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Summary, highlights and conclusions

This report investigates the impact of energy price fluctuations — particularly those intensified by the
Russian invasion of Ukraine — on Ukrainian agricultural production and markets. Since fossil fuels and
energy-dependent inputs like fertilizers account for 30-50% of crop production costs, the sector’s
sensitivity to energy market shocks is exceptionally high. Following the 2022 invasion, domestic prices for
gasoline, diesel, and LPG rose by 65%, 120%, and 50%, respectively, while natural gas prices peaked in mid-
2022. Simultaneously, export disruptions drove down farm-gate prices for corn and wheat, intensifying
financial strain on producers and threatening national and global food security.

The analysis focuses on six key crops — wheat, corn, sunflower, soybeans, barley, and peas — which
together represent the majority of Ukraine’s sown area and export value. Employing both short-run and
long-run cost function models, the study estimates price elasticities for major energy inputs (diesel,
gasoline, LPG, electricity, natural gas, fertilizers). The modeling framework enables evaluation of how
farmers’ input use and production technologies respond to changing energy prices.

Key Highlights

e Energy Dependence in Agriculture: Energy-related costs comprise up to 35% of total production
costs for some crops, making energy one of the most critical inputs after land and labor.

e  War-Induced Price Shock: The full-scale invasion in February 2022 triggered a dramatic rise in
energy and fertilizer costs, combined with blocked exports and logistical constraints, creating dual
pressure on Ukrainian farms.

e Empirical Findings:

o Short-run elasticities of energy demand are relatively low (-0.17 to —0.35), confirming that
immediate substitution possibilities are limited.

o Long-run elasticities are higher, reflecting that technological adjustments (e.g., switching
fuel sources or optimizing fertilizer use) become feasible over time.

o Fertilizer costs exert the strongest influence on total production expenses, especially for
wheat and corn.

e Comparative Insights: International literature confirms similar trends across countries: higher
energy prices generally decrease agricultural profitability and employment, while encouraging
efficiency and diversification.

Conclusions

The study concludes that Ukrainian agriculture’s resilience is limited in the short term but can improve
through targeted adaptation in the medium to long term. The heavy reliance on fossil fuel-based inputs
and fertilizer imports exposes the sector to global market volatility and geopolitical risks. To strengthen
resilience:



1. Promote energy efficiency through adoption of precision agriculture, renewable energy sources,
and optimized machinery use.

2. Diversify input supply chains, including domestic fertilizer and biofuel production, to reduce
dependency on imports.

3. Encourage crop diversification and conservation practices to mitigate energy dependency and
enhance sustainability.

4. Integrate agricultural and energy policies, ensuring coordinated strategies for long-term food and
energy security.

In essence, energy price volatility has become a structural challenge for Ukrainian agriculture. Strategic
investments in efficiency, technology, and policy coherence will be essential to safeguard both domestic
production and Ukraine’s role in global food markets.
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1. Introduction

Energy, and fossil fuels in particular, play an important role in agricultural production. It is consumed either
directly through combustion of fossil fuels or indirectly through the use of fertilizer or crop protection
measures, production of which relies heavily on the natural gas. According to the SSSU data?, shares of
costs related to direct use of diesel and gasoline varied from 9% to 15% for production of different crops.
The shares of inorganic fertilizer costs varied from 26% to 35%. Therefore, agricultural production could
be sensitive to changes in energy prices.

On February 24™, Russia conducted a full-scale military invasion to Ukraine, which led to the increase in
prices of gasoline, diesel, liquefied petroleum gas, natural gas and inorganic fertilizers on both local
Ukrainian and global markets. According to the A-95 Consulting Group data?, in December 2022, as
compared to December 2021, prices for gasoline, diesel and LPG have grown by 65%, 120% and 50%,
respectively. Natural gas prices have been increasing since the beginning of 2020, and peaked in June 2022.
At the same time, export complications led to the significant decrease in corn and wheat farm-gate prices.
These two effects combined, depending on their scale, may lead to profit loss for agricultural producers,
who may decide on crops substitution, application of different production technologies, exiting the
market, etc.

Agricultural production is one of the largest sectors in Ukrainian economy, on which the local food security
and the well-being of rural communities depends heavily. Besides that, Ukraine is one of the world’s major
wheat, corn, barley and sunflower exporters, so the disruption of the local agricultural production might
affect the global market and welfare of other countries as well. Only crop production is a subject of the
analysis because fuel plays much less significant role in the livestock production sector. According to SSSU
data3, in 2019 average share of fuel in livestock production costs was only 2.01%. For different sub-sectors
it ranges from 0.45% for eggs production up to 4.20 % for milk production. Fuel shares in beef, poultry and
pork production costs are 4.02%, 0.90%, and 1.52%, respectively. Thus, livestock sub-sector is not included
in the analysis, as it is not expected to be affected significantly by increase in energy prices. There is not
enough data available for processing sub-sector, although in some sub-sectors energy makes up a
significant share of costs . According to own calculations based on the SSSU 2012-2020 data* 5, average

' SSSU. Costs of agricultural production in enterprises in 2019. -
https://www.ukrstat.gov.ua/operativ/operativ2018/sg/vytr na%20ver _sg prod/vytr na%20vyr sg prod 2019.xIsx

2 Minfin Media. 1linu Ha GensuH, qusnanueo, ras Ha A3C Ykpainu. 3a indopmaniero Koncanrtuurosoi rpymu A-95.
- https://index.minfin.com.ua/ua/markets/fuel/a95/

3 SSSU. Costs of agricultural production in enterprises in 2019. -
https://www.ukrstat.gov.ua/operativ/operativ2018/sg/vytr na%20ver sg prod/vytr na%20vyr sg prod 2019.xlsx

4 SSSU. Purchases of energy products and payments to subcontractors by type of economic activity in 2012—2020. -
https://www.ukrstat.gov.ua/operativ/operativ202 1/fin/pdp/pdp_ue/vvp ek 2012 2020 ue.xIsx

3 SSSU. Costs of agricultural animal production by type in enterprises in 2019. -
https://www.ukrstat.gov.ua/operativ/operativ2021/fin/pdp/pdp_ue/vvp ek 2012 2020 ue.xlsx



share of energy expenditures (including electricity, natural gas and oil products) in sugar production is
19.49%, in bread production is 8.50%, 5.26% in flour production, 5.10% in dairy and cheese production.
Wheat, corn, sunflower, soybeans, barley and peas have the highest sown areas among all the crops
produced in Ukraine, according to the SSSU data. Thus, these crops are selected for the analysis.

The topic of the impacts of changing energy prices on agriculture have brought interest of researchers in
the past. It was found that the scale of the effects highly differs depending on region and sub-sector. No
research devoted to this topic was conducted for Ukrainian agriculture previously. Besides that, in this
research we will undertake a first attempt to estimate both short- and long-run demand for energy for
different crops production separately instead of aggregated crop production.

In this study, we aim to analyze both the short- and long-term impacts of changes in prices for energy
resources on agricultural production technology, output and prices. It is important to understand the
relationship between energy costs and agricultural production decisions of the Ukrainian producers of
wheat, corn, sunflower, peas, soybean and barley. These six crops were selected for the analysis as those,
which have the highest sown areas in Ukraine among the cereal, leguminous and industrial crops,
according to the SSSU 2021 data. ® To achieve that, short- and long-run cost functions for each crop type
is estimated. Its parameters allow to obtain own- and cross-price elasticities of demand for fuel (diesel,
gasoline, LPG), natural gas, electricity and fertilizer and the elasticities of substitution. These parameters
would allow to assess the total impact on the production technology, costs and their structure and to
identify possible adaptation strategies of Ukrainian farmers.

6 SSSU. Areas, gross harvest and yields of agricultural crops by their species. -
https://www.ukrstat.gov.ua/operativ/operativ2017/sg/pvzu/arch_pvxu_e.htm



2. State of art: estimation of impacts of energy price changes

Considering the fact that energy resources are an important production factor in agriculture, a numerous
research devoted to the impact of energy prices on agricultural industry have been conducted. There is an
empirical evidence of the negative effect of increase in oil and natural gas prices on agricultural production.
Regarding this topic, there are 3 main directions of research.

The first group is the analysis of relationship between energy (mostly oil) prices and agricultural
commodities’ prices or production technology. Koirala et al. (2015) examines relationship between energy
prices and agricultural commodity prices using the Clayton model and daily 2011-2012 US prices.
Relationship is found to be high for all three sub-sectors studied — corn, soybean and cattle production.
However, there are studies which suggest different results. Tyner (2010) used 1982-2007 crude oil and
corn futures prices and observed much weaker relationship between the them (correlation coefficient of
about 0.16). A study by Hertel (2011) have found the evidence of significant increase of the
abovementioned relationship between 2001 and 2008 (from 0.32 to 0.92). Thus, the impact of oil and
natural gas prices depends highly depending on production technology and market conditions, which
differ substantially across the time, location and sub-sector.

Another perspective is the relationship between oil and natural gas prices and agricultural production
itself. There is an empirical evidence of negative effect of increased oil prices on agricultural employment,
meaning energy and labor inputs being complementary in agricultural production (Uri, 1996). Agricultural
productivity is less affected by the shocks in energy prices, Binuomote et al. (2013) have found no
significant long-term relationship between them, and negative, but weak (-0.04), relationship in the short-
term.

Second group of studies is represented by modelling of the impacts of increased energy prices using partial
equilibrium models. Most studies focus on the country- or region-level effects. A study by Sands and
Westcott (2011) models the impacts on production of 8 most popular crops in the US. The most significant
impact was found to be on acreage and farmers’ profits. Impact on prices was found to be around 1% per
6.6%, 13.4% and 14.0% increase in the prices of diesel, natural gas and electricity, respectively. Increase in
the price of natural gas has the highest negative impact on the production of fertilizer-intensive crops, like
cotton. Uri and Boyd (1997) have obtained similar effect on the aggregated price level of agricultural goods
using general equilibrium model of the Mexican economy. For 26.2% gasoline price increase no significant
change in equilibrium price and 0.22% decrease in equilibrium quantity was found. Earlier study by Tewari
et al. (1988), which used the price-endogenous partial equilibrium model have found the effect on prices
to be more substantial for crops production sub-sector of agriculture. Under the doubled crude oil and
natural gas prices scenario, prices for crops and livestock increase by 20% and 10%, respectively. Besides
that, fertilizer consumption was found to be less elastic than fuel, leading to the higher decrease in it’s
consumption. Adams (1976) have found that in the short-run diesel and natural gas consumption in
response to increased energy prices would change very little, with the most significant impact on the net
revenues of farmers (16% decrease).



Third category of research is the analysis of demand for agricultural inputs. Studies mostly review
aggregated agricultural production of a given country, only differentiating crops and livestock production.
Scale of the effects is found to be differ by country and period. Own-price elasticities of demand for energy
range from -0.17 (crop production demand for diesel) (Adeleja, 1986) up to fairly high -0.64 (aggregated
agriculture demand for energy) (Gopalakrishnan, 1989), with majority of estimates being between -0.3
and -0.4. One of the few studies, in which short-term price elasticities of input demand were estimated
along with the long-term ones, is Lambert (2010). Author uses dynamic translog cost function to
differentiate between long- and short-run adjustments to energy price changes. Both short- and long-term
elasticities are found to be similar, with short-run being only slightly lower than the long-run ones, such
that own-price elasticity of demand for energy is -0.176 in the short run and -0.181 in the long run. All
papers of this group study United States’ agriculture, with the only exception being Turkekul (2011), which
studies Turkey. It’s results differ highly from the estimates obtained by Lambert (2010) for US agriculture.
Demand for diesel is found to be more elastic in the short-run than in the long-run, with own-price
elasticities being -0.79 and -0.38, respectively. Demand for electricity is much less elastic in the short-run
than in the long-run (own-price elasticities of -0.19 and -0.72, respectively). There are only a few studies,
which estimate price elasticities of demand for different kinds of energy inputs simultaneously and none
of them differentiates by crops at the same time. Besides that, considering different scale of impacts in
different regions and the fact that no such research of Ukrainian agriculture exist, conducting it would be
a valuable contribution to the already extensive set of studies.

2.1 Detailed analysis of studies

Studies which are reviewed chronologically cover the period of 1976-2022. Geographically they cover a
wide variety of countries, including United States, Canada, China, India, Turkey, Nigeria and United
Kingdom. Only a few studies study impacts on the farm-level (Jones, 1989; Li, 2016; Raulston 2015), while
other analyze aggregated agricultural production of a country or a region. Analyses mostly focus on the
impact of oil price change or aggregated energy input. In terms of specific sub-sectors studied, most
studies use aggregated agricultural or crop production. There are studies which differentiate by crops,
mostly corn, wheat, soybean and rice. The studies reviewed are briefly summarized in the following table.

Table 2-1: Summary of the studies reviewed

Study Approach Model Estimati  Sectors Energy Data Impact
on resource
method
Moss (2010), price (2) (1) ML, All (2) Qil (1) KLEM (1) The increase
Gopalakrishn  elasticity of  Differential (2) 3sLS agricultu  products, (2) (Jorgenson, in energy prices
an (1989) demand demand ral all energy 2010) —data has the biggest
for inputs system, (2) producer inputs on capital, effect on
translog cost s labor, energy, agricultural
function machinery use  production and it
in 1960-2006. has a significant
(2) American effect on
agriculture producers’ labor
cross-section demand.




Study Approach Model Estimati  Sectors Energy Data Impact
on resource
method
data for 1982 - However,
input expanding the
expenditure, specification in
input prices, an attempt to
aggregate estimate the
output and effect of energy
input share of prices on the
total supply of
expenditures. agricultural
inputs is limited
due to the
concavity
concerns. (2)
Main finding is
that cross-price
elasticity
between capital
and energy input
is found to be the
largest (0.43),
suggesting the
possibility of
between them.
Other input pairs
suggest
possibilities for
substitution as
well, except for
land-capital and
labor-capital.
Koirala Relationshi  Copula model OLS Corn, Crude oil 495 daily The correlation
(2015) p between (single soybean observations between corn
energy and  equation of future future prices and
agricultural  Clayton prices (oil, all other forms of
commodity copula and gasoline, energy prices are
prices Clayton- diesel, high according to
Gumbel biodiesel, corn, the Clayton
mixture) soybean, portion of the
kettle) for mixture model.
March 2011 - Same trend is
September observed for
2012 soybean, with

higher
correlation for
biodiesel. For
kettle prices, the
highest
correlation is
observed with
gasoline and
diesel prices,
while biodiesel,
natural gas and
crude oil prices

10



Study Approach Model Estimati  Sectors Energy Data Impact
on resource
method
correlation is
similar to corn
and soybean.
Dunn (1981) Effect of basic model oLS No Oil products  Input-Output It is found that
increased for specific table likelihood of
energy interregional crop, substantive
price on competition aggregat changes in
competitiv.  for asingle ed Northeast
e position commodity as region agriculture sector
of aregion  developed by output competitive
Samuelson position due to
(1952) real energy price
increase is very
low.
Dodder Modelling integrated Algebrai Corn, Crude oil, The EPA's U.S. Scenario
(2015) the effect framework cmodels soybean  natural gas nine-region comparisons
of with MARKAL database show biofuel
increased (energy) and (EPAUSOr_12, markets affected
oil and CARD version 1.0) more by crude oil
natural gas  (agriculture) prices than
prices on models natural gas
energy and prices. Higher
agricultural natural gas prices
markets shift the biofuel

production mix
away from corn-
grain based to
more cellulosic
ethanol.
Alternatively, the
scenario with no
cellulosic
feedstock lowers
total ethanol
production and
raises ethanol
and corn prices.

