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Abstract

The paper aims at analysing the impact of the yil@dange in rainfall on food availability and
access to food in Sudan. The empirical investigaiobased on an integrated approach consisting
of a stochastic method and CGE model. The fornedsifed to the Monte Carlo analysis, provides
the likely changes in rainfall patterns and thewhability of occurrence based on historical data.
These results are at the basis of the scenariadagid in a standard CGE model augmented with a
stochastic component. Achievements underline tlgathee impact on the two dimensions of food
security taken into consideration, mainly due teeduction in cereal supply, a marked cereal
inflation pressure and income contraction; the tgreaegative effect on the poorest households;
and a deterioration of the economic performandb@icountry. In this context, the paper stresses a
strong interconnection among climate change anibisity, poverty and food insecurity and thus
the need for an integrated policy-making approach.



1. Introduction

The evidence from the literature agrees on thraetgothere is a high probability of significant
changes in global climate (Ito et al., 2010; IPQQQ7); the state of environment will continue to
deteriorate if the right actions are not taken (&sy 2008); and the relative impacts of climate
change are greater in low-income countries (Tol,@0These latter are more vulnerable due to
several factors, among which there are their loocain tropical zones of the equatorial area,
increasing temperatures that already affect presilugh sectors like agriculture, arteir lower
adaptation and institutional capacity.

The recently developed empirical investigationsutoon specific aspects of the effect of climate
change. The major topics concern the impact orcalgure and forestry, water resources, coastal
zones, energy consumption, air quality and humattthand welfare (Tol, 2010). Little attention is
given to food security, particularly in Sub-Sahavinica (Thompson et al., 2010). This paper
addresses this topic, focusing on the impact offadi

Changes in the precipitation patterns are one efdimensions of climate change. This is of great
importance in developing countries, where the fath-agriculture is still a dominant economic
activity. Also in this respect, Sub-Saharan Afrgteows a higher vulnerability compared to other
developing areas. For example, in the continententiman 95 per cent of the farmed land is rain-
fed, whereas this is almost 90 per cent in Latinefioa, about 60 per cent in South Asia, 65 per
cent in East Asia, and 75 per cent in the Near &adtNorth Africa (Huho, 2011). This sector also
constitutes the livelihood base for a vast majoatyinhabitants and, for this reason, it plays a
crucial role in food security (Wani et al., 2009).

The paper focuses on Sudan, one of the poorestrazsim the world, and with more than a quarter
of the population undernourished and 27 per centhifiren under five malnourished (UNEP,
2007). Rainfall patterns make this country the striend most at risk in Africa (Sassi, 2012).
Indeed, precipitation is concentrated in four mentinly, and it is extremely variable over space,
according to the ecological zones, and over tim#) axtreme weather events more frequent than
normal.

The Sudanese agriculture is based on three farsystgms, the traditional and mechanised rain-fed
agriculture and the irrigated sector. Accordinghe data provided by the General Directorate of
Agricultural Planning and Economics of the Ministfy Agriculture and Forests, the former two
sectors contribute to the production of the mayjooit staple foods, that is all millet and 75.93 per

cent of sorghum. The Sudanese grain diet is coegbley wheat, which instead is mainly grown



with the irrigation system. As millet, sorghum anbeat are the major sources of food availability
in the country, the paper limits climate-inducedndge to these three crops. Moreover, since the
paper takes into consideration crops with differdegrees of dependence on rainfall, it is possible
to indirectly evaluate the importance of irrigatioNevertheless, rain-fed agriculture is also
important for the economic access to food, as 7Qcert of the population depends on this sector
for employment, income and, more generally, livedd.

The above mentioned dimensions of the concept @d fecurity introduced by the 1996 World
Food Summit, i.e. food availability and access,taeespecific focus of this paper. More precisely,
the research questions of this paper are: accorti@gainfall predictions provided by the risk
analysis, what is the likely change in millet, dough and wheat productivity and its probability of
occurrence? Hence, what is the impact of such agehan food availability and household access
to food and on the overall economy of the counffij72 answer is provided by the integration of
two methodologies: a stochastic analysis and a ©Gé&el.

In the literature, the economic impact of climatarmge and its manifestations has been assessed by
either partial equilibrium or general equilibriunppgoaches. The former depict only part of an
overall economy. On the contrary, general equilitorimodels look at the economy as a whole
system, where industries have an effect on eadr oththe rest of the economy; thus they provide
an economy-wide analysis that may capture the Ibekgveen the sector affected by the shock (in
our case millet, sorghum and wheat) and the oi{Zrai et al., 2009).

