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ENERGY PRICE IMPACTS MODELLING IN AGRICULTURE SECTOR
Devi D, Tewari Fh. I}, {Sask.)

Erergy is  arn important input in the farm or agricultuwral
production. For esxample, crop production reguires a large amount of
fFuel , Feriilirers, and  pesticldes, etcs similerly, livestook
proguction invoelves both indirect vee of energy inputs  through feed
grains  and direct uwuse of fuel through machinefy vse. Fuel and
fertilivers, hoasever, consetitute s major proportion of total energy
weEe i aricultural production and, infact, sre alsco a major eXxpense
in a farmer s budget. Furthermore, contribution of these inputs, in
particuliar fertilizers, to preoductivity has been reported to be as
high as one—-half to twoe-thirds of total production in the Western
countries (Fluck and Baivd, 1980, p.87). In developing countries
such as India, fertilizes are sometimes credited upto three—fouwrthe
of proeducticon. Thus, economics of fars production very much depends
upon the availability and prices of energy inputs.

The importance of energy inputs in agricultuwral production, or
tor that  matter in the whole economy, was intengely realized when
tihe OFEc (rganization  of Fetroleum Exporting Countries!
unnilaterally reteed crude gil price in 1973, Since then crude oil
prices have followed & rising trend; howesver, in recentlyearﬁ Eenergy
prices have been slightly falling or stagnating. Nevertheless, the
long—run trend im =ftill exnpected to bees oof increasiﬁg
type. Researchers, particularly agricualtural economists, have been
very interested in studying the impects of rising energy pfices on

agricultuwre sector, the fact which has led to a flood of energy



price  impaclt studies in the theoretical and  applied economices
Journals.  Deveral types of model ling technigues have heen used for
estimating the energy price impacte, however, each technique has its
own shorteomings. The major chijective of  this paper is to discugﬁr
Vel nlE ener gy prioe impacts and different madelling techni gues used
te estimate thems and, thern  to conceptually develop & systems
framework for  energy price  impacte armalysis, The whole paper ie
divided intoe five sections. Secticn one describes different types

of enier [ S R

it agricultuwe and a classification of enerdgy inputs;
foliowsd by a diﬁcuéﬂimn on different types of energy price impacts
in section two. Modelling technigues are reviewed in section three,
A conceptual systems framework for energy price impacts  analysis is
developed in =section tfoury  an appropriate model for estimatiom of
impacts in & systems Jrameword is alen described in this zection.

The last fifth section provides summary and conclusions.

1.0 Energy Use in Agriculture

Total energy use in agricultuwe sector can be Claseified in two
categories: (1) that related to farm production; and (2) that noat
related to farm production Figuwre 1. The former type of usze is not
directly asscciated with the farm production process; for exampie,
fuel used in driving car or tractor for pleasure purpose can he
included in  thie category. The latter type of energy Qse ie
directly associated with the farm production process. For example,
application of fuel, fertilirers, chemicals, and +farm machinery in

the production of crop or livestock are included here,



Blevesol oo Uhegy dorm i whiiohs erer gy drgeut e are weed dn farm
.pruauutimm, they can be clazeified intoe two categories: (1) direct
energy inpute  such as  fuely and (2) esmbodied energy inputs such as
fertilizers, chemicals, and farm machinery {see Figure 1) Embodied
energy inputs  are oroduced using large amounts of direct energy for
their produaction and  markebting prior to their  use i the farm

products orn o ocess.

Total Energy Used on Farms

l
\ R

Farm Business Helated Unrelated to Farm Business
‘ - Farm House Heasting
N - Feoerzsonal Use of Automobile
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!

Direct Energy Embodied Energy Input
Inputs

— Gascl ine ~Fertilirers
- Diezel ~Machinery
- Other Fetroleum Froducts —hemical =

~ Electrigity

Figure 1: A Qlassitication of Energy Use in agricultuwe

2.0 Energy Price Impacts in Agricultuwre
The dimpacts of rising energy prices on agriculture can be
grouped  into two categories: (1) non—economic or  environmental

impacts; and (2) economic  impacts. NMNon-economic  impacts refer to
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the environment related changes such as reduction or ipncrease in the
level of soil ercosion,  ale and  water pollution. Economic impacts
are felt directly through rising cost  of energy inputs experienced
in prﬁductimn o Andirectly through rising energy coste in transpo~

rting fare produce from farm gate to terminal points (see Figure 2)

2.1 Non—-Economic Impacts

Rising enevgy prices may change the profitability of slternati-
ve crop enterprises on farms and in a region. This méy bring & new
crop-mix which can hring‘ change in  the level of =il erosion,
depending upon  the so0il ercsiveness of individual crops. For
examﬁle, Zinser et al. {1985 haz suggested significant reduction in
s0il  erosion under rising energy price regime. This iz because
rising energy prices  induce a switch from more energy-intensive
methods of  production (which are alsc more soil  erosive) to less
energy-intensive ones {which are also less sail erosive). This may
not be true always. For example, Swanson and Tavlor {1977) reported
increased soil erosion as & result of new crop-min predicted under
rising energy price regime in some regions of the Corpn Eelt mf the
United States. This was due to the =substitution of sovybean for corn
i response to increased engrgy pirices, and sovbean, having higher
geil loss factor than corn, incressed the soil ercesion. Dvoeekin and
Heady {1976, gp 114~118) state that reduction of irrigated acres due
to rising energy prices would improve environmental quality, because
drvyl and production réquires relatively less fertilizefs and

pesticides compared with dirrigated production hence reducing



chemioal peead Yt o, Seeption of reduced tillage practices in

response to increased fuel prices may promote the spil conservation,

beratse reduced Lilage can be let grosive than conventionsl tillage

practices (Crosson, 1781, p. 1)

Fising Energy Frice Impacts

Mon—economic impacts Ecunaml& Impacts

- Hpil erosion Increased InCreased

- Spil conservation measures transportation cost of inputs
~ water and air pellution cost

- Enviranmental quality

Feduced et farm income

.