11



Study Approach Model Estimati  Sectors Energy Data Impact
on resource
method
USDA (2011), Impact of (1, 2)FAPSIM oLs (1,2) (1) (1) FAPSIM (1) energy-
Marshall increased (dynamic (FAPSIM)  corn, Petroleum dataset - related costs vary
(2015) energy econometric sorghum  products yearly highly for
prices on model of the , barley, (Industrial agricultural different crops,
agriculture  U.S. oats, distillate production, with the highest
and food agricultural wheat, fuel ail, costs, prices. for corn and rice
prices sector), rice, Transportati  Farm-Level and lowest for
(1)Farm-Level upland on diesel Partial Budget soybeans. Total
Partial cotton, fuel), Model - acreage for the
Budget and natural gas, individual farm  eight studies
Model soybean  electricity; data from decreases on
sand (2) crude oil  USDA’s average for 0.2
and natural Agricultural (low price change
gas Resource scenario) and 0.4
Management (higher price
Survey, (2) scenario) percent
FAPSIM over 2012-2018.
dataset, oil Planted area

and gas price
assumptions
from USDA
Agricultural
projections to
2024 (2015)

decreases for all
the crops, except
for soybeans.
Besides that,
producers of
fertilizer-
intensive crops
like cotton suffer
higher cash
income decline.
In terms of effect
on farm county
economies and
populations, no
substantial
impact is found.
(2) The fertilizer
sector is hit by
the energy price
increase the
hardest because
of its greater
than 20-percent
direct energy
cost share.
Among the other
sectors, crops
output falls the
most, crops being
the sector that
employs the
most energy,
both directly and
indirectly
(through fertilizer
and pesticide

12



Study Approach Model Estimati  Sectors Energy Data Impact

on resource

method
use). The
reduction in
crops production
is greatest in the
other OECD
region, where
output falls 2.2
percent. Higher
energy prices
affect the
livestock sector
indirectly by
causing an
increase in feed
prices.
Production levels
of the livestock
sectors in the
United States
and other OECD
regions decline
only slightly (0.6
percent and 0.4
percent)

Chan (1983) Analysis of  None Calculati  No Oil products 1952 to 1979 Itis found that
factors ons specific yearly data on rising energy
contributin based on crop input, output prices did make
g to change empirica prices and notable
in | data amounts in contributions in
agricultural Canada reducing average
productivit labor
y productivity

Tewari Modelling Price- Algebrai  Wheat, Oil and Tewari(1988): (1) energy prices

(1988); Ma the effect endogenous cmodel.  oats, natural gas 1979-1983 increase affects

(2022) of partial Tewari barley, (1); Crude averages of quantity of
increased equilibrium (1988): flaxseed, oil (2) input use, total  outputs, low-
oil and model. MINOS rapesee cultivated value crops are
natural gas  Comparative software d(1); areas, output hit more severely
prices on statics . Ma wheat, quantitiesand  that the high
energy and  approach (2022): rice, prices from value crops;
agricultural GAMS corn, various under the
markets soybean, sources. Price doubled energy

peanut, elasticities prices scenario,

rapesee estimates for prices for crops

d, potato export and and livestock

(2) domestic increase by about
demand are 20% and 10%
taken from respectively;
various rising energy
studies. Ma prices induce
(2022): produces to
Agricultural curtail energy

production,
acreages and

use; fertilizer
consumption

13



Study Approach Model Estimati  Sectors Energy Data Impact
on resource
method
outputs of would decline by
seven main an amount

crops (rice,
wheat, corn,
soybean,
rapeseed,
potato and
peanut) in
China;
Demands and
prices of
agricultural
products. Total
demand is
divided into
food

ration
demand, seed
demand,
industrial
demand and
depletion.
These parts of
demand

are calculated
individually
and then
summed
together, using
data from
“China
Statistical
Yearbook
2019” and
“BRIC
Agricultural
Database”.
Demand
elasticities
are referenced
from existing
studies, prices
of outputs,
Quantities and
prices of
energy inputs,
including
diesel,
electricity,
fertilizer,
pesticide and
agricultural
film are given
by

greater than that
estimated for
fuel (due to
inelastic
demand); despite
reduced energy
consumption,
energy
expenditures are
still expected to
rise significantly.
(2) It is found
that the impacts
on agricultural
production are
relatively limited.
However, a
higher energy
price pushes up
agricultural
production costs,
resulting in the
loss of social
welfare in the
agricultural
sector, by around
0.6% to 1.4% for
different
scenarios;
Rapeseed and
wheat are the
most and least
sensitive crops to
energy price
fluctuations.

14



Study Approach Model Estimati  Sectors Energy Data Impact

on resource

method
“Compilation
of cost-benefit
data of
national
agricultural
products
2019”

Turkekul Co- Error ML No Diesel, Annual data The long-run

(2011) integration  correction specific electricity from 1970 to income and price
analysis of model crop 2008 for diesel  elasticities of
the price and demand for
and electricity diesel are 1.47
income consumptions, and 0.38,
elasticities prices, respectively. For
of energy agricultural the electricity,
demand in GDP and rural income and price
agriculture population elasticities were

found to be 0.19
and 0.72,
respectively.

Uri (1997) Modelling General Solved None Gasoline, Data for 1988 For 26.2%
the impact  equilibrium as an electricity baseline: gasoline price
of an model for 13 algebraic capital income increase, no
increase in  producing model and labour significant
the prices sectors and income were change for
of gasoline 14 consuming obtained from  equilibrium price
and sectors the INEGI. and -0.22%
electricity Land income decrease of
in Mexico was estimated  equilibrium

using factor quantity was
shares found.
obtained from

the INEGI and

applied to the

capital income
component.

Data on

expenditures

on each of the

14 goods and

services

consumed by

each of the 4

household

categories

were obtained

from INEGI.

Jones (1986) Impact of mixed-integer paramet No Crude oil "farm A doubling of
increased linear ric specific management energy prices in
energy programming  program  crops. data" from the  the model led to
prices on model of a ming Organic Ministry of only a small
the typical farm and Agriculture, improvement in
viability of conventi Fisheries and the competitive
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organic onal Food Farm position of the
farms in UK farms Management organic system.
Survey (MAFF,
1982).
Lambert Long- and SUR ML No All energy 1948-2002 Factor demands
(2010) short-run specific inputs data from in U.S.
price crops. USDA ERS, agriculture are
elasticities includes an price inelastic. As
of demand aggregate prices of labor,
for inputs measure of capital, land,
crop and energy, or
livestock materials
output increase, total

guantities and
both price and
quantity
indices for five
inputs: labor,
capital, land,
energy, and
intermediate
inputs other
than energy

expenditures in
the affected
factors increase.
Elasticities of
substitution
indicate all
factors are
Morishima
substitutes, so
substitution of
other factors
does occur in
response to
increases in the
price of one
factor.
Substitution
elasticities are
low, however,
reflecting fixity in
input use due
possibly to short
run
commitments to
an output mix,
predetermined
factor usage due
to established
farming
practices, and
lumpy
investments in
farm equipment.
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Adams (1976)

Mapp (1976)

Modelling
short-run
impact of
increased
energy
prices on
agriculture

Modelling
impact of
increased
natural gas
prices in 10
period

Linear
program
ming

Partial
equilibrium
model

Linear
program
ming

Recursive
partial
equilibrium
model

Cotton,
grain,
sorghum
, Wheat,
corn,
soybean
s

No
specific
crop

diesel,
herbicide,
natural gas,
nitrogen
fertilizer,
water

Natural gas

Crop
enterprise
budgets by
Texas
Agricultural
Extension
Service -

1976 target
crop prices,
1976 input
prices, per-
acre resource
requirements,
costs, returns
based on data
compiled by
Schwartz

Diesel and
natural gas
consumption
would change
very little in the
short run. Rising
inputs prices
would cause
acreage shifts
from irrigated
land to dryland,
with the first
crops to shift
being sorghum
and corn, and
cotton being the
least affected
crop. The most
significant impact
is on the net
revenue of the
farmers, doubling
of diesel price
would cause 16%
net revenue
decrease

The natural gas
price increase
causes pumping
costs to grow and
reduces net
revenue. Under
constant gas
prices scenario,
pumping costs
rise from 0.995
to 3.24S per acre
and net revenues
decline by 45%,
while under
rising gas prices
scenario,
pumping costs
grow up to
10.75% and net
revenues
decrease by 63%.
Pumping costs
increase leads to
gradual shift
from irrigated to
dryland
production under
both scenarios,
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Zafeiriou
(2018)

Musser
(2006)

Taghizadeh-
Hesary (2019)

Co-
integration
analysis of
crude oil-
corn and
crude oil-
soybean
futures
prices

Factors
determinin
g energy
use in
agriculture

Linkages
between
agricultural
food prices

ARDL

Bivariate
censored
regression

Panel VAR

oLS Corn, Crude oil

soybean

ML Corn Oil and oil
products,

natural gas

ML Agricultu  Crude Qil
ral

output

in

general

monthly
futures prices
of crude oil
(CME NYMEX
WTI Crude Oil
Futures in US
dollars per
ton), corn, and
soybeans (CME
CBOT grain
futures)

2001 USDA
Resource and
Management
Survey

2000-2016
panel data for
8 asian
countries

with increasing
gas price making
this shift more
rapid.

The results
derived indicate
the existence of
interactions
among
agricultural
commodities and
crude oil prices,
as expected.

It is found higher
acreage
decreases fuel
use, as well as
reduced tillage;
soil tests
decrease
nitrogen use;
higher education
of operators
decreases
nitrogen use;
irrigation
increases use of
both inputs, on-
farm drying
increases fuel
use; yield goal
increases
fertilizer use;
manure use
decreases
fertilizer use. If
energy prices
remain high, one
would expect
that some of
these practices
that reduce
energy use will
become more
widely used.

It is found that
food price has a
positive response
to any impulse
from global oil
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and oil price and biofuel
prices price and
negative
response to
impulse from
interest rate.
Other variables
show no
significant impact
on food price.
Lundberg Oil price Multiple- oLS Corn, Crude oil Time series of First, there is
(2021) pass- horizon wheat, daily corn, soy,  significant
throughto  regression soy, and wheat, heterogeneity
agricultural livestock broilers, hors, across horizons
commoditi (broilers, cattle and oil for both grain
es hors, prices, from 21  and livestock
cattle) August 1971to  regardless of the

29 November
2019.

contracting
intensity or
biofuel
technology
regime. Second,
there is
contracting in
both
commodities
reduces the long-
run relationships
between oil and
agricultural
commodities.
Third, the
introduction of
biofuel
technology
exhibits
heterogeneous
effects by
horizon, crop
type, and
contracting
intensity. Both
the short- and
long-run
relationships
between oil and
corn increase
substantially
after the
introduction of
biofuel
technology. With
high levels of
corn contracting,
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however, the
long-run
relationship post-
biofuel increases
only slightly.

Li (2016) Energy Linear oLs Potato All energy 2007-2012 The average cost
costs regression inputs rural of energy used
impact on household for producing
potato- survey data potatoes has a
producing from 2 Chinese  significant and
households regions, negative

includes association with
income, costs, family income for
amount of all the farmers

inputs used,
demographic
characteristics,
1000
observations

surveyed. Given
rising energy
prices, increasing
efficiency at the
farm level
appears to be a
significant factor
in farmers’ ability
to increase their
income. The
negative
relationship
between energy
cost and family
income is much
more significant
for poorer
families than for
wealthier
families. Energy
costs appear to
have a more
significant
association with
family income for
potato farmers
who have a
certain size of
potato-sown
area. Families
with potato-
sown areas that
are either too
large or two
small are less
likely to benefit
from reduced
energy costs
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Raulston Modelling FLIPSIM Recursiv  Feedgrai  All direct "primary It is found that,
(2015) farm-level (monte Carlo e n, fuel use representative  farms with less
effect of simulation program  wheat, related farm data" energy
increasing model) ming cotton, expences from 10 consumption and
energy rice, and western US farms that share
prices livestock  Nitrogen states, 30 aportion of the
(dairy fertilizer representative  energy costs with
and beef farms landowners are
producer less vulnerable to
s) the rising costs,
but no one is
completely
insulated from
this trend. The
results suggest
that farmers will
likely face
increasing
cashflow
pressures that
may accelerate
their adoption of
energy
conserving crop
rotation patterns
and production
systems.
Hanson Modelling USDA/ERS Algebrai  Cotton, Crude oil 1986 CGE Major crop
(1993) the Competitive ¢ model food model sectors where
economy- general grains, database exports are
wide equilibrium feed important
effects of model crops, (cotton, food
oil price oilseed grains, feed
shock crops, crops, and
sugar, oilseed crops) all
other had an increase
crops + in value added
dairy after the oil price
and shock, but in all
livestock but oilseed crops

the associated
decline in
government
deficiency
payments led to
a decline in
sector income.
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Uri (1996) Relationshi ~ ARIMA ML None Crude oil 1947-1995 The results of this
p between (agricult yearly data of study suggest
crude oil ural crude oil price  that at least part
price and employ and of the trend in
agricultural ment is agricultural agricultural
employme studied) employment employment can
nt using be explained by
Granger the changes in
causality the crude oil
price. Results
suggest that the
increase in the
real price of
crude oil on
average has
accounted for an
annual decrease
in the agricultural
employment of
approx. 0.21%
Uri (1998) Relationshi  Autoregressiv. ML None Crude oil as 1967-1997 The results are
p between e model, (both) (use of a proxy for yearly data of significant, but
energy logistic conserva  gasoline, crude oil price small: a 10%
price and regression tion diesel and and increase in the
the use of tillageis  LPG conservational  real price of
conservati studied) tillage use crude oil leads to
on tillage 0.4% increase in
using the total planted
Granger acres devoted to
causality conservational
tillage.
Adelaja A multi- SUR ML grain, gasoline, Pooled cross- higher energy
(1986) product seed, diesel, LP section data of  prices result not
cost hay, gas, West Virginia only in increased
function forage, fuel oil, agriculture production costs
model is silage, electricity, (prices, input but also in
used to tobacco, kerosene, cost shares, slowdowns in the
analyze fruit, and natural revenue rate of increase
energy nut, gasasa shares, in mechanization.
demand in berry, single and output), However,
various vegetabl  energyinput n=300, 55 compared to
agricultural e, category counties - livestock costs,
subsectors. melon, years 1959, crop production
nursery, 1964, 1969, costs are more
and 1974, 1978, sensitive to
greenho and 1982 changes in
use energy prices
products (own-price
elasticity of
demand for

energy is 0.4 for
livestock sector
and 0.17 for
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crops
production).
Anand Input- Input-Output  Quantita (1) (1) natural (1) 1990-2012 (1) An increase of
(2014), Output model tive Paddy, gas, oil, coal. input-output 10% in fossil fuel
Parsons analysis model wheat, (2) Qil tables of prices increases
(1978) jowar, Indian direct input cost
bajra, economy. (2) of farming, on an
maize, Input-Output average by
gram, Tables for the 0.56%, could
pulses, U.K., 1971, impact total
sugarcan HMSO farming costs by
e, about 3.75%. (2)
groundn The obtained
ut, results suggest
coconut, that agriculture
other as a whole is not
oilseeds, really any more
jute, strongly affected
cotton, by the oil-price
tobacco, increase than the
other economy as a
agricultu whole. The
re. (2) percentage
Spring/ cost/price
winter changes for
wheat, comparison
barley, being (in sub-
oats; cases 1, 3, 4 and
sugar 5) 3.72 vs. 3.18,
beet; 9.43 vs. 8.45,
maincro 6.42 vs. 6.00 and
p 34.72 vs. 32.60
potatoes
; field
beans;
carrots;
livestock
; dairy
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Corong Modelling GTAP-E-RD Algebrai Rice, Oil, natural GTAP version For key New
(2020) the (recursive, ¢ model fruits gas 10 database, Zealand
impacts of  dynamic) and with a base agricultural
changing vegetabl year of 2014 sectors, including
energy es, beef, sheep meat
costs using sugar, and dairy
the GTAP- other products, it is
E-RD crops, found that
model to livestock exports and
project the (raw output decline
global milk, with increases in
economy dairy, global carbon
to 2030 cattle, emission prices.
sheep, Change in NZ
wool, carbon emission
beef, price much less
sheepme substantive
at, other effect on NZ
meats), agriculture, most
fisheries sub-sectors being
have little to no
effect, with
exception being
wool industry (8-
12% increase in
real output) and
dairy / raw milk
sectors (3-5%
decrease in real
output).
Nkang (2018) Modelling General non- No QOil 2006 Social GDP recorded a
the impact  equilibrium linear specific Accounting significant
of a 50% oil model program  crop Matrix for increase, while
price (extended ming - Nigeria (by aggregate
decrease representativ. - GAMS IFPRI) government
on nigerian e household income,
agriculture  approach) households’
and income and total
households savings all
" welfare recorded a

decline. Sectoral
results show that
gross domestic
output and
supply of
composites in the
food and other
agriculture
sectors increased
substantially
forcing prices in
the two
agriculture
sectors to
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decline.
Moreover, while
there was an
increase in
capital demand
in the agricultural
sector following
the shock, there
was however a
fall in labor
demand in the
food sector
although same
went up in the
other agriculture
sector

Binuomote Analysis of  Error ML No Crude oil (1) time series (1) while the

(2013), Ikram  the correction specific data at the direct effect of

(2014) relationshi model crop macro level the oil price
p between spanning from  shocks in the
crude oil 1981 to 2010: long run is not
prices and agricultural significant, in the
agricultural gross domestic  short run it has a
productivit product, negative (-0.04,
y using co- exchange rate,  significant at 10%
integration crude oil price, level) impact on
/ EC model capital, labour,  agricultural

land and production
fertilizer (agricultural
quantities GDP). (2) All
(Nigeria); (2) variables are
1980-2013 found to be
annual dataon integrated at
Pakistani level one in ADF
agricultural and PP unit root
GDP, crude oil tests. In EC
prices, water model the
availability, negative linkage
croppet area of oil price and
and fertilizer agricultural GDP
use is found.

