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Exogenous Sources of Food Insecurity in an Open Developing Country

I. Introduction

The vagaries of nature and of world grain markets, causingndomestic
food production and food import prices to flucfuate, are commonly
considered the major external sources of féod insecurity in deve-
lopihg countries1. The need for steady domestic food production,
and for stable world grain prices or international assistance in
meeting a fluctuating grain‘import bill, are accordingly emphasized
by the authors. Food self-sufficiency and commodity reserves are
also stressed, given barriers to trade. Recent events in Latin Ame-
rican and African céuntries seem to suggest that errafic capital
flows and export earnings, supposedly caused by instabilities of
world financial and world primary commodity markets, can be just as
detrimental to the maintenance of appropriate food consumption le-
vels. If these claims of additional exogenous sources are subtan-
tiated, the priorities of a food security strategy might need to be

reconsidered.

It is not self-evident exactly what constitutes the problem of food
insecurity and in which sense the instabilities of nature and of
world markets can be called its source. In chapter II we argue first,
that domestic capital market imperfections are a necessary condition
for the transmissién of these instabilities so that they do impair:

the ability of poor households to meet annual target food consumption



levels and, second, that the overall impact on food security depends
not only on the size, but also the interaction of all sources of
instability. Distortions and the dependence on nature and on world
markets differ between countries. In the remaining chapters we re-
port on a case study designed to explore the conﬁribution of all
exogenous sources of food insecurity in Botswana, given domestic
market imperfections which facilitate their transmission. We stop
short of discussing policies directed at the exogenous séurces,
however, as this would require us to establish théir opportunity
costs by also investigating alternatives directed at the domestic
distortions. The study is therefore only a first step. What can be
inferred from its results is the effect a costless stabilization

of food production; food import prices or export earnings would have

on food insecurity.

Botswana provides an interesting case for study, since it is acute-
ly exposed to each of the instabilities mentioned: crop and live-
stock production seesaw due to extremely unreliable rainfall and
to unforeseeable outbreaks of the foot-and-mouth disease; in a year
of average domestic production, :food imports are required to satis-
fy about one half of domestic demand; three commodities (diamonds,
copper-nickel matte and beef) which are traded on volatile world
markets, account for nine tenth of export earnings; aggregate ex-
ports and net capital inflows respectively amount to one half and
one fifth of gross domestic productz. So far the country has not

experienced serious transport botFlenecks or sudden interruptions



of import supply channels although, given its border with‘the
Republic of South Africa, this is not inconceivable. Ih this paper,
we shali‘abstract from food trade barriers. The exogenous'instabili-
ty, in terms of the size and combination of instabilities of nature
and of the world markets relevant to the country, is established
from historical data in chaétér ITI. Its impact on food insecurity
is simulated with an economy-wide disaggregated quantitative model.
.The model is discussed in chapter iv. Results.are presented and

interpreted in chapter V. Conclusions are drawn in chapter VI.

II. The Problem of Food Insecurity

Followiﬁg Valdés and Siamwalla (1981, p.2) we define food insecu-
rity as the inability of households to meet target food consumption
levels on a year-to-year basis, and use the trend level of consump-
tion as the target3. This definition has the advantage of clearly
distinguishing the cyclical aspects of the food problem from

both the permanent aspect of malnutrition and the very short-run

aspect::of managing working :stocks under conditions of unreliable

information.

The ability of households to meet target consumption levels can be
impaired only by fluctuations in real annual household income. A
further condition is the occurrence of private costs of absorbing
these income fluctuations in either the non-food consumption or the

savings component of household éxpenditure. At a low income level,



the expenditure share of non-food consumption goods which have

high short-term income elasticities of demand tends to be very small
(Mellor 1978). Absorbing real income fluctuations through the sav-
ings component is costly under conditions of imperfect local

capital markets (Howell 1980)4. As such costs reduce the average in-
come available for food consumption, households are confronted with
a choice between more security and a higher target level of consump-
tion. Since reducing average food consumption below an already de-
pressed level diminishes working abilities and survival probabili-
ties, poor households tend to accept less security. In sum,'food
insecurity is a problem affecting poor households with fluctuating

real incomes under conditions of a poorly developed capital market.

Given an imperfect capital market, food insecurity increases with
the instability of real household income -among the poor. Since the
costs of removing or compensating for the market imperfection can-
not be dismissed as negligible, the second-best solution of income
stabilization deserves attention. In this sense, sources of real

household income instability may also be considered as sources of
food insecurity. When formulating food security strategy, however,
this approach does not circumvent the necessity of examining the

associated costs of the first-best solution.