-

Figure 2: A Simplified Dverview of Impacts of Rising Energy
Frices upon Agriculiture

2.2 Economic Impacts

Foonomic impacts of rising energy prices will be seen at both
farm and sector levels. At the farm level, farmers are likely to
cubstitute cheaper non—energy inputs or lese energy-intensive inputs
for costlier energy inpute in the production. As a.result, & new
input-misx would appear on  farms. This will ultimately affect the
level of production, net and gross farm incomes, nature of product

or crop-mix on farms, and yield levels., Besides an aggregate effect



of the above changes at farme, changes at sector level will be seen
in 3 the interregional or intermational ccmpeti£ivemesa, product
pricves, product  demsnde  in domestic  and  internaticnal markets,
technology of production, level as well as location of production,
laﬁd uwee  pattern, eto. However, the types of impacts, and their
magnitude, that couwld be felt upon agriculture sector would vary
with location, ecil, olimate, and other conditions related to
‘ﬁrmdﬁctimn and  input vse. Several types of acaﬁmmic impacts can be

brietly discussed under the folowing headings.

2-2.1 Net Farm Income

Met returns to producesrs are reported to decline as a result of
increased production  cost due to rising energy prices tMapp and
DBobhing, 19763 Adams et &l., 19773 Christensen et al., 1981; Mmriak,
1975, Net returne can be improved sometimes by adopting some
energy-saving technologies such as  reduced tillage (Eidman et al.,
19773 kliebenstein and Chavas, 1977) . Increased transport cost due
to increased  fuel prices  may result in lowering  farm gate prices

hence net returns to producers.

' 2.2.2 Energy Use and Input Substitution

Energy uvwse may decline as energy inputs hecome costlier. For
example, Swanson aﬁd Taylor (1977, p.128) estimated & reduction of
1% percent in the consumption of mitrogenocus fertilizers in the Corn
Belt with a doubling of energy prices from the 1974 level. Tewari

(1984) predicted & decline of about 27 percent in fertilizer



Consumption in  Saskatchewan (Canada) with a doubling of energy
price& from 1984 level.

Demand for  energy inputs  is found to be inelastic as energy
consumption is curtailed under rising energy price regime (Dvoskin
and Heady, 1977, p.57).  Fuel demand is found to be more inelastic
than tertilizers, suggesting large scope for reducing fertilizers
under increassed energy price regime (Adams, Lacewell and Condra,
19?5}. Kliebenstein and Chavas (1977) have shown that with a
five-told increase in fuel prices (from the 1975 level) the Midwest
farms in the U. 8. will reduce fuel consumption by dnly 18 percent.

Nor-energy inpuls can be substituted for energy inputs either
under  existing production technology (for example conventional

-
tillage! or by adﬁptioﬁ of some other energy-saving technologies
{such as reduced tillage practices). Labor is suggested to be a
good subetitute for energy inpute (Lopez and Turg, 1982). However,
substitution of capital for energy inputs is limited to am extent

{(Debertin and FPasooulatos, 1980),

2.2.3 Structuwral Changes

Severasl structural changes in égricultura sector may be seen in
terms of: level and lecation of production, vield, crop-mix; income
distributicon; size and number of farms: prodoct demands and product

prices.

Production, Yield, Crop-mix, and Location of Production

Crop production is predicted to decline in response to rising
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Cerer Gy prices (Loper, 1983 Christense et ad.y,  IWHI) . Lavestocok
“'prwduutiun may alan be redaced Uwovagh prodocers’ response to bigher
feed coste resulting from high snergy prices {(Christensen et al.,
17810 . Rasically, the decline in production is caused by reduced
consumption of fertilizers per acre on farms ( which reduces yield
levels:? e Aand decrease i oropped  acreage of individoual crops.
Howeswer , magnitudes of decrease in production are reported to be
different from one locatioen to other.

Cree—-mix on farmes may alse change. More energy-intenszive ﬁrmpﬁ
mey b replaced by lesse energy-intensive ones (Linser et al., 198%5;
SQwanson and Taylor, 1977). For example, sovbean acreage is prdicted
to increase at the cost of corn in the Corn Helt of the United
States (Swanson  and Taylor, 1977). Crope that require less energy
i terme of fertilizere such as legumes will ke favored (Kliebenste-—

1T &

Jy Dvoskin and Heady, 1977a).

Income Distribution

Felative production  advantege of one region over the other may
aluo change: production is likely to shift to more energy efficient
el odis. A a result of this change in production petterns, income
dietribution would change across  a  reglon. For example, income
trapsfere are predicted from irrigated.tﬂ dryland production region
in the ULS. agricultuwre {(Dveoskin and Heady 197781}, Income transferc
may aisn  occuwr acress  farms; Warnken (1974&) has shown that energy
price increasses in Nicaragua are eroding the comparative advantage

that energy-intensive farms have had over the traditional farms.



eize and Number of Farms
Rizing energy prices are exptected to enhance the increasing
fFarm size in  agriculture by making  small  holdings uneconomical.

