
Ire Journal of Agticdh~te, Yd. 19. Nos 1 & 2 1997 

RISK, UNCERTAINTY AND INSURANCE IN 
SMALL-HOLDER AGRICULTURE 

Owolabi Ajobo 
Deaprtment of Agricultural Economics 

Obafemi Awolowo Univeristy 
Ile-lfe. 

INTRODUCTION 

Agriculture as an enterpriese is more sensitive to forces of nature than manufacturing 
hence the higher levels of risk and uncertainty in agriculture relative to manufacturing. 

There are several ways of dealing with risk and uncertainty and these include 
diiersification, specialization, forward contractjng, flexibility, liquidi'ty and insurance(~desimi 
1988). All these could be undertaken as technical, organizational or expectationa! modes 
of operation. 

The literature on risk, uncertainty and insurance in agriculture is vast - among the most 
notable contributors are Knight (1 921), Shackle (1 949, 1955), Anderson and Dillon (1971jl 
Adegeye and Akinwumi (1978), Adesimi and Alli (1980), Arrow (1965), Carter et a1 (1965), 
Richardson (1959), Roy (1 952), Simon (1 955), Theil (1 957), Tintner (l941), Tisdell(1%2), 
and Ray (1 981). 

A farmer faces two major forms of risk in his enterprise. The first arises in the process 
of production when biological forces alone can makeor mar his efforts at securing favourable 
yield levels. The second comes in form of market forces which dictate the prices he (the 
farmer) receives for his produce. Agricultural products do not store for long as manufactured 
commodities. 

The objective of this paper is to analyse tne strategy of dealing with these two forms of 
risk so as to minimise unbearable losses to the farmer. 

This is particularly relevant to Nigeria where in spite of seemingly laudable government 
agricultural policy measures, and huge expenditure allocations, her agriculture still remains 
largely subsistence. Themation's current structural adjustment policy has been credited 
with improving agricultural output in Nigeria (Oni 1990) but the vast majority of farmers still 
operate at near subsistence levels. 

The risk management techniques discussed in this paper pertain to two aspects of 
positive agricultural price policy, namely, insurance scheme which can be initiated by 
government, and utility analysis which the farmer can tackle only by himself. These two 
techniques are discussed in detail so that a farmer may be able to help himself out of the 
possibility of catastrophic losses. 

Positive agricultural price policy engenders an improvement in farmer's productive 
capacity, through provision - at incentive levels and at the appropriate times - of production 
enhancing inputs and services such as improved seeds, fertilizers, pesticides, water, 



mechanical aids and aedit Favourable price mwefmts accelerate innovatkn 
utilization of idle capadly and Institutional adjustments. 

Agricultural price policy is one area where government intetvention has an immeea$ 
and often profound positive impact. Most govmments in both industriafized and dwWng 
economies intervene (directly or indirectly) in agricultural markets to influence prices both 
for the rural producer and the urban consumer. How the governments intervene can have 
a profound effect both on agricultural production and on mnsumption. Sp'fically the prices 
at which agricultural produce are bought and sold play tnree vital roles: 

(1) the prices paid to farmers, and relation of those prices to prices 
farmers pay for key inputs such as fertilizer have a major impact on 
what and how much a farmer can produce. 

(2) the price paid to farmers together with the quantity of the produce 
sold are the primary determinants of farmers' cash income. 

(3) the prices at which agricultural D ~ O ~ U C ~ S  are sold kt rhe atie 
mapr determinants of the 
ecoymies. 

n resident 

Prices have a profound impact on agricultural production because most farmers, even 
in very poor countries, [Oni (1969), Adesimi (1970) and Olayide (1972)l have shown that 
when prices change, small holder farmers respond much like any profit maximizing business- 
man operating in a world fraught with uncertainty. 

The most important price relationship from the stand point of agricultural production is 
that between farms output and purchased inputs. ~ r o m  the farmer's point of view, it makes 
sense to use &re inputs so long as these increase the value of farm output more than 
they increase cost. One of the simplest and most effective ways of increasing farm yieldis 
either to raise the price of farm produce or to lower the price of farm inputs or both (Falcon 
and Timmer in Reynolds (1 975). 

In a nutshell, a positive price policy attempts to upgrade the productivity of the existing 
farm system. It accepts the pattern of land ownership and farming rights and attempts to 
stimulate rather than coerce subsistence farmers into adopting new methods. The main 
policy instruments 6f such a strategy would be: 

(1) to increase the effectiveness and coverage of the farm advisory 
s d c e .  

(2) to upgrade the marketing system so as to make it easier for farmers 
to sell their produce and to obtain price and other market information. 

(3) possibly to extend credit to hdp small farmers purchase inputs. 
(4) certainly to take measures to improve supplies of fertilizers, improved 

seeds and improved knowledge about the cultivation techniques for 
traditionalas well as non-traditional crops. 