Shifts in domestic food production and in food import prices direct-
ly affect, respectively, the factor income of household members work-

ing in the agricultural sector and the prices paid by households pur-



chasing food in the market. Shifts in the domestic production and

the export prices of other primary commodities directly bear on
factor income in the originating.agriculeural or mineral sector.
Since the . households of the rural poor‘rely on agricultural output
‘as a wage good and allocate but a small share of their budget.to
purchased food, their real»income is,in an open economy, desfabilized
mainly by fluctuations in the domestic production and the export
prices of agricultural commodities.Price swings for imported food and
exported minerals, on the other hand, make themselves felt in the
real household income of the urban poor. Indirect effects - working
through the substieution between domestic and imported food pro-
ducts, through inter-industry linkages and through the tax and
transfer_syetem - redistribute paft of the burden. In case of trans-
port bottlenecks or sudden interfuptions in supply channels, food
imports may not arrive in time to compensate for shortfalls in do-
mestic productions. Real household income in food deficit countries,
especially in isolated rural areas, would then be further destabi-

lized by the vagaries of nature and of world food markets.

If the domestic capital market were integreted into the world market,
then this list of sources and channels of real household income in-
stability in a developing country'would be fairly complete. Fluctu-
ations in the current account balance,caused by annual shifts in
domestic production, export demand and import supply or by any other
factor, would not matter because they could be absorbed through the

. 6 . . . 1
capital account . This mechanism, however, is weakened in many deve-



loping countries by controls aimed at securing a maximum net inflow
of resources for development purposes and by autonbmous distortions,
both of which result in High or even prohibitivé capital transac-
tions costs. Fluctuations in the net current and capital account
balance, unless they can be absorbed through foreign exchange re-
serves, then require short-term adjustments of the real exchange
rate, which in turn destabilize factor incomes and consumer price
indices and thus real household income. Any source of instability

in either the current or the capital account balance is then also

a potential source of food insecurity. Besides those sources already
mentioned7, the instability of the world capital market (affecting
debt service payments and availability of capital) and the fortunes
of mineral prospecting (affectingldirect foreign investment and
‘lending to domestic companies) seem to be particularly relevant to

developing countries.

III. Exogenous Instability in Botswana

We measure exogenous instability in Botswana by the historical va-
riances and covariances of seven indicators for natural production
conditions and for supply and demand on the world markets relevant
to the country. For each indicator (y), an annual time-series cover-
ing 1964 to 1983 has been collected from historical data8. A syste-
matic path has been calculated from each series by estimating with

OLS the equations
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choosing the equation with best fit, and picking independent and
lagged dependent variables with coefficients significant at the 5
percent level. The systematic path captures not only the long-term
trend but also medium-term (more than one year) cyclical swings.
Tﬁe instability measure which is based on the differences between
observed and systematic path values then picks up only year-to-year

shocks, as seems appropriate to the definition of food insecurity.

The time series df livestock and crop production in general reflect
not only the impact of the instability of nature (rainfall, tempera-
ture, diseases) but also the effects of agricultural policy reac- |
tions to extreme drought or outbreéks of foot-and-mouth disease.
Policy effects, however, might show after the year of the catastro-
phe and would then be captured by the systematic paﬁh. Adopting

this assumption we use the indices of (1) livestock production

(home slaugthers and sales of cattle to Botswana Meat Commission)
and of (2) crop production (sorghum, milléts, maize -~ covering 79.3%
of total production value in 1980) as indicators of natural shocks.
Measuring world primary commodity market instability creates less of
a problem as we can immediately use c.i.f,—import price and f.o.b.-
export price indices as indiéators. Quantity reactions of consumers
and producers under the existing trade policy regime will be subse-

quently simulated by the model. For food imports we therefore con-



struct a (3) food import price index from c.i.f. prices of cereals,
dairy and meat prdducts, and sugar (covering 83.4% of total food
import value in 1980). On the export side we use f.0.b. export price
indices for (4) beef and (5) minerals (diamonds, copper and nickel

- covering 98.7% of mineral export value in 1980).

A full account of the balance of payments becomes essential, once
the fluctuations in‘the net capital inflow and the current account
deficit are no longer assumed offsetting. With respect to trade in -
commodities, we assume that import prices and export deﬁands are
determined exogenously. Since the respective price indices can be
shown to be stable, however, they are not included in our descrip-
tion of external instability. Import and export quantities will
again be simulated by the model, as will dividends, profits and
wages paid to foreigners. The net debt position is assumed to re-
main on its systematic path so that net servicing varies with the
foreign‘interest rate. We use the (6) Euro-dollar rate as the indi-
cator. All capital flows as well as remittances and unrequited
transfers are thought of as being exogenously determined. The nét
inflow of these items - for short, the (7) net resource inflow -

is used as the indicator of the exogenous sources. If it is the case
that capital inflows have tended to maintain balance of payments

equilibrium, this will be captured by the covariances between the

net resource inflow and the other indicators.

The variation of and covariation between indicators are calculated

from the percentage deviations of actual from systematic values.