Mondi (2011) Analysisof VAR ML Rice Crude oil monthly data Model shows
relationshi from October that an oil price
p between 1980 to shock causes rice
rice and oil December supply to move in
markets 2009, the same

variables: direction,
world increasing
petroleum unexpectedly

production,
real oil price,
world rice
supply, and

despite higher
production costs.
With regard to
the price of rice,
strong linkage
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the Thai export  with oil price
price of rice shocks starts to
be evident only
from the late
nineties. Two
months after an
oil shock the
price of rice rises
by 2.5%, and six
months after the
shock it stabilizes
at a level 5%
higher than the
original one.
Gopalakrishn  Modelling Simple linear algebraic  Sugar, Combined total acreage Higher energy
an (1985) impact of programming  model coffee, energy input  devoted to costs do not
increased model (net macada each of the greatly impact
energy revenues mia nut croponafarm, the netrevenues
prices on function) average yield, of small growers,
net output price, although they
revenues unit costs per have differential
of farms ha for each impacts
input, amount  depending on the
of inputs, resource
processing endowments of
costs each crop
grower. A
generally
observed
phenomenon is
that the lower
the output price,
the greater the
impacts on the
net revenue from
crop growing
under given
energy cost
scenarios. In any
case, net
revenues appear
to be relatively
inelastic to the
changes in
energy costs.
Tewari (1989) Modelling Quadratic algebraic  Wheat, Oil and 1979-1983
impact of programming  model oats, natural gas averages of
increased sector model barley, inputs
energy of flaxseed, quantities and
prices for Saskatchewa barley, prices, tota
cases of n agriculture livestock cultivated
different areas, output
trade- quantities and

prices
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demand
elasticities
Miranowski Modelling linear algebraic  Corn, diesel fuel, representative  Fivefold energy
(1979) effect of programming  model soybean  gasoline, farm data - price increase
increased model of a s, oats, liquified input/output changes mix of
energy representativ alfalfa petroleum quantities, optimum
price on a e model hay gas, prices, activities and
representa electricity, acreages, implies 46% net
tive farm and nitrogen yields returns decrease.
fertilize Tenfold energy
(25% of the price increase
direct also changes the
energy price mix of optimum
increase) activities towards
more acreage
devoted to
soybean and
decreases net
returns by 83%,
as compared to
the baseline
solution.
Du (2012) Analysis of ~ GARCH, ML Corn Ethanol, daily March In the more
relationshi  Structural gasoline 2005 - March recent period,
p between VAR 2011 gasoline, ethanol, gasoline,
gasoline, ethanol and and corn prices
ethanol corn prices are found to be
and corn more closely
prices linked with a
strengthened

corn-ethanol
relation. Variance
decomposition
shows that for
each market a
significant and
relatively large
share of the price
variation could
be explained by
the price changes
in the other two
market.
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Fei (2020) Analysis of  SUR ML No All energy as  China’s Results suggest
substitutio specific a single provincial that the price
n effect crops input agriculture elasticity of
and data from agriculture
rebound 2000 to 2017. demand for
effect of It includes data  energy, labor and
China’s on agricultural  capital are all
energy GDP of each quite small,
consumpti province and which may be
onin quantities of caused by the
agricultural energy, labor price control due
sector and capital to governmental

inputs as well regulation.
as their prices.

Gohin (2010)  Analysisof  GTAP - static GAMS Wheat, Crude Oil version 6 GTAP A positive
the CGE model beef, database relationship due
relationshi dairy to the cost push
p between effect has been
energy and identified, but it
agricultural is found that the
commoditi introduction of
es prices the real income
using effect may
computabl indeed imply a
e general negative
equilibrium relationship
model between world

food and energy
prices.

Wang (2014) VAR ML No Gasoline annual data of  The results
Impacts of specific real U.S. indicate that an
Energy crop gasoline energy price
Shocks on prices, shock has a
us agricultural negative impact
Agricultura total factor on productivity
| productivity growth in the
Productivit (TFP), real short run (1
y Growth GDP, real year). An energy
and agricultural price shock and
Commodit exports, and an agricultural
y Price real productivity

agricultural shock each
commodity account for
price from about 10 percent

1948 to 2011

of U.S.
agricultural
commodity price
volatility with the
productivity
shock's
contribution
slightly higher.
However, the
impact from
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Tokgoz
(2008)

Kulshreshtha
(1983)

Modelling
the impact
of
increased
oil price
using
partial
equilibrium
models

Impact of
increased
energy
costs on
agricultural
production

Partial
equilibrium
models
system
("large set of
multicountry,

multicommod

ity models ")

quadratic

programming
model, input-
output model

algebraic

model

MINOS
software

corn,
wheat,
soybean

wheat,
barley,
oats,
flaxseed,
rapesee
d

crude oil

fuel,
fertilizer

2006 historical
data of
agriculture
production
(inputs/output
s quantity and
price, yields,
acreage),
crude oil and
ethanol prices

not specified

energy prices
outweighs the
contribution of
agricultural
productivity in
the medium term
(3 years). With
more persistent
impacts, energy
shocks contribute
to most (about
15%) of
commodity
price's variation
in the long run.
The increased oil
price is found out
to have positive
impact on corn
production: 11%
increase in
acreage and
production, 20%
increase in farm
gate price, 30%
export reduction
and 12%
reduction of corn
feed use. On the
other hand,
impact on wheat
and soybeans is
quite the
opposite: 6%
reduction of
planted area,
8.5% and 6.6%
(wheat and
soybean,
respectively)
reduction in
production, but
still 9% farm gate
price increase.
With a 50%
increase in
energy cost,
grain and
livestock
activities were
not altered to
any large extent.
In most cases,
the changes were
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LeBlanc
(1985)

Analysis of
demand
for inputs

SUR

ML

Agricultu
ral
sector

natural gas

Time series
data for the
years 1947
through 1980
on input and
output prices
and quantities

within 2 or 3
percent of the
benchmark
solution. With
300% increase in
energy price, the
largest decrease
was noticed in
the production of
barley and oats,
and their export
levels. The prices
for barley and
livestock
products
increased in each
scenario,
whereas for
wheat and
rapeseed a
positive change
in price was
observed only for
the largest
increase in
energy costs. The
share of fertilizer
and fuel in total
expenditures
increased from
12.9% in the
benchmark run
to 28.8% in the
300% energy
increase
scenario.
Increases in
fertilizer prices
have a small
negative effect
on energy and
feed-seed, but a
relatively large
positive effect on
the demand for
labor.
Furthermore, the
alternative
fertilizer price
paths generate
large differences
in profits. Profits,
however, vary
more between
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output price
assumptions than
between
fertilizer price
assumptions
because of the
large effects that
output price has
on output supply
and revenue.
Dobbs (1991) Modelling Set of models - Corn, Fuel, Data and Scenario with
impacts of  from soybean, fertilizer, models are only fuel price
energy previously wheat pesticides taken from a increase suggests
price conducted set of case- only a little
increase on  case-studies. studies, details  difference
convention  (Details not not specified. between effects
aland specified) on conventional
sustainable and organic
farming farms. Adding
systems 50% fertilizer
increase leads to
$2-6 per acre
costs increase for
organic farms
and $1-9 for
conventional,
depending on a
region.
lvanovic Impact of "A model of - No Diesel, Interviews The 20% increase
(2012) increased family farm" - specific fertilizers with 15 family  in diesel D-2
energy no details crop (NPK, UREA,  farms prices leads to
prices on KAN) holders - the decrease in
profit of qualitative family farms
family data and profit by 35.56%,
farms costs/producti  what makes this
on data input

distinguished for
its importance
for profitable
operations of the
observed farms.
In the second
place, the highest
impact on the
profit is created
by the prices of
different NPK
fertilizers,
whereas prices of
KAN and UREA
fertilizers do not
have so powerful
impact on the
profit of the
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farms specialized
in field crop
production.
OECD, FAO Agricultura A jointly algebraic  Wheat, biofuel, oil Aglink and The constant oil
(2008) | outlook developed models maize, Cosimo prices scenario
modelling vegetabl databases shows that
system, e oil wheat, coarse
based on the grains and
OECD’s Aglink vegetable oil
and FAQO’s price projections
Cosimo are all shown to
models be highly
sensitive to
petroleum-price
assumptions.
Many countries
tend to have
better economic
growth if the oil
price is low, but
others benefit
from a high oil
price. Under the
constant oil price
assumption, the
prices of maize
and vegetable oil
are about 10%
lower and the
wheat price falls
7% in 2017 when
compared with
the baseline
projection.
Pal (2019) Correlation  GARCH (DCC, ML Corn, Crude oil Daily spot
between ADCC, GO- soybean closing prices
crude oil GARCH) s, oats, of crude oil
and wheat (West Texas
agricultural Intermediate)
commoditi and four major
es prices field crops
cultivated in
the U.S.,,
namely, corn,
soybeans, oats
and wheat
Vincent Short-run ORANI 78 Algebrai  Sheep, Oil ABS 1968/69 For 40% post-
(1979) impacts of  model of the ¢ model cereal Input-Output refinery oil price
increased Australian grains, (1/0) tables increase, model
oil priceon  economy meat (ABS 1977) results suggest
agriculture cattle, which the following
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(general milk distinguish 109  impacts on
equilibrium) cattle industry sector  agriculture: a
and pigs, contraction in
poultry aggregate
and employment of
other 0.8% and in
farming employment of
rural workers of
2.8%;
contractions in
the outputs of
export oriented
agricultural
industries of
about 0.9% to
1.8%;
contractions in
the incomes of
export oriented
farm industries of
6-8% in real
terms.
McDonald Modelling CGE model Algebrai Crops Crude oil 1987 data of
(1991) long-run ¢ model and inputs/outputs
impacts of livestock for 5 economy
increased sectors sectors: crops,
energy livestock,
prices on fertilizer,
agriculture manufacturing
and other
services
Christensen Impact of CARD-NAES econom Feed Diesel NAES-CARD It is found that
(1983) increased model, etric grains, database the growth in
fuel prices model, wheat, fertilizer,
on estimati soybean pesticide, and
agriculture on s, machinery
input method cotton, purchases will
sector not tobacco, slow down due
specified  beef, to the relative
pork, expense of these
lamb, inputs. Irrigation
mutton, is also an energy
chicken, intensive practice
turkey that will decrease

under higher
energy prices.
The negative
growth of farm
and hired labor,
on the other
hand, and as
predicted in the
model, may slow
down in order to
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counteract the
effects of other
input usage
decreases

Source: own elaboration

1. Adams et al. (1976)

Authors develop a partial equilibrium model of agriculture in Texas Plains to estimate the impact of
increased energy prices. Studied energy inputs are diesel, herbicide, natural gas, nitrogen fertilizer, water
(since Texas agriculture relies heavily on energy-intensive irrigation). Main findings are that diesel and
natural gas consumption would change very little in the short run. Rising inputs prices would cause acreage
shifts from irrigated land to dryland, with the first crops to shift being sorghum and corn, and cotton being
the least affected crop. However, these shifts occur only after certain level of inputs price increase. Besides
that, the most significant impact is on the net revenue of the farmers, doubling of diesel price would cause
16% net revenue decrease.

2. Adelaja and Hoque (1986)

Multi-product cost function model was used to analyze energy demand in subsectors of West Virginia
agriculture. Model is estimated as seemingly unrelated regressions. Data used includes input prices, input
shares, revenue shares, and output. Inputs are divided into six categories: fertilizer, energy (gasoline,
diesel, LPG, fuel oil, electricity, kerosene, natural gas), machinery, capital (including land), and other.
Output of a subsectors was also divided into two categories: livestock (poultry, dairy, sheep, cattle, hog,
lamb) and crop products (grain, seed, hay, forage, silage, tobacco, fruit, nut, berry, vegetable, melon,
nursery, and greenhouse products). Total costs for each sector are estimated in a translog form as a
function of vector of outputs and vector of input prices. Then cost shares, obtained using Sheppard’s
lemma, are used to estimate the elasticity of substitution between inputs, from which, price elasticities of
demand for them are estimated. Tests for seperability (with null hypothesis k=0 and another null
hypothesis that kiibs = ksby, for all i and r) and technological non-jointness (null hypothesis ds = — by bs).
Null hypotheses are rejected in all 3 tests. It is concluded from the study that higher energy prices result
not only in increased production costs but also in slowdowns in the rate of increase in mechanization.
However, compared to livestock costs, crop production costs are more sensitive to changes in energy prices
(own-price elasticity of demand for energy is 0.4 for livestock sector and 0.17 for crops production).
Marginal increase in livestock production requires more energy than the marginal increase in production
of crops.

3. Anand (2014)
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The paper focusses on the interaction between fossil fuels and farming in India, to capture total intensity
of fossils in farming and offer some evidence on inflationary impact of fossil fuel price increase in India.

Authors use 3 sector (agriculture, fossil fuels, rest of the economy) Input-Output model. Coefficients for
balanced 3-sector (commodity*commaodity) transactions coefficients (direct effect) and Leontief inverse
(total effect) are derived for 1998 and 2007. Then, agriculture group is re-expanded into 15 sectors and
coefficients for Direct and Total Effects of Price Change of Fossil Fuels are estimated.

An increase of 10% in fossil fuel prices increases direct input cost of farming, on an average by 0.56%,
could impact total farming costs by about 3.75%.

4. Binuomote and Odeniyi (2013)

Data used in this study are time series data at the macro level spanning from 1981 to 2010, it includes
agricultural gross domestic product, exchange rate, crude oil price, capital, labor, land and fertilizer.

First, the agricultural GDP is specified as a function of exchange rate, crude oil price, invested capital, labor
guantity, size of land, and fertilizer amount:

LAGDP = By + BJLEX + B.LP, +
PsLK + BiLLb + psLLd + felF + T + p , where variable coefficients (beta) represent long-run

elasticities. Then, error correction model is estimated, with variable coefficients (gamma) representing
short-run elasticities:

p J k m y
ALAGDP = y, + Z v, ALEX, _, + Z v,ALPo; _; + Z ya ALK, _; + Z v4ALLb,_,. + Z vsALLd,._,
i=1 =1 f=1 i=1 i=1

+ Z veALF,_; + e ECM )

i=1
Optimal amount of lags is determined based on AIC.

Results suggest that, while the direct effect of the oil price shocks in the long run is not significant, in the
short run it has a negative (-0.04, significant at 10% level) impact on agricultural production (agricultural
GDP)

5. Chan (1983)

Authors use profit specification of production function for the agricultural sector instead of the
conventional value-added production formulation, this paper explains changes to regional productivity in
Canada in terms of changes in output prices, material prices, energy prices. capital deepening and
technical progress. Authors estimate annual change of labor productivity in agriculture, factors
contributing to it and their shares in the labor productivity change. It is found that rising energy prices did
make notable contributions in reducing average labor productivity.

6. Christensen and Earl (1983)
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The national agricultural econometric simulator (NAES-CARD) is used to estimate the effect of increased
petroleum price on the other inputs use in American agriculture. ARD). There are 11 sec- tors in the CARD-
NAES model including five major crop commodity sectors - feed grains, wheat, soybeans, cotton, and
tobacco; and five livestock commodity sectors - beef, pork, lamb and mutton, chicken, and turkey. The final
sector aggregates components from each of the aforementioned sectors and sums those results to the
exogenously determined variables for the rest of the U.S. agricultural economy. Baseline scenario assumes
that diesel prices remain constant in real terms at the 1980 level of 1$ in 1980-2000. 4 alternative scenarios
are tested: (1) 50% diesel price increase in 1980-1990 and smaller price increase in 1990-2000 (alternative
energy sources development assumption); (2) 50% diesel price increase in 1980-2000; (3) 100% diesel
price increase in 1980-1990 and smaller increase in 1990-2000; (4) 100% diesel price increase in 1980-
2000.

It is found that the growth in fertilizer, pesticide, and machinery purchases will slow due to the relative
expense of these inputs. Irrigation is also an energy intensive practice that will decrease under higher
energy prices. The negative growth of farm and hired labor, on the other hand, and as predicted in the
model, may slow down in order to counteract the effects of other input usage decreases.

7. Corong and Strutt (2020)

Authors model global economy (up to 2030) using GTAP-E-RD model, a recursive dynamic extension of
GTAP model. Baseline year is 2014, aggregated to 16 regions and 34 sectors. Baseline scenario assumes
conservative increases in New Zealand carbon emission prices and moderate changes in world oil & gas
prices. There are 5 alternative scenarios: (1) New Zealand carbon emission prices rising to a moderate level
in 2030; (2) New Zealand carbon emission prices rising to a relatively high level in 2030; (3) Global carbon
emission prices rising to a moderate level in 2030; (4) Oil and gas prices rising by a lower than baseline
amount; (5) Oil and gas prices rising by a higher than baseline amount.

For key New Zealand agricultural sectors, including beef, sheep meat and dairy products, it is found that
exports and output decline with increases in global carbon emission prices. Change in NZ carbon emission
price much less substantive effect on NZ agriculture, most sub-sectors being have little to no effect, with
exception being wool industry (8-12% increase in real output) and dairy / raw milk sectors (3-5% decrease
in real output).

8. De Gorter and Just (2009)

Paper assesses whether the conditional correlation of crude oil with energy crops (corn and soybeans) is
different from that of food crops (oats and wheat). Correlation is explored using three different GARCH
models (DCC, ADCC, GO-GARCH). All 3 models are estimated with AR(1) term. In order to reduce risk
associated with crude oil price fluctuations, this study also examined hedging possibilities against crude
oil by investment in agricultural commodities. Although hedging effectiveness is low with all underlying
agricultural commodities, soybeans provide relatively better hedging possibilities compared to other
agricultural crops.

The results indicate that the dynamic conditional correlations between crude oil and corn across the
GARCH models were positive. The average correlation value was around 0.20. In a similar vein, the dynamic
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conditional correlations between crude oil and soybeans have also evolved to be positive for all 3 models
with the average correlation value being around 0.25. The correlations between crude oil and oats
oscillated between negative and positive values. The correlations between crude oil and wheat were
mostly positive for each of the GARCH models.

It was found that the average hedge ratio between crude oil and corn was 0.3656 under the GO-GARCH
model, signifying that hedging of a U.S.51 long position in crude oil is possible for 36 cents short position
in the corn market. Similarly, a U.S.51 long position in crude oil can be hedged for a 47 cents short position
in soybeans. The corresponding hedge ratios of crude oil with oats and wheat are relatively low at 0.1154
and 0.1661, respectively. Among the three GARCH models employed in this study, DCC-GARCH
specification was found to be most effective for constructing hedge ratios.

