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AN ECONCOMIC ANALYSIS OF FOOD ~ ENERGY SECTOR 3
IMPLICAT IDNS FOR SUBS ISTENCE BEHAVIOUR AND CREDIT POLICY

P.Re SHUKLA
T«Ks MOULIK
SHRIKANT MODAK

1. Introgugtion

Energy ia one of thg mpst significant input in the commercial
product ion of food grains in India. It is thersfore not surprising
that most of the economic modsling has been to undsrstand the
market mechanism by which the changes originating in the energy
sector are transferred into the food sector. Howsvar, there ars a
number of importart issues which remain unanswered by this approach.
Parhaps the most important of these is, how the food energy nexus
operates in the case of those farmers whose primg goal for undertaking
agriculture is to seek direct consumption, as opposed to the profit
maximization pract ised by commercially orientsd farmaraU). This ia
an important issue for of the 81 million holdings in the courtry, as
many ag 60 million are small and marginal holdings with per capita
income of & 2 per day. Over 70% of their budget is expanded just on

food grain consumpt .i.on(z ) .



Hence, in this paper analytical models are devaloped teo
undgrstand tha operat ions wit hin the food anargy nexus by which
that large aforesaid sgction of the rural populat fon is affectad.
The paper here, to begin with, reviews brisfly ona of the sarly
papers by Timmgr, where the impact of rapid rise in energy prices
in mid 70's has been analysedu). Next it examires the validity
of its approach with relation to the subs istence sesking sagmant
of the farming populat ion of the developing nat ions, particularly
India. With appropriate sssumpt ions, it then modifies this model.
Finally, since limited funds and rising energy prices often posa
sgrious limits on the use of energy in agricultural production, in
developing countriss, a model is developed to explain the impact

of credit cometraintas on the food energy nexus.

2. Timser's mogel (4)

An integrest ing analytical model linking food and energy sectors
wae developed by Timmer. This model helped in gaining weasful
ins jghts into the mechaniams by which changes in anaergy prices affect
the agricultural .sectorj the emphasis particularly on the food
" supply., The impact of rising energy prices on the food supply,
along with its consegquences on the social welfare in developing

cwrtries, were discussed in that paper in some detail.

Timmer 's model consisted of an aggregats product ion funct ion
and an aggregate congumption Punct ion for ons of the major food graime.
To begin with, his food eupply function inciudes fertilizer,
irrigat ion, area harvested and labour as arguments., Whersas, his

congumpt ion funct ijon is made up of food price, incoms and populat ion



@8 variables. Since the primary intaerest is in the funct ioning of the
food enargy nexus, the model is simplifisd for the analyt ical reasone

into the following systems:

(1) a4 = A, eV

(2) g = ayPq

where Ad iz a function of income and populat ion and Aa a funct ion

of area harvested and labour. For the purpose of the analysia , both
these are assumed to be constant. Qs and Qg are the guant it ias of the
food graine produced and congumed in a given year. E is the ensrgy
variable represent ing energy related variables such as fertilizers

and irrigation. P, is a food price and Po an energy price in the model.
Y and o are responcs elast icitiss for food supply and demand

respsct ively. He assumas that in the short run the farmers treat

engrgy price and food price as a given datum and procesd to take

input —output decisiome which will maximise their profits. Thus

symbolically, the problem takes the following foras

(3) MaxT = P, 0, -P E

- V
5.7, qs = Aa £

where " stands for profit .
Altgrnately,

(4) Max = = P A.EV-DE.

Solut ion of this process yislgs short run responas elast icit igs
to energy price changes, both for energy demand and the associated

food supply., Than, since in the long run ggquilibrium demand eguals



supply, he aguates (1) and (2) to get the functional form of P, .
This, when plugged into the snargy demand and food supply funct fon,
yigld long run elasticities., These elasticities are presented in the
Table 1. He observes that the short run elasticities ar.a twica as

large as long run elasticities.

Tablae 1

Short gngd bong Run [lgsticitingy with recpact o

fngrgy Pricas
Energy Demand Foocd Supply
A X
Short Run Vil 1 V- 1
a . x Y -
Long Run Vo+ oy =1) Vo+en (V-1
: oA

3 gubsistence Bahaviour ang fooc Engrgy Nexus.

T immer 'a modsl adegquately explaine the comeeguencas of the
disturbances originating in the anergy sector on the food segctor as
long as the assumpt ion that the farmers undertake agricultural activity
with a commercial mot ive t o earn profit is valid. However in Indis,
as sald eariier, small and marginal Parmers undsrtake agriculture
primarily with comeumption ae their goal. These farmers will acopt
modern energy bassd agriculture only if it yields them higher

consumpt lon than what they can get from traditional methods.