In Table 1 we report the standard deviations and coefficients of
pairwise correlation. The extreme instability of crop production
in Botswana is revealed by a standard deviation of almost 70%. Un-
der the assumption of normal distribution this means, for example,
that Botswana crop farmers are confronted with a probability of 39%
that their next crop harvest will fall 20% or more below trend. A
smaller, though still substantial, instability of livestock produc—
tion is reported. A standard deviation of nearly 13%, under the
assumption of normality, implies that Botswana cattle owners face

a chance.of 6% that production next year falls 20% or more below
trend. Beef export pricés are somewhat less stable than livestock
production, while mineral export and food import prices are slightly

more stable.

The pattern of pairwise correlations between the food producﬁion

and price variables deserves attention. The coefficient of correla-
tion betWeen crop and livestock production is near zero: foot-and-
mouth disease scarcely impinges on crop production and drought af-
fects livestock production with a time—lag; The strong positive cor-
relation between domestic livestock production and beef export demand
- making for volatile beefAexport earnings - is mainly due to the
behaviour oflmajor customers like the Europeah Community, who block
beef imports duping outbreaks of foot-and-mouth disease. The crop
production index is only weakly correlated with the price index of
imported food, hardly surprising in view of the subsistence charac-
ter of crop production in Botswana. The interdependence of world

food markets shows rather in the strong positive correlation between



Table 1

Standard Deviation and Pairwise Correlation® of Indicators for External Instability in Botswana

Livestock Crop Produc-~ | Food Import |Beef Export 4 Mineral Foreign Net Re-
Production® |tion Index Price Index |Price (fob) Export Pricg Interest source In-
' (cif)© Index (fob) Rate flowd
Standard Deviation (percent) 12.93 69.45 10.88 - 16.21 12.45 18.99 46.56
(mean = O percent)
Livestock Production 1.00
Crop Production Index -0.01" 1.00
- (0.51)
Food Import Price Index 0.30 .13 1.00
(cif) (0.39) (0.69)
Beef Export Price 0.57 -0.08 0.55 1.00
(fab) (0.99) (0.63) (0.99)
Mineral Export Price -0.16 -0.07 0.34 -0.02 1.00
Index (fob) (0.74) (0.61) (0.92) (0.54)
Foreign Interest Rate -0.16 -0.23 -0.03 . -0.08 0.30 1.00
: (0.74) (0.82) (0.54) (0.63) (0.89)
Net Resource Inflow -0.24 0.00 0.12 -0.09 -0.17 0.29 1.00
(0.83) (=) (0.68) (0.37) (0.67) (0.88) ‘

a_‘ Head of cattle slaughtered. Data for 1964 and 1965 are taken fram Lamberto, Quinn, Wohlgemuth (1970, p. 132), for 1966 to
1981 fram Central Statistics Office (1983a, p. 47) and for 1982 and 1983 from Ministry of Agriculture (1983, p. 10). =~
Metric tonnes of cereals. Numbers are fram FAO (a, various issues). — € US-Dollar. Index (1980 value weights follow in

brackets) camputed fram cereals unit value
and sugar (16.5%) IMF (various issues). -

(45.4%), FAO (b, various issues), and prices of butter (24.1%), beef (13.0%)
US-Dollar per kg beef. Numbers for 1964 and 1965 are taken from Colclough and

Mc Carthy (1980, p.70) and for 1966 to 1983 from Botswana Meat Camnission (various issues). - € US-Dollar. Index (1980

- value weights follow in brackets) camputed fram unit values of diamonds (76.6%), De Beers (various issues), Department of

Mines (1981, p. 1Z), Central Statistics Office (b, various issues) and
- * Euro-Dollar Rate in London, IMF (various issues. -

rious issues).

rices of copper (5.8%) and nickel (19.6%) IMF (va-
Canputed as the change in the net foreign assets

of the Botswanan banking- system minus the net trade surplus, IMF (various issues), Central Statistics Office (1983a) and

Republic of Botswana (1968).

* Values in parentheses indicate the probability in a one~tailed t test.

Source: Own calculations. -
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the food import and the beef export price index. The current account
impacts,of>beef export earnings and food import expenditure, there-
fore, tend to be offsetting; The degree, of course, also depends on
the substitution between crops, livestock pfoducts and imported food
in domestic consumption as well as other indirect effects represented

in the model.

The mineral export price‘index and the foréign interest rate afe
‘both rather unstable, though they are positively correlated. Since
the price indices of mineral exports and food imports are also posi—
tively correlated, the destabilizing effect of world market fluctu-
ations on Botswana's current accoﬁnt is to some extent mitigated.
The net resource inflow, finally, is shown to be extremely volatile
with standard deviation measured at more than 45%. There is no cor-
relation at all with the crop production;index. The correlation co-
efficients with the other indicators - negative with livestbck pro-
duction and export price indices, positive with the food import
price index and the foreign interest rate - point to merely a weak

offsetting effect of net resource flows on the balance of payments.

IV. Computing the Impact on Households

In this chapter we describe a model for computing the impact of
exogenous instability on real household income of the urban and
rural poor in Botswana. We consider a detailed presentation to be

outside the scope of the present paperg. Instead, we describe the



disaggregation of the ecohomy—wide general equilibrium model and

sketch salient causal features using a flow diagram.