9. Dobbs and Cole (1991)

Report focuses on the impact of rising energy prices on the attractiveness of sustainable farming systems
compared to conventional farming. Analysis was based on a set of case studies of conventional and
sustainable farms in five different agro-climatic areas of South Dakota. Baseline whole-farm analysis
models (details not specified) represent 1988 costs and returns the farms mentioned above.

Analyses were conducted to determine the effects on costs and net income for three alternative scenarios:
(1) a50% increase in fuel prices and 25% increase in crop drying costs; (2) a 50% in fuel and fertilizer prices,
and a 25% increase in crop drying costs; (3) a 50% increase in fuel, fertilized and herbicide prices, and a
25% increase in crop drying costs.

First scenario suggests that sustainable farming systems have slightly less adverse effect of energy price
increase, that the conventional ones. The increases in direct costs range are $1.80 on average for
sustainable farms and $2.80 for conventional farms. Fertilizer 50% price increase leads direct costs to
increase by $2-$6 per acre (depending on a region). A 50% increase in pesticide costs adds $1-$9 to direct
costs of conventional farms, while almost not affecting the costs of sustainable farms.

10. Dodder et al. (2015).

The study examines impact of energy prices and cellulosic biomass supply on biofuel crops production
using integrated modeling approach. Authors use integrated framework that includes MARKAL model to
model energy resources (oil and its products, natural gas, bio fuels) markets and partial-equilibrium CARD
model for US agriculture market. Projections are made for 3 scenarios: (1) a permanent only crude oil 25%
price increase; (2) a permanent crude oil and natural gas 25% price increase and (3) unavailability of
cellulosic biomass feedstock for ethanol production on the biofuels. Scenario comparisons show biofuel
markets affected more by crude oil prices than natural gas prices. Higher natural gas prices shift the biofuel
production mix away from corn-grain based to more cellulosic ethanol. Alternatively, the scenario with no
cellulosic feedstock lowers total ethanol production and raises ethanol and corn prices.

11. Dunn (1981).

Study examines the effect of increased energy prices on the competitive position of the region using inter-
regional competition model for one commodity. It is found that likelihood of substantive changes in

Northeast agriculture due to real energy price increase is very low.
37



12. Fei (2020)

Authors examine substitution effect and rebound effect of China’s energy consumption in agricultural
sector. From the translog cost function, cost shares for each input (capital, labor, energy) are derived.
System of equations of cost shares is estimated as seemingly unrelated regressions. With the obtained
coefficients, own-price elasticities of demand for inputs are calculated.

This study uses the sample of China’s provincial agriculture data from 2000 to 2017. It includes data on
agricultural GDP of each province and quantities of energy, labor and capital inputs as well as their prices.

Results suggest that the price elasticity of demand for agricultural energy labor and capital are all quite
small, which may be caused by the price control due to governmental regulation.

13. Gohin and Chantret (2010)

A world Computable General Equilibrium model with detailed representations of food and energy markets
is used to investigate food and energy products price long-run relationship. Particular attention is paid to
specifying macro-economic linkages which have often been overlooked in recent analysis and debate. The
analyzed crops and sub-sectors are wheat, beef and dairy. Energy source studied is crude oil.

Authors make simulations in three different frameworks: (1) no budget constraint; (2) fixed income and
(3) full CGE model. The simulated crude oil price increases in these frameworks are +116%, +122% and
+129% as compared to the 2001’s baseline 25$ per barrel. After model calibration, a sensitivity analysis is
applied.

A positive relationship due to the cost push effect has been identified, but it is found that the introduction
of the real income effect may indeed imply a negative relationship between world food and energy prices.

14. Gopalakrishnan et al. (1989)

The paper attempts to investigate the characteristics of US agriculture by analyzing the possibilities of
substitution between energy and non-energy inputs (capital, land, labor) by estimating own- and cross-
price elasticities for inputs. Input share functions are derived from translog cost function and are estimated
using 3SLS method. Main finding is that cross-price elasticity between capital and energy input is found to
be the largest (0.43), suggesting the possibility of between them. Other input pairs suggest possibilities
for substitution as well, except for land-capital and labor-capital.

15. Gopalakrishnan et al. (1985)

The impact of energy price increase on the production of three main crops produced on Hawaii (sugar,
macadamia nut, and coffee) is examined using linear programming model.

Each crop production is disaggregated into different farm sizes, each considered a separate way to grow
and sell the crop (5 farm size groups). Consequently, for each production activity, selling activity is
modelled as well. Objective function of the model, which is being maximized, is sum of net revenues of
every farm. Net revenues are maximized s. t. resource availability, production, marketing and non-
negativity constraints.
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Dataset includes total acreage devoted to each of the crop on a farm, average yield, output price, unit
costs per ha for each input, amount of inputs, processing costs for the farms producing coffee, macadamia
nut and sugar in Hawaii.

9 scenarios are estimated — 3 options of output price change (-40%, 0, +40%) and 3 options of energy price
change (0%, +50%, +100%). The analysis shows that coffee production is more energy-intensive than
macadamia nut and sugar production. Specifically, energy costs constitute about 18% of the total cost in
the case of coffee, 10% in case of sugar, 16% in case of macadamia nut. Coffee (the highest priced crop
among those studied) is found to be the least affected by energy price increase, with net revenues change
being -2.8% under low output price scenario and doubled energy prices. The most affected crop is sugar
(most low-priced of the three crops studied), which becomes unprofitable under low output prices
scenario with both 50% and 100% energy price increases.

The overall findings are that higher energy costs do not greatly impact the net revenues of small growers,
although they have differential impacts depending on the resource endowments of each crop grower. A
generally observed phenomenon is that the lower the output price, the greater the impacts on the net
revenue from crop growing under given energy cost scenarios. In any case, net revenues appear to be
relatively inelastic to the changes in energy costs.

16. Hanson et al. (1993)

Study examines sectoral effects of oil price shock and economywide linkages to agricultural sector.
Competitive general equilibrium model of the US economy, developed by USDA and ERS, is used.
Agricultural sector in this model is represented by the following sectors: dairy, livestock, cotton, food
grains, feed crops, oilseed crops, sugar, other crops.

3 oil price scenarios (+55.4%, +107.2%, +159.1%) are combined with 3 macro-policy scenarios: (1) fixed
exchange rate, flexible trade balance; (2) flexible exchange rate, fixed trade balance; (3) flexible exchange
rate, reduction in foreign borrowing.

“Major crop sectors where exports are important (cotton, food grains, feed crops, and oilseed crops) all
had an increase in value added after the shock, but in all but oilseed crops the associated decline in
government deficiency payments led to a decline in sector income. Given the design of the deficiency
payment program, the federal government outlays fall because of higher prices of program commodities.
When market prices rise, regardless of cost considerations, deficiency payments are reduced. Thus, while
the oil price shock causes market sales of food grains, feed grain, and cotton producers to increase, the
increase is not enough to offset the reduced program payments, and sector income falls.”

It is found that the government's response to the outflow of dollars to pay for higher priced oil imports
matters to farmers.

17. Ikram and Wagqas (2014)

Study is similar to Binuomote (2013), authors estimate agricultural GDP as a function of crude oil prices,
exchange rate, fertilizer intake, cropped area and water availability. Data used is annual 1980-2013 time
series.
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All variables are found to be integrated at level one in ADF and PP unit root tests. Then, EC model is
estimated, and the negative linkage of oil price and agricultural GDP is found.

18. Ivanovic et al. (2012)

Paper studies the impact of increased energy prices on profit of family farms. The interviews with 15 family
farms holders from AP Vojvodina were conducted about natural, organizational and economic conditions
in which the farms operate, available resources which are at their disposal and production results. Based
on the interviews a “model of family farm specialized in field crop production” (no further details) was
made. As a basis for the research, calculations of fixed costs at the level of the whole farm were used, as
well as variable costs per enterprises and total variable costs for the whole farm. Based on these elements,
the indicators of economic effects of field crop operations were determined — gross margin and profit.
Besides that, the sensitivity analysis was conducted to determine change in mentioned indicator variables
in response to the increase of fuel (diesel D-2) and fertilizers (NPK, UREA, KAN) prices. Sensitivity analysis
was made with the assumption that the price of fuel and fertilizers decreases/increases by 20% and 10%.

Results suggest that the 20% increase in diesel D-2 prices leads to the decrease in family farms profit by
35.56%, what makes this input distinguished for its importance for profitable operations of the observed
farms. In the second place, the highest impact on the profit is created by the prices of different NPK
fertilizers, whereas prices of KAN and UREA fertilizers do not have so powerful impact on the profit of the
farms specialized in field crop production.

19. Jones (1986)

Authors estimate effect of increased energy prices on viability of organic farm in UK using mixed-integer
linear programming model. It was found that, although input costs were generally lower with the organic
system, the net farm revenue was reduced due to decreased income from crop sales. The organic system,
therefore, did not enter the optimal solution. Energy costs per ha with the organic system were 259'0
lower than with a conventional cropping system, although energy costs per £ of output were 25% higher.
A doubling of energy prices in the model led to only a small improvement in the competitive position of
the organic system.

20. Koirala et al. (2015)

Study examines relationship between energy prices and agricultural commodity prices. Authors assume
increased oil prices may lead to higher demand for corn and soybean, as a main input for ethanol and
biodiesel production. So the livestock producers might face problems with feedstock availability and its
costs.

Authors use a copula model (single equation Clayton copula and Clayton — Gumbel mixture) to investigate
the relationship of prices for crude oil, natural gas, gasoline, diesel and biodiesel with corn, soybean and
kettle future prices. They use data that includes 495 observations of daily prices for March 2011 —
September 2012.

It is found that the correlation between corn future prices and all other forms of energy prices are high
according to the Clayton portion of the mixture model. Same trend is observed for soybean, with higher
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correlation for biodiesel. For kettle prices, the highest correlation is observed with gasoline and diesel
prices, while biodiesel, natural gas and crude oil prices correlation is similar to corn and soybean.

21. Kulshreshtha et al. (1983)

Quadratic programming model is used to determine the optimum mix of agricultural production under a
set of demand relationships. The objective function of a model is a measure of consumers' plus producers'
surplus. It is assumed that the energy cost rise causes adjustments in (1) volume of crop produced, (2)
crops grown on summerfallow versus stubble, (3) level of fertilizer, and (4) mixture of crops grown.

Then, results are put into an input-output model, with the agricultural sector exogenous. 3 alternative
scenarios are developed: 50%, 100%, and 300% increase in energy price.

The results of this study suggest that, in the short run, increases in energy based input prices in the
agricultural and other (especially transport) sectors will have a substantial influence upon application of
energy based inputs, their share of total production expenditures, and upon producers' surplus.

With a moderate (50 percent) increase in energy cost, grain and livestock activities were not altered to any
large extent. In most cases, the changes were within 2 or 3 percent of the benchmark solution. With 300%
increase in energy price, changes in production levels were more significant. The largest decrease was
noticed in the production of barley and oats, and their export levels. The prices for barley and livestock
products increased in each scenario, whereas for wheat and rapeseed a positive change in price was
observed only for the largest increase in energy costs. These results can perhaps best be explained in terms
of differences in demand elasticities and responsiveness to nitrogen fertilizer. The share of fertilizer and
fuel in total expenditures increased from 12.9% in the benchmark run to 28.8% in the 300% energy
increase scenario.

22. Lambert and Gong (2010)

Authors use dynamic cost function model to derive short and long run adjustments to change in energy
prices within U.S. agriculture. The objective was to estimate both the degree of the farms responsiveness
and its’ change over time. Authors expect short run adjustments to be limited, with greater adjustments
over time. So, to account for lags between changes in economic environment and inputs adjustment, they
choose dynamic model, as static models either with or without short-run restrictions assume
instantaneous adjustment of inputs.

23. LeBlanc (1985)

Impact of natural gas decontrol, which leads to increase in its price, agriculture is studied. It affects
agriculture directly through increased irrigation and crop drying costs, and indirectly, through fertilizer
prices increase, as it represents 60-70% of fertilizer production costs. Authors attempt to determine the
effects of alternative natural gas prices, and consequently alternative fertilizer prices, on input demand,
production costs, and agricultural income. A variable profit function is used to derive input demand
functions and an aggregate supply function for agriculture output. From these relationships the effects of
alternative fertilizer price on input use, production costs, and farm income are determined.
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A five-equation system of profit function and demand equations for 4 inputs (fertilizer, energy, labor, feed-
seed) is estimated using maximum likelihood method. Given the estimated parameters, price elasticities
are calculated. Fertilizer has the largest own-price effect and feed-seed the lowest. west. The cross-price
relationships are generally small except for the substitution relationship between fertilizer and labor.

Then, simulations for 1981-1990 are conducted with four different natural gas and fertilizer prices paths:
annual change of -1%, 0%, +2.5% and +5%, these path are combines with assumptions about output prices:
annual change of -1%, 0% and +1%. Increases in fertilizer prices have a small negative effect on energy and
feed-seed, but a relatively large positive effect on the demand for labor. Furthermore, the alternative
fertilizer price paths generate large differences in profits. Profits, however, vary more between output
price assumptions than between fertilizer price assumptions because of the large effects that output price
has on output supply and revenue.

24. Liet al. (2016)

Authors study impact of energy costs on the welfare of rural household which produce potato. Income of
the household is estimated as a function of average energy cost to produce 1 unit of potato, labor, land
and capital costs, and a set of controlling variables representing demographic characteristics.

25. Lundberg et al. (2021)

Paper studies the pass-through relationship between oil prices and agricultural commodity prices, since it
is a relationship that has the potential to disrupt farm-level decision making.

Since economics relationship between oil prices and agricultural commodity prices substantively differs
over different time horizons, to address this homogeneity, authors apply multiple-horizon regression.

I"P.u =.ﬂlr +J'rj] I"Pu_r + Eiy

In simple equation , Where beta 1 is the marginal effect of oil prices on

agricultural commodity price, log of oil price is decomposed to allow the pass-through elasticity to vary by
21
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time horizon: ol = , Where f=-2"+1 . Then, obtained
equation is estimated by OLS.

Data used is time series of daily corn, soy, wheat, broilers, hors, cattle and oil, from 21 August 1971 through
29 November 2019.

26. Ma et al. (2022)

Study uses the methodology similar to Tewari (1988). Authors construct a price-endogenous partial
equilibrium model (comparative static approach) to evaluate impacts of increased energy price on
agricultural production, energy consumption, and carbon emission in China. Four scenarios are designed
for upward and downward price fluctuations in crude oils. Additionally, high (50%) and low (25%)
amplitudes of energy price fluctuation are considered. Therefore, downward-low amplitude (scenario 1),
downward-high amplitude (scenario Il), upward-low amplitude (scenario Ill) and upward-high amplitude
(scenario IV).
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Itis found that the impacts on agricultural production are relatively limited. However, a higher energy price
pushes up agricultural production costs, resulting in the loss of social welfare in the agricultural sector, by
around 0.6% to 1.4% for different scenarios; Rapeseed and wheat are the most and least sensitive crops
to energy price fluctuations.

27. Mapp and Dobbins (1976)

Authors use recursive programming model, to determine optimum farm organization for a five-year
period. At the end of five years, water use is calculated, drawdown and well yield for the following period
are estimated, and pumping costs are adjusted. An optimum organization is reestablished and assumed
constant for the next five-year period. This procedure continues for ten five-year periods, or for fifty years.
Optimum organizations are developed for representative farms in poor, moderate, and good water
resource situations for conventional versus reduced and conventional tillage practices, with both low and
high crop prices, under conditions of constant and increasing natural gas prices. It is assumed that natural
gas price is 0.75S$ in period 1, 1.75$ in period 2 and gradually increases up to 10S in period 10. It is found
that the price increase causes pumping costs to grow and reduces net revenue. Magnitude of these
changes is more interesting, under constant gas prices scenario, pumping costs rise from 0.99$ to 3.24$
per acre and net revenues decline by 45%, while under rising gas prices scenario, pumping costs grow up
to 10.75% and net revenues decrease by 63%. Pumping costs increase leads to gradual shift from irrigated
to dryland production under both scenarios, with increasing gas price making this shift more rapid.

28. Marshall et al. (2015)

Authors use a model of US agriculture, based on FAPSIM model, developed by USDA. To assess the impact
of crude oil and natural gas prices in 2015-2016, two scenarios were developed: the first (baseline)
scenario is based on higher energy prices assumptions from USDA Agricultural Projections to 2024 (USDA,
2015) and second, alternative scenario, that assumes 43.4% and 25.0% crude oil price decrease in 2015
and 2016 respectively and 20.6% and 14.7% natural gas price decrease for the same period.

It is found that such energy price decrease, as expected, leads to costs decrease, ranging from -3.5% for
cotton up to -6.0% for rice. Such differences in cost decrease can affect planting decisions in the aggregate,
as well as cropping choices between competing crops. Effect on acreage is present as well, but relatively
small. Model suggests 0.4% total acreage increase in 2015 and 0.5% in 2016. Price reductions for studied
crops are small, with none larger than 1.5% in both 2015/16 and 2016/17.

Besides that, decreased oil and gas prices lead to reduction in energy-related inputs expenses: -3.4% for
fertilizer, -2.6% for electricity and -12.9% for pesticides in 2016, with total energy-related expenses
reduction being -7.7% including direct fuel use.