In @ subsistence economy farmer 's attempt to maximise his

congumpt ion, in fact, amounta to output maximisat ion, where maximum



output is detaermined by the production funct ion cone ist ing of

tradit ional input. Using energy imputs, housver, involves a market
tramnsact ion. A farmer has to purchase his energy imput from the
market et a cost. He then has to recover thesse costs by selling

a port ion of his total output eguivalent in valug to the

purchased energy input in the markaet. ANy balance if left from

his total output after this transaction is then available to him for
his own consum?tion. A coneumpt ion opt imisat ion problem thus

reduces to:

(5) Max G

5.T.  (a) (QB - .uc) P =P, €

or

(D) Qg = Auk'

whare {; is the actual output produced by the subsistence farmsr.

Q. i the output that this farmer is left with for comsumpt lon after
having recovered the value of the purchased energy inmput by the sala
of the output (Q‘ - Qc) of equivalet valug. Pe and Po are, a8 said

par ligr, enargy and food pricss.

Alternately, the problem in (5) can be presented as

£

p

= - -2

(6) max a, U 5
o
-



Multiplying the object ive function by Po gives us the

following:

(7} Max Poac = Po QB-P.E

= ¥
5.T. Q. A’ E
Thup, we 8ge that (7) 13 similar to Timmsr's formulat ion.
What it says is that the value of the maximum consumption Qc* in
&
morigt ary terms is same as the maximum profit n that a farmer with

a commgrcial mot ive, with similar holding, would earn at optimum.

Optimal gnergy demandand cormsumpt ion are in this case as given

below:
1 1 hl - i
. 1-“[" - 1...‘..;'- 1- 3 V' -1
(8) E = A , Pq Pe  and
. % - 'T gl 1
-r" . 1__-\ - y - ol
(9) G, = A s Po Py {5 -1)

The second order condit ion ensures that \'r < 1 and therefcre
@ positive surplus will bs left for a subs istence farmar for his

consumpt fon.

However, ong consequence which Timmsr does not address is related
to a possibility of a subsistence farmer revert ing back to the

-
traditional agriculture if Q

e < C s when energy prices rise.

'C' here is the maximum output that a subsistence farmer can get from

traditional modes of farming. This problem can be represemed as balow!



P
-2
(10) Max Q@ = 4G~ 5 £
[ +]
ST
(a) . > ¢

(8) o, = A £V

(11) Max g = a EV =

The opt imality condition for problem in (11) would be obviougly
samg as 1n (8) and (9) only with an additional condition that

1 - *‘F, p 1 - ‘V‘ ", - 1 \r

* H
(12) g, = a TV o Pe 2

.l_? J——, .—l_, ;L_ ( - | )
-1

If (12) ie not satisfied, then the subsistence Farmer would go for

subs istgnce farwing rather than commercial agriculture and thus the
commgrclal energy input will becomg almost negligible if the

condition (12) is not met. The elasticities with respect to enargy
price will bs the sams as in Table 1 a8 far as condition (12) is met;
otherwise the energy price elasticity will bg non-axistent as the

subs istence farmer will not be using commercial energy inputs. An
analysis of (12) shows that if paramaters A, and Y increase. , Q;
wou 1d incfeaso, meaning thereby that if production technology improvas,
a subsistence farmer shall shift to commercial agriculture at same

lgval cf ﬂs and | which satisfy (12)e Similarly, if the ratioc of

output price to input price (Po / Pe ) increases, a subsistence farmer




woiild be prone to shift to commercial agriculture at same level
of rat i0 determined by (12). Given the parameters, relation (12)

decides the farmer's behaviour.

4. Implicatjong of credit constraint

The discusgion in above sect iona considered that the farmsr
has sufficient credit to buy senergy inputs freely. IR reality,
farmera have limited capital and credit in the begimning of agriculture
seavon which restrict the use of inputs and hence must be considersd
explicitlys This can be included in the model as an addit jonal

constraint {(13).

(13) PgE < n

where M is the maximum availaole credit in the economy.

Now the farmar's optimisation problem can be written as
(14) Max % = P_AEV - P_E
5.7, G(E) =P E=-mZ0D