‘The model is constructed around a Social Account Matrix which con-
tains fully recorded accounts for production activities, primary
factors, institutions (i.e. various classes of households,.enter-
prises and the government) and the rest of the world. The Botswana
Social Account Matrix (Hayden 1981) has been condensed to the bare
minimum of household classes, production sectors and factors required
for the purpose of thé investigatiOn. Income and éonsumption price
indices are computed separately for poor urban and poor rural house-
holds identified,respecti&ely,by urban settlement area (peri-urban,
‘high-density urban and servants quarters) and by ownsrship of cattle
(less than 80 head). The commodities distinguished are livestock,
other food, minerals and other non-food, with processing attributed
to the primary-products. Imported commoaities are treated as imper-
fect substitutes for commodities of the same category produced lo-
cally,'noh—marketed'(subsistence) commodities as perfect substi-
tutes for marketed commodities of domestic origin. A 1:1 relation-
ship between domestic commodities and producing sectors is main-
tained. Hired unskilled labour is employed in all sectors. Each sec-
tor also employs a sector-specific fixed factor. Factor demand vari-
ations thus result in factor rent vaiiations. This reflects the as-
sumption that, in the short-term (one-year), not only land but also
the cattle herd, other fixed capital, family and skilled hired
labour is immobile between sectors. The rents accrue to households
and, in the case of minerals and other non-food sectors, also to the

rest of the world.
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The model belongs to the Walras-Johansen class of computable general
equilibrium models1o. The model incorporates commodity and fector
markets but not, since the net inflow of resources ie determined
exogenously, asset markets. Commodity flows.(from domestic and im-
ported sources to current production, capital creation, households,
government and exports) and factor flows (from households and the
rest of the world to current production) are determined by prices
and substitution possibilities. The major behavioural postulates
underlying the structural equations are that: |

(1) Producers choose inputs to minimize prbduction costs of planned-‘
output subject to two-level eonstant returns to scele sector pro-
duction functions. At the first level is the Leéntief assumptibn

of no substitution between,domestic ana-imported inpufs, between
input categories or between them and an aggregate of the prima:y
factors. At the second are CES functioﬁe deecribing substitution
between primary factors. .

(2) Househoids choose marketed and own-produced coﬁmodities to maxi-
mize an additive nested utility function subject te an aggregate |
budget constreint. The nests of commodity categories eontain CES
functions deecribing substitution prospects in consumption between

domestic and imported sources of each category.

Since the model is used to compute the impact of annual fluctuations,
it has been specified numerically with substitution and demand ela-
sticities reflecting the short-term response to price or shadow-price

incentives. Note that finite price elasticities of export demand
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have been chosen. Foreign currency prices of export commodities

thus react to both shifts in export demand and in export supply.

The flow diagram (Figure 1) allows for an understanding of the
salient causal chains between exogenous shocks and real household
income in the model. Thé very last link of each chain is either the
flow of factor rents from commodity productibn to (nominal) house-
hold income or the change of the price index of commodities flowing
from domestic production or imports to household consumption. The
degree to which variations of factor rents and commodity prices‘affect
the real household income of,respectively, the urban and tﬁe rural
poor is determined by thé different sdurce—structures of their nomi-
nal income and by the different commodity-structures of their con-
sumption. Nominal household income of tﬁe rural poor naturally is
dominatéd, though not exhaustéd, by factor rents earned in livestock
and other food production, whereas factorvrents earned in the other
sectors piay a prominent, though not an exclusive, role in the nomi-
nal household income of the urban poor. Rural-urban household income
flows are modelled by assuming that urban and rural househoids have
somé control over factors employed in, respectively, the agricultural
and the non-agricultural sectors. Domestic (oﬁn-produced) and im-
ported commodities, respectively,have a large weight in the specific

consumption-price index of the rural and the urban poor.

The model simulates both a non-binding and a binding foreign ex-
change constraint. In the non-binding case,which we consider first,

reserve changes absorb positive or negative balances in either the



Figure 1
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current or capital account. (In the diagram, this is depicted by a
connected line between the balance of payments and reserve changes.)
The authorities in such case have one instrument of macroeconomic
policy (the domestic component of the money supply) free. We assume
that they use it to keep aggregate real domestic absorption on its
systematic path. Since real government consumption and real invest-
ment are determined independently in the model11, this in effect

puts a constraint on real aggregate household consumption. Main

lines of causation run from

- random deviations from planned output of livestock and other food
to rents of sector-specific factors owned by households. In the
case of livestock output,a line also runs to ekport supply and,
following the export price reaction, back to the local price of
domestic productipn and from there to both the consumption price
indices and the rents earned by hired labour and the sector;speci—

fic factors.

- export demands for beef and minerals via export prices and local
prices of domestic commodities to consumption price indices and

‘factor rents.

