysis. This methodology is widely used for the
management of the specific risks faced by financial and banking institutions, where it is employed
in order to measure the risk associated with an investor’s asset and liability position. VaR
calculations are essential in order to identify the resources that have to be set aside for minimum
capital adequacy requirements, as set out by the revised framework of the Bank of International
Settlements Committee (Basel II: see Basel Committee on Banking Supervision, 2005; and Crouhy,
Galai and Mark, 2006). This problem is akin to the decision faced by households regarding the
resources that must be set aside as a contingency against negative future outcomes. VaR is a very
flexible tool that can be usefully employed both for measuring and for managing risk. Technical
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discussions of VaR can be found, for instance, in Jorion (1996a and 1996b), Dowd (1998), and Hull
(2003).

The VaR methodology analyses the probability that the outcome of a risky event might fall below a
critical threshold, on the basis of the statistical distribution of all possible outcomes. Strictly
speaking, VaR measures the worst loss that can be expected, given a specified level of probability
(denoted as the confidence level). Formally, in general VaR can be defined as a percentile of the
distribution of the uncertain outcome over a specified time horizon.

The need to use a probabilistic definition is apparent once one considers that, if a household only
looks at the very worst possible outcomes without regard to their (potentially very small) likelihood,
it might be led to pursue an unduly cautious strategy. It is important to consider how likely the
various outcomes may be, so that the household can adopt a strategy that is still prudent but does
not prevent it from making decisions that could yield a potentially large expected outcome and that
only entail a moderate amount of risk.

In the context of food security, VaR can be defined in terms of the critical threshold level of the
nutritional outcome consistent with a small (given) probability of the outcome falling below this
level, over a given time horizon (section 5 discusses in detail the choice of appropriate food security
indicators). By focusing on worst case scenarios, VaR considers the very outcomes that are relevant
from the point of view of food vulnerability. The key aspects of the definition are the degree of
confidence required of the measure and the level of the nutritional outcome that is used as a
benchmark. In principle, it is of course possible to consider a number of alternative confidence
levels and threshold benchmarks. The resulting sensitivity analysis, or more elaborate forms of test
stressing or scenario analyses, can provide a comprehensive overview of the risk position of the
household.

As an example, VaR analysis could lead to estimate that, with a 95 percent confidence, a given
household will not experience food insecurity during the next six months, in terms of its nutritional
outcome relative to a pre-specified benchmark. A higher level of confidence would be associated
with increased food security, or equivalently with reduced food insecurity. Thus, if a household is
99 per cent confident that it will not experience food insecurity during the next reference period, the
household can be regarded as relatively safe under most circumstances. By contrast, if a household
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were only 50 per cent confident that it will not experience food insecurity, then it would usually be
regarded as vulnerable.

The VaR analysis would also enable the household to assess the amount of resources that ought to
be set aside in order to achieve food security, for any chosen level of confidence. If the household
faces a relatively high probability of being food insecure in the future, the VaR methodology could
lead to an estimation of the critical resources that are necessary in order to overcome its
vulnerability. This problem is analogous to the determination of the capital adequacy requirements
that lending institutions have to satisfy in order to reduce their vulnerability to adverse market or
credit shocks. Hence, VaR is a highly operational methodology that can directly provide with
recommendations regarding the actions that should be put in place in order to reduce vulnerability.

The methodology of VaR can also be applied to clusters of households or to communities. The
calculation of VaR for a group of individuals must consider the covariance structure between their
likely future food security outcomes. This is because, consistent with the basic principles of risk
management and portfolio analysis, the risk of a group of individuals can be lower (or greater) than
the sum of the individual risks, depending on how the uncertain outcomes are correlated with each
other and with the external shocks (Elton, Gruber, Brown and Goetzmann, 2003).

An operative definition of Value-at-Risk in the context of food insecurity is the maximum shortfall
in nutrition outcome relative to a reference level over a given time period such that there is a low
probability, say a 10 percent probability, that the actual shortfall over the given period will be
larger. This shortfall must be measured relative to a benchmark that represents an acceptable
nutritional outcome for the household or the unit of analysis. If the probability of the nutritional
outcome being less than the maximum shortfall is greater than 10%, then the unit of analysis is
regarded as vulnerable to food insecurity. In this example, the confidence level would be 90%. Of
course, a different probability level could be chosen, and accordingly a different confidence level
would apply to the definition of vulnerability. The precise choice of the suitable confidence level
must be guided by the researcher’s judgement regarding the level of risk that households face. A
higher confidence level (say, 95%) would lead to a less restrictive definition of vulnerability, and a
lower confidence level (say, 80%) would lead to a more restrictive definition. In other words, fewer
household would be classified as vulnerable when the confidence level chosen in 95% than when
the confidence level is 90% or 80%. Again, a sensitivity analysis might be appropriate to select the
most informative confidence level.
8