Large holdings arE M € energy efficient than emall ones

{Fulshreshthg and Gould 1984, Thve impact af intense cost-price
1 t =

squesss, resulting from rising energy prices, will be felt most on
small - family farms (Holland, 19800 . Hence, reduction in the

pumber of farms will ooowe at the expense of small farmps.

Product Demands and Product Prices

Demand  for energy dinputs iz derived from the demand for
agricultuwal producte, and energy demand i= estimated to become more
inwlastic as  energy use s curtailed in response to rising energy
prices iDvoskin and Heady, 1%77&, p 8700 As a result, vising energy
prices  will —aune  an increasse  in the totael cost of production,
requiring higher product prices ta maintailn ar to increase
proguction levels  (Dvoskin and  Heady, 1977ay  Mapp and Dobbins,
19780, I short run, commodity prices may nob be affected, but in
the long run they are bound to increasse (Dvoskin and Heady, 1977a).
Incressed product pricese faced by .buyers in  the domestic and
irternati onal merbkets  may result in a decline in demand for farm

products Moriak, 1973).

2.2.4 Technology of Production
Engrgy-—saving technelogies {such as  reduced tillage) will

become more attractive as producers face increased energy cost of
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producticon. ¥ cowrse,  adoption  of such technologies will depend
upon several  factors including profitability. Dvoskin  and Heady
$19770) hawve shown that, when maximizing farm profits 1s the primary
gosl , energy price levels have a minimal  impact  on adopting the
reduced tillage practices in the U4, agricultwe. However, when
minimization of energy use i=s  the primary objective, there iz a
subhstantial shift frowe conventional to reduced tillage practices.
Eidaar &t al. {1977} $ound that the reduced-tillage oorn prodoction
was preferable to the conventional-tillage in Oklahoma {(U.5.) under
rising energy pricves. Some studies swggest that at & very high level
of energy prices, reduced tillage practices become uneconomic
{Kliebenstein and Chavas, 1977).

in sreas where irrigation is an essential component of product-
ian techneology, rising energy prices may cause severe damage to
irrigated farming (Shipley and Goss, 1978; Mapp and Dobbins, 197&).
Thie, however, depends upon  the method of irrigation. Froduction
besed vpon smiee  eneroy-intensive methods of  drrigation fauch as
sprimkler method) will suffer more than that based upoen no energy-
using methods {such as flood method).
2.2.5% Interregional or International Competitiveness

Fising energy prices have added to the competitiveness of
eneragy-efficient regions (Dhillon, 19813 Casavant and Whittlesey,
1974). Dhillon showed that the greenhouse industry in the northern

H.8. has suffered, relative to Florida and Mexico tomato production,

as & result of increased energy prices. Less energy efficient
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reghione are thous going to become less competitive in the market.

2.2.6 Miscellaneous Impacts
Various other miscel laneous types of impacts will also be felt.
For example, new energy sources could become sconomic. These souwrces
could be in terms of: production of methane and feed from plant or
arimal waste (Miranowshki, 1@?9); solar energy for grain drying or
greenhouse production {Butherland and. Sorka, 1?82; Dhiilnﬁ and.
Rossi, 1982)3; fuel From crop -resid@es (Fonald et al., ;980;
{Hertzmarﬁ et al. 19803 Hitzhusen and Ahdullah,-iqaﬂ). Impacts may
also be felt upon prices of fixed inputs such as land. Long run land
prices may decline in response to rising fuel prices anpez, 1282,
However , Kliebenstein and Chavas (1977) reportd that land values
decling first a5 energy prices are increased to an extent, and any
further increase in energy pricese may lead to  increase in  the land

valies.

3.0 Approaches to Estimation of Energy Price Impacts
in Agriculture
Various energy price impacts &z described in the previous
section have been estimated with different empirical technigues or
methodologies. Selection of an appropriate modelling technigue will
however depend upon the nature of problem and choice of a research
wor ker. AN exhaustive survey of literature_ reveals that
methodologies and model formulation Qaed for Evaluatiﬁg the energy

price impacte are veryﬁdiverse. Model formulations varf from simple
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eingle econometric equation to sophisticated large mathematical
proagramnming model s, Likewise, the scope of studies varies from a
single farm to a large regiaﬁl or national agriculture.: Basically
Cthree types  of methodologies have been used: (1) econometrics (2)

input-output (I-0) analysisy and (3) mathematical programming.

3.1 Econometric Approach
Two types of econometric approaches have been used to estimate

the energy price impacts: (1) econometric simulation appraachs: and

(2} rvoest/production function approach. Econometric simulation
consists  of developing an econometric model 'representing the

agriculture sector and then ueing it to generate (simulate) the
impacts of rising energy prices. Rising energy prices can be
introduced as EHQQE;OUE var?ablas in the econometric model. By
raising the level of energy prices, the analyst can generate
forecasts of 11 endogenous variables in the estimated model.
Econometric models have been used for simulating the impacts of
rising energy prices by Christensen and  Hesdy (1983),  Dunn (1981),
Beilock and Dunn (19282), and Mariak (19735).