- the foreign import price of food to the local price of imported
food and the consumptioﬁ price indices, then further through house-.
hold demand for domestically produced food substitutes to local

prices and again to consumption price indices and factor rents.

- the net resource inflow to capital formation, demand for domesti-
cally produced investment goods, the local prices of domestic com- -

modities and the consumption indices and factor rents.



In the case of a binding foreign exchange consﬁraint, any change

in export earnings, import expenditures, factor service payments,
transfers or capital flows must be accommodated without changing
the bélance of payments. (In the diagram this is symbolized by dis-
connecting the line between reserve changes and the balance of pay-
ments.) Thg accommodation is brought about by real exchange rate
changes. An appreciation results from posiﬁive shocks to output,_
export demand or net resource inflow or from a lower food import
price or fbreign interest rate. With local prices of all import
commodities falling, real household income is enhanced and aggre-
gate real domestic absorption increases. The reverse process occurs
in cases of negative shocks to output, export demand or net resource

inflow or a higher food import price or foreign interest rate.

The model is linear in all growth rates. The seven indicators of
exogenous instability are also exogenous variables in the model.

The variance-covariance matrix underlying Table 1 is then used di-

-rectly as the variance-covariance matrix of the exogenous variables.

The model is soived by matrix operations. From the solution matrix
we can read off both the separate impact of each source of exogenous
instability (as represénted by the variance of the respective indi-
cator) aﬁd the total impact of all sources (taking into account also
the covariances). With non-zero covariances the impacts of different

sources may either offset or reinforce each other.



V. Real Household Income Instability in Botswana

The impact of the instability of nature and of world markétsvdn
real household income of the urban and the rufal poor in Botswana':‘
have been simulated for the cases of a non-binding and a bindinéJ
foreign exchange constraint. Resuits are reported in Tables.2 ahd-(-
3 separately for each source and for total exogenous 1nstability.

In Table 2 we report the standard deviations of real household in-
come for the urban and rural poor as well as the standard deviation
of either foreign exchange reserves or real aggregate domestic ab—
sorption. The standard deviations have been transformed into useful

probability values in Table 3.

V.1 The Case of a Non-Binding Foreign Exchange Constraint

In the first experiment, balance of paymehts fluétuations are ab-
sorbed through foreign exchange’reéerves; while macroeconomic.policy
instruments are assumed to be directed at maintéinihg constant aggre-
gate real domestic absorption. The results reveal immediately the
devastating effect of crop production'instabiiity through ﬁnreliable
rainfall on the-rural poor. These households are'éonfrénted with a
probability of 32% that next year's real income will fall 10% of

more below target or,-ekpressed differehtly, a probability of S%

that it will fall by 34% or more. This result is obtained even though
the target, i.e. the systematic level, allows for midterm swings,

and even though indirect effects through inter-industry linkages and

the tax system have been taken into account.



- -
Table 2 Effects of External Instability on Food Insecurity in Botswana, Percentage Standard Deylatlons

a Simulation results, basis 1980.

Indicators of .food Damestic production Food Export demand Foreign Net . Total
‘instability . import live~ mine- interest | resource |-
Livestock Crops price stock rals rate inflow
(1) (2) (3). (4) (5) (6) (7 (1 =(7)
1. Macroeconomic stability
Real household incame
urban poor (in %) 0.44 1.70 3.03 1.35 6.03 0.00 8.32 10.92
rural poor (in %) 4.20 20.97 2.84 6.05 0.07 0.00 0.32 20.39
‘Change in reserves 9 49 7 9 32 7 136 144
(in Mill. Pula)
: 2. Binding foreign exchange
reserves
Real household income
urban poor (in %) 3.27 14.24 5.78 4.33 16.49 2.36 36.20 38.71
rural poor (in %) 4.27 21.35 2.90 6.13 0.18 0.05 1.41 20.68
Aggregate real domestic 2.27 12.80 1.80 2.38 8.40 1.89 35.74 37.57
absorption (in %)

Source: Own calculations.

_6L_



-Table 2

Effects of External Instability on Food Insecurity in Botswana, Percentage Standard Deviations?

Indicators of food Damestic production Food Export demand Foreign Net - Total
instability . import - live- mine- interest | resource |-
Livestock Crops price . stock rals rate inflow
(1) (2) (3) (4) (5) (6) (7) -
1. Non-binding foreign
exchange constraint
Real household income
urban poor P < -108P 0 0 0 5 0 12 18
rural poor P < -108° 1 32 o 5 o 0 31
Changes in reserves c 0 16 0 0] 6 0 36 37
P > 1 month import bill
2. Binding foreign exchange
constraint
Real household income
urban poor P < -108° 0 24 4 1 27 0 39 40
rural poor P < —108P 1 32 0 5 o] o] o] 32
Aggregate real domestic 0 22 ) 0] .12 o] 39 .39
absorption P < -1084d