With the CGE model, this paper takes into consiitamaboth of them, within an economy-wide
approach. This analytical perspective is lackinghim investigation developed with respect to Sub-
Saharan Africa. There are examples for Asia, ssadhestudy of van der Mensbrugghe (2010).
More precisely, the paper uses the CGE model dpedlat the International Food Policy Research
Institute (IFPRI) by Lofgren et al. (2002). The nebds based on the 2004 social accounting matrix
(SAM) for Sudan (Siddig, 2011), thereby considerihg country prior to the separation. What is
more, the CGE model is augmented with a stochastigponent in order to simulate the effect of
the likely changes in rainfall predicted by th&ranalysis based on the Monte Carlo method. In this
way, the paper does not simulate the “10 per ckatls traditionally adopted by the empirical
literature due to its easy interpretation. In fabe stochastic method allows predicting a likely
mean level of rainfall and the expected extremeesbf an interval within which there is a 90 per
cent probability for the true level of precipitai® to be located. As a consequence, simulation
results of the CGE model give a more accurate atdin of the possible size of the effect of the

likely rainfall changes.



The literature provides different approaches to etlod) the macroeconomic impact of climate
change. The standard approach is that, first,lferrative greenhouse gas scenarios, future climate
scenarios and projections about precipitation patiee selected or obtained from existing General
Circulation Models (GCM) for the country in questiorhen, these results are used as input in the
modeling of the impact of climate change on agtioel and food security, either through hydro-
crop model or Ricardian model into the CGE modeé (slendelsohn et al., 1994; Zhai et al., 2009;
Arndt et al., 2011). Nonetheless, our paper isnaégto the part of the literature that uses stdchas
CGE models or CGE models with risk components, sashHarris and Robinson (2001) and
Karaky and Arndt (2002). As a matter of fact, thdo@tion of the risk analysis allows facing
another issue reported in the literature, thahesrton-convergence on the direction and intengity o
the future change in rainfall or, more generallymate change (Nelson et al., 2010). Indeed, since
the predictions of the models are often inaccurabel may significantly underestimate or
overestimate current regional precipitation (Repubf the Sudan, 2003), we have decided to take
into consideration the probability of occurrenceled change in the precipitation pattern.

The addition of a stochastic shock-parameter towvhlee-added function follows the approach
adopted by a body of the literature. A similar nogkblogy has been introduced by Harris and
Robinson (2001) with the aim of simulating the gahancertainty in agriculture and/or uncertainty
caused by ENSO (El Nifio/Southern Oscillation) egentMexico. However, in comparison to that
analysis, this paper improves the definition of #techastic shocks addressing the process of
selection of the probability distribution functioimsa more accurate way.

Another new element introduced by this paper is ithgoes far beyond the traditional economy-
wide general equilibrium analysis developed for &ydwvhich only assesses the impact of trade
liberalisation or exchange rate policies (Elbusétal., 2010; Siddig, 2011; Siddig and Babiker,
2011).

The analysis developed here can contribute to tbietfierm the current debate underway in Sudan
on the strategy and the actions needed to tackteatd change, consequent to the signature of the
international agreements and conventions such asKgoto Protocol and UNFCCC and the
completion of its National Adaption Programme fartidn (NAPA) (Zakieledeen, 2009).

The paper is structured as follows: section 2 ohices the methodology, articulated into the
stochastic model and the CGE model; section 3 deg&siachievements starting from the stochastic

model, moving on to the scenarios simulated inG@&E model; section 4 concludes.

2. Methodology
2.1 Stochastic method



Risk analysis refers to the Monte Carlo methodraputer-based approach developed in the 1940s
that uses statistical sampling techniques to ol#iganobabilistic approximation to the solution of a
mathematical equation model (Metropolis 1949; HBGEO).

It starts with the definition of the parametric nebdhat explains the phenomena investigated and
the estimation of its parameters. Then a probghilistribution functions assigned to each of the
input stochastic explanatory variables. The outfpaim the model is calculated many times,
randomly selecting a new value from the probabiflitstributions for each of the input explanatory
variables every time. The outputs from each runttef model are saved and a probability
distribution for the output values is generatedisTdldlows the probability of occurrence of any
particular output value to be calculated. This papakes reference to such values for the definition
of the adopted scenarios in the baseline run.

