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Abstract 

This working paper examines the food security policy, where food security means ensuring 
an adequate supply of food for hungry people. In particular, the recommendations of FAO 
are being used as a measuring rod against which food security policies are assessed. By 
means of FAO’s database a statistical analysis of all Sub-Saharan Africa countries with re-
spect to measuring the incidence and severity of critical food shortages are carried out. 
Stock policies seem to have been the answer when issues of ensuring adequate supplies 
have surfaced.  
 
In the paper, an estimate of the costs of keeping stocks is provided, and the costs are quite 
staggering. Based on the statistical analysis an estimate of the number and volume of acute 
food shortages per year in Sub-Saharan Africa is achieved. Upon this number a much 
cheaper alternative to keeping stocks for security purposes is proposed.  
 
It is proposed that a financial fund is set up with the sole purpose of purchasing grains on 
the open market when acute food shortages occur. In order for the fund to achieve its goals 
it must be completely independent of politics, and the financing and replenishing of the fund 
must be automatic. The advantages are that a lot of costs are saved which could be used to 
improve food security policies in developing countries. Furthermore, the supply of food aid 
is done via a global fund, and is not the result of political considerations in donor (big ex-
porting) countries. The reservations voiced by some developing countries that further liber-
alisations in agricultural policies in the WTO round of negotiations could jeopardise food 
                                              
1 This Working Paper is part of a research project ”WTO Negotiations and Changes in National Agricultural 

and Trade Policies: Consequences for Developing Countries”, primarily funded by the Royal Danish Min-
istry of Foreign Affairs, DANIDA, Denmark. Part of this paper has been presented at the Development 
Economics Research Group’s meeting in may, 2001, where many helpful comments were made. In 
particular, the author wishes to thank professor Hans Keiding for valuable suggestions. Likewise, the 
author wishes to thank colleagues at SJFI, in particular research director Søren E. Frandsen for many 
helpful comments. 
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security is answered by this fund. Liberalisations of agricultural policies may lead to lower 
food stocks in the big exporting countries, but the proposed financial fund does not rely on 
such stocks. It is found that the purchases the fund would have to conduct only comprise a 
small fraction of the world trade in cereals. 
 
Keywords: Food, stocks, shortages, uncertainty, Sub-Saharan Africa. 



- 3 - 

Contents 
 

1. Introduction ..........................................................................................................  4 
2. Background ...........................................................................................................  4 

 2.1 Regional considerations ..................................................................................  8 
3. Principles of insurance ..........................................................................................  11 
4. Statistical analysis of critical food deficits ...........................................................  15 

4.1 Data .................................................................................................................  15 
4.2 Probability of food deficit ...............................................................................  17 

4.2.1 Probability of an event occurring ..........................................................  18 
4.2.2 Probability of the size of an event..........................................................  21 

4.3 Summary of statistical analysis ......................................................................  25 
5. Interpretation of results and perspectives .............................................................  26 
6. Concluding remarks and future research ..............................................................  30 

6.1 FAO’s recommendations ................................................................................  30 
6.2 Statistical analysis ...........................................................................................  32 
6.3 The proposal ...................................................................................................  32 

7. References .............................................................................................................  37 
Appendix 1 .................................................................................................................  38 
Appendix 2 .................................................................................................................  39 
Appendix 3 .................................................................................................................  40 



- 4 - 

1. Introduction 

This paper considers food stocks for security reasons as an insurance against shortages due 
to bad harvest, wars, etc. The ultimate purpose of the paper is to derive an “optimal” level 
of food stocks based on the uncertainty of food supply and demand, and the objective of 
keeping stocks. More specifically, the paper aims at deriving distributions describing the 
probability of critical food shortages and the scale of the shortage. Although the focus of 
stocks for food security purposes is of global relevance, the focus of the paper is on Sub-
Saharan Africa. The developed countries are food secure, so they do not need to keep stocks 
for security purposes. The least developed countries, on the other hand, are food insecure 
and Sub-Saharan Africa constitutes a sizeable part of the latter group. 
 
In this paper, instead of using the observed levels of stocks, which ever since WWII has 
been greatly affected by the prevailing protectionist agricultural policies, and instead of in-
direct measures of nutritional status, the basis for the analysis are the observed levels of 
calorie intake. In contrast to the level of stocks that may go up or down for a variety of rea-
sons, calorie intake gives a more direct measure of food shortage, and, consequently, the 
potential need for reserve stocks. In relation to food intake other measures could be relevant 
such as the amount of protein, various nutrients, etc. However, these other measures are 
more related to the longer-term well being of the individual. Thus, these measures have to 
do with ensuring access to a steady, sufficient flow of proper diets, and have not so much to 
do with unexpected emergency situations. In the latter case, the important short-term (and 
long-term for that matter) objective is to ensure an adequate supply of calories. 
 
 

2. Background 

Storage of food for use in times of need has taken a more prominent position in the interna-
tional food policy debate. The impetus for this debate is the ever-increasing liberalisation of 
the world economy and, in particular, liberalisation of agricultural policies. It is argued that 
with already implemented agricultural liberalisations and expected future liberalisations to 
follow, in particular due to the agreements from the last negotiation round as well as the 
ongoing WTO negotiations, use of food storage is declining thereby jeopardising food secu-
rity. Previously, due to agricultural policies vast amounts of food were stored as a result of 
political wishes to keep farmers income at a desired level. Consequently, after the abandon-
ing of some of these policies the use of stocks of various agricultural products generated by 
public interventions in times of low prices has decreased. In turn, therefore, FAO has raised 
some concern about the level of food stocks. In particular, the concern is that the levels of 
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food stock under a regime of liberal agricultural policies may not be sufficient to cover the 
needs in case a major disaster erupts, FAO (1995). 
 
Storage of food against hunger is an age-old policy. The first instance recorded in history is 
that of Josef’s recommendation to the Egyptian pharaoh based on the pharaoh’s dream 
around 2000 BC (Genesis 41). According to the story, cereals were stored during seven 
years with good harvests to be drawn upon during the following seven years with bad har-
vests. In principle this was not an insurance scheme, but a case of consumption smoothing 
over time. To be an insurance scheme, some degree of uncertainty has to play a role, but in 
this case the outcomes (bad harvests, good harvests) were known in advance though revela-
tion. Storage of food as consumption smoothing must have been even older as people need 
to store food for consumption between harvests or hunting/fishing seasons. 
 
Since the time of Josef ensuring an adequate supply of food has been a prime concern of 
political leaders. As the sentence panem et circenses (bread and circuses) by the roman poet 
Juvenal around 100 AD shows, the leaders of Rome were perfectly aware of the correlation 
between ensuring an adequate supply of food and political power. Now, again skipping 
something like two thousand years, the common agricultural policy of the European Union 
is, among other concerns, founded on the objective to pursue an adequate supply of food 
within the union. At the time of the making of the common agricultural policy the degree of 
self-sufficiency of food products were at 85%, which was considered too low. Thus, the 
common agricultural policy was constructed with a primary aim of increasing the EU’s 
supply of food, which has subsequently led to big surpluses. 
 
Around 1970, the hitherto prevailing optimism about the state of the world was being ques-
tioned. The old hypothesis of Malthus (1798) that the growth of population will outstrip the 
growth of food production was being given new life, in particular, by the so-called Club of 
Rome (1972). This led to the world food conference in 1974. During this time unprece-
dented increases in world food prices were being observed as a result of large and unex-
pected purchases of grain from the Soviet Union. Simultaneously, the el nino effects made 
the fish off Chiles coast disappear whereby a substantial portion of the worlds protein sup-
ply failed. Added to that, bad harvests plagued the soybean producers in USA. The resulting 
price increases are clearly observed in figure 1. From July 1972 to February 1974 the price 
in real terms displayed an alarming increase of 270%. The price remained at a high level the 
following years but eventually returned to its previous low levels towards the end of 1977. 
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One of the major results of the world food conference was to put the issue of food security 
on the international agenda. Thus, the UN organisation IFAD (International Fund for Agri-
cultural Development) was established as a result of the conference. A more specific result 
was that the Committee on World Food Security was established in 1975. This committee 
has the “function of evaluating the adequacy of food stocks, especially cereals”, FAO 
(1983), see also Sarris (1985). 
 
FIGURE 1. Monthly price of wheat in real terms January 1908 to January 2001 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note. Prices are U.S. $ per metric ton in January 2001 price level. The wheat price is the U.S. average farm 

price for wheat obtained from USDA (http://usda.mannlib.cornell.edu/data-sets/crops/92152/-
wheat1.wk1). The price level is defined as the U.S. consumer price index, CPI, obtained from the Bu-
reau of Labor Statistics (http://146.142.4.24/cgi-bin/surveymost?cu, U.S. All Items, 1967=100 - 
CUUR0000AA0). For the years 1908-1912 only annual averages of CPI are available obtained from 
the University of Michigan (http://www.lib.umich.edu/govdocs/historiccpi.html). 