Thie 18 a non-linegar conetrainad opt imizat ion problem,

The Kuhn Tucker Condit ions (6) for this problem can be written as

(15) dn - A d6E) —o

dE d b



(16) AGE) = 0
(17) ge) £0

(18) A > 0

From (14) and (15}, wa obtains

o =1

Po A E -p.(1+7\)a0

. 1
. P (1+ A) T =1
o) & (G

from (16} we gst,

20)  X(p € -m = 0

Subst itut ing (19) in (20),

}r - 1Vr"1
21y A !: Py T [;r—)-—;“ } . } - H} =0
o ! s

Equat ion (21) implies that either

or
'l 1+ Xy 2—
p Y=1 [ (-_—T—LB v =1 = N
e Po A.
» Va1



.00

(22) (1+ l') = (M V"“) pov A p

i.a,

}f =- ‘(r-" r -y
(23) n Py A, P -1

From (18) A> 0, therefore,

_:‘.r-1 A
'
(m ) po VoA P -1 20

1.9
%—1 TL'
- - -
(po} ‘s ) po 2 A
Thus we get condit iong that if:
[1] PV A "7 e ) ™0 > o then,
*
~ > 0
Ln] Else,
. ] X
. V-1 1= §
(Py A) Py < M

Then, )\. = 0



"

Thus in case if condit ion II holda, then the credit constraint
at optimality will be slack and the opt imum for this problem will
be the same as for (3) and (4) ; and therefore all Timear's
conclusions will hold. Howsver, if the condit ion I holds, then the

credit constraint will be met with eguality at opt imum and,

i V-1 r F
(a) X ] Po V A, Pg -1
I
P Y A
o] ]
or
. "
(24) € = 77—
-]

and short run food supply is given by

" j'.‘r - ‘\:'
g .- = A ] p
8| ] 8
itﬁn
ﬂyf
_ 4]
(25) Q, = A, ( p. )

Thus we ses hare that the enarcy demend is restricted by the
availability of credit. Rising ensrgy prices will furthsr reducs
it., Similarly, the food gupply is restricted by the amount of

energy inputs that can be used in the wake of crecdit restrictions.

and ris ing prices.
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Since uwaing energy prices reduce the energy input use, they alsc
affect the food supply position in the short run. Short run

elest icit ies for this case are given in Table 2.

JEnergy Demand | Food Supply
|
i

r

L
i
-1 I/ -

Short Run Wuant ity

Comparing these elast icitiss with the elasticitles in Teble 1 where
credit was uncomstrained, we Find that in the econcmy with tight
crecdit situat ion, elasticity of emergy demand and food supply
with respect to enercy prics is less than when crecit is free ly

aVailable.

From (14) and (24) we gat,

{26) 7= P_A

The marginal addition to the profit by relaxing the credit

availability can be discussed by!

V=1
P
(27) ﬂ;;L = V_Q? A, M -1
p {
-]

Subst itut ing (22} in (27), we find that
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dz_ . "
dm
Thus we find that the value of multiplier )\ at optimality
represents the marginal addgition to profit by an additional
-
unit of credits Thus X is the ghadow price of money at

opt imality.

It is obvious that subsistence farmer's behaviour under
credit comstrasint can be derived by using approach in gectiors
3 and 4. Thg subeistence rarmer's bghaviour gan be pressented

by relat ion (28) below:

. 'l n_
(28) Q. = A & -~ P
o
lewe
Q" A a )' A2 ¢
= e - o —
c L] ( P.i Py

If the parameters satisfy (28), then the subsistence farmer will
switch to commarcial agriculture glese will cont inue subgistence
farming. In case the credit constraint has no s lack at optimality,
then the mgrginal incrgase in Qc. by increasing the credit will be
obviously non-negat ive and ttug from (28) it is evicent that if

more credit is available tco purchase inputs, a subsistence farmer

would be more prone to switch tc commercial agriculture.
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Conclusions

As seen in the early part of this paper, energy prices opsrate
in a manner eimilar to the market mechanism, even when the
agricultursl product ion is underteken primarily for fulfilling the
pereonal consumpt ion. When the food-energy price rat io is
favourable, commarcial snergy based agricultural product ion
technolegies are adopt ede When the ratio ia not favourable, it
induces a switch, so far as subeistence seeking farmers are concer naed,
in the favour of traditional technologigs. Since smell and maryinal
farmers constitute a bulk of these catecories of farmers, from thg
policy point of view the food - energy price ratio must bas a

critical elesmgrt in policy decisione given a lsvel of technology.

furt her, it must be added that the food price is a sems it ive
variablg for tha affac£ it can have acrc3s the economy on tha
prices in generals It is therefore important to maintain or
augment supply when ensrgy prices rise to maintsin a corresponding
incresse in food prices, but this has serious welfare conseguences.

Sc from policy point of view there are two options:

(1) Either subsidise the food prices to the consumer in the

fora of food subsidies, or

(2) Subsidise the energy prices to maintain the Food prices

at its originasl level.

which of these two policies is apprqriate would depend on which
form of subsidy is pasy to administer as well as economically

efficient.
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Again as credit can cperate as major constraint on the
extert of use of energy in the food production, it is crucial
that appropriate credit policies are specified, which will

augment the food grein supply in the markegt a8 well as gnable

the farmgrs tc obtain adequate prcofits.
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