Value-at-Risk could also be defined in absolute terms, as the worst case nutrition outcome at a
given confidence level (Absolute Value-at-Risk, or VaR'). Yet another complementary definition is
Extreme Value-at-Risk, or EVaR. This could be defined as the expected nutritional outcome in the
worst-case scenario, with say a 10 per cent probability (i.e. at the 90 per cent confidence level) (see
Crouhy, Galai and Mark, 2001, for examples and applications). These definitions of Value-at-Risk
focus on complementary aspects of risk, and could form the basis for alternative indicators of
vulnerability as will be explained in section 5.

As argued above, an important aspect of the VaR methodology is that it can be employed in order to
identify the strategies that should be put in place to prevent food insecurity and to estimate their
effectiveness. Section 6 explains how it can possible to measure the sensitivity of estimated VaR
with respect to its main determinants. These include both the exogenous risk factors and the
endogenous variables that are the outcome of the risk management or risk reduction strategies
implemented by households. The measures of the sensitivity of VaR with respect to the variables
that capture the risk management decisions of households offer a guidance as to which strategies
can be more effective for reducing vulnerability, in terms of their quantitative impact on the overall
VaR faced by the households. In other words, the size of the coefficients of the endogenous
decision variables can be important for the purposes of identifying the most useful strategies
available to households, communities or policy making institutions 1 .

Since VaR has been developed precisely to consider the likely consequences of events that could
happen randomly but that, when they do occur, could yield large losses, the methodology can be
extremely useful in order to identify ‘worst case scenarios’ for food insecurity. This could clearly be
extremely relevant for policy, since it could give a more precise indication about the resources that
should be mobilised and about the strategies that should be put in place to prevent the occurrence of
food insecurity, or to lessen their negative impact.

A potential generalisation of the VaR methodology could consist of looking at the conditional
transition probabilities for the stochastic process describing the nutritional status of households,
given their characteristics and the risk factors that could affect their nutritional outcome. Formally,

1

Of course, care must be taken to control for the potential endogeneity of the household decisions when
estimating the model using econometric methods: see the discussion in section 6.
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this could lead to the definition of vulnerability in terms of the probability of an individual or
household being in a vulnerable status in the future 2 .

A nutritional outcome is by definition individual. Since the main focus of interest of the analysis is
often the household, it become necessary to define an appropriate notion of nutritional outcome for
the household as a whole. If there is perfect income and resource pooling within the household, and
in the absence of serious health problems for specific individuals, the nutritional outcomes for all
household members should be very similar. If however there is less than perfect pooling of
resources within the household, it is possible that the nutritional outcome is adequate for some
members of the household but not for others. In this case, an operational definition of adequate
nutritional outcome for the household can be based on the notion that all individual members
achieve an adequate outcome.

5.

Indicators of vulnerability to food insecurity

Vulnerability is a forward-looking concept based on the notion that the food security outcome of
households is the realisation of a stochastic process, conditional on a number of risk factors at
different levels. Vulnerability can be modified by endogenous strategies implemented by
households, communities or public institutions.

An important aspect of the role of policy and of risk management strategies is the existence of lags
between when the strategies are implemented and the time when their effects have worked
themselves through to nutritional outcomes. These lags must be taken into account and factored in
when considering alternative strategies for reducing the risk of food insecurity or for mitigating
their negative consequences.

As argued in section 3, it is by now accepted that food insecurity ought to be defined according to
its different dimensions: availability, access and stability (Pingali, Alinovi and Sutton, 2005).
Hence, an appropriate notion of vulnerability should consider all these aspects. This poses no
difficulty for our suggested methodology, since it is always possible to develop a comprehensive
definition of food security that combines the different dimensions of food security according to an
2

In financial applications, a number of methodologies have been suggested which define vulnerability in
terms of conditional transition probabilities. One such methodology is CreditMetrics, developed by JP
Morgan (see JP Morgan, 1997).
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appropriate metrics, as is standard in economic applications3 . This indicator could be an appropriate
combination of availability, access, stability and utilisation of food, as well as suitable
anthropometric measures, and can be constructed by using classical statistics techniques such as
principal components or factor analysis (see e.g. Morrison, 1967).

Let y denote the food security indicator, which summarizes the food security outcome for a
household according to its different dimensions. Then the household’s vulnerability to food
insecurity can be defined as the expected welfare loss associated with an inadequate value of the
food security indicator, conditional on a number of characteristics of the households, the strategies
they put in place, risk management policies implemented by public institutions, and factors outside
the control of households and of the public institutions, such as community-wide negative shocks.
We denote these variables by the vector x.