 
 
To achieve the objectives of the committee an estimate of a minimum safe level of world 
cereal stocks were carried out by the FAO secretariat in 1974. Three methods were em-
ployed. 
   

• The longer-term trends in area, yields and domestic production and consumption of 
cereals in exporting countries and trends in net imports during 1955/56 to 1972/73 
were analysed to measure deviations from the trends in these variables; this analysis 
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provided the range of deviations observed in the past to serve as a possible indication 
of reserves needed to maintain the long-term trend in consumption in a year of crop 
failure. 

• The maximum single year shortfall in actual production below trends during the pe-
riod 1955/56 to 1972/73 for each grain at the world level was measured as an indica-
tor of the maximum level of stock that would have been required in the past to main-
tain consumption levels. 

• An historical analysis of past ratios of actual carry-over2 stocks to total disappear-
ance (domestic consumption plus exports) in exporting countries, and to total domes-
tic consumption in importing countries, was carried out for all countries for which 
stock data were available. The aim was to identify those ratios that in the past (1961-
1974) were related to “normal” or “abnormal” situations in the grain economy. This 
analysis provided a measure of the level of working and reserve stocks. 

 
All three of the methods used by FAO are based on maximum previously observed discrep-
ancies between a supply and a demand measure. In the third method the level of working3 
stock is estimated. It is assumed simply to be the lowest level of stocks relative to demand. 
Thus, at this point (1973/74) all reserve4 stocks and only reserve stocks are used up, it is as-
sumed. The two first methods are used to estimate the combined level of stocks, which is 
working stocks plus reserve stock. 
 
According to FAO (1983) the three methods yielded similar results. A minimum safe level 
of world carry-over stocks for all cereals should be within a range of 17-18% of world cere-
als consumption. The major part of this level consists of working stocks, whereas the re-
serve element amounts to 5-6% of world consumption. 
 
The figure of 17-18% has FAO since maintained as a target level to assess the state of food 
security. Thus, after the trade liberalisations resulting from the Uruguay round some con-
cern have been raised by FAO that the world food stocks may fall below the minimum safe 
level as so defined. Up until the Uruguay round agricultural policy often dictated interven-
tion in the market through public purchases in order to diminish supply whereby agricul-
tural prices could be maintained at a politically satisfactory level. Consequently, stocks of 

                                              
2 Carry-over stocks are stocks held from the end of one crop year to the beginning of the next. It is the same 

as ending stocks for a particular crop year. 
3 Working stocks are stocks required to assure the smooth and uninterrupted flow of supplies through the 

production and distribution lines. 
4 Reserve stocks are stocks which can be drawn on to meet unexpected deficits and other emergency needs. 
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agricultural products increased and as a side effect FAO’s safe level of stocks were more 
likely to be attained. In the post Uruguay round, however, because of the liberalisation of 
the agricultural markets, this mechanism is expected to decline implying lower levels of 
stocks overall. 
 
The methods employed by the committee have a very ad hoc nature. For instance, why is it 
reserve stocks and only reserve stocks that have been used at the low point? No compelling 
argument can be found. It could very well be that some of the working stock had been used 
as well. Furthermore, the historical period under consideration 1955/56 to 1972/73 was at a 
time where widespread agricultural protectionist measures were being used. Thus, the ac-
tual stock levels may have had very little to do with the levels needed for keeping the pro-
duction line running smoothly. Another point is that the level of working stocks needed 
may not necessarily be stationary over time. Stocks have in general quite a high upkeep 
providing incentive for reducing them. Indeed, terms such as “Just in Time”, which has 
been popular for some time, gives some anecdotal evidence that working stocks may be re-
duced. The proliferation of new effective means of communication including internet, cellu-
lar phones and road – and railway building provide means by which reduction of working 
stocks may be made possible. Furthermore, the market situation could influence the level of 
stocks. Thus, in times of high prices working stocks may be substituted for income thereby 
decreasing the stock levels, and vice versa in times of low prices. Overall, the rule of thumb 
that 17-18% of the world s food consumption provide a minimum safe level of food stocks 
are not achieved via compelling irrefutable arguments. Moreover, working processes, or-
ganisational advances and technological improvements may have changed the need for 
keeping food stocks. 
 
 

2.1 Regional considerations 

The FAO requirement for a minimum safe level of food stocks applies to the entire world. 
In practice, however, some countries are immune, from a disaster point of view, to fluctua-
tions in food supply, while others are highly vulnerable. As shown by Diaz-Bonilla, Tho-
mas, Robinson and Cattaneo (2000) all developed countries in the world are food secure. 
That is, they have enough production capacity and/or sufficient resources to sustain periods 
of food shortages. On the other hand, all of the least developed countries are food insecure 
and, therefore, exposed to the fluctuations of food supply and world food prices. Other de-
veloping countries show much more heterogeneity and may or may not be food insecure. 
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This paper narrows the area of interest to Sub-Sahara Africa. African countries south of Sa-
hara are of particular interest in the development literature. Other developing country areas 
such as South America and Asia have experienced important improvements in their stan-
dard of living and income in recent decades. Thus, in the 1950’ies several African countries 
had income and growth exceeding that of Asian countries. This has been reversed since 
then, and the Sub-Saharan countries in particular seem halted at a low income level, which 
is reflected in the average food consumption per capita. Many Sub-Saharan countries have a 
low level of calorie consumption per capita, and are thus exposed to risks of under nour-
ishment and hunger. This exposure is exacerbated by the fact that many of these countries 
are net food importers. Domestic production is not sufficient to satisfy domestic demand 
and in order to import food the country is, therefore, dependent upon its foreign exchange 
resources, which are not in abundant supply. In fact, in case of disasters and emergencies 
Sub-Saharan countries are often not in a position to supply enough resources in a timely 
manner. 
 
Therefore, the international system of disaster and emergency relief is required, which is 
operated through various organisations. The food aid needed in such circumstances is sup-
plied by the major food exporting countries of the world where the European Union is an 
important contributor. Actually, one of the reasons stated for the Common Agricultural Pol-
icy is to provide a safe level of food supply although this presumably is directed towards the 
EU member countries. However, the EU has for a long period been a net food exporter and 
even though yields fluctuate according to the specific conditions within the harvest year this 
has not changed the net exporting position at any time during the last couple of decades. In 
fact, the EU has build up large stocks of food that in turn are drawn upon in times of need 
of the food deficit countries, primarily located in Sub-Saharan Africa. 
 
Most studies of food security rely on indirect measures of nutritional status such as income 
per capita. However, such measures can be very misleading with respect to the nutritional 
status of the inhabitants, see appendix 1.  
 
In figure 2 the Sub-Sahara Africa countries are sorted after ascending GDP per capita based 
on purchasing power parity. Thus, Tanzania has the lowest GDP per capita and Mauritius 
the highest among the countries displayed here. The white dotted line shows human 
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Note. The Sub-Saharan countries are sorted according to GDP per cap, PPP, in ascending order. Thus, Tanzania is the poorest country and Mauritius 

the richest. 
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consumption in calories per capita per day according to FAO, whereas the black line shows 
the estimated human consumption in calories per capita per day based on GDP per capita. 
Evidently, increasing income implies increasing calorie consumption but the prediction 
power of GDP is very low. For instance, Nigeria with 833 $ per capita consumes 2771 calo-
ries per capita while Angola with 1997 $ per capita consumes only 1916 calories per capita. 
Consequently, as a predictor for nutritional status the direct measure of calories per capita 
per day is superior to indirect measures. 
 
 

3. Principles of insurance 

A food stock being held as security in the event of insufficient supply can be regarded as an 
insurance. Insurance is characterised by issuing a payment in case of an event occurring, 
and is as such equivalent to a lottery ticket. The value of a lottery ticket is primarily derived 
from two components namely the odds and the payment. The odds are described by a prob-
ability distribution that to every possible outcome (state) assigns a probability. To calculate 
the value of a lottery ticket the price at every possible outcome is described. When this is 
done the value of a lottery ticket is given by the expected value, which is the sum (integral) 
of all the probabilities multiplied by the corresponding payments5. Thus, many people find 
the gambling element in itself attractive, they like taking risks. However, an insurance is ac-
tually characterised by the opposite, people take out insurance because they want to elimi-
nate or diminish their risks, they are risk averse. Going back to our lottery ticket, in case of 
a lottery with a single payment of 100,000$ and 100,000 lottery tickets there are 99,999 
outcomes or lottery tickets that yields a payment of 0$ and 1 ticket yielding a payment of 
100,000$. The expected value, E(.), of a single ticket, L, is calculated as, 
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where i denotes the i’th outcome, gi is the payment at the i’th outcome and si is the probabil-
ity that the i’th outcome occurs.  
 