8 calculated from Table 2 using the table on areas under the normal curve.
c Probability of reserve requirements equalling average 1 month import bill or more. -

"10% or more below trend. -

bility of aggregate domestic absorption falling 10% or more below trend.

b

Probability of real household incame falling

Proba-

Source: Own calculations.
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The instabilities of livestock production (dué to outbreaks of
foot-and-mouth disease) and of béef prices (due to export deﬁand
shiftsj aiso cause noticeable fluctuations in rural household in-
come. Thé effect is relatively mdderate, however, because these
extefnal instabilities.ére smaller and because volatile livestock
earnings are felt more by lérge cattle-owners who are not counted
among the rural poor. The other sources of exogenous instability con-
tribute little if anytﬁing to.insecurity among the rural podr. This
appliés in partiéular to food import price fluctuatioﬁs. Since Boﬁé—
wana crop farmers produce little marketable surplus, changes in‘
their shadow product price and thus shadow factor rénts are largely

offset by changes in their specific consumer price index.

The simultaneous impact of all sources of instability on the real
household income of the rurai poor isabout equal to the separate
impact of rainfall. Since the index of domestic crop production is
barely correlated with the other indicators (see Table 1), we con-
clude thét the instabilities of livestock production, beef export
demand and food import price neutralize each.other's impact. For
the case 6f a nbn—binding foreign'exchangé constraint, therefore
thé.simﬁlation‘results indicate that (a) exogenous stability in all
but domeétic crop production would not lower the level of household
income.inStability among the rural poor, (b) stabie food import and
beef export prices would only change the'soﬁrce-compdsition‘of
household income instability, and (c) stable domestic crop produc-

tion would go a long way to alleviate the problem of the rural poor.
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With a non-binding foreign exchange constraint, so that food trade
is not inhibited, fluctuations in domestic food production soarcely
affect the urban poor. More surprising seemsvto be theAmoderate im-
pact of unstahle food import prices. In an ehvironment of macroeco-
nomic stability, the exchange rate is also rather stable. Food price
fluctuations are no higher in domestic than in foreign currency.

The standard deviation of therforeign currency food import price
index, hoﬁever, was not found to.be particularly high in the case
‘of Botswana (see fable 1). This is an implication of including not
only'cereals but also sugar, dairy and meat products in the index,
the fluctuations of whlch tend partlally to offset each other. Since
the product—comp051t10n of food consumptlon by household classes |
has as yet not been published, the index weights taken are those of
external trade. The indicator may understate‘this source of insta-

bility.

More relevantvto the urban'ooor are fluotuations in mineral export
demand, with its effects oh sectoral labour demand, but'also'the.
swings in net resource 1nflow. Even with aggregate real domestlc
absorption stablllzed, changes in the net resource 1nflow affect the
level of real 1nvestment The larger part of domestlc 1nvestment
goodsorlglnates in the "other’non—food" sector, Wthh employs most
of the urban poor. The 51mulatlon result for the 51multaneous im-
pact of all exogenous 1nstab111ty shows further that the varlous
sources are only weakly offsettlng. Poor urban households are con-
fronted with a probability‘of 18% that their real household income

may fall by 10% or more below trend, even when the authorities suc-



ceed in stabilizing real domestic.absorption. This instability
would, according to the simulation results, not be reduced by

stable domestic food production or food import prices.

The assumption of a non-binding foreign exchange constraint is ex-
posed as a daring one according to the simulation results on the
reserve changes regquired. There is a 37% probability that funds
equalling a one month's bill will be exhausted. The authorities
could plan for more reserves or for international balance of pay-
ments assistance. To reduce the probability of exhausting reserves
to 5%, for example, funds covering roughly half a year of import
expenditure would be required.The costs of obtaining them - such as
interest earnings foregone, policy conditions imposed by foreign
agencies, the risk of stabilizing aggregate absorption around an
ill-conceived systematic path.- are not the subject matter of this
study. The results on reserve changes, however, elicit doubts as

to whether a policy of macroeconomic stabilization is at all. possi-

ble.
V.2 The Case of a Binding Foreign Exchange Constraint.

A binding foreign exchange constraint is assumed in the second ex-
periment. Higher import bills, lower export earnings or smaller

net resource inflows now depreciate the real exchange rate to re-
kindle export volumes, diminish import volumes and reduce the volume
of goods and services absorbed domestically. Tables 2.and 3 report

the simulation results for aggregate real domestic absorption.



Not surprisingly, the source-composition of absorption instability

mirrors that of foreign exchange reserves in experiment 1.

Comparing results on real household income instability among the
rural poor, we find little difference between the two eXperiments.
For this household class the balance of payments constraint turns
out to be of little consequence. As an example, consider a shortfall
in domestic crop production. If reserves are not available for meet-
ing the extra food import bill, the real exchange rate depreciates
and aggregate absorption shrinks. Higher import prices and reduced
demand for labour servicesoutside of agriculture and mining diminish,
to some extent, real household income of the rural poor. Higher do-
mestic prices for the marketed agricultural surplus are transmitted
to rents for factors owned by poor rural households and compensate

for the loss, leaving but a small net effect.