29. McDonald et al. (1991)

A multiregional computable general equilibrium (CGE) model was used to assess the long run effects of
higher energy prices on agricultural production, prices, and trade. Scenario of 25% increase in price of
energy inputs is compared to the baseline results. A 25% increase in the energy price is assumed to result
from approximately a 60-percent increase in the crude oil price. Economy is divided into 5 sectors: crops,
livestock, fertilizer, manufacturing and other services.
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The fertilizer sector is hit by the energy price increase the hardest because of its greater than 20-percent
direct energy cost share. Among the other sectors, crops output falls the most, crops being the sector that
employs the most energy, both directly and indirectly (through fertilizer and pesticide use). The reduction
in crops production is greatest in the other OECD region, where output falls 2.2 percent. Higher energy
prices affect the livestock sector indirectly by causing an increase in feed prices. Production levels of the
livestock sectors in the United States and other OECD regions decline only slightly (0.6 percent and 0.4
percent)

30. Miranowski (1979)

Author uses linear programming model to estimate the effect of energy price increase on representative
lowa farm. A model is developed to select the optimum mix of activities for a representative farm, subject
to given resource constraints and specified input and output price.

The baseline solution of the model is based upon the input cost and output price assumptions equal to
the prices and costs prevailing in lowa during the spring of 1976. The baseline solution specifies the
production of 250 acres’ continuous corn (high fertilization) and 40 acres C-C-O-M rotation (high
fertilization). Alternative scenario assumes twofold, fivefold and tenfold energy price increase. Twofold
energy price increase affects only net returns (-13%) and does not change the set of optimum activities.
Fivefold energy price increase changes mix of optimum activities and implies 46% net returns decrease.
Tenfold energy price increase also changes the mix of optimum activities towards more acreage devoted
to soybean and decreases net returns by 83%, as compared to the baseline solution.

31. Mondi et al. (2011)

Paper examines relationship between rice market and crude oil price shocks. VAR model is estimated. Oil
shocks are treated as endogenous and are structurally divided into crude oil production shocks and crude
oil price shocks. Data used is October 1980 — December 2009 monthly data on world petroleum
production, real crude oil price, world rice supply and export price of rice.

From VAR model, four different shocks are identified, and three different responses can be estimated.
Therefore, there are 12 relationships among the various shocks and response44s. The estimated responses
of the variables are to be interpreted as the reactions of the level of the variables.

Model shows that an oil price shock causes rice supply to move in the same direction, increasing
unexpectedly despite higher production costs. This implies that rising production cost deriving from higher
oil prices have mostly only a repercussion on the price of rice, without causing farmers to decrease the
guantity of rice they produce.

With regard to the price of rice, strong linkage with oil price shocks starts to be evident only from the late
nineties. Two months after an oil shock the price of rice rises by 2.5%, and six months after the shock it
stabilizes at a level 5% higher than the original one.

32. Moss et al. (2010)

Study examines the effect of increased energy prices on agriculture by estimating industry’s elasticity of
demand for energy. Authors estimate elasticities using differential approach. Data used is KLEM
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(Jorgenson, 2010), which includes quantities of agricultural output and inputs (Capital, Labor, Energy,
Materials), prices for inputs, farm-gate and consumer prices for 1960-2006. Authors do not select specific
crops, but rather use data for all of the agricultural producers.

Derived equation (3) is estimated with symmetry and homogeneity conditions imposed.

3) f,DInfg,) = 6,D0In(z)+ Z“-.—”l“:-”.r: + By

Then authors bootstrap the estimation 10000 times. And 55 of those samples obey the concavity
restrictions. Main findings of the study are that after imposing concavity, agriculture’s energy demand,
although inelastic, appears to be more sensitive to price changes than any other input. The estimated
input demand elasticity for energy is —0.3403. The largest cross-price elasticity effect between inputs
appears to be between energy and labor. Thus, it is concluded, that increase in energy prices has the
biggest effect on agricultural production and it has a significant effect on producers’ labor demand.
However, expanding the specification in an attempt to estimate the effect of energy prices on the supply
of agricultural inputs is limited due to the concavity concerns.

33. Musser et al. (2006)

Authors estimate fuel demand system to study factors, which determine the energy use in corn
production. Two equations are estimated: direct fuel consumption (total fuel expenditures per acre is a
dependent variable) and indirect fuel consumption (per acre nitrogen consumption as a dependent
variable). Explanatory variables are farm structural variables, management decisions, farm characteristics,
farm equipment, and regional characteristics. Data used is 2001 USDA’s Resource and Management
Survey. Model is estimated as bivariate censored regression, because some farmers did not use nitrogen
and some incurred no fuel costs.

Main findings are that higher acreage decreased fuel use, as well as reduced tillage; soil tests decreased
nitrogen use; higher education of operators decreased nitrogen use; that irrigation increased use of both
inputs, on-farm drying increased fuel use; yield goal increased fertilizer use; manure use decreased
fertilizer use. If energy prices remain high, one would expect that some of these practices that reduce
energy use will become more widely used.

34. Nkang (2018)

Paper simulates 50% decline in world crude oil price using a computable general equilibrium model and
data from 2006 Social Accounting Matrix (compiled by IFPRI) for Nigeria. CGE model is used to determine
the impact of an oil price shock on agriculture sector and households’ expenditures (proxy for household
welfare). CGE model uses the extended representative household approach.

Findings: “GDP recorded a significant increase, while aggregate government income, households’ income
and total savings all recorded a decline. Sectoral results show that gross domestic output and supply of
composites in the food and other agriculture sectors increased substantially forcing prices in the two
agriculture sectors to decline. Moreover, while there was an increase in capital demand in the agricultural
sector following the shock, there was however a fall in labor demand in the food sector although same
went up in the other agriculture sector”
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35. OECD-FAO (2008)

A jointly developed modelling system, based on the OECD’s Aglink and FAQ’s Cosimo models is used in the
analysis. To give some idea of the sensitivity of the baseline to alternative assumptions regarding these
factors, the economic model underlying those projections was used to perform sensitivity analysis. Two
kinds of simulations were performed. In one, five versions of the baseline were simply reproduced,
progressively replacing original assumptions about key determining variables with plausible alternative
values. In the second, a stochastic simulation was undertaken wherein the assumptions of normal weather
and a stable macroeconomic environment are replaced by a range of plausible yield values and
macroeconomic variables.

In the first simulation, projections of world agricultural commodities prices are made for 2008-2017 for 5
different scenarios: (1) constant biofuel production at 2007 level; (2) scenario 1 and constant oil prices at
2007 level; (3) Scenario 2 and Lower income growth in EE5 countries (half annual growth rate); (4) Scenario
3 and Progressive appreciation of the USD exchange rates to reach 10% higher rates in 2017; (5) Scenario
4 and yields for wheat, oilseeds and coarse grains 5 % higher than over the projection period.

The second scenario shows that wheat, coarse grains and vegetable oil price projections are all shown to
be highly sensitive to petroleum-price assumptions. This sheds light on the important role that the recent
sharp escalation in crude oil prices is playing in driving up food commodity costs. This single external factor
not only is a crucially important feature of the macroeconomic context but also directly affects the energy
costs of agricultural production, transportation, and food processing. Many countries tend to have better
economic growth if the oil price is low, but others benefit from a high oil price. Under the constant oil price
assumption, the prices of maize and vegetable oil are about 10% lower and the wheat price falls 7% in
2017 when compared with the baseline projection.

36. Parsons et al. (1978)

Authors use input-output model of UK agriculture to estimate the effect of increased oil price. Reaction
coefficients are incorporated into basic input-output model. It is assumed that, in every sector,
entrepreneurs have the objective of maintaining the ratio of profit to market price, and have sufficient
market power to raise prices to the necessary degree, and this allows to derive new price change equation.

Agricultural sector from UK 1971 input-output table is decomposed into 34 sub-sectors, it includes spring/
winter wheat, barley, oats; sugar beet; maincrop potatoes; field beans; carrots; livestock (different kinds
of meat producers); dairy. Authors estimate 5 different subcases: (1) all the reaction coefficients are zero;
(2) all the reaction coefficients are 1; (3) wages react to commodity price movements, import prices are
held constant; (4) import prices react to commodity price movements, wages are held constant; (5) both
wages and import prices to react to commodity price movements;

The obtained results suggest that agriculture as a whole is not really any more strongly affected by the oil-
price increase than the economy as a whole. The percentage cost/price changes for comparison being (in
sub-cases 1, 3,4 and 5) 3.72 vs. 3.18, 9.43 vs. 8.45, 6.42 vs. 6.00 and 34.72 vs. 32.60. It should be noticed
that the cereals producing sectors are affected to an extent above the agricultural sectors' mean.

37. Raulston et al. (2005)
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Authors use farm-level simulation model (FLIPSIM) developed by Richardson and Nixon (1986) to estimate
the impacts of increases in energy prices on net incomes of representative farms in 10 western states of
the USA. The FLIPSIM model draws random crop yields, livestock production variables, and prices from a
multivariate empirical probability distribution allowing projections to incorporate production and price
risk.

The following fuel cost scenarios are analyzed

- Baseline - Assumed the percent change in Consumer Price Index from the FAPRI 2005 Baseline is
the annual inflation rate for fuel related expenditures (custom application cost, irrigation fuel,
tractor fuel and lube, drying and hauling) and nitrogen fertilizer, i.e., fuel and fertilizer prices
increased 1.6 to 2.3% per year;

- “Average” - Used historical inflation rates for fuel from a more favorable era, 1996-1999, to
calculate an average inflation rate (5.97%) as the assumed inflation rates for fuel related expenses
and nitrogen fertilizer throughout the 2003-2009 study period;

- “FAPRI” - Utilized inflation rates for fuel related expenses and nitrogen fertilizer from the FAPRI
August 2005 Baseline.

Net cash farm income was calculated for thirty representative farms. “It is found that, farms with less
energy consumption and farms that share aportion of the energy costs with landowners are less vulnerable
to the rising costs, but no one is completely insulated from this trend. The results suggest that farmers will
likely face increasing cashflow pressures that may accelerate their adoption of energy conserving crop
rotation patterns and production systems.”

38. Sands et al. (2011)

Authors analyze the flow of energy prices through the agricultural system, from farm to retail. It is assumed
that carbon emissions regulation will lead to the increase in energy prices. To assess the impact authors,
construct three scenarios: a reference scenario of agricultural production for 2012-2018, and two
alternative scenarios with low and high energy price increases. Low increase scenario assumes 3.2%
petroleum, 5.4% natural gas and 10.7 electricity prices increase. High increase scenario assumes 6.6-7.8%
petroleum, 13.4% natural gas and 14% electricity price increases. Authors use Food and Agriculture Policy
Simulator (FAPSIM) and the Farm-Level Partial Budget Model.

Impacts of carbon dioxide emissions regulation on electricity, natural gas and petroleum products are
taken from the studies by U.S. Environmental Protection Agency and the U.S. Energy Information
Administration. These impacts are used as input to FAPSIM to estimate national agricultural sector effects.
The Farm-Level Partial Budget Model is used to convert national impacts into changes in farm business net
cash income. Then, regression analysis is used to estimate the effect of increased farm-gate prices on retail
food prices, including energy costs in processing and distribution. Crops studied are corn, sorghum, barley;,
oats, wheat, rice, upland cotton, and soybeans.

Main findings are: energy-related costs vary highly for different crops, with the highest for corn and rice
and lowest for soybeans. Total acreage for the eight studies decreases on average for 0.2 (low price change

scenario) and 0.4 (higher price scenario) percent over 2012-2018. Planted area decreases for all the crops,
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except for soybeans. Besides that, producers of fertilizer-intensive crops like cotton suffer higher cash
income decline. In terms of effect on farm county economies and populations, no substantial impact is
found.

Analyzed scenarios did not account for potential technology changes due to sustained energy price
increase. Declining trend in energy use per unit of output in the agricultural sector is likely to continue,
which is only partly represented in the scenarios by increasing yields. For these reasons, impacts found in
the scenario may be somewhat overestimated.

39. Taghizadeh-Hesary et al. (2019)

Study examines linkages between energy prices and agricultural products prices in several Asian
economies. Authors use Panel-VAR model. Dependent variable is agriculture food price in a country, and
explanatory variables are agriculture land used, global oil price, real interest rate, price inflation rate,
employment in agriculture sector, GDP, biofuel prices, exchange rate. Data used is panel dataset consisting
of variables mentioned above, covering 2000-2016 for Bangladesh, PRC, Indonesia, India, Japan, Sri Lanka,
Thailand and Vietnam.

It is found that food price has a positive response to any impulse from global oil price and biofuel price
and negative response to impulse from interest rate. Other variables show no significant impact on food
price.

40. Tewari and Kulshreshtha (1988)

Authors use sectoral price-endogenous quadratic model to estimate impact of rising prices of energy-
related inputs. Comparative static approach is used, so authors (1) estimate baseline solution of a model,
(2) change the parameter (price of energy-related inputs) and solve model again, (3) compare the obtained
results. Authors create two alternative scenarios, in which prices for oil and natural gas double and triple.
Impacts analyzed are impact on energy use and expenditures; impact on crop composition, yield and land
use pattern; impact on gross farm income, net returns over energy-related inputs and consumer surplus.

The limitation of methodology is such that it captures only short- to medium-term impacts, since in the
long-term, production technology is not fixed and substitution between energy and non-energy inputs
would take place.

Main findings: energy prices increase affects quantity of outputs, low-value crops are hit more severely
that the high value crops; under the doubled energy prices scenario, prices for crops and livestock increase
by about 20% and 10% respectively; rising energy prices induce produces to curtail energy use; fertilizer
consumption would decline by an amount greater than that estimated for fuel (due to inelastic demand);
despite reduced energy consumption, energy expenditures are still expected to rise significantly.

41. Tewari et al. (1989)

Using quadratic programming sector model of Saskatchewan agriculture, similar to Tewari (1988),
magnitudes of rising energy-price impacts are estimated for cases of different trade-demand elasticities,
which producers might face.

42. Tokgoz et al. (2008)
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Using partial equilibrium modelling approach, impact of increased crude oil prices and drought on biofuel
(ethanol) crops production (sugarcane and corn, soybean, wheat) is estimated. The structure used is a
modeling system that contains models of supply and demand for important temperate agricultural
products in all major producing and consuming countries in these markets. The underlying modeling
approach relies and expands upon a recently created biofuels model that extends an already established
multimarket model of world agriculture and food markets

The baseline is set up using U.S. and international commodity models calibrated on 2006 historical data.
Projections cover 2007/08 — 2016/17 marketing years. Two alternative scenarios are analyzed: (1) 10$
crude oil price increase and (2) drought scenario (reduced yields). In the second scenario, yield patterns
from the 1988 drought are used to reduce vyields in barley, corn, soybeans, and wheat in the 2012-13
marketing year.

The increased oil price is found out to have positive impact on corn production: 11% increase in acreage
and production, 20% increase in farm gate price, 30% export reduction and 12% reduction of corn feed
use. On the other hand, impact on wheat and soybeans is quite the opposite: 6% reduction of planted
area, 8.5% and 6.6% (wheat and soybean, respectively) reduction in production, but still 9% farm gate
price increase.

43. Tirkekul and Unakitan (2011)

The study aims to estimate the long- and short-run relationship of energy consumption, agricultural GDP,
and energy prices via cointegration and error correction (ECM) analysis. Authors model the demand for
per-capita agricultural diesel/electricity consumption as a function of per-capita real agricultural GDP, real
diesel/electricity prices, and substitute prices. The long-run income and price elasticities of demand for
diesel are 1.47 and 0.38, respectively. For the electricity, income and price elasticities were found to be
0.19 and 0.72, respectively.

44. Uri and Boyd (1997)

Authors analyze impact of the increased energy prices on the Mexico economy. They use Computable
General Equilibrium model (comparative static) with 13 production and 14 consumption sectors,
government and 4 types of households. Year 1988 is taken as a baseline and alternative scenario with
26.2% increased prices for gasoline and electricity is designed. For agriculture, no significant change for
equilibrium price and -0.22% decrease of equilibrium quantity was found.

45. Uri (1998)

Study similar to Uri (1996), author uses Granger causality to study the effect of the fluctuations in crude
oil prices on the use of conservation tillage in the USA. Data used covers 1967-1997, includes crude oil
price as a proxy for the price of energy (simple correlations are 0.93, 0.97, and 0.96 between the unit price
of crude oil and the unit prices of diesel fuel, gasoline, and liquefied petroleum gas, respectively over the
period 1970-1997), and conservation tillage use data from Conservation Technology Information Center
annual reports.
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Autoregressive model is estimated and then causality tests are implemented. The results indicate
unidirectional causality running from the price of crude oil to the percentage of total planted acres on
which conservation tillage is used during the period.

To quantify this relationship, logistic regression is used, with total planted acres devoted to conservation
tillage being the dependent variable, and crude oil price is an explanatory variable. The results are
significant, but small: a 10% increase in the real price of crude oil leads to 0.4% increase in the total planted
acres devoted to conservational tillage.

46. Uri (1996)

Granger causality is used to determine whether fluctuations in crude oil prices have effect on agricultural
employment. Data used is 1947-1995 time series of crude oil prices (deflated) and agricultural
employment. Model used in the study is autoregressive-moving average.

The results of this study suggest that at least part of the trend in agricultural employment can be explained
by the changes in the crude oil price. Results suggest that the increase in the real price of crude oil on
average has accounted for an annual decrease in the agricultural employment of approx. 0.21%.