In the lottery, the probability is the same for all outcomes, namely si = 1/100,000 and the 
expected value of a lottery ticket is 1$. A typical lottery has a payment of around 50% of 
the price of the tickets. That is, the issuer of the particular example sells every ticket for 2$. 

                                              
5 It should be noted that this valuation principle disregards any other possible utility that can be derived from 

a lottery ticket. 
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But why is a buyer of a ticket willing to give 2$ for something that has an expected value of 
only 1$? It may be that the profits from the lottery go to charitable purposes, which the 
buyer wishes to support. But this is not always the case, e.g. gambling in a casino. Like-
wise, one may ask why not just ask the potential buyers for a 1$ contribution instead of in-
curring all the administrative costs of issuing a lottery and selling tickets for 2$ that is only 
1$ worth. The answer to this is that the buyers derive an additional pleasure by participating 
in a lottery. The possibility of winning a large payment is appealing to many; thus, they are 
willing to pay an “additional” price for the ticket because of the chance, risk, associated 
with it. 
 
Contrary to the lottery, an insurance policy holder is willing to pay to avoid risk. In the lot-
tery example it was straightforward to calculate the expected value. Things are a little more 
complicated regarding insurance. A typical insurance, e.g. car insurance, is characterised by 
a premium being paid where after the risk is taken over by the insurance company. A car in-
surance has many elements such as different pay outs according to various damages being 
done to the car. To extract the principle aspects of an insurance a simple insurance policy is 
considered that has a set payment of 15,000$ in the event the car is stolen and, of course, 0$ 
otherwise. The insurance covers a period of one year and has an annual premium. It is as-
sumed that the car can only be stolen one time per day and that the probability that it is sto-
len during any one day is 0.00005. Furthermore, it is assumed that if the car is stolen the in-
surance holder buys a new car the same day, although it is also assumed that the car cannot 
be stolen more than once per day. 
 
The probability distribution of this example is described by the so-called binomial distribu-
tion. This distribution is adequate for events of the nature described here, namely the prob-
ability that the event occurs is constant and the outcomes are independent. Thus, the likeli-
hood that the car is stolen during the second half of the year is independent of the number of 
times the car has been stolen the first half of the year. The expected value of this insurance 
can now be calculated using the binomial distribution, which is done in table 1. 
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TABLE 1. Calculation of insurance premium 
      

Number of times 
the car is stolen 

during a 
year 

Probability of car 
being stolen 

x timesa) 

Probability of car 
being stolen x or 

fewer 
timesb) 

Insurance pay-
ment in the event 

the car is 
stolen x times 

Probability multi-
plied by payment 

if car is 
stolen x timesc) 

Expected pay-
ment for car be-
ing stolen x or 
fewer timesd) 

      
x P(x) SP I PI(x) SPI 

     
    0    0.98191507 0.98191507 0.00 0.00 0.00 
    1    0.01792085 0.99983592 15,000.00 268.81 268.81 
    2    0.00016309 0.99999901 30,000,00 4.89 273.71 
    3    0.00000099 1.00000000 45,000.00 0.04 273.75 
    4    0.00000000 1.00000000 60,000.00 0.00 273.75 
     .    . . . . . 
     .    . . . . . 
     .    . . . . . 
 365    0.00000000 1.00000000 5,475,000.00 0.00 273.75 
 
Notes. 

a) The probabilities are calculated using the binomial equation, 
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 where p = 0.00005, n = 365, and x is the number of times the event occurs (car being stolen). The 
exclamation mark is the faculty operator. 

 

b) SP = ∑
=

x

t

tP
0

)( , thus SP shows the probability that the car is stolen x or fewer times. 

 
c) PI(x) = P(x)*I. 
 

d) SPI = ∑
=

x

t

tPI
0

)( . 

 
 
The first column in table 1 shows the number of times the car can be stolen. Since we are 
considering an annual premium and given our assumption that the car can only be stolen 
once a day the maximum number of events (car being stolen) is equal to the number of days 
in a year. Thus, insurance payments can potentially be between 0 and 365*15.000$. Given 
our assumption that the probability of the car being stolen any one day is 0.005%, column 
two shows the probabilities that the car is stolen x times. These probabilities are calculated 
using the binomial formula. The column shows that the probabilities quickly decline with 
increasing x. Thus, the probability that the car is stolen more than 3 times is virtually zero. 
In column 3 the probabilities that the car is stolen less than or equal to x are displayed. 
Again, it appears that the likelihood of the car being stolen more than three times is negligi-
ble. Column 4 shows the insurance payments for the whole year in the event the car is sto-
len x times in the year. To calculate the expected value the probability of an event is multi-
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plied by the outcome of that event. Thus, column 2 is multiplied by column 4, which is 
done in column 5. 
 
It is readily seen that it is the likelihood that the car is stolen once during a year that adds by 
far the most to the expected value. The likelihood that the car is stolen four or more time is 
so negligible that although the insurance payments increase rapidly it does not add to the 
expected value. In column 6 the expected value for the insurance is calculated by consecu-
tively adding the numbers in column 5. The total sum is found where x equal 365 and 
amounts to 273.75$. Thus, the insurance company will demand 273.75$ for the risk of issu-
ing this insurance. 
 
The expected value of this insurance could have been found much easier by using the ex-
pected value of a binomial distribution (0.00005*365*15,000.00$), but the above derivation 
hopefully serves a heuristic purpose. Furthermore, it demonstrates the similarity with the 
lottery above. The car insurance should be priced at 273.75$ in annual premium, but is typi-
cally higher. Furthermore, the insurance company derives interest from the premium if this 
is paid in advance. This overprice, which will be competed down in the case of several issu-
ers, covers administrative and other costs as well as perhaps above-normal profits. The 
policyholders are willing to pay this price since their reservation price is higher due to risk 
aversion. Thus, they are willing to pay to avoid not only the “objective” risk in itself, but 
also to avoid the “unpleasantness” of being subjected to risk. 
 
The lottery ticket and the insurance policy also differ in one other aspect. In the lottery ex-
ample the ticket buyer has no way of influencing his chances. On the other hand, the insur-
ance policy holders may have this privilege, and often it is used. This is called moral haz-
ard. In terms of the car insurance the probability of a car being stolen any one day is 
0.00005. However, after the insurance policy has been bought the policyholder may not be 
so choosy as to where he parks his car. Before the insurance, the car owner may have 
avoided certain neighbourhoods prone to crime. Whereas after the policy acquisition, the 
car owner does not have the same incentives to avoid these neighbourhoods. Consequently, 
if the probability of the car being stolen any one day was estimated based on the average 
number of cars being stolen, then only considering the cars with an insurance policy the es-
timate would be higher due to this phenomenon. Thus, the probability of the car being sto-
len any one day changes, and to the disfavour of the insurance company. Naturally, the in-
surance company is aware of this, thus, the price of the policy is adjusted accordingly. Con-
sequently, the insurance policy is priced even higher than the “objective” risk would sug-
gest. 
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A stock of foods held as insurance against failing supplies is in principle the same as a car 
insurance. However, other factors are at play, and the consequences of not being able to 
provide insurance are much more grave. 
 
 

4. Statistical analysis of critical food deficits 

According to SOFI (1999) approximately 800 million people suffer from under nourish-
ment. This is a consequence not so much from unexpected events in the form of disasters, 
conflicts and bad harvests around the globe, although such events occur on a regular basis, 
but a consequence of lack of access to stable food sources. In this study, chronical under 
nourishment is separated from disastrous events because stocks are modelled as an insur-
ance policy. Providing adequate food supplies for 800 million people is not a “stock” issue. 
It would require a totally different policy comprising production, transportation, distribu-
tion, etc., which is beyond the scope of this study. Thus, only the temporary negative shocks 
to food supply are considered. 
 
Certainly not all temporary negative shocks to food production pose a problem. On the con-
trary, such events are an integral part of food production that is exposed to several uncertain 
external factors. Thus, the amount and timing of rainfall varies from year to year, pests and 
diseases may attack the crops, and other detrimental events may occur, so any farmer ex-
periences variation in production. 
 
