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IMPACT OF ENERGY CRISIS ON INDIAN AGRICULTURAL SECTOR

pDevL D. Tewvari and V.M. Rao, Indian Inslitute of Manogement, ahmedabad

INTRODUCT ION

Crap production in agriculture requires large amounts of fuel,
fertilizers, pesticides, etc; similarly, livestock production involves
indirect use of energy inputs through feed grains. Farm machinery, which is
also an important input towards agricultural production, requires indirect
consumption of fuels in i1ts manufacturing. Fuel and fertilizers, however,
constitute a major proportion of total energy use in agricultural production
and are also a major expense in a farme}‘s budget. Furthermore, energy
‘inputs along with high yielding varieties and 1rrigation have been
responsible for bringing green revolution in India. H;re specifically,
fertilizers have Flayed a significant role towards i1ncreasing agricultural
output growth rates in the country. For example, in India, fertilizers are
sometimes credited with up to three guarters of agricultural production as
against one-half to two-thirds i1n the Hestern agricultures. Furthermore,
energy use has been consistently rising in the Indian agriculture for it has
to feed a large population base which is growing at the rate of about 2.2%

per annum. Some indicators of energy use in Indian agriculture are

presented i1n Table 1.
[LiInsert Table 1 around here)

It is important to emphasize that the increase in agricultural

prnduc#ioﬁ in India can be ascribed to the high yielding variety
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seed—fertilizer-irrigation technology. An examination of trends in the
past, between foodgrains production and fertilizers, between area under high
yielding varieties and fertilizer use, grass irrigated area and fertilizer
use in Figures 1, 2, and 3, respectively,clearly spelis out that how
important these i1nputs have been in raising agricultural production. Saince
these are highly energy-intensive and petro-based inputs, their use is very
much influenced by thercrude 0il prices. ESince the 1973 oil price shock
when the Drganization of Petroleum Exporting Countries (GPEC) unilaterally
raised crude oil price, and subsequently thereafter, the prices of
energy-related inputs in agricultural Ernduction have risen woridwide. It
is only 1n the 1983 for the first time crude o1l prices started falling but
became volatile i1in the late 1980s and early 199%. If is believed that after
the Gulf War, crude oil prices may start shicoting up for various reasons.
Some experts have forecast that crude oil price may touch 40-60 US dollar
per barrel before year 2000, With this presumption in the mind, our major
pbjectives in this paper are as follows:
1. How w1ll the rising energy prices affect Indian agricultural sector in

the medium— to long—term period, and what impacts will it have in

general in the agricultural sector?

2. What i1mpacts will rising crude pil prices have upon the country’'s

foodgrains production in particular by year 20007

3. ™HWhat implictions are of the above upon the gap between foodgrains

requirement and production during the decade in light of a population
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growth at about 2.2% per annum?

4. Finally, what policy initiatives can be taken to thwart or deflect the

crisis?

[Insert Figures 1, 2, and 3 around herel

-

In the ne:xt seciion; we discuss how rising crude oil prices would
affect Indian agriculture sector 1n general in the medium- to long-run
period and what kind of impacts can be seen. This 1= is followed by the
specific impacts on foodgrains production and foodgap in particular,

Conclusions and policy implications are discussag at the end.

ENERGY-PRICE IMPACTS ON AGRICULTURE
Rising crude 01l prices are translated in terms of increased prices af '
energy-related inputs in agriculture which, in turn, affect agricultural
production. There are three ways by which the agricultural sector is

influenced by rising enerqy ﬁrices:

1. Farmers (farm managers) pay more for energy related inputs such as fuel,
fertilizers, farm chemicals, farm machinery stc., causing an increased

cost of agricultural production hence lowering the net farm income.

2. Farmers pay more for transporting their produce from the farm gate to
_the terminal point or accept lower prices from middlemen since, in the

long run, increased energy cost in transportation are passed on to



producers.

z. Rising energy prices add to the general inflation in the country which
in turn is fed into agricultural sector through an 1ncrease in prices of

non—energy inputs as well.

Rising energy prices can have several types of energy-price impacts.
Basically they can be classified into two categories: (1) environmental or

non-economic impacts, and {(2) economic impacts.

Envirnﬁmental Impacts

Environmental or non-economic impacts refer td changes in the quality
of environment as a result of changing energy-use due to increasing energy
prices. 1t 1s beliéved that, with a decrease in energy consumpiion, the
pollution level may be reduced due to decreased consumption of fertilizers
and fuels at the farm level. However, what will be the impact on soil
erosion cannot be said a priorij ta a great extent it depends upon the
farmers respons2 towards change in the crop:mix. Crops like soybean are
better protector of soil than maize. In general, less energy—intensive

crops are less soil-erosive.