Under the cost function approach, the Allen partial elasticiti-
es of substitution betweén energy and non-energy inputs are estimat-—
gd from & set of factor share eguation=. The estimated elasticities
of substitution provide insights inte the sccpe- of substituting
non—-energy inputs for  energy inputs in production in response éD
rising energy prices. Examples of single coét function approach are

Lopez and Tung (1982), Islam and Veeman (1980), Webb and Duncan
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(1979 , Binswanger (1974),  Timmer (1975 used a singlelprnductinn
function approach to explain the short—- and long-term adjustments of

grain  pric

bt rising prices of  energy  inputs  in developing
cowvhries.,

The woder limdtation of econometric models in analyring the
energy price impacts is that  these modele  are not equipped  with a

mechanism to incorporate  resowrce  constraints.  This may lead to

producti on forecasts that are inconsistent with resource
availatrlities. Single cost function stuwdies are based on the

assumption of constant production and product prices, Thus, i1nput
substitution ie assumed, perhaps, not to ke influenced by product
pricves., This may be an unrealistic situation on farms, particularly

in the contest of medium—- to long-run,

3.2 Input—OCutput Analysis

The pldonesring work for developing input-output anslysis was
basically done by Leontief {19345, 1741, Under this approach, each
sector or subsector of the econosy 1s model led with some assumptions
and intersectoral transactions te fore linkages among  various
sectors of the economy. Input—ocutput analysis has been also used to
estimate the impacts of rising energy prices on agriculture or on
the entire economy. For example, Lee et al. (1974 estimated the

impacts of rising petreleum and matwral gas prices on the Mashington

state economy. Vincent et al. {1979 estimated the impacts of the
pil price increase on Australian agriculture and the entire

BCOnomy . Kulshreshtha et al. {1982 used the I-0 analysis to



14
pred o weztadary  adjustments  in thve  Saskatohewan SOornomy in
response to chénges occcuring in agricul ture due to increased energy
prices.

Since technical or input-output coefficients in  the 1-0 models
have to be in mcnetary terms in order to maintain the cungistency-of
irtersectoral  transactions, potential technoleogies are therefore
difficuit  te incorporate  in these modele. This is because future
prices are not available_in advance; Hence, endogenizing new energy-—
zaving technoleogies in the I-0 model is dif%icult. Furthermore, 1-0
model s are demand driven and thus are not suitable for an optimizing
tool, as required for supply response analysis for agricultqral

sector .

3.3 Mathematical Programming Models

Mathematical programming modele are of normative nature, based
o SOme behaviourai assumptions about producers and consumers. These
models compricse an ebjective function (which is based on some
behavioural assumptions) to be optimized s=subject to resource
conetraints. |

Two types of mathematical programming models have been used in
analvzing impacts of rising energy prices'on agriculture; first,
moadel s whozme obhjective function is that of maximiiing profit ét a
given level of input and output prices; second, models whose
objective ie to maximize net social payoff {which is equal to the
sum of consumers énd producers surpluses) subject to rescurce or

production constraints. The former type of models are called price
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e anenous progr amming model e (FEXP), and the latter are termed price
endogenous programming (FENF) model 5.
%.%.1 Price Exogencus Programming (PEXP) Models

Dveesbn and Heady (1%76), Mapp and Dobhine (1976), Zinser et
a1, (199%)  have used PEXF models to estimate the impacts of rising
energy prices on agricul ture. Dvoskin  and Heady (1976) used a
linear programming model to cstimate the energy price impacts for
the U.5. agriculture, while Mapp ana Dobbins {1976) used a recursive
linear programming model for the Okl ahoma Panhandle area. Zinser et
al. (198%) used & linear programming model for estimating the
impacts of rising energy prices on  Crop iand erosion in the Iowa
River Rasin.

r

e mairr limitation of the FEXF models i

4]

that they are hased
on the restrictive assumption of fixed market prices or quantit;es
(Heady ard Srivastava, 1975, p.A420) . Hence, they ignore the
interrelationships of aggregate price and quantity. Az a result,
the level of increase in  prodect  prices cavsed by rising energy
prices cannot be predicted. Furthermore, these models allow
cubstitution of inputs to occour  only  through the technology set.

Thus, product substitution on demand side is not taken into account.’

%,3%.2 Price Endogenous Programming (PENP) Models
The restrictive assumption of fixed market prices and demands
in the PEXP models is overcome in the PENF models. 'Thg_rele§ance of

+he PENF models increases as the degree of interdependence among



1

farm products anoreases 10 consunpllion or i production.

Tlhe prdos en0ogenials ooy asesd g modgels have  been oeed for
estimating the energy price impacts by Adams et al. (1977), Swanson
and Teylor {1977), Kulshresthiha et al. (1982, The PENF  model can
be formulated under either & quadratic or linear programming
framewar k. The major advantage of the PEMP models iz that. they are
capable of ﬁimﬁitaheouﬁly determining egquilibrium prices, gquantities
gemanced in the domestic and internzstional markets, optimal product-
ion and input e patterns, and returns to fixed ihpqtﬁ. In
addition, these modelsz allow input substitution to ocour not only
through the technology set {like in the case of PEXP model=) but
aleo through substituiion in product demands. Thuz, thes=e models
tan provide informstion on regional  allocation of resources and
pricing, and at the same time can incorporate a market Equilibrium
{1.@2., allowing the interrelationship between price and qgquantity)

The major limitation of mathematical programming models is that
they are normative in matuwre.  Hence, their predictions are based on
Eehaviouwral  assumpiions  asbowt producers and consumers. Producers
Lare assumed to maximize profit and consumers to maximize ubility
uwnder perfectly competitive conditions. Thus, resources are a5§umed
tex Flow  their most productive use. Howewver, in real-world

4
situation, coneiderations  other than sconomic efficiency may affect

the resouwrce use.