Consistent with the methodology of section 4 and with the discussion above, an indicator of
household vulnerability can be expressed as:

y*

V1 ( y*, x) = ∫ W ( y )dF ( y | x)
0

where y* is a critical benchmark value for the food security indicator, x is a vector of the current
household- and community-specific conditioning variables, W(⋅) is the household welfare function,
and F(⋅|x) is the conditional distribution function of the future food security indicator, given the
vector of conditioning variables x. The vector x might include the current value of the food security
indicator. Hence, this definition allows for the possibility that a household that is not suffering from
an inadequate nutritional outcome at present might suffer in the future, as well as for the possibility
that a household that is currently food insecure might move away from its current vulnerable status.
Hence, the definition captures the dynamic, forward-looking nature of food insecurity, as well as its
stochastic properties.

The above general definition V1 ( y*, x) is based on an assessment of the welfare losses associated
with food insecurity. In terms of the discussion of section 4, it can therefore be seen as an
application of the notion of Extreme Value-at-Risk (see Crouhy, Galai and Mark, 2001, and
Scaramozzino, 2005).
3

See for instance Morrison (1967) and Leti (1979).
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As a special case of the above definition of vulnerability, it is possible to consider an alternative
indicator, which measures the conditional probability of an inadequate nutritional outcome. This
alternative indicator can be expressed as:

y*

V2 ( y*, x) = ∫ dF ( y | x) = F ( y* | x)
0

The notation is as for the previous indicator. In short, this second indicator V2 ( y*, x) measures the
probability mass associated with an inadequate value of the food security indicator. It is consistent
with the notion of absolute or relative Value-at-Risk (see section 4), and could be interpreted as a
count indicator of vulnerability to food insecurity relative to an appropriate threshold or benchmark,
y*.

The main advantage of the above indicators of vulnerability to food insecurity follow from their
rigorous and clear derivation from Risk Management principles. These indicators can be computed
directly from an empirical model of VaR (as explained in section 6). They are quite general
indicators, and can accommodate any specific characterisation of the nutritional outcome and of the
benchmark level of food security. They can also be evaluated both at the level of individual
households and for clusters of households and at community level, of course upon appropriate
redefinition of the conditional probability distribution function F(⋅|x) and of the vector of regressors
x. Hence, they are very flexible indicators, and the fact that they are model-based makes their
interpretation particularly straightforward.

6.

Empirical applications and policy questions

6.1.

Data requirements

The methodology for the analysis of vulnerability to food insecurity developed in the present paper
is intrinsically dynamic. The vulnerability status of households is directly related to their probability
of experiencing an inadequate nutrition outcome in the future. Hence, any empirical implementation
of the methodology requires that the researchers have access to data on nutrition, resource
allocation and other controlling variables over a period of time. Ideally, the best-suited data sets for
12

the analysis of vulnerability are longitudinal data on households, since they display both crosssection and time-series variability (see Baltagi, 2001). Longitudinal data sets are increasingly
becoming available for developing countries, in consideration of their importance for the analysis of
economic behaviour in a dynamic setting (Deaton, 1997).

In the absence of longitudinal data, it is at least necessary that the data set is a cross-section of
household with historical information on key variables, for instance in the form of the history of the
shocks from which the household has been affected and of past information about key economic
variables. In this way it will still be possible to consider the dynamic aspects of vulnerability, even
if it will prove problematic to control for household-specific time-invariant risk factors since fixedeffects and random-effects econometric techniques can only be implemented using longitudinal data
(Baltagi, 2001). It is increasingly accepted that this form of retrospective information can allow the
researcher to implement panel data methodologies for the estimation of time-varying features of the
data, and therefore can be employed for a dynamic analysis of vulnerability. Retrospective
information is more and more common in questionnaire surveys and in econometric analysis.

Regarding specific data requirement, it is important to be aware that it can be difficult to measure
food insecurity from direct subjective questions in survey data. In a recent analysis, Migotto, Davis,
Carletto and Beegle (2005) use household surveys for Albania, Madagascar, Nepal and Indonesia to
examine the consistency between reported indicators of food insecurity and more objective quantity
indicators, such as calorie consumption, dietary diversity and anthropometrical measures. It is
shown that the correlations between the two categories of indicators is at best weak, therefore
suggesting that objective measures are still to be preferred to subjective indications of vulnerability.

Hence, both objective and retrospective information is required in order to estimate reliably the
vulnerability status of households.