The choice of the functional form of the parametniadel, adopted to explain the effect of rainfall
on yields of different crops, is based on a praleny evaluation of outcomes, testing alternative
simple (linear and log-linear) and more advancedctional forms. The paper refers to a
generalised quadratic function, which results @weable approximation to the ‘true’ picture. This

is defined as:

Qe = aRFy + FRFZ +yT; + 1 (1)

where@: represents productivity of crap (¢ = millet, sorghum and wheat ) gt timet . Yield
is expressed in kg per feddan (1 feddan = 1.038samr 0.42 ha)®F is the mm of rainfalle £

andy are the parameters to be estimafeds the time trend an& is the random error term.

The rainfall effect on productivity is assumed ®gwsitive but to diminish at the margin: excessive
rainfall hampers agricultural output. For this m@asthe sign of the square term of rainfall is
expected to be negative (Eboh et al. 2012; Tekél. €1991).

Turning to the impact variable, yield is prefertedthe quantity produced because in Sudan the
level of production is strongly dependent on theoant of land planted for the three crops taken

into consideration, as shown in Figure 1, 2 and 3.

Figure 1 — Millet: Production (000 tons), vyield (fefl) and area planted (feddan) (1954/53 —
2007/06)
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Figure 2 — SorghumProduction (000 tons), yield (kg/fed) and area f@dn(feddan) (1954/53 —

2007/06)
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Figure 3 — Wheat: Production (000 tons), yield f&d) and area planted (feddan) (1954/53 —

2007/06)
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Data make reference to the time period from 195237/06. Information on yields has been
provided by the General Directorate of AgricultuRdanning and Economics of the Ministry of
Agriculture and Forests.

Precipitation data till 1999 are those elaboratetha aggregate level for Sudan by Tim Mirchell
and available at the web site http://www.cru.uealdcru/data/hrg/. Information from 2000 to 2007
has been provided by the Arab Organization for é&gtural Development disaggregated by
meteorological station. This latter has been aggeshat the country level adopting the same
methodology followed by Mirchell, that is the siraphverage precipitation by meteorological
station.

Figure 4 shows the historical data for rainfall atsdinear trend suggesting a decreasing tendency
over the time period taken into consideration andewfluctuations starting from the 1980s.

Figure 4 — Rainfall: historical data and trend — 1§1954/53-2007/06)
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In order to characterise the stochastic modelJikedy values assumed by rainfall and its square
value are represented by a probability densitytiondPDF). For rainfall, it makes reference to the
historical data of precipitation and it is definleg introducing hypothesis on the lower and upper

bound. Harris and Robinson (2001) introduce a nbRRd- for precipitation, with values included

betweent® . On the contrary, this analysis assumes the Iwend equal to zero, due to the fact
that precipitation cannot have a negative valud,the upper bound limited but unknown, in order
to include extreme weather events, such as flobdghermore, the distribution function is not

selected a priori as in the above-mentioned studyarris and Robinson (2001). In fact, it is

chosen according to three statistics tests, whieasure the compatibility of rainfall and its square
value with the selected PDF: they are the Chi-spiatatistic (C-S), the Kolmogorov-Simirnov

statistic (K-S), Anderson-Darling statistic (A-CP4dlisade Corporatig2010).

The chosen PDF is substituted®5 , while its square value replac85 *. Hence, the stochastic
model is estimated for each crop assuming 5,00atibes. Finally, the output of each stochastic
model is represented in the form of a cumulativeeading density function: it expresses the

probability that the yield of crop assumes a value less than or equal to some daluthat is

FQ.)=Prob(@. < q.) (Risk Assessment Forum, 1997). With referencehts baseline, three
values are taken into consideration. They makeent® to the predicted mean, upper and lower
delimiter values. Their change with respect tofthere in 2007/06 represents the average, the best
and worst scenario respectively, simulated with@&&E model. The upper and the lower delimiter
values make reference to a 90 per cent probaliditythe random variable to take on a value

included between them.



2.2 CGE mod€

The paper refers to the CGE model developed at lllByR.ofgren et al. (2002) that is adjusted to
the specific focus of the analysis and the Sudaeeseomic features. This is a multi-sectorial,
economy-wide model, made up of linear and nonlirexsgrations describing the payments from
each account to the others in a SAM. In particulee,model is calibrated using the 2004 SAM for
Sudan (Siddig, 2011). This latter is aggregatedttierpurpose of the study in a six-sectors-SAM

that features 27 accounts (Table 1).