4.0 Energy Price Impacts Analysis: An Analytical Framework
]

This section builds wpon the previous reviews of energy price



17
impacts and modelling techniques. The objective here is td develop &
conceptual framework for analyzing different energy price impacts in
&  systamatic manner, and to suggest an appropriate modelling
technique. A conceptual framwork for energy price impacts analysis
is developed in the subsection one. MAvemprical model of agriculture
sector  for energy price impact analysis is  suggested in subsection

twes.

4.1 Conceptual Model

Basically, energy price impacts are responses of agriculture
sector to exogenous energy price shocks., The nature and magnitude of
impacts depends upon the time of adjustment considered. Conceptually
twe time runs can be considered (1) short-term; and (2 medium- to
Yerrg—t g2 i f short-term period can be defined as & time period in
which producers cannot respond to rising energy prices by changing
their production plans. Froducers can  probably cut back on
fertilizers immediately but cannot lowker fuel use. For a farm
manager , this could be & period of up to one crop year. UOn the
other hénd, the medium- to long—term period can range from more than
pne  year to several years. Hence, there is & larger scope for
adjustmeﬁt under this period.

in the short-term, increassed energy cost in production as a
result of rising energy prices will res=ult in reduced net farm
income to producers, and there is not much scope te change- acreage,
crop-—mixM, iﬁput uee, Btec. As the time of adjustment is lengthened,

producers respond to rising prices: by using more of non-energy or
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tese energy-intensive inputs in place of energy inputes by chénging
their production plans and product- or crop-mix; and, by‘using et
HHHFQ‘“Ea;iHQ technologies of proeduction, eto. Az a result, several
other types of enpgy price impacts, in addition to declinging net
fearm oo, ity bterms of  anput wesge,  production patterns,
ﬁwchnulugy, income distribution, and  other structuwral  changes can
alec be observed in the agricultural sector. The medium— to long-
term impacts are therefore more important from the policy-making and
planning purposes, and therefore are of interest of this study.

Bince agriculture sector is a system of prices, production,
acreage, yield, and instituwtions among others, enerqgy price impacts
should be studied in a manner which systematically integrates &ll
af the comporents of the system. A sevstems ¥raﬁhmrk takes into

_ .

account the interrelations among different varibles thet would take

place e a result of incressed prices of fuel and fertilizers.

A schematic representation of a typical agriculture sector is shown
in a systems frameordk in Figure X,

L0 LNy esase i oruade

s

Fuel and Sertilizer prices  inored cluees

il and natuwral gas prices. Obviously, the magnitude of increase in
pricves of energy inputs depends upon the demand-supply situations in
the international energy market. (As per nectlassical  theorvy,
progducers will respond to thie exogenous increase in energy prices
by eubkstituting relatively cheapef fpon-energy o less  energy-
intensive inputs for relatively costlier energy inputs in farm

production. The input'substitution process on farms will,; however,

be influenced by tHe scope of substitution possibilities under the
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currently available and potentialy’ feasible technologies (for
e ampel e, substitotion posiittilities ay vifternent under
conventional and reduced tillage practices). The economic advantage
of substituting non-energy inputse  in production will  also depend
upery the  demand  for  and  price of prodocte, ITnpot substitution
prmt&ﬁﬂ ie thus influenced by both demand and supply forces as shown
in Figure 3.

Intreased prices of fuel and fertilizers, other things
remaining the same, will cauvse an increased cost of energy inputs i%
production. As a result, producers will curtail  consumption of fuel
and fertilizers and a new input-mix will appear on farms (see Figure
3. Impact of a newW input-mix on the level ofproduction will depeﬁd
upen  the marginal preductivities of both  energy and non-energy
inputs.,  Most likﬁly; production will decline becausze of decline in
consumption of fertilizere which have very high produchtivity.

The location or spatisl patterne of production will also adjust
depending upon  the cost competitivepess of different producing

regions.  Froduction may  shift toe more energy efficient regions.

Thus, interregional andfor  international competitiveness of a
provduction FeEglon will chanoe depending tponn its  energy-
intensivensss in praduction. Also, mer e energy efficient

technnlogies of production will become more economic to be adopted

ann farms. Adoptabilty depends, however, on several factors including

profitability, social constraints, and above all the availability of
/

energy—saving innovatione from natural and physical sciences.

Besides the above changes, the new input-mix will have
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reproussions on the level of environmentsl pollution and soil
erosion. A decrease in the level of fuel and fertilizer use is
expected.tu improve the environmental guality. However , the amount
of snil  erosion will depend upon the new crop-mix resulting from
erer gy price increase. Depending uvpon the scoil erceilveness of crops,
the agygregate amount of so0il loss from a region many increase or
decr sase,

Impacts will also be felt  upon product prices  and product
demands {(including both domestic and internationsl demand). As
energy prices rise, different producing regions in the world will
adivust and cost of pﬁoduction af farm products will go up leading to
increase in product prices, which ultimately will slash deménd foar
agricultural preduce, Increased energy prices will cost mdre foreign
exchange and reduce the purchasing power of importing countries;
thie ie particularly true for low income less developed countries
(LDCe) which happen to be net importer of energy in the world energy
market., Decline in product demand is thus experienced not only by
energy price  incresse buat alsc by decline in foreign exchange
reserves of low-income less developed countries. This will produces
a negative income effect on demand; in other words, 1t will shift
the demand schedule toward left or inside.