The data sets on which the vulnerability analysis can be implemented should contain information on
the relevant categories of household and community variables that are potential risk factors, and on
the behavioural strategies that have been adopted to cope with food uncertainties.

At the very least, the categories of variables that should be present in the data set should include the
following household- or individual-specific variables:
(i)

demographic characteristics (including structure of the household, age, gender);
13

(ii)

health variables (morbidity, anthropometrical indicators);

(iii)

labour market variables (education, employment status, agricultural and non-agricultural
labour income);

(iv)

production variables (crop production, harvesting);

(v)

other economic variables (assets, land, saving, investment, credit);

(vi)

expenditure variables (food consumption, non-food consumption, durables);

(vii)

food variables (breakdown of food consumption, dietary habits and preferences, intrahousehold food distribution).

The variables should also include information on the community of which the household is a
member, such as:
(i)

demographic characteristics;

(ii)

geographic variables;

(iii)

weather variables;

(iv)

health facilities;

(v)

schools;

(vi)

average prices and wages in the village;

(vii)

social infrastructure;

(viii) relevant food security programmes.

6.2.

Econometric estimation

The empirical estimation and econometric testing of the models set out in this paper requires the use
of limited-dependent variable methods and the application of conditional Markov models.

The methodologies for the estimation of limited-dependent variables models are described in
Maddala (1983), Amemiya (1985), Pudney (1989) and Mukherjee, White and Wuyts (1998). They
include the logit and probit methods, which are appropriate when the dependent variable is
dichotomous and categorical. The logit transformation can be defined as the logarithms of the
probability odds, whereas the probit method is based on the cumulative normal distribution
function. Logit and probit analyses are appropriate when the question of interest is the estimation of
the probability that a certain characteristic is present or absent in the data, for instance, the
occurrence of food insecurity.
14

Limited-dependent variable methods require the estimation of hazard rates for households, which
are related to the conditional probabilities discussed in sections 4 and 5. It is important to note that,
since some of the variables in the regression equations are indicator or dummy variables, one has to
use estimation techniques that are appropriate for grouped data in order to correct for the potential
heteroskedasticity, common in cross-sectional data sets.

Conditional Markov models are stochastic dynamic models where past information can help predict
the future outcomes of key variables. The relevant past information can include, among others,
characteristics of the household and of the village. Hence, the predictions are conditional on the
information contained in these regressors, in addition to the lagged values of the dependent variable
itself.

The estimation of the conditional Markov models needed for the analysis of vulnerability can use
the standard Quasi-Maximum-Likelihood methods for multinomial qualitative-response models
(Amemiya, 1985; see Cox and Miller, 1965, for an analysis of stochastic Markov processes). These
are non-linear methods that are based on the statistical distribution function of the parameters,
estimated from the empirical sample information. The presence of exogenous regressors can be
accommodated by the use of minimum chi-square estimators.

One important aspect of the econometric estimation is the potential endogeneity of the regressors
pertaining to the risk management strategies implemented by the household. The value of some of
the predictors of future food insecurity are themselves the outcomes of risk-reducing strategies by
the household. A possible solution to this problem is the analysis of the propensity score of the
model, in order to establish the degree of overlapping of the stochastic distributions of sub-samples
of households in terms of pre-intervention variables. This methodology is motivated and explained,
for instance, by Holland (1986) and Imbens (2000).

A complementary strategy for the empirical analysis consists of carrying out a quantile analysis of
the key economic variables (as in World Bank, 2005). Quantile regression methods can be
extremely useful in order to identify non-linearities in the response of vulnerability to the relevant
risk factors. Quite apart from their validity as inference tools, quantile regression analysis can be
very informative about the distribution of key risk factors in the sample of households. The
econometric methodology is explained in Koenker and Basset (1978) and in Buchinsky (1995,
15

2000). Fattouh, Harris and Scaramozzino (2005) is a recent application of the quantile regression
methods.

6.3.

Policy analysis

The relevance for policy analysis of our suggested methodology lies in the assessment of the
quantitative importance of main risk factors for the household vulnerability to food insecurity and in
the identification of the most effective risk management strategies, either at the household or
community level, or directly by public institutions (for instance, through agricultural extension
aimed at crop diversification, income diversification, or rural public works).

The methodology would also make it possible to identify typologies or clusters of households that
could be regarded as homogeneous in terms of their vulnerability to food insecurity. Thus, it
becomes possible to identify groups of households that can be regarded as either comparatively safe
or risky, relative to their food vulnerability status. Furthermore, by looking at the time variation in
the risk factors and at their interactions with the food instability of households, one can assess the
effectiveness of risk management or risk coping policies at the national level.