Table 1 — Accounts in the SAM

Activities Food Indu.stry CFIN Other domestic institutions
commodity
Wheat activity AWHE Industry CIND Enterprises ENTR
commodity
Other cereals ) cpp Services CSER Government GOV
activity commodity
Other
Agriculture AOAG Factors Taxes and other accounts
Activity
Food Industry .
. AFIN Labour LABO Direct taxes YTAX
activity
Industry AIND Land LAND Indirect taxes ATAX
activity
Ser_vl_c €s ASER Capital CAPI Import tariffs TAR
activity
Commodities Households Activity ASUB
subsidy
Wheat_ CWHE High-income HHHI _Savmg and S|
commodity households investment
Middle-
Other cergals CCER income HHMI Rest of the ROW
commodity world
households
Other Low-income
Agrlcultu_re COAG households HHLI Total
commodity

In the matrix, cereal accounts are those interdsyeithe simulated shocks. Due to the lack of data,
millet and sorghum are taken as aggregate in tleeuat “other cereals”. Among institutions,
households have a specific importance in the aisalysthe SAM they are disaggregated into three
categories according to their level of income.

The structure of the CGE model, illustrated in Fegb, fits the SAM and identifies activities’
production process, that is the supply side ofrttoglel, and the flow of marketed commodities,

9



which is the demand side instead. The model allamadysing two of the basic pillars of the food
security concept provided by the 1996 World FoothBiit, i.e. food availability and access to food
(Sassi, 2006). The former is determined by theadigple amount of composite commaodities that,
in combination with market prices and householdine, brings about the economic access to
food, which is represented by consumption. Thesedimensions are referred to at the household

level of analysis.

Figure 5 — Structure of the CGE model with foodusitg pillars of food availability and access to
food.
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Within this framework, the stochastic componentrespnted by rainfall affects the value-added
function. For this reason, following Harris and Raon (2001) and Karaky (2002), the value-
added equation provided by the standard CGE medebdified. Originally, this function is shaped
as:

1

QVa, = agﬂ-LZ 5Y% - QF, ;P8 ) e
eF

(2)

10



where®@VAq is the quantity of aggregate value-addekf; is the efficiency parameter arffa is
the share parameter for facfan activitya; 2& is the CES value-added function exponent (that is

transformation of the elasticity of substitutio¥)fra is the quantity demanded of factofrom

activity a. The modified version of this equation includesesv parameter, nameﬁff. That is:

1
1

—praly p¥
QVAg = [rf3 -a¥®]-( ). 675 -QF, ;8 ) ’
eF

3)

where 7fi is the parameter representing the shock to cergaloducers

(a = wheat, other cereals ) for the three scenarios

(s = average scenario, best scenario, worst scenario ) in the baseline run. As in Harris and
Robinson (2001), the shocks are Hicks-neutral teldgical shocks, meaning that the proportion of
inputs for each output remains the same. In eqm@;i@ifrf is such thaP <7f; <1 . As a matter

of fact,7fx is defined as:

rfs =1 +rrxin§ (4)

whereraing equals the results of the risk analysis.
2.2.1 Model closure

A final aspect taken into consideration for theimigbn of the CGE model is its closure. The
macroeconomic consistency of the model is achi@wgdsing a number of constraints. These refer
to the savings-investment balance, the governmetdnbe and the current account balance.
Furthermore, since the way macroeconomic variadu@sst in the modelled economy is determined
by the choice of the constraints (Thurlow and vane®iter, 2002), these latters have to be set up
looking at the way macroeconomic causalities warthe Sudanese economy.

In particular, an investment-driven closure is ysedth savings being the flexible variable
(Elbushra et al, 2010; Siddig, K. and Babiker, 20BLich a constraint implies savings to adjust as
investment varies. Moreover, in the government ri@@a government savings is the endogenous

variable, whereas all tax rates are exogenous f@daasd Hallam, 1996; Elbushra et al, 2010;

11



Siddig, K. et al., 2011). Finally, in the currentcaunt balance, foreign savings is the flexible
variable, whilst the real exchange rate is fixed.

Such a set of constraints seems to fit the Sudawegext for different reasons.

As the closure is investment-driven, the level mfestment depends on entrepreneurs’ long-term
expectations and the role of assuring that investrseully financed falls on savings. Therefone, i
order to enable private savings to follow investmeariations, the base-year savings rates of
domestic non-government institutions adjust by th@me number of percentage points.
Nevertheless, in Sudan, the share of governmemgsin total domestic savings is equal to 68%,
thus meaning that government savings plays the mgsirtant role in assuring that investment is
fully financed (a similar criterion has been adaoptey Lofgren et al. (2001) for setting fixed
investment quantities in a CGE model for Malawiking data from the base simulation in our

model, we have calculated this share as:

GSAV
MPS; - (1 ~TINS,)-YI, + GSAV

(5)