For the urban poor, in contrast, the real household income effects"
of movements in the consumer price index and in factor incomes tend
not to compensate but to reinforce each other. Since members of
poor urban households earn the larger part of their income in sec-
tors mainly serving domestic demand, their factor income tends to
be depressed at a time when food prices are high, and vice versa.
The simulation results indicate that the instabilities of external
finance, export demand and of domestic food supply all subtantially
contribute to food insecurity among the urban poor. They indicate,
however, that the contributions partly offset each other. The'simul—
taneous impdct of all sources of insecurity is barely stronger than

the separate impact of net resource inflow instability.
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Within the narrow limits of our study, we may infer from the second
experiment, that (a) the balance of payments constraint matters for
food insecurity among the urban poor, not the rural poor; (b) stable
world primary commodity prices would not make for a lower level of
food insecurity among either the urban or the rural poor, but would
oniy alter the source-structure; (c) a steady domestic crop produc-
tion would alleviate the problem among the rural poor, not the ur-

ban poor.

VI. Summary and Conclusions

In this paper we have formulated the problem of food insecurity as
one of real household income instability among the poor under the
condition of an imperfect local capital market. We then investi-
gate the contributions of the vagaries of nature and of world mar-
kets (exogenous instability) to annual household income instability
of the urban and the rural poor in Botswana. Such country-specific
information seems to be indispensable for evaluating food security
policy. We measure exogenous instability by calculating the waria-
tions and covariations of seven indicators. We find an extremely
high instability of domestic crop production and of net resource
inflow in Botswana, but also substantial instabilities.of livestock
production, livestock and mineral export. prices, food import prices
and the foreign interest rate. Domestic crop production shows little
relation to other variables, whereas the pattern.of correlations:
between these indicate partly compensating balance of payments ef-

fects.



The impact of external instability on real household income insta-
bility is simulated with a general equilibrium model of Botswana.

In a first experiment we allowed for changes in foreign exchange
reserves and for macroeconomic stability, characterized by stable
aggregate real domestic absorption. In the second experiment, the
balance of payments constraint was made binding, thus forcing aggre-
gate real domestic absorption to adjust to year-by—year external
shocks. The simulation results from both experiments reveal the do-
minant impact of domestic crop production instability on real house-
hold income instability among the rural poor. Instability in live-
stock production and export prices as well as in food import prices
have a small influence, other sources almost none. The simultaneoﬁs
impact of all sources is about as high as the sepafate impact of
_.domestic crop production instability, i.e. the effects are neither -
reinforcing nor totally compensating. With respect to the urban
poor, simulation results differ between experiments. In the case

of variable reserves, the instability of domestic food production
(crops and livestock) and of world food prices (imported food and
exported beef)'has'scarcely any influence. Fluctuations in mineral
export prices or in net resource inflows, by contrast; do have ad- ~
verse consequences for the urban poor. In ¢ase of a binding foreign
exchange constraint, these detrimental'effects are much worse, while
through the trade'account, instability of domestic fon production
and of world food prices also adversely affects the urban poor. The
simultaneous impact of all sources is, however, no higher than the

separate impact of net resource inflow instability.



The simulation results indicate

(1) The balance of payments constraint or,.for that matter, inter-
national general balance of payments assistance, is of little con-
sequence for real household income instability among the rural

poor, yet of crucial importance for the urban poor12. The same ap—-
plies to the instability of the net feSource inflow, which oJdperates

mainly through the balance of payments.

(2) Neither stable world market prices for food imported and live-
stock exported, nor stable livestock production would conﬁribute |
to income sﬁability among the urban or rural poor, but would merely
chadge the source-composition of income instability. The same ap-'"-
plies to stable domestic crop production in the case of the urban
poor and to stable world markét pricés for the minerals'epr;ted byi

the country in the case of the rural poor.

(3) Stable domestic crop production would go a long way tb alleviate

the insecurity problem among the rural pbor.l

(4) A stabilization of domestic crop production and an easing of

the foreign exchange constraint would result in food security émong
the rural and urban poor, respectively. However, both policies aré
costly, if not impossible. Policy research must establish these costs
by investigating not only alternative ways of stabilizing real house-
hold income, but also the first-best solution of removing 5r compen-

sating for the domestic capital market distortion.



Footnotes

10

11

See the contributions in valdés (1981) and in .Chisholm and Tyers
(1982).

Figures are for 1980/81 (Central Statistics Office 1983).

Valdés and Siamwalla distinguish between security on the national,
the regional and the household level. The ability of households
to meet target consumption levels entails the ability of coun-
tries and regions, but not vice versa.