Economic lmpacts
Economic impacts of rising energy prices can be classified into three
categories: (1) price and production or demand related changes; (2) supply-

chgracteristics related changes; and (J)technology related changes.
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Since, energy is a major expenditure in the total variable cost of
production, rising energy prices will be translated inteo the increased cost
of agricultural p;oductinn. This has two effects: one, the level of
production and growth in production will be diminished; two, prices of
agricultural produce will rise which will ultimately cause a general rise 1n
the prices of tood products followed by that in non~food products as weit.
Rising food prices will be however more unpleasent to urban dwellers than
villagers but it will certainly enhance the rate of falling people below the
poverty line. The aftermath will not stop here, rather will have
far—reaching repercussions in the whole economy as agriculture contributes
about 35-4U% of the real gross domestic product generated in the country.

-

fis said before, increased energy prices will exert upward pressure on
agricultural pruduet prices, and on the costs of production and
transportation. Yarious studies in the past have repcrted that rising energy
prices reduce net farm income significantly (Tewari 1990}, The Indian case
should not prove an eiception to this as we believe. The ultimate effect of
this is the reduced purchasing power of the‘agrlculture sector which will
have implications for industries integrated to agriculture through backward
and forward linkages. Industries in backward linkage are those which supply
inputs to agritulture sector such as seed, fertilizer, etc.; they will
experience a general decline in demand for their products. Saimilarly
industries in the forward linkage, in particular the agro-processing
industries, will have to buy raw material inputs at higher prices, causing
anaincrease in their cost of preoduction. All this will be eventually passed

on to consumers.
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The supply-characteristics related changes will occur at farm level in
terms of changes in the patterns of acreage, energy and other i1nputs uses,
cropping practices, etc. Enérgy consumption will decline which will have
repercussion on the supply of food in the ecoromy. For example, based upon
the crop-response ratio, a one million tonne reduction in fertilizer
consumption is likely to reduce food production by 10 million tonnes.
Irrigated agriculture will also suffer setback in particular where diesel

pumps are major source of irrigation-supply on farms.

Technology related changes may be seen in terms of energy conservation
measures taken on farms and elsewhere in the agrigultural economy. Adoption
of energy-saving technologies will be the choice of producers but will be
constrained by supplies of such technologies. Research and development on
energy conservation technolagy will play an important role and hence would

require new investment.

In the Western countries, conservatiom tillage has come as a major
energy—saving technology. For example, in the US, about one-third of
croplands 1is under some kind of conservation or reduced tillage practices.
The economic feasibility of reduced tillage is possible when other weed
controlling mechanisms, such as application of pesticides, are cheaper. In
the Indian situation, this technolagy may be'partially successful, 1n
particular onh semi- and fully-mechanized farms, by adopting minimum-tillage
practices'if iknow—how and show-how of the same is arranged through proper

ol
extension works.
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IMPACTS ON FOODGRAINS PRODUCTION
Estimating the different impact; of energy crisis as described above
requires a more complicated modeliing (Tewari and Rao 1989). We, however,
have tried tp make some projections by employing the following six-equation
model of Indian foodgrain sector; of the six equations, the first three are
behavioral relations and are estimated using systems method, using 19¢7-89

data. The estimated model is presented in Table 2.
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Table 2: The Estimated Foodgrains Sector Model of India

) Foodgrains Production equation
* - HYVA
In (FGFD) = 3.34 + 0,131 1n (FERT) + 0.3B67 1n el O
(11.68) (2.82) (2.80)
N = 1967-88 K2 =0.85 D.W=1.5972, F = 5B.6
2. fertilizer Consumption Equation
In (FERT) = 15.3% - 9.1241" " 1In [;%] + 2.1781"7 in [g::“]
(7.49) (3.711 (9.54})
N = 1967 - B8 KZ= 0.85 D.W = 0.6914° F = 61.7
3. Fertilizer-Crude 0il Price Fossibility Frontier Equation
In [F'F] = 4.48 + 0.3031"" 1n FC .
{546.22) (2.42)
N = 1967-88 RZ = 0.80 D.W = 0.8257° F = B4.5
4. Foodgrain Requirement Identity
FBRQ = 0.237" " FOF
e Population Growth Equation
In (POF) = 6.20 + 0.022 (TIME)
(4436.0) (207.2}
N = 1967-88 K% = 0.999 D.W. = 0.6177° F = 42913.8
b. Food Gap ldentily
FBAP = FGRG - FGFD
* . significant at 5% level of significance
- Significant at 1% tevel of significance
w#% Calculated on Lthe bosis of dota oblained from Nalional Commission on