Theoretical background

. }lgdern ulility thory provides an efficient means of analysing decjsion-making under
dsk ttough {9 ryxim$ton of the utility of the decjsion mafer ai a function of the 5gtb
mmmic variaHes onftontng him. (Arrorv, 196s) The guiding hypoth*$suro*lv,,itit;
test of {dency of pans of actons under risk is that inad-qr.ti t l,lirent of dsk has been
a'mapr faclor accounling br the discrepancies that often arise between tie ac{ual and
pedcted returns to an individual. Each tarmer is taken as having an expected ulility fundion
he wishe.b b maximize sgfiect to his marginal risk csnstraint. frwever, the optmal pan ot
$efarmeris notac'livated bepnd the pintwhere the expected ulilityof such action is zero.
A ulility interval is used h measure the difierence in efficiency of J*irion-makling and
hence the risk premium involved in taking different actions. 1Arr6w op. cit).

Study Data

. A groupof ten villages - lyanfora,orogi, Erefe, lsoya, Akaedolu, Ladin, olorombo, Aganran,
Aloko, Walode and Esara - in old Oranmiyan locil government area'was studied in 1gg7
orop season and avaage yield (per heciare) of maize (shelled grains) among thirteen
farmers in each village was computed as presented in Table 1.

0

Table l: Average yieldol maize per hectare amond teryrcups.of
famer in lsoya (Oranmiyan_Localcovernmenlllgss

Averaye yield (kg)Group

1

2

3

4

5

6

7

I
I
10

1915

1580

2139

2026

4773

1691

5590

2836

2172

911

Total 2506234

Stlurce: Field Survey 19gg.

- This gives an bverall average yield of 2505.23kg with a coetficient of dispersion of
0'5881' This yield pattan tfrusdisplays a wide variari6n which is an indication of the highlevd of risk 

1n 
average maize farmer'in the area ia.*. I,,rirp.Jlj ,.r on the farmers,

income may be reduced through:

(r) sSng more information about better production techniques and
pnces of bofr inputs and outputs, and

I

t

{ii) purchasing insurance cover against yierd and fice fruc.tuations.



Analysis 
Market pices of maize at preharvest (t,) and post-harvest (1,) perioas are used to 

analyse the risk faced by the respondents1. The price levels are taken as the statd of 
nature for each action which may be represented as ai(i = 1,2). The actions are to sell at t, 
at a k m  price or sell at 1, when price level may have isen or fallen. The decision criterion 
is'thus to maximize expected utility subject to the prior probabilities assumed by the farmers. 

Formally: expected utility E (u) is a function d the action taken, Qi and the prior 
probabilities attached to the states of nature (P(Qj); thus E(u) = u(a,, 9, i, j =I, 2. 

The study indicates that price of maize varied from N1.20 per kg to N2.00 per kg. 
\ V 

However, the farmers were certain that the 1, price was N1.50 per kg while they estimated 
t, price at between N1.20 per kg and N1.60 per kg - with different degrees of belief. 

In this wise N1.50 was taken as bench mark price and the only two actions assumed for 
I, 

-$ 
the respondents are (1) sell early (1,) or sell late (t,). The actions are assumed to be 
mutually exclusive and exhaustive. The outcome of each action is conditioned on the state 
of nature subsisting i.e. I1 = u(a/Qj). Therefore the utility function can be presenied as in - 
Table 2. 

Table 2: Utility function: u(ai, Qj) for maize farmers 

Possible actions States of nature (Price at.t,) 

probabilities of occurrence of the reactions as the probabilities attached to a price rise at 1, 
by the farmers. In other words, the probabilites attached to a price fall at 1, by those who 
store and sell later is (1 - 0.25) = 0.75 while the probability associated with a price fall at t, 

19 by those who sell earlier at 1, is (1 - 0.005) = 0.995. Thus P(Q,) = 0.995 and P(Q2) = 0.75. 

a, Late sale 

a, Early sale 

Prior probabilities 

. 

The expected utility in monetary terms can now be calculated for each action. Utility for 
action a, given Q, as the state of nature is 

CJ P(Q) U (a,, Q,) + P(Q1) U(a,, Q,j - (1; 
while the utility'for action a, give Q, is 

P(Q,) U (a,, Q,) P(QJ U(a,, Q,) - (2) 
Utility of action a, give Q, and 0, respectively is zero since there exists no utility if all 

sales had been made at 1, at N1.50 per 

Q! ( ~ 1 . 6 ~ ~ 1  1.  Q, (N 1.2kq) 

N256.2 4828.6 

0 0 

0.995 0.75 

- 
I r  1s a s s u m  rnm srorage cosrs are negligible or nol~u13tent. 

It is assumed that a farmer offers 2562kg of maize for sale. From table 2, one takes the 



Now (a,) = 0.995 U(a,, Q,) + 0.75 (U(a,, Q,) . (3) 
U(a, Q,) is the utility resulting from taking action 1 under the state of nature Q,, that is, 

selling at t, 
when the price is N1.60 per kg. 