Assets possessing the optimal degree of liquidity for stabilizing-
annual. food consumption (medium-term monetary instruments includ-
ing debt instruments) are often not available or their real re-
turn is- repressed by policy interventions. Commodity stocks, cash
money and other highly liquid assets have negative real returns
due to, i.a., physical shrinkage and inflation. Using cattle or
other illiquid assets causes transaction costs in times of need.

This aspect is of prime importance in the food security programmes
developed in the countries of the Sudano-Sahel (Brandt 1984).

A transitory increase in the current account deficit, by reduc-
ing the foreign component of money supply, would tend to increase
the ¢covered spread between domestic and foreign interest rates.
Both foreign holders of domestic assets and domestic holders of
foreign assets could be expected to take advantage of the spread.

The recognition of the balance of payments link led to the suc-
cessful proposal for expanding the compensatory financing facili-
ty of the IMF from merchandise exports to cereal import expendi-
ture. Goreux 1981.

For sources see footnotes in Table 1.

See Dick and Gerken (1984) for a compléte documentation of the
structural equation system and the data base.

See Powell (1981) for a discussion of the major features of this
and other types of economy-wide models. Dixon et al. (1982) give
a full outline of the model theory and solution procedure.

The determination of nominal investment and the appropriate price
index is indicated by, respectively, the one-arrow and the two-
arrow lines. The diagram does not show that, in the model, govern-
ment- expenditure is constrained by revenue from taxes on produc-
tion, imports and factor rents.



12 This does not automatically apply to partial assistance, such as

compensatory financing of deviations in the balance of merchan-
dise export earnings and import expenditure. Used indiscriminate-
ly, such assistance might even enlarge the instability of urban
household . income. With domestically held foreign exchange re-
serves fixed, an additional net capital inflow, for example, would
raise domestic food consumption and discourage commodity ‘exports,
thus inducing assistance payments and a further appreciation of
the real exchange rate.,

References

Bank of Botswana, Annual Report 1982. Gaborone 1983.

Botswana Meat Commission, Annual Report. Gaborone (various issues).

Brandt, H., Food Security Programmes in the Sudano-Sahel. Berlin 1984.

Central Statistics Office (1983a), National Accounts of Botswana
1980/81. Gaborone 1983.

Central Statistics Office (1983b), Statistical Bulletin, Vol. 8,
No. 2, 1983.

Chisholm, A.H., R. Tyers (Ed.), Food Security; Theory, Policy, and
"Perspectives from Asia and the Pacific Rim. Lexington (Massa-
chusetts) 1982.

Colclough, C., S. Mc Carthy, The Political Economy of Botswana.
Oxford 1980.

De Beers Consolidated Mines Limited, Annual Report, Kimberley (va-
rious issues).

Department of Mines, Annual Report 1980. Gaborone 1981.

Dick, H., E. Gerken, "External Sources of Food Insecurity in an
Open Developing Country". Paper to the 4th Congress of Euro-
pean Agricultural Economists, Kiel, September 3-7, 1984.

Dixon, P.B., B.R. Parmenter, J. Sutton, D.P. Vincent, ORANI: A Multi-
sectoral Model of the Australian Economy. Amsterdam 1982.

Food and Agriculture Organization of the United Nations (FAO), Pro-
duction Yearbook. Rom (a, various issues).

Food and Agriculture Organization of the United Nations (FAO), Trade
Yearbook. Rom (b, various issues).



- 30 -

Goreux, L.M., "Compensatory Financing for Fluctuations in the Cost
of Cereal Imports". In: A. Valdés (ed.), Food Security for
Develop1ngﬁCountr1es. Boulder (Colorado) 1981.

Hayden, C., "Income Distribution and Economic Linkages in Botswana:
A Review of the Social Accounting Matrix as a Descriptive
Data Framework". Discussion Papers, 10, University of War-~
wick, Department of Economics, Coventry 1987.

Howell, J. (ed.), Borrowers and Lenders: Rural Financial Markets and
Institutions in Developing Countries. Overseas Development
Institute. London 1980.

International Monetary Fund, International Financial Statistics.
Washington, D.C. (various issues).

Lamberto, D., B. Quinn, L. Wohlgemuth, "The Economy of Botswana".
International Monetary Fund. Staff Papers, Vol. 17, No. 1,
1970, p. 127-169.

Mellor, J.W., "Food Price Policy and Income Distribution in Low-
Income Countries". Economic Development ‘and Cultural Change,
VOl. 27’ NO. 1, 1978' S- 1-26.

Powell, A.A., "The Major Streams of Economy-Wide Modeling: Is Rap-
prochement Possible?"” In: J. Kmenta, J.B. Ramsey (eds.),
Large-Scale Macro-Econometric Models. Amsterdam 1981.

Republic of Botswana, National Development Plan 1968- 1973 Gaborone
1968.

Valdés, A. (EA4. ), Food Security for Developing Countrles. Boulder
(Colorado) 1981

valdés, A., A. Siamwalla, "Introduction". In: A. Valdés (Ed.), Food
Security in Developing Countries. Boulder (Colorado) 1981,
S. 1-21.