Agricullure (1970},

Positive autocorrelaolion

T
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The notations used in the model are as follows:

FGFD = fFoodgrains production, million tonnes

FERT = Fertilizer consumption, thousand tonnes

HYvAa = Area under high yielding varieties, million ha

GIA = Gross irrigated area wnder crops, million ha

PA = Wholesale all-commodity price index (1970/71 = 100}
PF = Wholesale fertilizer price index (1970/71 = 1040)
rC = F.0O.B. Ras Tanura crude oil price, US$/barrel

POF = Fopulation, million . .
TIME = Trend (1967 = 1, ...1%88 = 22)

FGRQ = Foodgrain requirement, million tonnes

FGAF =

Faodgrain gap, million tonnes

The estimated model is validated and tested for both ex—paost and
ex—ante forcasting perfaormance; the model is found to be representing the
reality reasonably well. The validated model 15 then used to simulate

alternative scenarios. We have chosen four scenarios as follaows.

In the EBaseline Scenario, we assume that energy prices do not change
and remain at 199} level throughout the decace of 19%0s. The gross
itrrigated area and area under high ylelding varieties grow at the historical
trend rate of 1% per annum. We alse assume that government i1s not making
any special effort for raising the fertilizer consumption through subsidies,
etc. This scenario is considered as benchmark for other scenarios in which
c:hde 0il prices are exogenously raised, In Scenario 1, other things
remain as they were in the baspline except that crude oil prices are raised

to US$ 40 per barrel in 1991 and thereafter increased by 10% per annum. In
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Scenarios 11, and 11I, crude oil prices are raised by 20 and T0%
respectively after 19921. The values of exogenous variables used for
s1mulation are given i1n the Appendi: A. The difference between the baseline
and other scenarios would explain the i1mpacts of rising crude oil price in

relative terms.

impacts of rising crude oil price on foodgrains production under
different scerarios are shown in Figure 4. A perusal of these reveals two
things. First, we do notf see an immediate impact in the early 1990s but a
secular decline 1n preduction occu?s as we move to year 2000. The erxpected
decline can range in between & to 1374 from the baseline preoduction. Second,

-

the growth rate i1n foodgrain production also siows down very rapidly. For
examplie, with crude gil price rising 4o US3/40 per barrel in 1991 and
thereafter increasing by 104 per annum, the growth rate 1n foodgrain
productidn is almost halved {(Table Z)}. With a 204 increase in crude oil
price as under Scenario I, the growth rate is reduced to mere 9.20% per

annum. A 30% increase in crude oil price under Scenario 111 will set the

worst negative growth rate in foodgrains production.

[insert Figure 4 and Table 2 arpund here)

The major implication of this is the rising foodgap. It is expected
that, with the present population growth rate of 2.2% per annum, we need
about 248 thousand tonnes of foodgrains by year 2000. In the baseline
scéaarin the gap between foodgrain requivements and production is expected

to be about B4 amillion tonmnes in year 2000, This gap would increase to 94
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thousand tonnes ﬁnder Scenario I, and about 100 thousand tonnes in Scenario
11, and about 105 thousand tonnes under Scenario 1II. The growth rate
during the 1990s in foodgap 1n the baseline Scenarip is about 4.5% per
annum, which under the rising energy price regime would increase to 9.26,
9.92 and &6.67% per annum respectively under Scenariu.I, I1 and III

{Table 3).

Impacts on fertilizer consumption and foodgap under different scenarios
are plotted in Figures 5 and 4. Fertilizer consumption which grew at the
rate of 7.313% per annum during the.baseilne Scenario fell teo 4.70, 1.42, and
~1.460% per an&um respectively under Scenario I, II, and Ill {(Table 3). The

-
fertilizer counsumption for selected years under different scenarios is
presented in Table 4. It is té note that fertilizer consumption in 1995
declines by about 3, I7, and 4% for the first, second, and third
Scenarios. In year20(0, the relative magnitude of decline is expected to be

much more; for example, about 41% decline from the baseline in the

fertilizer consumption is predicted to occyur just under Scenario I.