This gives U(a,, Q,) = N (1.6 x 2562) - (13 ~2562)  

= N (4099.2 - 3843.0) = N256.2 

and 
U(al Q,) which is the utility arising from selling at t, at a pice of N1.20 per kg is 

U(a1, Q,) = N(1.2 x 2562) - (1.5 x 2562) - 
V 

PI (3843.0 - 3074.4) = N828.6 

Therefore selling ar I, ar a price of N1.20 per kg results in a loss of P1828.6 implying that 
the farmer puts a higher degree of belief in a wrong prediction. b 

The expected utility from al/Ql can be calculated form expression (3) as 

l(0.995 x 256.2) - (0.75 x 828.6) 

= - N366.53. 

Hence the farmer loses N366.53 by taking actioin allQ, instead of al/Ql which is seen 
to be more profitable. However, a, = 0 is the optimum i.e. where there is neithergaln nor 
loss. 

Break-even Probabilities and Insurance Premium 
The decision to sell the maize may be analysed to determine its sensitivity to prior 

probabilities the farmer attaches to situations. 

The prior probabilites are reflectiosn of a farmer's attitude towards risk. The break-even 
probabilites are calculated by equating the prior probabilities from all actions. Thus 

P(Q,)U(a,Q,) + P(Q1) U(a,, Q.1 
= P(Q1)U(al Q1) + YQ,) U(a, Q,) (4) 

that is 

Q, (N256.2) - Q, (P1828.6) = 0 rIl. 

Thus 

Whereas the farmer had evaluated the odds to be 0.995: 0.75 or 1.3:1 
The results indicate that the farmer needs to seek more information about the most 

likely price of maize at 1,. However, information is not costless. The opt im action for the 
farmer yielded zero at t,, therefore the optimum expected utility from any'acbion based on 
the subjective prior probabilities of the farmers is N256.2 - .O = N256.2. 
p J  



Therefore, the farmer can se& for mcwe information thmugh all k m n  sources so kng 
as the cost of such infomation does not exceed N256.20. This amount Is his utility Interval 
and it portrays his attitude to risky price sltubtions. 

With the additional information, the farmer may have to change his position if  the extra 
information leads him io probabilities different from his prior estimations. 

The analysis so far has been on the basis of a yield certainty equivalence2, that is, the 
mean yield for all the farmers sampled. 

On the other hand if analysis is based on price certainty equivalence, (that is, the price 
of maize at t, (N1.50 per kg) rather than on yield uncertainty then calculations of yield 
insurance premium rates need be undertaken. 

2 Crop yield insurance scheme involves the substitution of a small known cost for the 
possibililty of a larger but uncertain loss. The small known cost is the premium and it is the 
mst which the client has to pay periodically for purchasing the insurance cover corresponding 

'F to the indemnity schedule. The insurer calculates a schedule indicating the premium. payabte 
3 per hectare - these charges are based on an estimate of the average indemnity payable 

under each of the indemnity options over a period of years. The premium rate thus depends 
on the insured amount, that is, the particular value of the insurance. It tends to decrease 
wer the ye h ims whatsoever is made and vice versa. 

lndemr 

Iars if no ( 

iity Cz 
The data on maize yields from the respondents of this study are used to calculate the 

indemnity rates In table 3. The actual and insured yields of maize per hectare are used to 
illustrate theoperation of the scheme. As an example, i f  the actual yield (kg per ha) in a 
year experienced by a farmer was 2172kg and the insured yield was 2562kg, the indemnity 
p a  hectare for that year would be the naira value of the difference between the actual.and 
the insured yield, that is N1.5 (2562-2172) = N585.00. All other indemnities are calculated 
similarly. 

However, a farmer has to dedde on basis of yield and price experience whether It pays 
him to expend resources in seeking information and/or procuring insurance cover. If, 
historically, expected price and yield had always been close to certainty equivalence levels3 
then resources need not be diverted to these schemes. If the converse is true, then action 

~8 on the two fronts is needed to maximize expected returns. Similar advice should be followed - 
in the event of either phenomenon occuring or not occurring. 

b 
Summary and Cohclusion 

-4 This paper has indicated the ways by which farmers c8n deal with the two most pervasive 
risk problems confronting them -yield and price uncertainties. Nigeria's economy is changiw 
and agriculture n&s to become gradually commeraalized if  it is to take advantage b, 

these changes. The M M s  treated in this paper are among several strategies need& to 
This may be persona! to him or may be the group average. 

* Xdtr cerfain@ equivalence Cewls may be perionai to him-or it may be the group pveragc - 
whichever is appIicablc 



be considered by poducers, agricultural policy makers and agricultural dtange agenb
hward the mmmercialization goal.

.. 
They are aspects of psitive agricurturar price pricy since they in onjunfiion wifi fie

otha skatEies (such a$ provision of technicaltv souno and economically viable sbrage
systems, good rural roads etc. etc.) result in reduction of these risks faced by tre farmd.

Table 3; lndemnity calculations on crop yield lnsurance scheme based on' actual maize yield in lsoya area (Kgiha)

9ti 1580 169r 1915 2026

9t 1 -. 1004' 1 170 1 506 1673

1580 167 5p3 669

1691 - 336 503

1915 167

lUtb

21 39

2172

2562

28s6

4773

5580

'rates are caleulated to the nearest interEer
'Source: 

Data analysis
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