47. Vincent et al. (1979)

A general equilibrium model of Australian economy (ORANI 78) is used to estimate the short-term effect
of domestic oil price increases on the Australian economy and agricultural sector in particular. Model
consists of 109 industry sectors, agriculture is disaggregated into six product groups: sheep, cereal grains,
meat cattle, milk cattle and pigs, poultry and other farming. The core of the model database consists of
the ABS 1968/69 Input-Output (I/0) tables. 4 key assumptions are implemented in the model: (a) fixed
industry specific capital stocks (implies the results are short-run); (b) fixed real aggregate consumption,
investment and government spending (indicates that the simulations abstract from any effects which oil
prices may have on real domestic absorption); (c) a slack labor market for all occupations with 100 per
cent indexation of wage costs to the ORANI consumer price index; and (d) a fixed exchange rate.

The alternative scenario analyzed is the 40% post-refinery oil price increase. Model results suggest the
following impacts on agriculture: a contraction in aggregate employment of 0.8% and in employment of
rural workers of 2.8%; contractions in the outputs of export oriented agricultural industries of about 0.9%
to 1.8%; contractions in the incomes of export oriented farm industries of 6-8% in real terms.

48. Wang and McPhail (2014)

Authors use structural VAR model to examine the impacts of energy price shocks on agricultural
productivity in the U.S. and commodity prices’ volatility. Model is specified as follows:

_ I3 . . . . . . .
AgXe = @+ Xioy AiXe + & , Where x is a vector of five annual variables (US gasoline price index,

US agricultural total factor productivity, real US agricultural export, US GDP, and US farm commaodity price
index).

The results indicate that an energy price shock has a negative impact on productivity growth in the short
run (1 year). An energy price shock and an agricultural productivity shock each account for about 10
percent of U.S. agricultural commodity price volatility with the productivity shock's contribution slightly
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higher. However, the impact from energy prices outweighs the contribution of agricultural productivity in
the medium term (3 years). With more persistent impacts, energy shocks contribute to most (about 15%)
of commodity price's variation in the long run.

49. Du and McPhail (2012)

Authors examine dynamic evolutions of ethanol, gasoline and corn daily prices over the period of March
2005 — March 2011. First, a GARCH model is estimated and a structural change is found around March
2008 in the pairwise dynamic correlations between the prices. A structural VAR (SVAR) model is then
estimated on two subsamples, one before and one after the identified change point. In the more recent
period, ethanol, gasoline, and corn prices are found to be more closely linked with a strengthened corn-
ethanol relation. Variance decomposition shows that for each market a significant and relatively large
share of the price variation could be explained by the price changes in the other two market.

50. Zaferiou et al. (2018)

Paper examines relationships between crude oil-corn and crude oil-soybean using ARDL cointegration
approach. Data used is July 1987 — February 2015 futures prices for corn, soybean, and oil, indexed based
on August 1999 price. Futures prices are chosen because they incorporate all available information and
thus are more efficient at identifying shocks.

Authors apply ARDL bounds cointegration process to estimate relationship between corn/soybean prices
with crude oil prices. Then, having validated the existence of cointegration, the Unrestricted Error
Correction Modes is estimated. The results derived indicate the existence of interactions among
agricultural commodities and crude oil prices, as expected.
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3. Review of changes in cost shares of production of agricultural and
food commodities in Ukraine before and after the Russian invasion

To assess the impact of the Russian invasion on agriculture production we compare costs structure before
and after the invasion. Mean values of 2017-2019 cost shares obtained from SH-50 and SH-29 forms are
taken as a baseline for comparison (the latest pre-invasion data available is 2019). Data of costs structure
after the invasion was obtained from the producers’ interviews. A total of 57 respondents who produced
wheat, corn, sunflower, soybeans, barley or peas were interviewed. Production costs structures for the six

selected crops before and after the invasion are presented below in tables 3-1 — 3-6. Additionally, we

surveyed five organic producers and obtained expert-level data.

The limitation of this costs map is that the latest pre-invasion data available is 2019 data. Thus, the

observed changes in costs structure might also capture the impact of Covid-19 crisis, as well as other

factors in 2020-2021.

Table 3-1: Costs structure of wheat production before and during the war (conventional production

technology)

Crop
Costs
Wheat
Before
war Share
(mean After change,
2017- invasion | percentag
Period 2019) (2022) e points
Direct material cost, including:
Mineral fertilizers 22.6% 34.5% 11.90%
Fuel (oil and gas for machinery) and lubricants 14.4% 33.6% 19.20%
Remaining direct material costs (including seeds and planting
material) 20.1% 12.1% -8.00%
Labor costs (including payments for third party services) 19.7% 11.0% -8.75%
Land costs 23.1% 8.8% -14.35%

Source: own elaboration based on 50-SH and 29-SH forms and agricultural producers survey.

Table 3-2: Costs structure of corn production before and during the war (conventional production

technology)
Crop
Costs
Corn
Share
Before After change,
war invasion | percentag
Period (mean (2022) e points
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Costs

Crop

Corn
2017-
2019)
Direct material cost, including:
Mineral fertilizers 18.7% 24.3% 5.6%
Fuel (oil and gas for machinery) and lubricants 9.9% 12.6% 2.7%
Remaining direct material costs (including seeds and planting
material) 22.4% 19.5% -2.9%
Labor costs (including payments for third party services) 26.4% 29.3% 2.9%
Land costs 22.6% 14.3% -8.3%

Source: own elaboration based on 50-SH and 29-SH forms and agricultural producers survey.

Table 3-3: Costs structure of sunflower seed production before and during the war (conventional

production technology)

Crop
Costs Sunflower seeds
Before
war Share
(mean After change,
2017- invasion | percentag
Period 2019) (2022) e points
Direct material cost, including:
Mineral fertilizers 20.2% 25.3% 5.1%
Fuel (oil and gas for machinery) and lubricants 14.4% 12.4% -2.0%
Remaining direct material costs (including seeds and planting
material) 22.9% | 21.1% -1.7%
Labor costs (including payments for third party services) 19.6% 26.0% 6.3%
Land costs 22.9% 15.2% -7.7%

Source: own elaboration based on 50-SH and 29-SH forms and agricultural producers survey.

Table 3-4: Costs structure of peas production before and during the war (conventional production

technology)

Crop
Costs
Peas
Share
Before After change,
war invasion | percentag
Period (mean (2022) e points
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Costs

Crop

Peas

2017-
2019)

Direct material cost, including:

Mineral fertilizers

14.6% 25.5% 10.9%

Fuel (oil and gas for machinery) and lubricants

11.0% | 26.6% 15.6%

Remaining direct material costs (including seeds and planting
material)

20.7% | 8.9% -11.8%

Labor costs (including payments for third party services)

30.9% | 21.6% -9.2%

Land costs

22.9% 17.4% -5.4%

Source: own elaboration based on 50-SH and 29-SH forms and agricultural producers survey.

Table 3-5: Costs structure of barley production before and during the war (conventional production

technology)

Crop
Costs
Barley
Before
war Share
(mean After change,
2017- invasion | percentag
Period 2019) (2022) e points

Direct material cost, including:

Mineral fertilizers

10.1% 14.2% 4.1%

Fuel (oil and gas for machinery) and lubricants 19.5% 13.5% -6.0%
Remaining direct material costs (including seeds and planting
material) 26.3% | 22.7% -3.7%

Labor costs (including payments for third party services)

26.0% 17.0% -9.0%

Land costs

18.1% | 32.6% 14.6%

Source: own elaboration based on 50-SH and 29-SH forms and agricultural producers survey.

Table 3-6: Costs structure of soybeans production before and during the war (conventional production

technology)

Crop
Costs
Soybeans
Share
Before After change,
war invasion | percentag
Period (mean (2022) e points
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Crop
Costs
Soybeans
2017-
2019)
Direct material cost, including:
Mineral fertilizers 16.5% 21.4% 4.9%
Fuel (oil and gas for machinery) and lubricants 12.1% 16.4% 4.3%
Remaining direct material costs (including seeds and planting
material) 21.1% 20.2% -1.0%
Labor costs (including payments for third party services) 26.9% 23.3% -3.6%
Land costs 23.5% 18.8% -4.7%

Source: own elaboration based on 50-SH and 29-SH forms and agricultural producers survey.

From the map of costs, it is seen that fertilizer costs increased relative to other categories. Depending on
a crop, increase in fertilizer cost share ranges from 4.1 percentage points up to 11.9 percentage points.
Fuel share increased on average for all crops except for barley and sunflower (-0.04 and -0.02,
respectively). The most significant fuel share increase is observed for peas and wheat production (0.16
and 0.19, respectively). Labor, land and miscellaneous material costs shares have mostly decreased after
the invasion, with a few exceptions. Land costs share in barley production have increased by 14.6
percentage points, and labor share in sunflower production have increased by 6.3 percentage points.

To assess the change in technology in 2022, as compared to the pre-war situation, we calculate the per-
hectare use of production inputs, as presented in Table 3-7. Calculations of pre-war use are made with the
2017-2019 data obtained from SH-29 and SH-50 forms. Agricultural producers survey data is used to
calculate the post-war 2022 use of inputs. Per-hectare use of inputs is calculated as expenditures divided
by price and divided by total area. Due to heterogeneous nature of “other material costs” category, its pre-
invasion and after-invasion are not comparable, and, thus, not reported.

Table 3-7. Per-hectare use of production inputs.

Wheat

Use per hectare, average 2017-2019 Use per hectare, 2022
Labor, 1 month 0.26 0.30
Fuel, ton 0.06 0.07
Fertilizer, 100 kg 2.66 2.99
Land, hectare 1.00 1.00

Corn

Use per hectare, average 2017-2019 Use per hectare, 2022
Labor, 1 month 0.44 0.34
Fuel, ton 0.07 0.07
Fertilizer, 100 kg 3.31 2.03
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Land, hectare 1.00 1.00
Sunflower

Use per hectare, average 2017-2019 Use per hectare, 2022

Labor, 1 month 0.25 0.29
Fuel, ton 0.07 0.18
Fertilizer, 100 kg 2.85 5.56
Land, hectare 1.00 1.00
Soybeans

Use per hectare, average 2017-2019 Use per hectare, 2022
Labor, 1 month 0.61 0.38
Fuel, ton 0.07 0.15
Fertilizer, 100 kg 2.84 1.14
Land, hectare 1.00 1.00

Barley

Use per hectare, average 2017-2019 Use per hectare, 2022
Labor, 1 month 0.26 0.47
Fuel, ton 0.07 0.18
Fertilizer, 100 kg 3.35 7.55
Land, hectare 1.00 1.00

Peas

Use per hectare, average 2017-2019 Use per hectare, 2022
Labor, 1 month 2.22 0.17
Fuel, ton 0.18 0.03
Fertilizer, 100 kg 5.39 0.29
Land, hectare 1.00 1.00

Source: own calculations based on 2017-2019 data from SH-29 and SH-50 forms and 2022 data from
agricultural producers’ survey.

In wheat production technology remained relatively unchanged. Only a slight increase in the use of fuel,
fertilizer and labor is observed. Corn production — use of fuel remained unchanged, but a decrease in labor
and fertilizer use is observed (-23% and -39%). Use of fuel and fertilizer doubled in sunflower production.
For soybeans production use of fuel doubled, while use of fertilizer decreased by 60%. In peas production
per-hectare amount of labor, fuel and fertilizer decreased. For barley production, change in use of inputs
is similar to the sunflower production, increase in fuel and fertilizer use is observed.

The limitation of these estimates is that the latest pre-invasion data available is from 2019. Thus, causes
of the observed changes might be related to Covid-19 crisis in 2020-2021, as well as other factors, such as
the launch of land market in 2020.

For wheat flour, expert interviews of the Ukrainian Millers Association have been conducted. The costs
structure changes for a wheat producer on along “farm-to-fork” chain is presented in the table below.
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Table 3-8. Per-kg percentage shares of costs of production of wheat flour.

Direct material cost, including:
Energy (fuel, electricity, gas) 3.72% 4.39% 0.67%
Labor 2.07% 2.10% 0.04%
Materials 80.17% 68.53% -11.64%
Capital costs (including rent and amortization) 1.51% 2.48% 0.97%
Other inputs 12.53% 22.50% 9.96%
Total expenses 8.01%

Source: own calculations based expert interviews

Additionally, survey of organic agricultural producers has been conducted. Data of costs structure before
and after the invasion was obtained from them. 395 contacts of organic farmers were obtained from the
organic certification body Organic Standard and state register of organic producers.” Due to small number
of certified organic producers in Ukraine, the number of potential respondents was highly limited. Among
the 31 respondents who agreed to take part in survey, only 5 produced the crops of our interest.

Production costs structures for wheat and barley before and after the invasion are presented below in
tables 3-9 —3-10. Due to small sample size, these numbers are viewed not as a representative comparison,
but rather as an illustrative material.

Table 3-9. Costs structure of organic wheat production before and during the war (N=3).

Year Share of | Share of | Share of fuel | Share of | Share of third- | Share | Share of other
organic mineral labor party services | of land | material inputs
fertilizer Fertilizer

2021 0.04 0.00 0.07 0.49 0.09 0.22 0.09
2022 0.07 0.06 0.07 0.31 0.13 0.28 0.08

Source: own calculations, based on survey of organic producers.

Table 3-10.

Costs structure of organic barley production before and during the war (N=2).

Year Share of | Share of | Share of fuel | Share of | Share of third- | Share | Share of other
organic mineral labor party services | of land | material
fertilizer | fertilizer inputs

2021 0.02 0.03 0.04 0.32 0.06 0.14 0.39
2022 0.11 0.04 0.07 0.32 0.06 0.26 0.14

Source: own calculations, based on survey of organic producers.

7 Organic Standard. https://organicstandard.ua/clients
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Due to the fact that organic production relies less on machinery and mineral fertilizer use, magnitude of
relative change in expenditures is found to be small. For wheat production, labor costs share decreased
(49% to 31%), and share of expenditures on fertilizers, services and land increased.

For barley production, shares of expenditures on fertilizers, services, and land are found to increase as
well, while the biggest decrease is observed for miscellaneous material inputs, other than fertilizer and
fuel.

Among the surveyed farms, increase in sown areas is observed for wheat, barley, sunflower, and
soybeans. The only crop for which sown area decreased in 2022, as compared to 2021, is corn (-25%).
The highest increase in sown area is observed for barley (+22%).

Table 3-11. Changes in sown land area (organic production)

Crop Change in area (2021-2022)

Wheat 7%
Corn -25%
Barley 22%
Sunflower 6%
Soybeans 10%

Source: own calculations, based on survey of organic producers.

3.1 Questionnaires

The questionnaire for agricultural producers of conventional technology was conducted in Ukrainian and
is provided here in the original Ukrainian version and the translated English version.

Cmpykmypa cobisapmocmi 3a sudamu npodyKuii cinbcbko20 2ocnodapcmesa

1. Yu supouwyeanu s8u rnuieHUyto, KyKypyo3y, COHAWHUK, A4YMiHb, coto, 20pox 8 2022 poui?

2. AKw0 mak, aKka 6yna nocieHa naowa nid yumu Kyaemypamu?

3. Akwo nocisHa naowa >50 aa:

3.1. Akumu bynu eumpamu Ha HACIHHA ma nocadkosuli mamepian 8 2022 poui? (muc. epH.)

3.2. Akumu 6ynu sumpamu Ha MiHepabHi dobpusa ma 3acobu 3axucmy pocauH 8 2022 poyi? (muc. epH.)
3.3. Akumu byau sumpamu Ha nasabHe Mma macmusnsHi mamepianu e 2022 poyi? (muc. 2pH.)

3.4. AKoro 6yna pewma mamepianbHux sumpam 8 2022 poyi? (muc. epH.) (bydisenbHi mamepianu,
3aMNacHi yacmuHu, Mmamepianu 049 peMoHmMY, mowjo)

3.5. Akumu bynu sumpamu Ha npayro 8 2022 poyi? (muc. 2pH.)

3.6. Akumu 6ynu eumpamu Ha onsaamy rnocsay2 CMopoHHix opeaHizayiti 8 2022 poyi? (muc. 2pH.)

3.7. Akumu b6ynu sumpamu Ha opeHOy 3emai 8 2022 poui? (muc. 2pH.)

4. CepeOHbopivHi yiHU 8 2022 pouyi:

4.1. Akoto byna uiHa Au3enbHo20 Nanusa? (3a MoHHY)

4.2. Alkoro byna cepeOHA UiHA 3aKynaAeHUX MiHepanbHUX 0obpus? (3a yeHmHep)
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4.3. Akoto 6yna uiHa opeHOuU 3emni? (3a cekmap)
4.4. Akoro byna yiHa HaciHHA / nocadkoso2o mamepiany? (3a Ka)
4.5. AKkoto 6yna cepedHs micayHa 3apobimHa naama HalimaHo20 pobimHuKa?

Cost structure by types of agricultural products
1. Did you grow wheat, corn, sunflower, barley, soybeans, peas in 2022?
2. If yes, what was the sown area for these crops?
3. Ifthe sown area >50 hectares:
3.1. What were the expenses for seeds and planting material in 2022? (thousand UAH)
3.2. What were the expenses for mineral fertilizers and plant protection agents in 2022? (thousand
UAH)
3.3. What were the expenses for fuel and lubricants in 2022? (thousand UAH)
3.4. What were the remaining material costs in 2022? (thousand UAH) (building materials, spare parts,
materials for repairs, etc.)
3.5. What were the labor costs in 2022? (thousand UAH)
3.6. What were the expenses for payment of services by external organizations in 2022? (thousand
UAH)
3.7. What were the expenses for land lease in 2022? (thousand UAH)
4. Annual average prices in 2022:
4.1. What was the price of diesel fuel? (per ton)
4.2. What was the average price of purchased mineral fertilizers? (per hundredweight)
4.3. What was the land rental price? (per hectare)
4.4. What was the price of seeds/planting material? (per kilogram) 4.5. What was the average monthly
wage of hired workers?