Thus, production uncertainty is inherent in food production. In affluent societies this uncer-
tainty does not pose any difficulty in maintaining overall food supplies at an adequate level. 
Exports and/or imports function as buffers for overall food supply for the domestic popula-
tion. Likewise in poor countries, however, large negative shocks may render the policy of 
adjusting exports and/or imports unfeasible.  
 
 

4.1 Data 

Data for consumption of food are obtained from FAO’s database (http://apps.fao.org/). The 
database contains among other statistics, food balance sheets for practically every country 
in the world with annual data in the period 1961-1996. A food balance sheet is equivalent to 
an input-output table in that it shows supply and demand of food in metric tons in a particu-
lar year for a particular country/region. Food is divided into a large number of food items 
(around 100). Supply is comprised of domestic production, imports, stock changes and ex-
ports. In FAO’s terminology positive stock changes are positive supply and positive exports 
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are negative supply. Thus total supply equals production + imports + stock changes – ex-
ports. Demand is comprised of feed, seed, processing, waste, other uses and food. Further-
more, in the food balance sheet per capita supply is shown, which is derived as demand for 
food in kilograms divided by population. Three nutrient specific variables are also shown in 
the food balance sheet, calories per capita per day, grams of proteins per capita per day and 
grams of fat per capita per day. 
 
In this paper, focus is on calorie consumption as the paper is concerned with catastrophic 
events where food is for survival. On the longer term other nutrient features of food intake 
is of course of great concern, however, the contention is that this is not related to food stor-
age as such, but has to do with longer term developments of food availability and accessi-
bility. 
 
Throughout the paper as well as in FAO’s food balance sheets the term calorie is shorthand 
for kilocalories (1 calorie = 4.19 kilojoules). The supply of calories per capita per day is de-
rived as the per capita supply of food in kg per year divided by 365 to obtain the per capita 
supply of food in kg per day. This is then divided by a conversion factor, which is the num-
ber of calories per kg of the particular food item. The result is the per capita supply of food 
in calories per day. For proteins per capita per day and fat per capita per day a similar calcu-
lation is done. 
 
Sub-Saharan Africa, which is the focus of the study, consists according to FAO of 52 coun-
tries6 shown in appendix 2. FAO have data for 46 of these countries in the years 1961-1996. 
The remaining countries are British Indian Ocean Territory, Equatorial Guinea, Mayotte, 
Reunion, Saint Helena and Western Sahara. However, these countries only have a small 
population of 3,200, 474,214, 155,911, 720,934, 7,212 and 244,943 people, respectively, 
according to http://www.odci.gov/cia/publications/factbook. The included countries have 
more than 500 million people, so the average results should not be too biased by the omis-
sion of these countries. For Peoples Democratic Republic of Ethiopia data for the period 
1993-1996 are calculated by combining the data from Eritrea and Ethiopia. Thus, the two 
latter countries are not represented individually in the study. Thus, data consists of annual 
observations in the period 1961-1996 for 45 countries. In particular, observations on calo-
ries per capita per day and population are used. Figures on population are likewise obtained 
from FAOSTAT. 

                                              
6 Actually, the table contains 53 country names. However, one country, Peoples Democratic Republic of 

Ethiopia, ceased to exist as it was split in two in 1993, hence Sub-Saharan Africa consists of 52 countries. 
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The definition on survival rates of energy intake is somewhat ambiguous. In FAO/WHO 
(1985) the survival requirement is defined as 1.27 times the basic metabolic rate (BMR)7. 
Thus, from the equation 1.27*BMR, in principle, it is possible to estimate survival energy 
consumption. However, the BMR changes according to weight, height, age and sex. Like-
wise other factors contribute to BMR, but these are of minor importance, like in the case of 
pregnancy the BMR is increased. In FAO/WHO (1985) BMR’s for various combinations of 
the abovementioned characteristics are given. 
 
In the present study it is chosen to use the figures for men, 18-30 years of age, 1.7m in 
height and weighing an average of 63.5 kg; and for women, 18-30 years of age, 1.6 m in 
height weighing an average of 54 kg. These figures are added and divided by 2. Hopefully, 
this crude method is not too bad an approximation. My guess is that this method does not 
understate the need for energy, because the populations of Sub-Saharan Africa on average 
are quite young and contains a lot of children that has a lower BMR compared with adults. 
Dividing by two suggests that the number of males equal females. This is not exactly the 
case, but not far from the truth either. FAO/WHO (1985) figures for BMR in calorie re-
quirements per day for the two groups are 1650 calories for men and 1290 calories for 
women. Thus, the average survival requirement for energy intake is calculated as 
1,27*(1650+1290)/2 = 1867 calories per day. On average, this subsistence level is too high, 
because Sub-Saharan countries generally have a young population. Thus, a large share of 
the population is under 18 years of age, who have a lower BMR than adults. 
 
 

4.2 Probability of food deficit 

The problem of assessing the probability of a food deficit is twofold. First, what is the prob-
ability of an event occurring, that is, what is the probability of per capita consumption fal-
ling below the critical level? Second, in case of an event, what is the probability of the defi-
cit being of a particular size? 
 
In both cases, the recorded events and sizes are approximated by an adequate probability 
distribution. The approximation is based on the statistical properties of data from Sub-
Saharan Africa. 
 

                                              
7 The 1.27 is obtained as 1*1/3 + 1.4*2/3. The 1/3 is the average proportion of time spent on sleep and, 

hence, the 2/3 is the period awake. In the period awake, even though no activity as such is carried out still 
the acts of washing, dressing and short periods of standing raises the energy consumption to 1.4 BMR. 
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4.2.1 Probability of an event occurring 

As outlined above the purpose of the study is to assess the need for keeping food stocks. 
Because supply of food follows an annual cycle the natural time period for the study is by 
year. Thus, the first step is to approximate the number of annual food deficits, where food 
stocks may be of use in meeting these demands. Again, because of data availability the 
number of food deficits is equal to the number of countries experiencing food deficits. Data 
are recorded in the period 1961-96 for 45 countries. This yields a total number of 1620 ob-
servations. With the critical level equal to subsistence level (1867 cal) 273 events are ob-
served. (An event is an observation of calorie intake below the critical level). Thus, an aver-
age of 7.58 events per year are observed. The actual number of events per year in frequen-
cies is shown in figure 3. 
 
FIGURE 3. Frequencies of events 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The mode of these frequencies is 7, meaning that 7 events per year is the most frequent out-
come. As they stand, the frequencies are not particularly useful for assessing the probability 
of a given number of outcomes per year. Certain outcomes such as 11 or 5 events per year 
have not been observed in the period under consideration. Thus, they would be assigned a 
probability of zero if based solely on the frequencies, which does not appear too satisfac-
tory. Instead, a generalisation is needed in the form of a distribution, which assigns prob-
abilities over the entire range of possible outcomes. Hence, the problem is to seek among 
distributions in order to find a satisfactory generalisation of the frequencies. A first re-
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quirement of potential distributions is given by the nature of the problem. Number of events 
per year can only take on discrete values, thus the seeking process is restricted to discrete 
distributions8. 
 
One obvious candidate is a distribution that yields the probability of the number of events 
per time period known as the Poisson distribution, Stuart and Ord (1994). However, this re-
sult on the Poisson is based on certain assumptions, in particular, events are assumed inde-
pendent. This may be questionable in the case under consideration as it is likely that the 
probability of observing a value below the critical level for a given country is higher if the 
value was below the critical level the previous year. Nevertheless, whether the Poisson is an 
adequate approximation must be left to empirical analyses. 
 
The Poisson possesses a number of redeeming features. It is a known and relatively simple 
distribution that is fully described by only one parameter, and a maximum likelihood esti-
mate of this parameter is easily derived. Hence, the contention is that the frequencies of the 
events can be described by T independently and identically Poisson distributed random 
variables Xt,  
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where L(.) is the likelihood function. 
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The ML-estimator is given by the average number of events per year. Because the Poisson 

distribution only depends on the λ -parameter, it is fully described by the ML-estimate. In 

figure 4 the frequencies and the Poisson distribution with λ  = 7.58 are displayed. 
 
FIGURE 4. Frequencies and Poisson distribution 

 
 
 
 
 
 
 
 
 
 
 
 
 

The Poisson distribution can be approximated by a normal distribution with mean and vari-
ance equal to the mean and variance of the Poisson distribution. This approximating distri-
bution is shown in figure 5. In table 2 is shown some descriptive statistics for the frequen-
cies. 
 