At the level of communities or public institutions, the methodology could establish which strategies
are the most effective, both in an ex ante risk management sense and as ex post coping strategies. In
the empirical estimations illustrated in section 6.2, one should look at the statistical and at the
economic significance of the variables that describe the policy variables. Their statistical
significance would reveal whether the strategies play a systematic role, and their economic
significance (which is related to the size of the coefficient relative to the values of the dependent
variable) would measure their potential quantitative impact on food security.

The above policy analyses rely on the calculation of Value-at-Risk for individual households and
for clusters of households. These can be carried out by using a conditional variance-covariance
approach based on: (i) the selection of the risk factors; (ii) the estimation of their sensitivity; (iii)
modelling of the change in the risk factors (Crouhy, Galai and Mark, 2001). Steps (i) and (ii)
directly follow from the econometric analysis discussed in section 6.2, whereas (iii) can be set by
the researcher in accordance with the specific research questions of interest. It would then become
possible to compute the vulnerability indicators set out in section 5.
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Specific policy issues can be addressed by simulating a number of alternative shocks to the risk
factors, and by estimating their impact on the Value-at-Risk measures and on the vulnerability
indicators. The effectiveness of the alternative risk management strategies by households or by
public institutions can also be estimated using this approach.

6.4.

Empirical analysis

As argued in section 6.1, the vulnerability methodology requires the use of a data set that contains
both objective and retrospective information. One country for which the methodology set out in this
paper is feasible is Bangladesh. The survey on commercial vegetable and polyculture fish
production carried out between 1996 and 1997 includes most of the required information for the
econometric estimation of the model as discussed in section 6.3 and for the implementation of the
vulnerability analysis (IFPRI, 1998). Hallman, Lewis and Begum (2003) have made use of this data
set in order to estimate the impact on poverty reduction of the introduction of different agricultural
technologies. The survey presents a wealth of information on household characteristics, including
health and nutrition variables. One shortcoming of the data set might be the relatively short nature
of the sample (four waves of observations over one year), which could make it problematic to
explore longer-term household behaviour and risk management strategies without the use of
additional information.

An alternative approach to the empirical analysis could consist in leading a survey in a country that
has been affected by food insecurity. The main advantage of this approach is that it might be
possible to design the questionnaire in order to obtain the specific information that is required for
the vulnerability analysis and for the computation of the vulnerability indicators. The main
shortcoming would be that the data set would consist of a cross-section rather than longitudinal
data. In order to analyse some dynamic aspects of the response of households, it is essential to have
some retrospective information in the data. This could be obtained by including some historical
questions in the questionnaire 4 .

4

With a cross-section, it is not possible to correct for fixed-effects nor to implement dynamic Generalised
Methods of Moments techniques as done for instance by Gaiha and Imai (2004), who use ICRISAT panel
survey to assess the vulnerability to poverty of different groups of households in India. However, it would
still be possible to use Instrumental Variable techniques to correct for the potential endogeneity of some of
the regressors. It should be noted that the GMM technique implemented by Gaiha and Imai, based on
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If an original survey is carried out, it would be essential to apply rigorous sampling techniques and
methodologies as discussed for instance by Deaton (1997). The sampling variability of the response
could be reduced by stratifying the sample of households in terms of homogeneous typologies.
Furthermore, in order to reduce the overall survey cost, a two-stage stratified design may be
implemented. This could however affect the precision of the estimates of the parameters and of the
behavioural relationships of interest. Hence, use must be made of the appropriate formulae for the
computations of the standard errors of the estimates (Cochrane, 1977).

7.

Conclusions

The present paper has set out an innovative approach to the analysis of vulnerability of food
insecurity, by proposing a rigorous methodology based on methods and concepts from Risk
Management theory. The methodology focuses on individuals and households and on clusters of
these. The paper has suggested a number of indicators of vulnerability to food insecurity. These
indicators can be usefully employed to assess the different risks faced by households or
communities, and how these risks have changed over time. The unit of analysis could also in
practice be livelihood groups or other homogeneous typologies.

The paper provides detailed instructions for the empirical testing of the model and for its
application in relation to policy formulation. The paper suggests a number of countries for the
analysis of vulnerability although, given the availability of ready data, Bangladesh could be an
immediate starting point for the estimation of the model.

The methodology could usefully be employed in order to identify which risk management strategies
can be the most effective in reducing the likelihood of the occurrence of food insecurity or the
severity of its effects.

Arellano and Bond (1991), could in fact be interpreted as a Generalised Instrumental Variable method, where
the number of instruments is not constant but depends on the timing of the wave of the panel.
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