On the wwther hand, net energy exporting countries wi}l
experience increased foreign exchange reserves which may increase
product demand. Thus, net exporting counties may éxert a positive
income effect on demand, i. e., shifting the product demand schedule

toward right or outside. The aggregate net income effect will depend
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uwpon the weightage of net energy exporters  and importérs in the
international demand for agricultwral commodities. Thus aggregate
net income effect cannot  be decided  a priori  and is a matter of
empirical_ihvegtigatian. Twae things must be made clear that a change
i product demend can result from Lo sources: (1) due to increase
i product prices or price effectsy;  and (2 due to shift in the
product demeand s=chedule or income effect.

Uitimately ghe impact of riﬁing energy costse will be felit qun
net farm income. Net farm income may decrease or increase depending
upon the following: (1) the level of decrease in production due to
reduced energy use, particularly fertilizers, caused by rising
energy pricves; (2) the magnitude of increased cost of production per
wrsit of ocutput (thise ie because the derived demand ftor energy inputs
in agricutwe is expected to become more inelestic as their usage is
curtailed); and (3 the magrnitude of increase in product prices due
te increased energy prices.  Farm  production is  thus influenced by
arr array of variables: prices of energy inpute, product demand and
proaduct prices, input constrainte, snd type of prmductimn technol ogy
{(Figure 3.

Impacte of increasing energy prices will also be felt indirect~
v upaon  agriculiture thirough a change in the cost of transporting
products from farms to terminal points (Figwe 5. As the transpor-—
tatiaon cost between farm gate and terminal point  increases, the net
farm gate price is reduced, thus further =gueerzing the levél of net
farm income. Rising transportation cost duel to increased fuel

prices may favor the local feeding or processing of agricultural
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pooochaee dn the prmducﬁidn regions and thus changing the regional
competitiveness in the market.
Alihough both non-economic and  economic impacts are  of
interest, economic impacts directly a?%ect the agricultural

prooguctiors and therefore are of more  intere to producers and

palicy makers. FRecently, environmental impacts have become of major

concern,  howsver. Nevertheless, the major  foous here is  to
concentrate  an estimation of economic  impacts in a8 systems

tramework, and for this a sectoral price endogenous programming

model of agriculture is suggested to be the heeot.

4.2 A Sectoral PENP Model of Agriculture

A osectoral  PENF model  of agricultuwre de suggested to be the

thie gwsdium tq lang-run eneroay price impacts for
sEveral reasons. First, the PENF mode)l is more realistic than I-0
arngd ecanomelric models for it can accomnodate resouwrce constrainte
and 1 .Eﬁﬂ&blﬁ wf  simultaneously determining equilibrium prices,
guartities demanded in domestic  and international markets, optimal
prﬂductign and  input  use patterns across production region or
Euhregimng,'and returns to fixed inputs. Second, the FENP model can
incorporate  an adeguate range of potentiasl technologies (for
example, more than one type of tillage practices with several
fertilizer apﬁlicatiwh rates and with different crop production
practices), The model is therefore very flexible to include several
types of activities and iz useful to estimate changes in agriculture

sector in a systems framework. Furthermore, the PENF model allows
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input substitotion process on farms to ke influenced by both forces

e euppdy and demand - oa very reslistic situation as we discussed in
the conceptualization stage. Fredictions from  the FPENF model are

therefore expected to be more realistic and dependable.

ot a sectors wige endogenous model can be devel oped
ju

it bwrkd partial and  general eguorlibedium framework. The general

equilibrium framewark  endogenizes the shifts in demand schedule due

tor income  effects az  discous in  the conceptualization stage.
This, however, requires more efforts and resources. Unless income
effect is deemed to be very large and significant, a partial
equilibrium approach will  do. For more detaile on treatment of

partial and general equilibrium price endogenous  sector models of

agriculture, readers are suggested to see Hazel and Norton (1986).

. . ’ )
e will thus Ffocus meinly on partial  sowilibriwe approach. 2]
sgctora price  endogernous  programming moedel  can be described by

dividing it inteo the following components: (1) an chiective function

containing product  demand  and  input supply schedules. (2) &
terhriod ooy rdx cowvbaimang bechnioal cowfficients; and (L) the
right hand side {(HMS). A representation of the model is shown in

Figure 4.

4,.2.1 The objective Function

The obiective functicn is to mestimize the net social pay-off--

+ »

the sum of consumers’ and producere’ surpluses. Hence, it contains
the input supply and product  demand schedules. Theoretical

relevance of this objective function is explained elsewhere
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ameel eon, 1EE2Y . hence 1l oW i1l net  be repeated here.  Actual 1y,
ihe obisctive function is the main driving force in the model ,
determining what to produce, how much to produce, where to produce,
wher e Lo sell, and how much inputs to use, &to. The product demand
scheduies are determined exogenously, and are put in place oOn &
ey ot L 3 on ﬁpntrm} ard as & final  market price determiner. They
generalte s price  for o every et iﬁcldded in the madel, and
chodective  funcltion UsEs tivie price to  valae inputs and to make
production decl sl ons. Froduct  supply  schedules  come from the
e bt agy  matyix  and are influenced by both product glemand and
input supply schedules. The Endﬁgenmus praduct supply schedules are
thus function of produaction cost and the prices of competing
products.