FIGURE 5. Frequencies, Normal and Poisson distributions 
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Table 2. Normality test 
  
Test Test value 
  
Skewness 1.260 
Excess kurtosis 1.447 
Normality test, $2(2) 0.415 
95% critical value for $2(2) 5.991 
 
Note. Skewness is a measure of the symmetry of the distribution. If the distribution is symmetric 

skewness equals zero. The normal distribution is symmetric. Kurtosis is a measure of the 
thickness of the tails in the distribution. The normal distribution has kurtosis equal to 
three. Thus, excess kurtosis is defined as kurtosis minus three. A test for normality of the 
distribution can be derived from the two measures, skewness and excess kurtosis. The 
test is $2 distributed with two degrees of freedom. 

 
 
Some skewness and excess kurtosis is observed, but according to the normality test these 
third and fourth moment measures are well inside the acceptable region. The value for the 
test is shown in table 2 along with the test value for a significance level of 0.05. As seen the 
null-hypothesis of normality is convincingly accepted. Therefore, the Poisson distribution 
appears to provide an adequate description of the frequencies. 
 
 

4.2.2 Probability of the size of an event 

When an event occurs the scale of the food deficit is of course of vital importance for any 
strategies aimed at alleviating food shortages. This time the data is not indexed by time but 
treated as one big sample. Except, only observations where an event occurs, that is, the per 
capita consumption falls below the critical value, are included. This happens in 273 cases. 
Thus, the sample consists of 273 observations. The time and place (country) where the 
event happens is of no concern in this analysis. It is assumed that the place (country) where 
disaster strikes is of no importance. That is, the benefactors and administrators of the food 
aid system are willing to help regardless. Therefore, in this analysis the purpose is to obtain 
a probability distribution for the size of events upon which the system for the entire region 
should be based. 
 
When an event occurs, where the food consumption in calories per capita per day is below 
the critical value, the shortage is multiplied by the number of people in the country and the 
number of days in a year. The resulting number shows the annual food shortage in calories. 
These observations are ordered according to increasing size. Subsequently, the events are 
collected in intervals where the upper limit is 150 billion calories higher than the lower 
limit, and the number of events in each interval is derived. The frequencies of the resulting 
data series are depicted in figure 6. 
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FIGURE 6. Frequencies of size of events 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Almost half the events fall into the first interval (0 - 150 billion calories) and the frequency 
of an event declines rapidly with increasing scale of the event. In contrast to the probability 
of an event occurring, in this case there are no prior hints as to what sort of probability dis-
tribution to look for. However, the configuration of the frequencies immediately excludes 
many possible candidates. Thus, the normal distribution is clearly inadequate in this case 
with the frequencies forming a highly asymmetrical shape. On the other hand, the rapid de-
cline of the frequencies points to some sort of exponential feature. One candidate that is ca-
pable of producing such behaviour is the exponential distribution, Stuart and Ord (1994), 
where frequencies of food deficits are described by a random variable Y with density func-
tion, 
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The expected value of the exponential distribution is derived as, 
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and the variance as, 
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The exponential distribution is a continuous distribution as opposed to the Poisson distribu-
tion, which is a discrete distribution. Like the Poisson it is a well-known, simple distribu-
tion that only depends on one parameter, �. A property of the exponential distribution is that 
it is invariant to scale changes. So, in principle, if the probability model for Sub-Saharan 
Africa is an adequate description elsewhere, it is easily applied thereto. 
 
In case, the exponential description is an adequate approximation to the observed frequen-
cies, Fj, 
 

),exp(1 jjj yPF θ−−=≈  

 
a linear in parameters relationship is derived, 
 

jj yF θ−≈− )1log( . 

 
The parameter, �, in the exponential distribution is derived from this relationship. An OLS 
regression of log(1-Fj) on yj yields, 
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where the number in brackets is the standard deviation and R2 is 0.77. Thus, the estimate of 
� is 0.00127. In figure 7 the estimated exponential distribution is displayed. 
 
If the estimated exponential distribution is an adequate approximation to the observed fre-
quencies, the latter should be dispersed more or less randomly around the straight line in 
figure 7. In figure 8 the observed frequencies are shown together with the estimated expo-
nential distribution. 
 
Admittedly, the observed frequencies display signs of systematic deviations from the esti-
mated exponential distribution. Thus, for lower values of Y the corresponding estimated 
probabilities are lower than the observed frequencies (log(1-Hj) < log(1-Pj) => Pj < Hj). 
Nevertheless, overall the deviations are small as some 77% of the variation in the observed 
frequencies is explained. Accordingly, the approximation in form of the estimated exponen-
tial distribution is considered adequate for the present purpose. 
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FIGURE 8. The observed frequencies and the estimated exponential distribution 
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The mean of the exponential distribution is derived as, 
 

θ
1

][ =YE , 

 
where the estimate of � is 0.00127. Thus, the expected value or mean of the size of calorie 
deficits is 789.65 billion calories. 
 
 

4.3 Summary of statistical analysis 

From the Poisson distribution an average of 7.58 events of food deficits occur every year. 
Multiplying this number with the average size of a food deficit obtained from the exponen-
tial distribution yields 7.58*789.65 = 5,989.55 bill. calories. Consequently, according to the 
statistical analysis, approximately 6 trillion calories is needed annually on average to cover 
the most basic nutritional requirements. 
 
In it self this number may not be particularly informing since calories per se are not stored 
or traded. Instead, the calorie equivalent of food stocks can put some perspective on the 
numbers. The most stored, in particularly in EU, food item is wheat. Therefore, wheat is 
used as a reference point in the subsequent calculations. Furthermore, wheat is traded and 
consumed world wide although the amount of wheat in daily diets vary across regions and 
cultures. Also, it is in comparison with other food items relatively easy to transport and dis-
tribute, it does not require e.g. cooling vehicles or – ships. 
 
The average calorie content of wheat is derived from FAO’s food balance sheets. The total 
supply in the world of wheat in calories per capita per day and total food supply of wheat is 
used to derive the number of calories per kilogram wheat. This is done for all the years in 
FAO’s food balance sheets and the average is calculated. It should be mentioned that the 
figure does not change much over the time period. The resulting figure is 2827 calories per 
kilogram wheat. Using this to convert the average food deficit per year in calories yields 
1,000,000*5,989.55/2827 = 2,117,278 metric tons of wheat. 
 
A new question arises. Is this figure big or small? In figure 9 is shown the European Unions 
ending stocks of wheat for the period 1970/71 to 1999/00. Ending stocks are the stocks at 
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FIGURE 9. Ending stocks of wheat in European Union in million metric tons 

 
 
the end of the harvest year, which is around August 1. At this point the stocks are assumed 
to be at their lowest during the harvest year, and will soon be replenished with the new har-
vest. In figure 9 is also shown a line corresponding to the average food deficit in Sub-
Saharan Africa calculated above. Evidently, the wheat stocks of the European Union are 
more than sufficient to cover the average needs. Furthermore, figure 9 only shows the wheat 
stocks, but besides that the European Union also keep stocks of other grains not to mention 
various other food items such as beef, butter, other dairy products, etc. 

 
 
5. Interpretation of results and perspectives 

The upkeep and maintenance costs of perishable food products are quite high, in particular, 
if the product is meat. Meat needs refrigeration which is energy consuming and thereby 
costly to maintain. But, even with grains costs run to considerable numbers. Despite the 
numerous studies that have been conducted concerning the stock issue, few seems to con-
sider the magnitude of the costs. Implicitly, however, some measurements can be deduced. 
The Common Agricultural Policy of the European Union was and to a certain degree still is 
heavily dependent on stocks to regulate prices received by farmers. To this effect, EU pay 
farmers to stock up agricultural products by paying them sum to cover the expenses at pri-
vate stocks. 
 
One study made by Dhar (1993) makes an attempt to quantify the costs. Based on the 
operations of the Food Corporation in India it is estimated that the maintenance costs of the 
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(buffer) stock of grains is around 15% of the price of the grain, or rather they should be. 
The current costs of maintaining the stock is more than 30% of the price of the grain ac-
cording to Dhar (1993). Now, if only wheat is considered, in 2000 approximately 
600,000,000 MT of wheat were consumed in the world. This leads to a required stock ac-
cording to FAO’s 17% rule of around 100,000,000 MT of wheat. The maintenance costs of 
this stock runs in more than one billion dollar. Considering only the part of FAO’s require-
ment that refers directly to emergency needs, which is one third of the 17%, the upkeep on 
these stocks still runs into several hundred million dollars. According to the calculation 
from the statistical analysis an amount of 2,117,278 metric tons of wheat are needed on av-
erage every year to supply the needs of Sub-Saharan Africa. Admittedly, the rest of the 
world is neglected in the statistical analysis, however, the FAO requirement do seem quite 
an expensive way to ensure food security. 
 