L INSDNG

where GSAV s government savings¥PS; is the marginal propensity to save of domestic

nongovernment institutiond/{3DNG ) TINS; is the direct tax rate for such institutions &fd is
MPS;-(1 - TINS;)-YI;

their income. Hencejernsone is private savings and, together with

government savings, it combines to bring aboutl tdtamestic savings. This is derived from

equation 6, which identifies the savings-investnisiance in the model as:

Z MPS; - (1 — TINS;) - ¥I; + GSAV + EXR - FSAV = ZPQE -QINV, + ZPQ,, - qdsst,

IEINSDNG CcEC cEC (6)

The left-hand side of this equation identifies k®avings, whereas the right-hand side describes

total investment. In addition to the already dedivariablesEXE is the exchange rate afig4V

is foreign savings (i.e. the current account dBfi€n the right-hand sid&/NV: is the quantity of
investment demand for commodity P@c is the composite commodity price agdste is the
guantity of stock change.

Moreover, as Taylor and von Armin (2006) point dbg idea behind flexible government savings

is that governments across the globe use autorstiilisers and public works programmes to

12



counter negative effects of economic downturnss tmeaning the deficit (and not tax revenue) is
endogenous. Finally, concerning the current accbafgnce, Sudan has a managed exchange rate
regime (Collier and Joshi, 1989; Hassan and Hallk®96; Elbushra et al, 2010; Siddig, K. and

Babiker, 2011) thus leaving us no choice but to erfakeign savings the clearing variable.

3. Results

3.1 The parametric model

Results achieved by estimating equation 1 for mdhed sorghum, through an Ordinary Last Square
(OLS) method, are illustrated in the following etjoas:

1 1
Qmitter.e = 0.9665 +RF, — 0.0008 = RFZ— 3.4435+T, + u;

(0.0000) (0.0083) (0.0000)
R?* =0.9484; F = 312.3 (0) 7)
(...) p-value

1 1 1
Qsorgrum: = 14576 +=RF;— 0.0014 +RFZ — 24659 =T+ y;
(0.0000) (0.0006) (0.0000)

R% = 09752; F = 668.5 (0) (8)
(...) p-value

For wheat, the trend variable is not statisticalignificant. In risk analysis, the definition ofeth
parametric model represents an important phaseubectne output of the stochastic model is
sensitive to its structure. The literature suggésteonsider only the model input parameters that
contribute the most to explain the phenomena inya&tstd, excluding those unimportant (Palisade
Corporation 2010; Risk Assessment Forum 1997).tlksrreason, the stochastic model for wheat
refers to the following parametric model:

1 1
Qwrearr = 3.7784 +RF, — 0.0053 «RFZ + u;
(0.0000) (0.0000)

13



R?=09176; F = 289.6 (0) (9)

(...) p-value

In the three equations, the estimated parameterstatistically significant and show the expected
sign.

Wheat productivity is the most sensitive to raihffdllowed by that of sorghum and millet. Millet

is the most inherently drought-tolerant of all thajor staples representing a key cereal grain crop
in the dry-lands. In general, millet fits in thensaareas of adaptation as sorghum, except that it i
somewhat more drought tolerant (http://www.cgiag/ionpact/global/des_fact2.html).

The sign of the estimated parameters suggestgtbaipitation affects the productivity of all the
three crops but at a decreasing rate. Finallytréred variable has a statistically significant naga

impact on sorghum and millet productivity.

3.2 The stochastic model

The stochastic model derives from the above eqgustisubstituting a probability density function
to the explanatory variables, that is mm of preaimn and its square value. A Riskbetageneral
function fits the historical data of precipitatical the statistics tests have the lowest valugh

distribution function (Table 2).

Table 2 — Rainfall (RF): Specification of the prbbiy distribution functions and statistics test

Function C-S K-S A-D
RiskBetaGeneral(15.401;7,4421;0;622.57) 3.6667 0.3399 0.0807
RiskTriang(0;528.3;528.3) 28.6667 27.2467 0.3561
RiskUniform(0;538.27) 76.6667 +infinity 0.5784
Note: (...) are the arguments of the function
The parametric models are rewritten, substitutingo tRF the  function

RiskBetaGeneral(15.401;7,4421;0;622.57)RE its square value, and {o the number 55 that is
the number of observations plus one.

The output from the stochastic model for each aopepresented in terms of a probability
distribution function with the indication of the arevalue and the delimiters corresponding to a 90

per cent probability. This information is summadise Table 3.