The questionnaire for organic producers has been prepared and used in Ukrainian. Below the original
Ukrainian and the translated English versions are demonstrated.

Lobpuli deHb/paHoK/seyip.

A npedcmasnsao AepoueHmp KuiscbKoi WKOAU eKOHOMIKU, W0 BUKOHYE NPoekm €sponelicbko2o baHKy
PekoHcmpyKuii ma Pozsumky. Mu npogodumo onumysaHHS, Wo Mae 0amu 3Moay Kpauje 3po3ymimu
8r171ue nidsuueHUX YiH Ha eHepaopecypcu Ha 8UPOBHUKI8 0p2aHiYHOI CinbCbKO020Cn00apcbKoi NPooyKuii,
ma po3pobumu 8i0nosioHi pekomeHOayii 08 ypady YkpaiHu.

B 3#o0HOMY 3 OOKyMeHmi8, po3pobreHuUxX 3a pe3ya6mamamu onumyeaHHs, He byde 8KA3aHO Hi eawie
im'a, Hi Ha3gy sawloi opeaHizayii. Yvacme 8 onumysaHHi 006posinbHa Ui HiSK He 8nausae Ha docmyn 00
by0b-aKuUx OepxasHUX nocaye, sunaam ma oocmyny 00 ninse. Bu moxeme siomosumucs 8id y4acmi e
6y0b-aKkuli momeHm.

Mu 6ynu 6u dyxe sam 80s4HI AKOU 8U Moaau npudinumu 0o 30 x8uAUH 8aWO020 Yacy, wob npuliHamu
y4yacme 8 onumyeaHHi?"

HacmynHi ¢hopmyntosaHHA MOXHA sUKOpUCMAmMU fK 8i0nosidi Ha NMUMAHHA pecrnoHOeHmis:
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«38i0KU y 8ac mili Homep menegoHy?» - « Bawy ycmaHosy 6ya10 subpaHo 8urnadKosum YUHOM 015
yyacmi 8 onumyeaHHi, Homep mesegoHy 83amo 3 8i0KpUMUX 0xcepesn 8 iHmepHemi»

«fA mato dekinbrka nobaxcaHs/ 3aysaxceHs Wo0o onumMy8aHHs, Kyou 8 MOXCY 36epHYmMUCL?» - « AKWO y
84C BUHUK/U MUMAHHSA YU 30YB8AXEHHSA 3 Npusody 0rnumyeaHHs, NPocuMo 8dc 38°a3amucs 3a
esnieKMpoHHOI adpecoro aqrifood@kse.org.ua aka ekazaHa Ha catimi KLLIE AepouyeHmpy»

Bbrok 1. Kynemypu i nocigHi naowi
1.1 Aki Kynemypu su supouwjyeanu 8 2022 poyi 3 BUKOPUCMAHHAM 0p2aHi4H020 Nidxody 00
supobHuUYymMesa:

o [lweHuuys

o Kykypyosa

e AumiHb

o  COHAWHUK

e Coa

e [opox
1.2. Aki Kynemypu su supouwiysanu 8 2021 pouyi 3 BUKOPUCMAHHAM OpP2aHiYHO20 Mioxody 00
supobHuymea:

o [lweHuys

o KyKypyosa

e AumiHb

e  COHAWHUK

e Coa

e [opox
1.3. AKoro 6yna nocisHa naowa nio 3a3Ha4YeHUMU Kynbmypamu (nueHuyer, Kykypyo3oto, AYMeHeM,
COHSAWHUKOM, CO€lo, 20poxom) 8 2022 poui
1.4. Akoro 6yna nocieHa naowa nio 3a3Ha4eHUMU Kyabmypamu (nueHuyer, Kykypyo30t0, AYMeHeEM,
COHAWHUKOM, CO€to, 20poxom) 8 2021 poui
Bnok 2. BupobHuyi sumpamu e 2022 poui
2.1. Akumu b6yau sumpamu Ha MiHepanbHi 00bpusa ma 3acobu 3axucmy pocauH 8 2022 poui? (muc.
2pPH.) (AKW0 8UKOPUCMOBYBAUCH)
2.2. AKa yacmuHa 3 yiei cymu 6yaa sumpayeHa Ha 8UPOOHULMEBO KOXCHOI 3 pOC/AUH, 3a3HAYEHUX Y
numatHi (1.1)? (y %)
2.3. Akumu 6yau sumpamu Ha nasabHe Mma macmuneHi mamepianu e 2022 poui? (muc. 2pH.)
2.4. Aka yacmuHa 3 yiei cymu 6yaa sumpayeHa Ha 8UPOOHUYMEBO KOXCHOI 3 POCAUH, 3a3HAYEHUX Y
numatHi (1.1)? (y %)
2.5. AKkoro byna pewuma mamepiansHux eumpam 8 2022 poui? (muc. 2pH.) (HaciHHsA, 6ydieenbHi
mamepianu, 3andcHi YacmuHu, mamepianu 019 peMoHmy, mouwo)
2.6. AKa yacmuHa 3 yiei cymu 6yaa sumpayeHa Ha 8UPOBHUYMEBO KOXCHOI 3 pOCAUH, 303HAYEHUX Y
numatHi (1.1)? (y %)
2.7. Akumu 6ynau sumpamu Ha npayro 8 2022 poui? (muc. epH.)
2.8. AKa yacmuHa 3 yiei cymu 6yaa sumpayeHa Ha 8UPOBHULYMEBO KOXCHOI 3 pOC/AUH, 303HAYEHUX Y
numatHi (1.1)? (y %)
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2.9. Akumu 6yau eumpamu Ha onaamy rocsay2 CMopPoHHIX opeaHizayili 8 2022 poyi? (muc. 2pH.)
2.10. Aka yacmuHa 3 yiei cymu 6yana sumpayeHa Ha sUPOBHUYMBO KOXHOI 3 POC/AUH, 3A3HAYEHUX Y
numatHi (1.1)? (y %)

2.11. Akumu 6ynu sumpamu Ha opeHOy 3emsi 8 2022 poyi? (muc. 2pH.)

2.12. Aka yacmuHa 3 yiei cymu 6yana sumpayeHa Ha sUPOBHUYMBO KOXHOI 3 POC/AUH, 3A3HAYEeHUX Y
numatHi (1.1)? (y %)

2.13. Akumu bynu sumpamu Ha opeaHiyHi dobpusa 8 2022 poui? (muc. epH.) (AKWo
B8UKOPUCMOBYBA/UCD)

2.14. Aka yacmuHa 3 yiei cymu 6yana sumpayeHa Ha sUPOBHUYMBO KOXHOI 3 POC/AUH, 3A3HAYEeHUX Y
numaxHi (1.1)? (y %)

Brok 3. BupobHu4i sumpamu 6 2021 pouyi

3.1. Akumu 6ynau sumpamu Ha miHepansHi 60bpusa ma 3acobu 3axucmy pocauH 8 2022 poui? (muc.
2pPH.) (AKW0 8UKOPUCMOBYBAAUCH)

3.2. Aka yacmuHa 3 yiei cymu 6yana sumpayeHa Ha 8UPOBHUYMBO KOXHOI 3 POC/AUH, 3A3HAYEHUX Y
numatHi (1.2)? (y %)

3.3. Akumu 6yau sumpamu Ha nasabHe Ma macmusneHi mamepianu e 2022 poui? (muc. 2pH.)

3.4. Aka yacmuHa 3 yiei cymu 6yana sumpayeHa Ha 8UPOBHUYMBO KOXHOI 3 POC/AUH, 3A3HAYEHUX Y
numatHi (1.2)? (y %)

3.5. Akoro byna pewuma mamepiansHux sumpam 8 2022 poui? (muc. 2pH.) (HaciHHsA, 6ydieenbHi
mamepianu, 3anacHi YacmuHu, mamepianu 078 peMoHmy, mouio)

3.6. Aka yacmuHa 3 yiei cymu 6yaa sumpayeHa Ha 8UPOOHULMEBO KOXCHOI 3 pOC/AUH, 3a3HAYEHUX Y
numatHi (1.2)? (y %)

3.7. Akumu 6yau sumpamu Ha npayro 8 2022 poyi? (muc. 2pH.)

3.8. Aka yacmuHa 3 yiei cymu 6yaa sumpayeHa Ha 8UPOOHULYMEBO KOXCHOI 3 pOC/AUH, 3a3HAYEHUX Y
numatHi (1.2)? (y %)

3.9. Akumu byau sumpamu Ha onaamy rocaye CMopoHHix opaaHizayili e 2022 poui? (muc. epH.)
3.10. Aka yacmuHa 3 yiei cymu 6yaa sumpayeHa Ha 8UPOOHUYMEBO KOXHOI 3 POCAUH, 303HAYEHUX Y
numatHi (1.2)? (y %)

3.11. Akumu 6ynau sumpamu Ha opeHOy 3emai 8 2022 poui? (muc. 2pH.)

3.12. Aka yacmuHa 3 yiei cymu 6yaa sumpayeHa Ha 8UPOBHUYMEBO KOXHOI 3 POCAUH, 303HAYEHUX Y
numatHi (1.2)? (y %)

3.13. Akumu 6ynau sumpamu Ha opaaHiyHi dobpusa e 2022 poui? (muc. epH.) (AKwo
8UKOpPUCMOBY8AsUCH)

3.14. Aka yacmuHa 3 yiei cymu 6yaa sumpayeHa Ha 8UPOBHUYMEBO KOXHOI 3 POC/AUH, 303HAYEHUX Y
numatHi (1.2)? (y %)

b0k 4. CepedHbopivHi UiHU

4.1. AKoro byna yiHa ouzenbHo20 Naausa? (3a MoHHy): 8 2021 poui; 8 2022 pou.

4.2. Alkoro byna cepedHsA YiHa 3aKynaeHUx MiHepanbHUX 006pus? (3a yeHmHep) (AKWo
suKopucmosysanucs): 8 2021 poui; 8 2022 poui.

4.3. Akoro byna yiHa opeHOU 3emni? (3a eekmap): 8 2021 poui; 8 2022 pouyi.

4.4. Akoro byna cepedHA micayHa 3apobimHa naama HalimaHoz2o pobimHuka?: 8 2021 poyi; 8 2022 pouyi.
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4.5. AKkoro byna cepedHA UiHA 3aKynaeHUx opaaHiyHux 006pus? (3a ueHmHep): 8 2021 poui; 8 2022 poui.
Brok 5. Obcse supobHUUMEBA
5.1. Crinbku 6yno 3i6paHo epoxcato 6 2022? (MoH)
30 Kynsmypamu:

o [lweHuuys

o KyKypyosa

o  AuMiHb

e  COHAWHUK

e Coa

e [opox
5.2. Crinbku 6yno 3i6paHo epoxcaro 6 202172 (moH)
30 Kybmypamu:

o [lweHuysa

o  KyKkypyosa

e AumiHb

e  COHAWHUK

e (oA

e [opox

Good day/morning/evening. | represent the Agrocenter of the Kyiv School of Economics, executing a
project for the European Bank for Reconstruction and Development. We are conducting a survey aimed
at better understanding the impact of increased energy resource prices on organic agricultural producers
and developing corresponding recommendations for the government of Ukraine. None of the documents
resulting from this survey will contain your name or the name of your organization. Participation in the
survey is voluntary and will not affect access to any government services, payments, or benefits. You can
opt out of participation at any time. We would greatly appreciate it if you could spare up to 30 minutes
of your time to participate in the survey.

The following statements can be used as responses to respondents’' questions: "Where did you get my
phone number?" - "Your institution was randomly selected to participate in the survey, and the phone
number was taken from publicly available sources on the internet." "I have some suggestions/complaints
regarding the survey, where can | address them?" - "If you have any questions or complaints about the
survey, please contact us via the email address agrifood@kse.org.ua, which is indicated on the KSE
Agrocenter website."

Block 1: Crops and Cultivated Areas 1.1 Which crops did you grow in 2022 using an organic production

approach:
o  Wheat
e Corn
e Barley
e Sunflower
e Soy
e Peas
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1.2 Which crops did you grow in 2021 using an organic production approach:

e  Wheat

e (Corn

e Barley

e Sunflower
e Soy

e Peas

Block 2: Production Costs in 2022
2.1. What were the expenses for mineral fertilizers and plant protection products in 20227 (thousands of
UAH) (if used)
2.2. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.1)? (in %)
2.3. What were the expenses for fuel and lubricants in 2022? (thousands of UAH)
2.4. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.1)? (in %)
2.5. What were the remaining material costs in 2022? (thousands of UAH) (seeds, construction materials,
spare parts, repair materials, etc.)
2.6. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.1)? (in %)
2.7. What were the labor costs in 2022? (thousands of UAH)
2.8. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.1)? (in %)
2.9. What were the expenses for payment of services from external organizations in 2022? (thousands of
UAH)
2.10. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.1)? (in %)
2.11. What were the expenses for land rental in 2022? (thousands of UAH)
2.12. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.1)? (in %)
2.13. What were the expenses for organic fertilizers in 2022? (thousands of UAH) (if used)
2.14. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.1)? (in %)
Block 3: Production Costs in 2021
3.1. What were the expenses for mineral fertilizers and plant protection products in 2022? (thousands of
UAH) (if used)
3.2. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.2)? (in %)
3.3. What were the expenses for fuel and lubricants in 2022? (thousands of UAH)
3.4. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.2)? (in %)
3.5. What were the remaining material costs in 2022? (thousands of UAH) (seeds, construction materials,
spare parts, repair materials, etc.)
3.6. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.2)? (in %)
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3.7. What were the labor costs in 2022? (thousands of UAH)

3.8. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.2)? (in %)

3.9. What were the expenses for payment of services from external organizations in 2022? (thousands of
UAH)

3.10. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.2)? (in %)

3.11. What were the expenses for land rental in 2022? (thousands of UAH)

3.12. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.2)? (in %)

3.13. What were the expenses for organic fertilizers in 2022? (thousands of UAH) (if used)

3.14. What portion of this amount was spent on the production of each of the plants mentioned in
question (1.2)? (in %)

Block 4: Average Annual Prices

4.1. What was the price of diesel fuel? (per ton): in 2021, in 2022.

4.2. What was the average price of purchased mineral fertilizers? (per hundredweight) (if used): in 2021;
in 2022,

4.3. What was the price of land rent? (per hectare): in 2021; in 2022.

4.4. What was the average monthly wage of hired workers?: in 2021; in 2022.

4.5. What was the average price of purchased organic fertilizers? (per hundredweight): in 2021; in 2022.
Block 5: Production Volume

5.1. How much crop was harvested in 2022? (tons) for crops:

e Wheat

e Corn

e Barley

e Sunflower

e Soy

® Peas

5.2. How much crop was harvested in 2021? (tons) for crops:

e Wheat

e Corn

* Barley

e Sunflower

e Soy

® Peas

3.2 Surveys statistics

The survey of organic producers provided only with 5 relevant responses. The rest of 29 interviewees did
not grow the crops of interest. The summary of the survey is presented below. The five interviewees were
located on the West, Nort-East, North and Center of Ukraine. Overall, 387 producers were contacted.
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Location Result
Kyiv oblast Completed interview
Ternopil oblast Completed interview
Kyiv oblast Completed interview

Poltava oblast

Completed interview

Odesa oblast

Completed interview

Ternopil oblast

Completed interview

Vinnytsya oblast

Completed interview

Volyn oblast Completed interview
Kyiv oblast Completed interview
Lviv oblast Completed interview

Poltava oblast

Completed interview

Zakarpattya oblast

Completed interview

Dnipro oblast

Completed interview

Symska oblast

Completed interview

Ivano-Frankivska oblast

Completed interview

Kyiv oblast Completed interview
Volyn oblast Completed interview
Kyiv oblast Completed interview
Volyn oblast Completed interview
Volyn oblast Completed interview
Sumy oblast Completed interview

Zakarpattya oblast

Completed interview

Kharkiv oblast

Completed interview

Vinnytsya oblast

Completed interview

Poltava oblast

Completed interview

Kyiv oblast

Completed interview

Zaporizka oblast

Completed interview

Odesa oblast

Completed interview

Volyn oblast

Completed interview

Volyn oblast

Completed interview

Vinnytsya oblast

Completed interview

Vinnytsya oblast

Completed interview

Volyn oblast

Completed interview

Vinnytsya oblast

Completed interview

Zhytomyr oblast

Completed interview

Ternopil oblast

Completed interview

Vinnytsya oblast

Completed interview
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The statistics of the survey of 57 conventional producers is presented below.