From the perspective of available resources the amount of wheat traded in the world was at 
more than 100,000,000 MT in 2000. In wheat equivalents, the amount traded in the crop 
year 1999/00 was 104.3 million MT of wheat, 29.3 million MT of rice and 101.4 million 
MT of coarse grains, totalling 235.0 million MT of wheat equivalents. Furthermore, the fig-
ures based on USDA data exclude intra-EU trade. Thus, removing a couple of million MT 
or even twice that amount from the world market through purchases does not seem so big a 
deal. The drawback of this strategy is that available resources must be ready before a crisis 
emerges. It is evident that if sufficient resources can only be made available through a com-
plicated political process involving disputes over who is to pay then such a strategy is 
doomed to fail. The much and urgently needed food aid would be delayed with potential 
devastating implications. Instead, an international fund could be established with the sole 
purpose of functioning as financier of buys on the world market in case certain emergency 
criteria are met. This fund must be financed and replenished continuously through a set of 
agreements among donor countries. The advantage of this strategy is that it is much cheaper 
than providing emergency aid through stocks. Stocks are as shown above very expensive to 
maintain. The advantage of relying on stocks is that the available resources are already at 
disposal. This in no way implies that they are in the right locations. On the contrary, stocks 
are primarily kept by big exporting countries that do not need them for security purposes. 
Thus, all the problems involved in the logistics and distribution of the emergency aid are 
present. The alternative strategy of having an international financing fund would also start 
the emergency aid from much the same place as under the stock strategy. When the fund 
buys up grain at the world market they would get the grain at much the same places as they 
were kept under the stock strategy, namely in the ports of the big exporting countries. 
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The concern over the future of the world’s disaster aid capabilities arose because of the lib-
eralisations agreed upon during the Uruguay Round of GATT negotiations. In order to pre-
empt anxieties, also for other reasons voiced in particular by developing countries over even 
further liberalisations, the matter of emergency aid could be a negotiating topic during the 
ongoing WTO trade negotiations. The key interest in a formal emergency aid fund would 
lie at the developing countries and in particular at the least developed countries since they 
stand to benefit. But these countries also have bargaining power as the Seattle incident re-
vealed. Thus, the developed world who probably stand to win the most by further liberalisa-
tions need the consent of the developing countries to push further. Therefore, part of the 
price for the consent of the least developed countries could be the establishment of such a 
fund along with binding agreements and commitments to the funds continuation. 
 
The fund needs to be able to conduct its business totally independent. One argument against 
such a fund could be that in times of worldwide short supply and therefore high prices, the 
developed countries would be reluctant in allowing major buy ups from the market. Thus, if 
the operations of the fund are under political control, emergency aid could be impeded or 
delayed intolerably. It may be true that in particular years the costs of providing emergency 
aid will be high as in the years of worldwide short supply. But in the longer perspective it is 
much cheaper to operate through buy ups as opposed to spending millions of dollars every 
year on maintenance costs. Furthermore, in case of the stock strategy besides the mainte-
nance costs the stocks have to be replenished when drawn upon for emergency aid. It is 
conceivable that the costs of replenishing the stocks could be lower than the costs of mak-
ing the buy ups in times of need. However, these conceivably lower costs are hardly mil-
lions of dollars cheaper. Moreover, in case of a financial fund the fund would be earning in-
terests on its capital. Admittedly, the funds would have to be in a highly liquid form but still 
the fund would get a positive rate of return. In case of a stock strategy the capital is tied up 
in buildings and the grain stored, which earns no interests. On the contrary, the rate of re-
turn is negative because both buildings and grain depreciates over time and needs to be 
maintained. 
 
Based on the 15% maintenance costs in 2000 the costs of keeping the EU wheat stocks 
amounted to approximately 12$ per metric ton. Thus, EU’s wheat stocks had an upkeep of 
approximately 200 million US$ based on the estimate of maintenance costs by Dhar (1993). 
Another estimate is indirectly provided by the EU itself through the workings of the CAP. 
Thus, the CAP stipulates an intervention price for the supported products, which includes 
wheat. That intervention price is valid in the first month of the crop year. If the farmer post-
pones his sale to the EU through intervention then he receives an addition to the stipulated 
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intervention price for every month after the first harvest month he has postponed the sale. 
This monthly addition is granted because the farmer incurs the costs of keeping his grain in 
stocks. Thus, this monthly addition is in essence an estimate of the costs of keeping stocks. 
In 2000 this addition was set at 1����� ����	
��� ��� ���
�	��	��
��� �������� ������ ���

equivalent to 0.92$/MT in 2000 prices. A crude calculation yields the annual costs of keep-
ing one metric ton of wheat as 12*1��������������������������������� ���	!	����� ����������
the estimate based on Dhar (1993) 
 
According to FAOSTAT the average citizen of the world consumed 2791.84 calories of 
food per day in 1998. With 5,901,054,000 inhabitants according to FAOSTAT a total of ap-
proximately 6,013,301 billion calories were consumed in 1998 in the world. In wheat 
equivalents this amounts to approximately 2 billion MT. FAO’s 17% requirement therefore 
prescribes 362 million MT to be stored in large inventories at a yearly cost of no less than 4 
billion US$, according to the indirect measure of EU costs of storage derived above, just for 
keeping this amount at the inventories. 
 
This paper, however, argues that most countries in the world are food secure so they do not 
need to store food in large inventories in order to insure themselves against bad harvests, 
etc. This function can readily be left to the market, where the demand and supply situation 
of course mirrors the situation and events in the individual countries, and therefore prices 
increase if decreasing supplies is a widespread phenomenon. However, paying an “over-
normal” price for a temporary phenomenon will in the long run be cheaper than incurring 
the very sizeable costs a stock strategy entails. Nevertheless, this form of “insurance” pro-
vided by the market excludes countries that do not have ready access to foreign exchange. 
In particular, poor countries as most of the Sub-Saharan Africa region face grave disasters 
now and in the future. Therefore, an insurance system has to be set up for such countries. 
Again the contention is that stockholding is too expensive a strategy. Instead, a financial 
fund with short-term highly liquid assets should be established. This fund should have no 
other purpose than to provide food in kind when needed. Thus, when a country faces seri-
ous food shortages the fund should buy up food on the open market and put it at the dis-
posal of proper authorities. Whether the fund should also be involved in transportation and 
distribution aspects of providing food aid is not an issue here, only the actual acquisition of 
the food. 
 
One drawback of the proposal is the financing of the fund. Not that the fund needs to be 
very large. The estimate for Sub-Saharan Africa suggests a yearly average of 2,1 million 
MT of wheat which amounts to approximately 189 million US$ per year using a price of 
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90$/MT of wheat. This is not very much considering the costs of other UN organisation for 
instance. However, the fund needs to be bigger than this figure since it is based on the aver-
age because some years widespread disasters happen whereas other years are much calmer. 
The 90% quantile based on the estimated stochastic processes yields around 15 million MT, 
so in order to be able to counter 90% of all events with this fund it needs to have approxi-
mately 1,323 million US$. 
 
Another prerequisite for this fund is that it should be continuously replenished. Thus, an 
automatic refinancing structure needs to be implemented. This is not an easy task as the 
controversies surrounding financing of the UN reveals. However, the sizeable stockholding 
costs that can be saved if this fund is set up should provide an economic incentive for 
choosing such a strategy. Thus, approximately 4 billion $ is being spent on stockholding 
each year if FAO’s 17% requirement is followed according to the calculations above. One 
third of the 17% stockholding is for reserve purposes. If these reserve stocks can be saved 
more than 1 billion $ is saved each year. Of course, some administrative costs would be in-
curred by the financing fund but hardly at the scale of stock maintenance costs. 
 
The fund would on average have to act 7.5 times per year according to the statistical analy-
sis. Thus, the fund would need to be replenished at least every two months. Naturally, the 
fund would be inoperable if political compromises and dealings would have to be under-
taken each time. Instead an automatic system for replenishing the fund needs to be imple-
mented, perhaps a system be based on countries relative income or following the UN con-
tributions. 
 
Furthermore, the activities of the fund need to be conducted independently of any political 
process. Thus, the suggestion is that a set of criteria is set up by the UN or relevant political 
organisations. Henceforth, the fund is obligated to act if a country in need meets these crite-
ria. These criteria could be based upon the UN definition of an LDC (Least Developed 
country). 
 