Table 3 — Output from the stochastic models
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Sorghum Wheat Millet
Mean value 224.47 633.36 72.53
Upper delimiter 243.50 673.10 95.40
Lower delimiter 184.60 538.60 33.40

The scenarios simulated in the CGE model are dafteon the basis of these values, calculating
the change between each of them and the 2007/@ésponding figure. Accordingly, the analysis
makes reference to the average scenario definddthét mean value, the best scenario with the
upper delimiter value and the worst scenario wiile tower delimiter value. As previously
underlined, the SAM on which the CGE model is basedsiders millet and sorghum together in
the account “other cereals”. Thus, the percenthgege for the quantity produced by this aggregate
category is obtained as the weighted average osahghum and millet values, using the average
harvested area of the last ten years as a weighie™ illustrates the shocks (by scenario in the

baseline run) that are computed on the basis aitemu4.

Table 4 — Shocks simulated by scenario in the besel

Predicted change in rainfall Shocks
Wheat Other cereals Wheat Other cereals
Average scenario -0.3600 -0.3575 0,6399 0,6424
Best scenario -0.3198 -0.2667 0,6801 0,7332
Worst scenario -0.4557 -0.5287 0,5442 0,4712

Looking at the results from the simulations in @6E model, the best and the worst scenario can
be interpreted as the extreme values of an intevitaln which there is a 90 per cent probability fo

the impact to happen.

3.3 CGE food security pillars
3.3.1 Food availability

Under the effect of the three scenarios simulatetiis paper, food security in Sudan is expected to
deteriorate significantly. Indeed, as stressed RSB (2012), food insecurity is regularly driven
by inadequate rainfall.

Figure 6 underlines the negative impact on foodlagity in terms of quantities of commodities
available on the domestic market. The change engér for the commodities directly affected by

the shocks, i.e. wheat and other cereals. Indeedytieat there is a 90 per cent probability for the
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reduction to be included between -5.32 per cent-addr1 per cent, while for other cereals the
intensity of the shock is expected to be within.8¥6per cent and 34.53 per cent. It is also
noteworthy that the lower impact on wheat may beigdly due to the lower exposure to rainfall,
since the production of this crop is mostly irriggdit Furthermore, since livestock is almost 60% of
other agriculture commodity, the majority of thep@act on this commaodity is related to the indirect
impact on livestock. On the other hand, the dineqtact of rainfall on livestock has not been taken
into consideration because it has been decidenctosfon crops.

In this context, the quantities imported (Figure Panel b) do not counterbalance the reduction in
domestic supply (Figure 7 — Panel a). Decliningfadi patterns, indeed, lead to a generalized
decrease in area planted and lower yields througth@ucountry, thereby resulting in lower than
average crop production (Goodbody et al., 2012).

Figure 6 — Change in quantity of composite comneslipy commodity and scenario
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Figure 7 — Change in quantity of domestic supplg ahimported commodities by commodity and

scenario
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a. Change in quantity of domestic supply b. Changpiantity of imported commodities
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As far as imported quantities are concerned, itukhde noticed that they increase only for
sorghum and millet, due to the significant demaridephike for domestic production (Figure 8)
that, combined with the elasticity of substitutiith domestic demand, generates an incentive to
buy on the international marketSuch price surge, illustrated in Figure 8, showsgreater
variability among the three scenarios within othereals. Moreover, also the domestic price of
wheat increases as a consequence of the shocks, thig case the intensity of the change, which
has a 90 per cent probability to be included betws26 and 59.31 per cent, is not marked enough
to incentivise a shift from domestic supply towantdgorts.

Figure 8 — Change in domestic demand price by coditpnand scenario

B WORST SCENARIO B AVERAGE SCENARIO BEST SCENARIO

! This is formally explained by the equation of thgport-domestic demand ratio, which is specifiethi@a model as:

1
QM. (PDD. &} Y+l
@D, \PM, 1-35}

@)

where@M; is the quantity of imports of commodity @2: is the quantity sold domestically of domestic amtif DD
is the demand price for commodity produced and doldestically £M- is the import price (in domestic currency). In

" g, . . q . . .
addition, %= is the Armington function share parameter, whefeais the Armington function exponent.

Given the fixed import price in our simulationsiise inPPD: causes imported quantities to grow. The responsis&
FDD,

of such a change, following a modification §#- | depends on the elasticity of substitution betwieports and
domestic supply.
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3.3.2 Access to food

Rainfall changes influence crop yields, havingrapact not only on local food production and food

availability, but also on prices, thus contributittgfood insecurity and shortages (Rademacher-
Schulz et al., 2012).