Gernerally the price dependent linear demand functions are

: :

placed in the abjwctive functian. The linear schedules are formed
directly by estimation o by taking the élasticity arnd & known price
quantity point, and then +forming a tangent linear erhedule (McCarl
and Spreen, 1980, P93 Input  supply srhedules can  also be

constructed in  a manner  similar to product demand. Hoth domestic

and international demand  foro & pr gschiie T o products can  be
incerporated in the objective functian. Demand can ale=o be

disaggregated in terms of guality differences if guality makes a
significant difference in terms of pricing of a product. Various
types of agriculture products that can be  included are: food
graing, Coarse grainz, oilseeds, other annual corps, livestock meat

products (cattle, hog) dairy cattle, poul try and other farm produce.
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Input  supplies in the FENF  esector  model  can range £ cm
perfectly elastic nature to pertectiy inelastic. Ih the case of
prer fectly  elastic dinput supply  schedales, peice cf  dnput  is

eragenous  and  only  quantity  of input use de endogenized (Beaton,

vi. Thie is= done by including & fixed price of the dnput in the

oy et d

funchian. In the case of perfectiy inelasti

SRy
srhedule, the oguantity of avallable npat e ewogenously fined and
input price  ds  endogenized (labour supgely i Duloey and Martorn,
L This 1w dqne by comsiraining the input supply from the right
hand side (RHSY. # postively sloped input supply schedule can he
constructed in a feshion similar to a product demand schedule, and,
under this case both  gquantity and price of input or inpute are
gndogenized.  Main categeories of inpute that cean be specified 1in the
: ,

erergy price  impacte model  arer lahor, capitel,; fuel, fertilirzers,
lands.

However , each  anput  group can he further disaggregated
depending  wupon the modelling needs. For example, labmw_caﬁ b

. s

Ferogxlieers glowvery direbos fami by and hired  Lypes, seasrial VEr SUs none

1. Capital carn he  disaggregared  intor: farm machinary,

Brad Toddmn detasolation, Presarante, hastes, utilitie ant obher

miscelianecus  jlems. Fuel comsumpticn can aslec be divided into
ganeline, diesel, propane, and obher. Bimilarly, different types of
fertiliizers such as nitregen and phosphorous can be accommodated in
the model. Yield response to fertilizers can vary with  the type of
land. Land thus can be divided inte severasl categories based on

soil productivity, irrigastion availability, errodibility, slope, and
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ary obher oriterion.

4.2.2 Technolegy Matris

Techrol ogy matrix i= the most 1mportant cjmpmﬁeﬁt of the model,
since  both  product supply and input demand schedules are
endogenouasl v derived  from heve. A1 the dinformation ore The amount

ef specifio inpuats i

et Fow any production activity g stored here
irnn tersms of  techniosl coesfficients. I'm sum, informaticon on all
types of prodguction technologies {including current and ﬁatehtially
feasible) and cultuwral practices are included 1m0 the matrix. A=
with crops, different productien and management technigues of
livestook production can also be incluwled here. Hence, this i the
moet important part in sectoral model building,
4,2.3 Right Hand Side

The RHS controls the amount of any input  physically available,
regardless of price. I¥ input supply is not constrained from the
FHS, then oodel cen use any amount of that particuwlar  dinput at zero
cost, at  a constant cost, or at an increasing cost depending upen
ite value in the obiective fuamobion, £ arn dinmput  is constrained,
then thie  maximum amcount that can be wsed at any price 1= determined
By dte  wvalwe in production, arnd dnpuat price s endogenously
determined in the model as explained before.

The objective function and the RHE are attached to  the
technelogy matrix, and only then the model ie complete. The ta and

fro  F1ow of information betweern the objective function and
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technol ogy matrix helps to find eguilibrium  guantities anﬁ prices,
andrthe sectoral product supply and sectoral input démand Echeduies
are internally derived from the matrix (see Figure 4). This model
can e used to simulate the energy price impacte by simply thanging
the prices of energy inputes excoenously i the mmdél, arrcd then by
comparing the  sigmlated reéultﬁ to the validated base results (This
procedure 1w krnoen as compar atld v static anal ysiel., Hence, &
validated benchoasrk oF control sismglation is reguired first in order

to wse the model for the impacte analysis.

4.2.4 Validation

Process of validation is very crucial in order to use the model
for energy price impac£5 analysis. The criteria of wvalidation are
therefore to be =zorted out in advance. It ehould be noted that
validation of a model itself is not an objective but a means to make
the model accuwrate in order to use it for further economic analysis.
No model by definition i1s ever totally representative of the system.
There is always somy  degree of abstraction involved in modelling.

Generally the model can be validated 1in three sltages (Maylor

and  Finger, 197311 The firet =t

xgE 1nvol ves the conceptusl
validavion., ie. whether the model is logically consistent based on a
prioristic reasoning. A researcher does this in the initial stage
of model building aﬁd_ the model iz thus deemed to bhe conceputally
validated. The second stage calls for the empirical verification of
some the model s results. Generally, the model can be validated for

the major responses of interest for which it is being developed.
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The following empirical  validation criteria for the energy price
impact modele can be suggested: product prices, product demandy
acreage, yieldo, cropemisx,  and  the over-all  land-use patterrng
intraregional distribution of acreage and praductiony input use
lTevels and expenditwes; gross  and net  farm incomes, consumer and
producer surpluses.  Stage three consiste of testing the model ‘o
abtility to predict the behaviour é% the systen, which may involve
several types of exporiments for - eztimalting the predictive
performance of the moodel.