 

6. Concluding remarks 

6.1 FAO’s recommendations 

Table 3 summarises different policy options dealt with in this paper. FAO’s recommended 
food stock policies as described in FAO (1983) are displayed in column one and three. Col-
umn one shows the recommendation for the entire world. It is surprising how close the rec-
ommendation for total grain stocks is to the actual grain stocks in the world as displayed in 
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column two. Then again, FAO’s recommendation is derived from the actual behaviour of 
food stocks, and apparently this behaviour has not changed much since the recommenda-
tions were calculated based on numbers from the 1960’ies and 1970’ies. The cost of keep-
ing these stocks runs in more than five billion US$ per year both according to FAO’s rec-
ommendation. Most of these stocks, however, are not for insuring against hunger. Accord-
ing to FAO approximately two thirds are working stocks that are kept to ensure the smooth 
and uninterrupted flow of food and foodstuffs both in the production and the distribution 
process. In reality, however, large parts of these stocks have been acquired as a result of the 
agricultural policies in the exporting countries. Thus, in periods of low demand and/or “too” 
high supply EU and US policies call for interventions in the markets often by purchasing 
grains and subsequently placing it in storage buildings. Therefore, large parts of the actual 
stock level may have little to do with production processes or supply security. 
 
FAO’s recommendation for a safe level of food stocks applies to the entire world. Never-
theless, in column three the recommendations are used for the Sub-Saharan Africa region. 
This region is much more prone to famines and disasters than most if not all other regions 
in the world. Average calorie consumption is at a low level, therefore, it does not take very 
big catastrophes to put dietary needs in jeopardy. Furthermore, natural catastrophes such as 
droughts and floods are common in the region; as are manmade disasters such as civil war, 
cf. appendix 3. For these reasons, FAO’s recommendations for stock levels made for the en-
tire world should be increased significantly if applied to the Sub-Saharan Africa region. In 
column four, however, the numbers are calculated without increasing the recommendation. 
Thus, these numbers provide a minimum for the FAO stock levels in Sub-Saharan Africa. 
 
According to the FAO recommendation at least 9.2 million metric tons of wheat equivalents 
need to be stored as reserves. Apart from purchasing this grain at a cost of 787.1 million US 
$ in 1999, an annual cost of 129.7 million US$ is induced by the reserve stock. It must be 
assumed that the grain used to alleviate famines and hunger is not sold on the market but 
donated to people in want. Thus, the reserve stock does not provide funds for itself and de-
pends upon adequate and timely donations for replenishing and financial assistance in order 
to maintain the reserves. However, no information exists regarding the operations of these 
stocks. Information on size and timeliness of withdrawals and replenishments from the re-
serve stocks are needed to get a precise estimate of the costs of the operation. Likewise, the 
criteria for donating food supplies would be required in order to assess the likely scale of 
operations. 
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6.2 Statistical analysis 

Since none of this information is available, the statistical analysis based on the minimum 
calorie criteria is used to evaluate the FAO policy. Column six displays the figures based on 
the statistical analysis. On average, to achieve at least the minimum requirement of calorie 
intake, 2.1 million metric tons per year is required. This number is only about one fourth of 
the amount given by the FAO recommendation. A reserve stock of this size would, natu-
rally, also cost only about one fourth of the FAO recommendation. However, the figure 
from the statistical analysis is an average, thus, in some years only small or no food dona-
tions are needed to alleviate sudden food crises, whereas in other years the wants will be 
much higher. In the examined period 1961 to1996 the highest deficit in wheat equivalents 
were in 1993 where just below 3 million metric tons were needed to cover the basic calorie 
requirements. In 1993 prices, 119.5 $/MT, this would have required around 350 million $. 
Still, the quantity of the highest deficit is only about one third of the FAO recommendation. 
 
 

6.3 The proposal 

It appears that quite substantial amounts of money are used just for maintaining large 
stocks, money that could be used much more productively elsewhere. However, discarding 
the use of stocks for reserve purposes would put a lot of people in jeopardy. Furthermore, 
the present talks of liberalising the international trade regime, in particular, liberalising pro-
duction and trade of agricultural products has raised concerns about food supply security is-
sues. Many developing countries fear that opening their markets for agricultural products 
could imply lower self sufficiency of food, and thereby they would to some extent be at the 
mercy of the big exporting countries if the supply situation deteriorates. In particular, the 
concern is that in times of low global food supply the big exporters, who are primarily 
OECD members, would be more concerned with their own countries than providing ade-
quate food for suffering developing countries. Therefore, the question of food supply secu-
rity is one of the impediments in the WTO round that has to be addressed. 
 
One solution to the problem could be to assist the developing countries in building storage 
capacity and supply the necessary stocks of food. Or, the buffer stocks of the big exporting 
countries, where the bulk of the worlds grain stocks are located, could be expanded. Such a 
policy, however, is expensive both in terms of investments as well as in terms of mainte-
nance. Instead, to address the legitimate concerns of the developing countries a financial 
fund is proposed; a fund with the sole purpose of providing financial means for alleviating 
sudden food crises. For the fund to be trustworthy it would have to operate independently of 
the political arena and instead base its decisions on a set of strict criteria. It is imperative 
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that the fund is politically independent. One of the arguments in favour of stocks is that the 
food is already at hand, whereas if purchases has to be made on the markets then politicians 
from the donor countries may not be as willing to provide the necessary means if prices are 
very high because of global supply problems. Furthermore, the political process in itself 
even without global supply problems can be lengthy and drawn out resulting in delayed ar-
rival of necessary food supplies. Thus, the decision making of the fund must be independent 
of political skirmishes. 
 
The argument in favour of strict criteria to be met before the fund takes action is to counter 
the problems of moral hazard that can arise. Thus, the fund would induce a positive incen-
tive for countries or regions to declare themselves in a sudden emergency. Undoubtedly, in 
many countries and regions in Sub-Saharan Africa perennial problems of malnutrition ex-
ists, and as such they qualify for assistance. It is important, however, to emphasise that the 
fund is to be regarded as an insurance against suddenly arisen emergencies, not as a general 
organisation to combat malnutrition. The latter kind of organisations already exists, and 
provides assistance to address the more chronic problems. On the other hand, the decision 
making in the fund has to be flexible so as to enable a quickly and timely assistance. Obvi-
ously, the exact charter of the fund therefore must reflect both of these opposing considera-
tions. 
 
Another argument in favour of stocks is that as mentioned above the food is already at hand 
and, thus, time is saved in the distribution process. However, the bulk of the worlds grain 
stocks are kept in and by the big exporting countries, and are therefore not located in the 
countries where they would be most likely to be needed. Furthermore, if grain is purchased 
on the world market the location of the purchased food is where they are stored by the ven-
dors, primarily in the silos of the ports of the big exporting countries. That is, the purchased 
food grains would be located much the same place as a reserve stock. 
 
All of the above considerations concerning a financial fund whose purpose it is to purchase 
and donate food in times of sudden needs are only meaningful if enough food is available 
on the market. Thus, if very large parts of the global trade in grains would have to be di-
rected towards this purpose the proposed strategy may not be feasible. Thus, one of the 
concerns of developing countries is that if purchases of food for emergencies increase the 
world price significantly, the developed countries in times of low global food supply may 
not be particularly willing to donate funds for this purpose as this policy could harm their 
own consumers. This is of course an argument for why the fund must be politically inde-
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pendent, but the question arises as to how much of the global grain trade this policy would 
commandeer. 
 
According to USDA in 1999 global grain trade comprised 102 million MT of wheat, 25 
million MT of rice and 91 million MT of corn. These figures are even without the trade 
among the EU countries themselves. Thus, in wheat equivalents a total of 230 million MT 
were exported (and, of course, the same amount was imported). Out of this amount an aver-
age of 2.1 million MT would be needed for Sub-Saharan Africa, and even considering the 
largest deficit experienced (3 million MT) only slightly more than one percent of the global 
grain trade is needed. Therefore, it is concluded that the amount of grain needed to be pur-
chased relative to the global markets does not provide an impediment to the suggested pol-
icy. Even if the purchases do impact the world markets this would be a short term phe-
nomenon, and should not be the cause of concern. 
 
The advantages of the suggested financial fund is threefold: 

• It is much cheaper to operate 

• It is independent of political or other control over reserve stocks 

• It can be replenished quickly 
 
The first point is exemplified by Sub-Saharan Africa figures in table 3, which suggests that 
129.7 million $ can be saved annually in maintenance costs. Thus, financial capital does not 
deteriorate as does physical capital such as storage buildings, as well as degradation of the 
perishable food items. However, the capital of the fund would have to be held in a highly 
liquid form in order to ensure the speediness of necessary purchasing operations. This is not 
to say that the capital is to be held in cash, rather that the capital should be held in short-
term but interest bearing assets. Therefore, the main cost here would be given by the term 
structure of interest, that is the difference in rates between short-term and long-term interest 
bearing assets. 
 