On the domestic market the reduction in food abdityg combines with an increase in prices of

wheat and other cereals (Figure 9). Particularly thtter is dramatically affected by the shocks
with an expected change included between 156.66c@ar and 42.83 per cent. In this context,

consumers are the most negatively affected grough, their food security jeopardized and their

living standards reduced (IFAD, 2009).

Figure 9 — Change in price of composite commodhkiesommodity and scenario
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This situation, in a context of 90 per cent probgbof a drop in household income that for all the
categories is on average between 2 and 6 peregigins the result of the simulations on access to
food illustrated in Figure 10: all household cateég® report a reduction in quantities consumed for

all commodities.

Figure 10 — Change in quantity of consumed comrexdity households and scenario
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Other cereals demand shows the highest expecteadti@a with the possibility for the low-income
households to reduce their consumption by halfgdneral terms, this household category is the
most affected by the shocks simulated on the sideheat and other cereal demand, followed by
middle and high-income households.

However, the direction of the shocks intensity ppasite for other agricultural products: most of
the burden of the consequences of the three shisckm high-income households. Instead,
concerning demand for other crops, the greatekinfajuantity consumed is for middle-income
households.

A noteworthy issue regards wheat and other cer@ala. matter of fact, the impact on food security
of low-income households is even more severe ceriaigl that these two commodities are staple
food and that, for this household category, otlezeals represents more than 50 per cent of their

total demand for cereals (Figure 11).

Figure 11 — Share of cereals consumption by hoddeho
M CHWE CCER

20



HHLI

HHMI

HHHI

0% 25% 50% 75% 100%

3.4 Food consumption and aggregate national accounts

The analysis of the production accounts has unatla typical feature of the Sudanese economy:
due to the low level of development of the counbigckward and forward linkages are weak. This
highlights that the simulated shocks primarily effevheat and other cereals accounts in a very
significant way. However, the scenarios simulatedthis paper have an impact also on the
macroeconomic accounts, as illustrated in Table 5.

Table 5 — GDP and the aggregate national accommsminal and real terms.

WORST AVERAGE BEST
NOMINAL SCENARIO SCENARIO SCENARIO
Private consumption -8.13 -3.74 -2.44
Investment -4.51 -2.09 -1.38
Government 5.49 -2.56 -1.68
consumption
Exports 6.41 2.88 1.88
Imports -5.82 -2.59 -1.64
GDP (at market prices) -4.97 -2.32 -1.53
REAL WORST AVERAGE BEST
SCENARIO SCENARIO SCENARIO
Private consumption -6.47 -3.23 -2.20
Investment* - - -
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Government
consumption*

Exports 6.41 2.88 1.88
Imports -5.82 -2.59 -1.64
GDP (at market prices) -2.28 -1.26 -0.89

*Real investment, as well as real government comgiam, does not vary by closure assumption.

A noteworthy aspect is the inflationary pressurealinthe three scenarios. This is the particular
result of a “cereal inflation”, as illustrated imgkre 9.

As Webersik (2008) highlights, ups and downs indbentry’s economic growth pattern are highly
dependent on rainfall. Hence, results show a changiee GDP, suggesting a negative impact on
the economic performance of the country that h@@ jper cent probability of being included, in real
terms, between -0.89 per cent and -2.28 per cdns. rEduction is the result of a contraction in
private consumption, while the balance of traderowups.

In nominal terms, the inflationary pressure aggtes#he contraction in private consumption, while
the emerged reduction in government consumption fexed capital formation is related to the
reduction in prices.

Regarding the balance of trade, two aspects shmufbinted out. First, as suggested by Figure 2.b
and 12, its improvement is related to the diffedin¢ctions of the shocks on the accounts that are
not directly affected by them.

Figure 12 — Change in quantity of exports* by condityoand scenario
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*Wheat is not included because it is not exported

The “export incentive” provided to non-cereal aitteés is related to the reduction in domestic
demand prices for these accounts (Figure 8) im#ego of fixed export prices, in combination with
the elasticity of substitution with domestic demand

Secondly, the improvement in the balance of trazlalso explained by the fact that cereals
represent only 0.10 per cent of total exports aBd Per cent of total imports.

In addition, concerning the impact on exportshibidd be taken into consideration that the results
might overestimate the possible change. In facbual®0 per cent of total exports of Sudan are
represented by oil, whereas agriculture repredesssthan 5 per cent. Particularly, cereals reptese
about 0.3% of total food and live animal export. rstaver, oil sector is characterised by exports
that rely largely on the international market. Wietmore, it cannot easily adjust to economic

shocks through the reallocation of production facto

Another important negative aspect that has to gklighted is the reduction in nominal government
consumption that represents an important componérthe GDP and, thus, of the Sudanese

economic growth and development.