CONCLUSIONS AND POLICY IMPLICATIONS
Risng energy prices will have several impacts on Indian agriculture.
More specifically, we would observe a secular decline i1n both absolute level
of and growth rate in foodgrains preduction. Although the decline in the
absolute level of foodgrains production may not seem very large in the
beginning of the decade, the decline in the grawth rate foodgrains
pFBdQctiDn is expected to be large and this will have long-term implications

in terms of feeding the growing population. The repercussions will be felt
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1n the non—agricultural sectors as well in terms of rising food and nonfood
prices and an increase in the general inflation. Policymakers therefore
need to keep this in the mind while formulating the Eighth and Ninth Five
Year FPlans. The major policy effart will be required in terms of finding

the cheaper sources af energy in the country.
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Table 1: Some Indicators of Energy Use in Indian Agriculture, 1935-87

51. Farticulars Unit 1994/335 1984767 1984/87 % Change between

Na. 19466/67 and 19846/87

01 Fertilizers 000 120.90 1100.60 8738, 40 694.0 )
consumption Tpnnes

02 No.of diesel

pumps 006" < 170.00°  BB&.00°  &&69.00° 652.7
6% Pesticides 000 4

consumption Tonnes H.A. 15.734 102.33 S&7.0
04 Area under Million

HYV ha. QU 0O 1.89 24. 04 275%.0
() Food Million

Production Tonnes 068,07 74.23 144,07 4.1
N.A. Not availabie , -
a Pata related to 1996 for oil engine pumps and electric pumps

b Data related to 1966,
c Data related to 19B2.
d Data related to 1985/86
Source: f{a) Srivastava, U.K. and N.T. Fatel (1990)
{b) Directorate of Economics and St;tistics (1788)

(c) Central Statistical Organization (1988)
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Table Z: Impacts of Rising Crude 0il Prices aon Growth Rates of Foodgrains
Froduction, Fertilizer Consumption, and foodgap

Sl. ‘Seenario Scenario Scenario
No. Particulars Baseline I 111
0l. Foodgrains

Production 1.22 Q.62 (—4?.1)CL 0.19 (B2.9) —-2.10 (272.1;
02. Fertilizer -

Consumpticn 9.52 4.70 (-49.6) 1.42 (BF.7) -1.60(-117. 1)
3. Foodgap 4,44 9.26 (1B.B) 5.?2 (33.3)  6.67 (50.22)

figures 1n parenthesis are percent change from the baseline.

Table 4: Impacts of Rising Crude 0il Price on fFertilizer Consumptions,
India
SEIECtEdBasniine Scenarios
Years - TII 111
cemsenesnnmnssiN TONNES e veasnsrsnees
1995 229 {-29.3)° 145 -36.7) 131 (-42.8)
20600 247 206 (-40,4) 157 -54.8) 122 (-64.8)

Figures in parentheses are percent change from the baseline.
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Appendix A

Table A.1: Values of Crude Di]l Price Used under Different Scenarios, FOR
Ras Tanura, 1989-2000

Year Baseline Scenario 1 Scenario Il Scenario I11
198% 17.18 17.18 7 17.18 17.18
1790 19.22 19.23 19,23 19.23
1991 23.11 2Z.11 23,11 22.11
1992 23.11 4O, 00 40 00 40,00
1993 23.11 ' 44,00 48.00 52,00
1994 23.11 48, 40 57.60 &7.60
1995 23,11 al. 20 &%9.12 g7.88
1994 2%.11 28.50 B82.94 114.24
1997 EATE ¥ | b4, 4G 92.95% 148.91
1998 23.11 7¢.80 119.43 192,046
1999 3311 77.9G ' 143.32 250.98
2000 23.11 B9. 70 171.98 I126.27
-

Table A.2: Walues of Gross Irrigated Area, High Yielding Yarieties frea,
and All Commodities Price lndex Used under Different Scenarios,

1989-2000 -

Year GIA HYW ACF1

1967 54.28 5.0 425,30
1996 5&. B4 Dé.11 474,10
1991 27.41 26,67 567,70
1992 57.98 : =7.24 538,50
1993 af. 56 57.81 614.730
1994 57.19 o8, 39 673,70
1975 39.74 58.97 729 .8
1994 &0, 34 o9.546 788.20
1997 &0.74 sl lh 851.20
1998 : 61.55 60,74 21530
1299 62.17 £i.lb 992.80

2000 62.79 &1.97 107220