The second point is largely addressed above. The present reserve stocks is owned and gov-
erned largely by the major exporting countries. Therefore, any operations involving these 
reserves need the approval of these countries. A fund such as the proposed operates inde-
pendently of political considerations, thereby circumventing potentially political conflict ar-
eas, which may impede the timeliness and execution of emergency assistance. 
 
The third point is concerned with the continuity of operations. After an emergency opera-
tion has been carried out the reserve stocks under the present regime needs to be replen-
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ished. This is done independently and uncoordinated by the stockholding agents, no overall 
coordinating role is allocated to anyone. Thus, the replenishment or not of the reserve 
stocks is to some extent a result of chance behaviour. On the contrary, a financial fund 
would have a set of criteria that has to be reached and maintained such as the level of fi-
nances in order to achieve an established level of security. Furthermore, the replenishment 
of the fund after execution of emergency assistance should follow a pre established process. 
It could be backed in its finances by e.g. the World Bank and /or IMF who would be com-
mitted to maintain the funds finances at the pre established level. In this respect the fund 
may never be in short supply of resources since a replenishment of financial capital can be 
carried out almost instantaneously. 
 
Finally, the establishment of a food security fund may facilitate the current WTO negotia-
tions. In many proposals posed by countries or groups of countries the need for exemptions 
from general agricultural liberalisations due to food security concerns is underlined. A 
dedicated fund to this purpose could meet some of these concerns, and thereby diminish the 
need for special rules, which are always open to differing interpretations. 
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TABLE 3. Stock policies 
       
  Based on 

FAO’s rec-
ommenda-

tion 
Actual 
stocks 

Based on 
FAO’s rec-
ommenda-

tion 
Required 

stocks Proposal 
 
 
 

 

World World 

Sub- 
Saharan  

Africa 

Sub- 
Saharan 

Africa 

Sub- 
Saharan 
 Africa 

       
1. Food consumption in weq1), mMT 2,159.4  167.2   
2. Total grain stocks in weq2), mMT 377.9 376.9 29.3   
3. Reserve stocks in weq3), mMT 118.8  9.2 2.1 0.0 
4. World price of wheat4), $/MT 93.7 93.7 93.7 93.7 93.7 
5. Maintenance costs of wheat 

stocks5), $/MT/year  14.1 14.1 14.1 14.1 14.1 
6. Costs of maintenance of total 

stocks6), million $/year 5,328.4 5,314.3 412.5   
7. Cost of maintenance of reserve 

stocks7), million $/year 1,674.6  129.7 29.6 0.0 
8. Cost of purchasing the total grain 

stocks8), million $ 34,397.3 35,315.5 2,661.1   
9. Cost of purchasing the reserve grain 

stocks9), million $ 10,119.6  787.1 196.8 196.8 
 
mMT is million metric tons, weq is wheat equivalents. All quantities are in wheat equivalents. 
1) In 1999, 5,956,286,000 people in the world consumed an average of 2808 cal/cap/day according to 

FAOSTAT, Thus, the number of calories consumed per year can be calculated and dividing this number 
with the number of calories per kg wheat (2827) the quantity of food consumption in the world in wheat 
equivalents is obtained. For Sub-Saharan Africa in 1999, 589,140,000 people consumed an average of 
2198 cal/cap/day according to FAOSTAT. 

2) FAO’s recommendation that 17-18% of total food consumption should be stored, is used to calculate to-
tal recommended food stocks. Hence, 1. is multiplied by 0.175 to obtain FAO’s recommended total grain 
stocks. The actual stocks are ending stocks for 1998/99, that is the stock level in mid 1999. According to 
USDA the quantity stored for wheat was 135.6 mMT, for rice 60.0 mMT and for coarse grains 155.3 
mMT. The calorie content in these grains are derived using FAOSTAT data yielding 2,827, 3,649 and 
2,982 calories per kg for wheat, rice and corn, respectively. Thus, the actual grain stocks in wheat 
equivalents yields, 135.6, 77.4 and 163.8 mMT respectively, amounting to 376.9 mMT. 

3) FAO recommends that 5-6% of total food consumption should be stored, which is used to calculate total 
recommended reserve stocks. Hence, 1. is multiplied by 0.055. 

4) Average price for wheat in 1999. Source: USDA. 
5) According to Dhar (1993) maintenance costs of storing amounts to 15% of the price per year. Thus, 

maintenance costs per MT is obtained by multiplying 4. with 0.15. 
6) 6. = 2. * 5. 
7) 7. = 3. * 5. 
8) 8. = 2. * 4. 
9) 9. = 3. * 4. 
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Appendix 1 

 
A simple OLS across Sub-Saharan Africa countries were performed with calories per capita 
per day (yi) as the response variable and GDP per capita in constant 1995 US$ (xi) as the in-
dependent variable where the subscript refers to country i. Data on Sub-Saharan Africa 
countries are for the year 1996. Calories per capita per day are obtained from FAOSTAT, 
and GDP per capita in constant 1995 US$ are obtained from the World Banks World De-
velopment Indicators. The OLS yielded, 
 
 
 
 
where figures in parentheses are standard errors. Only 18% of the total variation in calorie 
consumption for Sub-Saharan countries is explained by income. Even if the purchasing 
power parity corrected GDP per capita, still obtained from World Development Indicators, 
is used, 
 
 
 
 
the part of total variation in calorie consumption explained is only marginally improved. 
Thus, using indirect measures of nutritional status could potentially be misleading and re-
sult in questionable findings. 
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Appendix 2 
 

TABLE A.1. Sub-Saharan Africa 
      
Angola Comoros Gambia Mauritania Senegal Western Sahara1) 
      
Benin Congo, Democratic 

Republic of 
Ghana Mauritius Seychelles Zambia 

      
Botswana Congo, Republic of Guinea Mayotte1) Sierra Leone Zimbabwe 
      
British Indian 
Ocean Territory1) 

Côte d’Ivoire Guinea-Bissau Mozambique Somalia  

      
Burkina Faso Djibouti Kenya Namibia Saint Helena1)  
      
Burundi Equatorial Guinea1) Lesotho Niger Sudan  
      
Cameroon Eritrea2) Liberia Nigeria Swaziland  
      
Cape Verde Ethiopia2) Madagascar Reunion1) Tanzania, 

United Republic of 
 

      
Cent African 
Republic 

Ethiopia, Peoples 
Democratic Repub-
lic of2) 

Malawi Rwanda Togo  

      
Chad Gabon Mali Sao Tome 

and Principe 
Uganda  

 
Note.  1) Countries with no information in the food balance sheets. 
           2) From 1961-1992 the food balance sheets contain information on Peoples Democratic Republic of Ethiopia. 

From 1993 onwards this country is split up into Eritrea and Ethiopia, respectively. In the study, data for the two 
countries are added in the latter period to obtain a consistent set of time series for the entire period. 

 
Source: FAOSTAT  
 (http://apps.fao.org/lim500/showareas.pl?area=390&ItemType=FoodBalanceSheet&Language=english). 
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Appendix 3 
 
Press release from FAO 5 January 2001 (www.fao.org/news/global/gw0101-e.htm). 
 

Food shortages imperil 3 million in southern Sudan 
 
Over 3 million people in southern Sudan are facing serious food shortages due to ongo-
ing civil conflict and an emerging drought, according to a new report issued by FAO and 
the World Food Programme (WFP).  
The hardest-hit populations are in Darfur, Kordofan, East Equatoria, Jonglei and parts of 
Bahr el Ghazal, where continued fighting compounds the drought conditions. Food stocks 
are dwindling rapidly, and prices have tripled since the same period last year. Very high ce-
real prices coupled with fast-falling livestock prices due to distress selling are particularly 
affecting pastoralists, according to the report, a result of a joint FAO/WFP mission that vis-
ited 24 of Sudan's 26 states in November. 
The poor harvests have affected around 900 000 people, with 600 000 in need of urgent 
food assistance. In addition, 2.4 million people affected by the ongoing civil strife in the 
south will continue to require food aid in 2001. 
Urgent assistance is needed to provide seeds and other agricultural inputs for the next crop-
ping season, which begins in June/July 2001, and to mitigate the severe water shortages in 
the most-affected areas. Critical shortages for both humans and livestock, especially in Dar-
fur and Kordofan, are forcing people to move in search of water. 
Although aggregate cereal output for 2000 -- estimated at 3.6 million tonnes -- is about 14 
percent higher than last year's crop, it is 18 percent below the previous five-year average. 
The country will need to import 1.2 million tonnes of cereals, of which 1 million tonnes are 
expected to be imported commercially and the rest as food aid. To date, only 34 000 tonnes 
of food aid have been pledged. 
5 January 2001 
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