% This is captured by the export-domestic demaridrratvhich in the model is written as:

1
QE, (PEE 1—55)E

oD, \PDS, &t
(if)

where@E: is the quantity of export@D- is the quantity sold domestically of domestic atit§: is the CET function
share parameter and is the CET function exponent.
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4. Conclusions

By integrating a stochastic and a CGE model, tlipep has investigated the consequences of
different rainfall scenarios on food security ind&o with a specific focus on food availability and
household access to food.

From 1953/54 to 2006/07, precipitation in Sudan feaiced and the estimated parametric model
has confirmed its direct correlation with the protikity of sorghum, millet and wheat and the
decreasing rate of its intensity over time as ssgggefor the 1980s by Teklu et al. (1991). If the
historical rainfall trend is confirmed, the stoctiasnodel has predicted a further reduction of the
yield for the three selected crops, confirming éxpectations provided by the literature (UNEP,
2007; NAPA, 2007). On the basis of these predistidhe CGE model has suggested a dramatic
deterioration of both food availability and accésdood as a consequence of the likely predicted
rainfall pattern; this is in line with the achievent of thewWorld Food Programme (2012) according
to which below-average rainfall and delayed raiageha serious impact on food security.

In the model, the decline in food availability isedto a marked reduction in the quantity of cereal
commodities available on the domestic market. Thonsistent with the literature arguing that the
most direct impact of climate change on food ségusithrough availability due to changes in crop
productivity (Thompson et al., 2010). In the Sudenease this situation is aggravated by a
reduction in cereals import incentives.

The worsening in access to food, instead, arise® fthe combination of the expected drop in
household income and the major cereal inflationamgssure. As a consequence, all household
categories are affected by the rainfall shocks Etad, with the biggest impact on the poorest
households. This was an expected result takingaotsideration that the poorest spend more than
80 per cent of their total budget on food and tiaf of their total demand is for cereals (SIFSIA,
2012).

The CGE model has also made possible to identéyriain macroeconomic causalities in the
Sudanese economy, following the impact of rainghlbcks on food security. In this respect, the
paper has first allowed addressing the open quesiimut the possible effects of climate change
and improved variability on economic growth ratésl( 2010). The predicted contraction in private
consumption under the simulated scenarios is thin mesponsible for the expected negative
economic performance of the country. This paperduggiested a 90 per cent probability for the
GDP to drop between 0.89 and 2.28 per cent; thétriesn line with the study by Dell et al. (2008)
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who argue that climate change causes a contragfitihe economy of poor countries between 0.6
and 2.9 per cent.

In this context a question arises: are policiexfonate change and improved variability alone able
to reduce the impact of less rainfall on food sigum Sudan?

The literature is focused on different levels oélgsis. A part of it emphasises the role of climate
change policies, while another deems developmdetvientions as viable alternatives to them,
underlining the fact that they may have negativd parverse effects on economic development
(Tol, 2010). Other authors study alternative soluito climate policies, taking into account the
possibility to act on non-climatic factors (Shaagjj 2000) or to introduce adaptation and coping
strategies (Hug and Ayers, 2009).

This paper does not advocate a specific policyrmetgion being better than others, nor it
acknowledges that one area needs to be prioritlsstead, this work clearly stresses the need to
evaluate a different possible policy perspectidenate change, poverty and food insecurity are
strongly interlinked, thereby suggesting a coortioamaof policies in these three targeted areas of
intervention. In the policy-making process, it sliblbe opened a dialogue among these three areas,
with a sound integration of climate change policigth those aimed at promoting development and
food security.

Results achieved also suggest at least three fuditextions of the analysis.

The paper has followed the literature that useshststic CGE models or CGE models with risk
components but an improvement would be towardsatteption of a dynamic CGE model that
explicitly incorporates uncertainty about the fetur

Another eventual enhancement might consist in uaimggional CGE model in order to take into
consideration the high geographical variabilityrainfall distribution across the country. In this
respect, the regions should correspond to the tinmones. As a matter of fact, Sudan is
characterised by multi-climatic areas. In the nahth climate is arid, while the south is influenced
by a tropical wet-and-dry climate. The central #mel northern part have also experienced repeated
and prolonged droughts in the last decades, evesvdre flooding is also common in the country.
However, data needs represent a major constraint.

Finally, an analysis developed at the regional ll@so has the advantage to refine the model in
order take into account also the evapotranspiradios, in other words, the effective rainfall by

crop.
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