Basically, validation of the model means proving that the model
is true by comparing the model ‘s behaviour with the real system.
Thie is an iterative process of comparing the model resultse with the
real system, making adjustments to the model and comparing again and
s0oon until the model ie judged to be sufficiently accurate. Once
the researcher is satisfied with the process  of wvalidstion, the
validated model carn bhe uzed for comparative static analysis of
energy price impacts, and its results can serve. as benchmark or

contorl for comparison with increased Energy price scenarios.

4.2.5 Data Needs

Data needs for the PENF model are of varied type=. Most
important task is ta obtain  and prepare reliable and accurate
technical coesfficients of the technology matrix.  The specification
of the matrix will thus determine +the amount and types of data
required. AN energy price .impamt' model should  include vield

responses to . fertilizer appliécatian rates under different
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praduétjun technologies and i different production stbhregions
specified in the model. Similarly dif%arant levele of fuel
consumpt i on Ean be incorporated for a given vyield responze to
fertolizerse.  Fuel application rates can  also  he varied acrosg
different technologies (such as under convential and veduced tillage
technologies) .

Other imporiant  data required  sre: elasticities of product
demarnd and  input supplies, Generally these are gathered from the
past studies o can be estimated. The intent iz that the
elasticities should reflect the medium- to long-run adjustments in
the agrﬁculture sector, selection of elasticities is thus a crucial
step in the energy price impacts model building.

There is & lot of confusion which surrounds the definition of

long—term demand and long—-term demand elasticity, The distinction
between short—- and long~term arisees because real world impedimente
prevent instantanecus economic adjustments (Nerlove, 19%8). Hence,

-

the complete adjustment of demand tquantity) to a once-for ali price
charnrge is spread over a time af various short-term periods. The
long-term adivstment Feriad  dis the dated time required for the
complete adjustment of quanfity demanded to a price shock. The
adiustment time will however aleo depend upon the supply response
preer i oo, Hence the knowledge of the period of complete adjustment to
& price change is & crucial information required for choo=ing the
long~term elasticities.

The adiustment pericd for most agricultural commodities (both

crop and  livestock products) can range from one to three vear.
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Tomek and Chochrane (1962, p.70 argue  that the adjustment period
four mnsf + ool deman&s 155 one  year oFf lese. HMence it ic suguested
that énnual elaﬁticifies should approrimate the long-run adjustment,
and_ that annual demand elasticities ehould be preferred ovepr
quarterly or monthly estimates. Similar type of arguments can be

eprplied to selection of input supply elasticities.

3.0 Summary and Conclusions
A voluminous literature on energy price impacts modelling in
agriculture has come after the ENErgy crisis, Different types of

energy price impacts can be broadly classified into two categories:

(1) economic, and (2) non-economic. Economic impacts are felt
directly through rising cost of energy inputs (mainly fuel and
fertilizers) and indirectly through rising energy tosts  in

transporting farm produce from  farm gate to terminal points.,
Economic impagts have beeq estimated on several variables of
agriculture sector. For example, net and gross returns to producers,
sEnergy consumption and input subetitution, technology, several types
af structural changes, and influencé -on  the interregional
competitiveness  and  income dietribution have been extimated as
revealed from the literture review. Environmental impacts are to he
seen in terme of charnges in soil erosion, air and water pollution.
Different tvpes of enerygy price impacts, as described above,
have brerean estimated with different empirical techniques or
methodologies. A esxhaustive BUFvey of ‘Jiterature suggests that

methodologies and model formul ation uvsed for evaluating the energy



price impacts are very diverse. pModel forsulations vary from simple
single econometric Vequatimn to Eophiﬁtiaated large mathematical
programming models.  Different  approeasches  can be  broadly divided
into:s ._(1} econometric, {2 input—output  analysis, and  (3)
mathematicel programming model s,

Based ﬁn the review of {ypes of sn;erogy price impacts and
methodelogies, it is  swguested that & systems framework is more
appropriate for energy price impacts estimstion in agriculture.  The
maioy oblective of thie paper was to conceptualize different energy
price impacts in a systems framework, and to suggest an appropriate
model for estimation in a systems framework. | I have suggested a
sgctoral price en@mgenmus proogrammi g model (FENFY  of agriculture
sector - which can  be developed in both partial and geﬁeral
equilibrium framework. A partisl eguiliberiovm PENF model is deemed
to be appropriate in terms of its usefulnesse and costs involved,

The objedtive of the FENF sodel is to maximize net Emciai
pavoft (consumers’ and producers’ surpluses? subiect to resource
constraints. Different types of crops, livestock enterprizes can be
accommodated in the model. The vield response to different
fertilizer applicetion retes in different producing reglons under
difterent types of technoliogies can be incorporated as activities in
the model. Similarly several types of fuel-zaving technologies can
e endogenized., Also, model ie very flexible and can be adapted to
various conditions., The model baz to be validated against the
historical data  =set before i1t can be wused for cqmparative static

analysis of energy price impacts. The model can be used: (1) to



estimate ehergy price impacte in agricuwltwe uwnder the current

technology: {Z)  to estimate the economic feasibilty of new energy—

saving technelogies as energy prices riee in the futwe. It can be

modified to evaluate the impacts of other inputs prices as well.
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