Row Average of | Average of Average of | Average of Average of Average of | Average of

Labels s_seeds s_land s_fert s_labor s_serv s_mat s_fuel SUM
Wheat 0.0714 0.3327 0.1906 0.1298 0.0125 0.0737 0.1893 1
Barley 0.0564 0.3263 0.1421 0.1191 0.0506 0.1702 0.1353 1
Corn 0.1141 0.1429 0.2431 0.1253 0.1674 0.0814 0.1258 1
Peas 0.0098 0.1744 0.2549 0.1274 0.0891 0.0788 0.2656 1
Soybeans 0.0298 0.1883 0.2140 0.1733 0.0594 0.1717 0.1636 1
Sunflower 0.0716 0.1524 0.2530 0.2011 0.0586 0.1397 0.1237 1
Wheat 0.0719 0.0876 0.3451 0.0635 0.0461 0.0493 0.3365 1
Grand

Total 0.063744 | 0.20254892 | 0.23495185 | 0.139238864 | 0.06308556 | 0.11120262 0.1852278 1
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4. Energy price change impacts: estimation of production inputs
demand (short- and long-run) elasticities

This chapter describes the estimation of production inputs’ price elasticities of demand. The first section
presents the methodology developed according to the past research and provides theoretical background.
Data description and sample summary statistics are provided in the second section. Estimation of the
production inputs demand elasticities, including preliminary data analysis, model fitting and model
diagnostics are presented in the third section. The last section presents the results.

4.1 Methodology

To assess the changes in the inputs mix and agricultural production technology as responses to the change
in energy prices, we estimate own-price elasticities of demand for inputs and elasticities of substitution.

4.1.1 Own-price elasticities of demand for inputs and elasticities of substitution

Analysis of demand for energy is one of the research areas dedicated to assessing the impacts of changing
energy prices on agriculture (see the literature review). The purpose of estimation of own- and cross-price
elasticities of demand for production inputs is to measure responses to changes in energy prices. Elasticity
of substitution allows to assess how difficult it is to adjust the production to the change in energy prices.

Past studies mostly review aggregated agricultural production of a given country, only differentiating crops
and livestock production. Studies by Gopalakrishnan (1989), Adelaja (1986), Lambert (2010) and Fei (2022)
estimate both, the price elasticities of demand and elasticities of substitution (ES). Lambert (2010) uses
formulation of ES suggested by Morishima (1967), while the rest of the studies mentioned above use
partial Allen-Uzawa formulation of ES. Moss (2010) and Turkekul (2011) estimate only own-price
elasticities. To our knowledge, the only study, in which short-term price elasticities of input demand were
estimated along with the long-term ones, is Lambert (2010). Author uses dynamic translog cost function
to differentiate between long- and short-run adjustments to energy price changes.

Price elasticity of demand is defined as a percentage change in the demanded quantity of good X per one
percent change in its own (own-price elasticity) or other good’s price (cross-price elasticity). In case of
demand for production inputs, elasticities are derived from the cost function (Nicholson, 2012):

(1C=flw)
where C is total costs of production, y is output, and w is a vector of input prices.

Using Shephard’s lemma, input demand functions are derived:

9C(w.y)
aWi

(2) Xj (W, }’) =
Own- and cross-price elasticities are estimated directly from the input demand functions:
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_oxiwy) _ wi

(3) & = ow X own-price elasticity of demand for input i;
l l

(4) & = % X %— cross-price elasticity of demand for input i with respect to price of input j;
Jj i

The elasticity of substitution (s;;) is designed as a measure of the ease with which the varying factor can
be substituted for others. It is defined as a ratio of the percentage change in production factor proportions
to a one percent change in the respective inputs’ prices. Large values of s;; indicate that firms change their
input proportions significantly in response to changes in relative input prices, whereas low values indicate
that changes in input prices have relatively little effect. Shephard’s lemma allows to derive it from the cost
function:
dln(C;/C;

(5) sij = W;//V‘ji))'

prices of inputs i and j.

where C; and (; are the partial derivatives of the total cost function with respect to

The alternative definition of the elasticity of substitution is Allen-Uzawa elasticity of substitution (Allen,
1938; Uzawa, 1962). It builds directly on the production function-based definition of the elasticity of
substitution:

(6) Ajj = # , Where the subscripts indicate partial differentiation with respect to various input prices.
=]

Using Shephard’s lemma, Allen-Uzawa elasticity of substitution can be rewritten as:

e
(7) Ayj :S—l]{-

One more elasticity of substitution is the one proposed by Morishima. It is defined as the percentage

change in the input quantity ratio divided by the percentage change in the MRS? (or price ratio) among
the two inputs, staying constant the production level and all the other marginal rates of substitution (price
ratios). (Morishima, 1967):

910g(*i/x))

(8) oM = 7;

, Where f; and f; denote partial derivatives of the production function with respect

dlog( fi)

to inputs i, j.

Blackorby and Russell (1981, 1989) later argued that the Allen-Uzawa elasticity of substitution preserves
none of the salient properties of the original Hicksian notion (elasticity of substitution as logarithmic
derivative of a quantity ratio with respect to a technical rate of substitution or price ratio) and proposed
the elasticity formulated by Morishima as a better alternative. Koizumi showed that Morishima elasticity
of substitution can be rewritten in terms of price elasticities of demand for inputs as follows (Koizumi,
1976):

9) 0™ = & — g;

8 Marginal rate of substitution

68



4.1.2 Short-run implications

Short-term and long-term do not have precise temporal definition, as production technologies differ
highly. For agricultural crop production, we can assume that a short term is a period of no more than one
marketing year, implying that during the growing season, it is impossible to change the capital costs, which
include amount of rented land, equipment and depreciation of assets. What could be changed in the short-
run is amounts of fertilizer and labor, wages, machinery maintenance, and other variable costs.

Considering the inability of producers to adjust costs to the changes in market conditions in the short run,
assumption about firms being in the (long-term) equilibrium?® could not be satisfied. As quasi-fixed'® costs
can not adjust to the equilibrium values in the short-run, in the short-run firms are in equilibrium only with
variable costs!!, conditional on the levels of other inputs.

4.1.3 Outline of the empirical model

Methdology is based on the study by Gopalakrishnan et al. (1989), which uses pooled cross-section data
to estimate price elasticities of demand for production inputs. System of cost share equations is estimated
as seemingly unrelated regressions. From obtained regression coefficients, own- and cross-price
elasticities of input demand, as well as substitution elasticities are estimated. Berndt (1996) argues that a
combination of cost and cost share functions in regression can reduce the possible multicollinearity
problem, so the cost function equation is added to the system.

In our case, we are aiming to estimate short-run elasticities in addition to the long-run ones. Among the
papers reviewed, only Lambert (2010) estimated short-run price elasticities of demand for inputs. Dynamic
cost function was estimated with time-series data, which is not applicable to the data available in our case.
Thus, short-run variable costs function (SRVC) is added to the previously adopted methodology and is
estimated separately from the long-run costs function. Translog formulation of SRVC is used according to
Berndt (1996), as well as the cost share equations.

So the formulation of the translog short-run variable costs function is adopted from Berndt (1996).

It is needed to estimate short-run variable costs function, which, to our knowledge, was not done in the
past research dedicated to the energy demand analysis in agriculture.

The long-term cost function mentioned above is estimated econometrically. It’s translog expansion is given
as follows:

° A firm is in long-term equilibrium when its marginal revenue equals long-term marginal costs and equals average
total costs. Long-term implies considering all of the production cost categories.

10 Quasi fixed costs are defined here as costs that can be changed in the long-run, such as, quantity of machinery and
agricultural land.

' A firm is in short-term equilibrium when its marginal revenue equals short-term marginal costs and equals
average variables costs. Long-term implies considering only variable production costs.
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Where w;, w; denote prices of respective inputs i and j, and y denotes output. For the homogeneity in

prices assumption to hold, the following restrictions should be imposed on the coefficients:

(Xl'y = 0;

N N
=1

N
(11)2(11':1; aij:O;
i=1

=1 L

Further, Shephard’s lemma allows to derive cost share functions of each input as:

XiWi dlnC N N
(12).5[ = T = aani = Qq; +Z(Iijo +Zaiylny+ui
i=1 i=1

From the input cost share functions, Allen-Uzawa elasticity of substitution is obtained as (Thompson,
1997):

(2471 +Si2 -S

a;j +5;5; . . i .
(13) 0;j =———<— foralliand j,i # j; oy = foralli;

S:S; 52
From the elasticity of substitution, the price elasticity of demand for inputs is obtained as (Thompson,
1997):
(14) & = Sjoyj forall i and j,i # j; &; = S;04 for all i;

Morishima elasticities of substitution are estimated as given in the equation (9). To estimate all the
coefficients of the cost function, cost share equations given in (12) and cost function equation given in (10)
are estimated simultaneously as seemingly unrelated regressions.

Thus, using R statistical software, we are going to estimate the cost function and input cost shares
equations as seemingly unrelated regressions using maximum likelihood method:

N N N N

1 1
InC = a0+zailnwi+aylny+522aijlnwilnwj+§ayy(1ny)2+Zaiylnwilny+u

i=1 i=1j=1 i=1
N N
x;w; dInC
Si= I =alnwi=ai+2aijwj+zaiylny+ui,
i=1 i=1

where S; is a share in total costs of cost category i. Cost categories include the following: seeds and
planting material; other agriculture goods purchased for production; mineral fertilizers; fuel (oil and gas
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for machinery) and lubricants; electricity; fuel (coal, wood, natural gas); spare parts and materials for
repairs; direct labor costs; contributions for social purposes; land rental; equipment rental; depreciation
and amortization; payment for services of third-party entities. Amount of output is denoted by y and
corresponds to “the amount of production in the initially marketed mass” variable from the SH-29 forms.
Inputs’ prices are denoted by w and are calculated using data from SH-50 forms as “cost of purchased
resources” / “quantity of purchased resources”.

After the system of equations is estimated, Allen-Uzawa and Morishima elasticities of substitution (4,
oM), as well as own- and cross-price elasticities of demand for inputs (&) are calculated as follows:

a'ij + SLS]
. SiS; ’

A

o M

o ij = gij - 8” ; gij = S]O'l] fOT' all i andj,i ¢j; Eij = Siaii for all i
Short-term cost function differs from the long-term such that the firm is considered to be in the
equilibrium in variable costs conditional on non-adjustable quasi-fixed costs, instead of full equilibrium. It
is estimated separately from the long-run cost function described above, as the reformulation of cost-
function is required. Translog expansion of the short-run variable costs is given as follows:

N N N
(15) InC, = ay +Zailnwi + a, Iny +%ZZaijanianj
i=1 i=1j=1
1 N M
+§0(yy(lny)2 +Zaiy Inw;Iny+ ) alnx
i=1 k=1
1 M M M N M
+§Z zakl Inx;, Inx; + Z Ay In X Iny + z Z agInw;Inx, +u,
k=1 i=1 k=1
where w denotes prices of corresponding variable inputs i and j, x denotes quantities of corresponding
quasi-fixed inputs k and [, and y denotes output. In order to ensure homogeneity in input prices,
restrictions from (9) and X% a;; = 0 should hold. In the short-run, cost shares of inputs become:

M
_ XiWi dlnC

C dlnw,

N
:ai+2aijwj+aiylny+ A Xy + Ui ;

j=1 k=1
Allen-Uzawa and Morishima elasticities of substitution and price elasticities of demand for inputs are
obtained as given in the equations (9), (13) and (14). To estimate all the coefficients of the cost function,
cost share equations given in (16) and short-run variable cost function equation given in (15) are estimated
simultaneously as seemingly unrelated regressions.

Thus, using R statistical software, we are going to estimate the short-term variable cost function and input
cost shares equations as seemingly unrelated regressions using maximum likelihood method:
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where S; is a share in total costs of cost category i. Cost categories include the following: seeds and
planting material; other agriculture goods purchased for production; mineral fertilizers; fuel (oil and gas
for machinery) and lubricants; electricity; fuel (coal, wood, natural gas); spare parts and materials for
repairs; direct labor costs; contributions for social purposes; land rental; equipment rental; depreciation
and amortization; payment for services of third-party entities. Amount of output is denoted by y and
corresponds to “the amount of production in the initially marketed mass” variable from the SH-29 forms.
Inputs’ prices are denoted by w and are calculated using data from SH-50 forms as “cost of purchased
resources” / “quantity of purchased resources”. Amount of quasi-fixed inputs is denoted by x and is
calculated using data from SH-50 forms as expenditures divided by price wy,.

After the system of equations is estimated, Allen-Uzawa and Morishima elasticities of substitution (4,
oM), as well as own- and cross-price elasticities of demand for inputs (&) are calculated as follows:
A _ aij + SlS] ) M

o ij — T 0 o ij = gij — Sjji Sij = SJO-U fOT all i andj,i :/:j; Eii = Sio-ii for all i
1~J

4.1.4 Estimation of impacts on agricultural production quantities and prices

Step |

Using the cost functions estimated in previous section, we can estimate the change in (equilibrium)
qguantity and price due to increased energy prices. Assuming markets for the agricultural commodities of
our interest (wheat, corn, barley, sunflower seed, soybeans, peas) are perfectly competitive, the
equilibrium (profit-maximizing) quantity and price are obtained at the intersection of marginal costs and
average total costs curves:

TC(Q) _ aTC(Q)
Q a0

Then, from the estimated cost function in (10), marginal costs and average total costs functions are

(17)

obtained as:

(18)InMC = ay, + ay,Iny +

i

N
iy Inw; ;

1
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By equating In MC = In ATC and solving the obtained equation (20) for In y, the equilibrium quantity and
price could be obtained. Thus, the impact of increased energy prices on production quantity and price
could be assessed by solving the equation using 2021 non-energy inputs’ prices and 2022 energy inputs’
prices.

Step Il

In order to support the estimations of Step | which are based on microeconomic theory, we will run the
regressions of production quantities and producer prices against the energy prices. The regressions will
use the database described above.

4.2 Data

The data used to estimate the cost function of Ukrainian agricultural producers includes 3241 observations
of farm-level cost shares, prices and production quantities. Data includes pooled observations of 2017-
2019 and is treated as cross-sectional in the estimation (analysis with similar data was conducted by
Adelaja & Hoque (1986). The idea behind pooling the observations of three years is to increase the sample
size as the estimations must be conducted for several crops. The repetead observations have been deleted
from the sample in order to avoid the time-series related bias, and the monetary values of variables have
been adjusted at 2017 level of prices according to the inflation data by National Bank of Ukraine (NBU).

Production expenditures of agricultural producers were obtained from Section 1 of 50-SH statistical form,
submitted by farmers to the State Statistical Service of Ukraine. It includes the following expenditure
categories:

e contributions for social purposes;
e depreciation and amortization;

o electricity;

e fuel (coal, wood, natural gas);

o fuel (oil and gas for machinery);

o fertilizer;
e |abor;
e land;

e other agriculture goods purchased for production;
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e seeds and planting material, mineral fertilizers;
e spare parts and materials for repairs;

Spare parts and materials for repairs, seeds and planting material, and other agriculture goods purchased
for production were grouped into a single materials expenditures category. Contributions for social
purposes, depreciation and amortization, electricity and fuel (coal, wood, natural gas) were dropped from
the dataset because of high number of missing (non-reported) values and low average share in total costs
(<2% on average). Thus, cost shares were calculated for the following categories: fuel, fertilizer, labor,
land, materials. Observations with costs values equal to zero in two or more categories are considered
outliers (imperfectly reported data) and are dropped from the dataset. Cost shares for each of the
categories were calculated dividing category expenditure by total costs.

Prices of fuel and fertilizer were calculated based on data from the section 4 of the 50-SH statistical forms,
where farmers’ materials purchases are reported. Fertilizer price is the aggregate price of all fertilizer types
(N, P, K, complex, phosphate flour) purchased by a producer, thus reflecting the exact mix of fertilizers
used. Price of land is calculated as land expenditures divided by total sowed area of each respective farmer.
Yearly averages of monthly salaries by region in agriculture are obtained from the SSSU and are used as
labor price values. Materials price is challenging to estimate due to heterogeneity of materials purchased
by different farmers. It is calculated by summing up farmers’ expenditures on repair parts, seeds and
building materials and dividing them by total quantity of purchased goods. Price variables are deflated at
the 2017 level of prices according to the inflation data by NBU. Total production quantity for each farm is
obtained from the 29-SH statistical forms.

Producers’ specializations are determined based on the sown areas data from the 29-SH statistical forms.
Farmer is considered to be a producer of a certain crop if the sown area devoted to the certain crop is
>50% of the farmer’s total sown area. The dataset is split into 6 separate parts based on main crop
produced: wheat, corn, sunflower, barley, soybeans and peas. Due to the low number of observations for
barley and peas producers (1 and 6 observations, respectively), these crops were dropped from the
estimation.

In the dataset we pool data for 2017, 2018 and 2019 years. Due to different mean values of independent
variables for each year’s subsample, year dummy variables are added to the model to control for these
differences. We do not expect different relationships for different years.

Descriptive statistics of core variables used for cost function estimation is provided in the tables below.

Table 4-1: Descriptive statistics of core variables in the dataset

Variable Mean St. dev. Min Max

Share of labor costs 0.180275 0.10687 0.021571 0.557230
Share of fuel costs 0.152102 0.059121 0.009944 0.346726
Share of fertilizer costs 0.230693 0.096129 0.036994 0.525937
Share of land costs 0.205021 0.080896 0.021024 0.438812
:’:t:aerij ‘C);:tesr 0.231909 0.079923 0.071863 0.504155
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Variable Mean St. dev. Min Max
Total
otal sowed area, 9117.568 18764.08 26.17 119305.5
hectares
o
rice of labor, UAH per 6175.314 1072.161 4251.38 8961.027
month
':;'nce of fuel, UAH per 19767.45 2330.449 13676.93 27700
Price of fertilizer, UAH 767.1434 116.1007 496.9172 1173.733
per 100 kg
Price of | AH
rice of land, UAH per 2145.759 881.7425 617.0725 4865.636
hectare
Price of other material
expenditures, UAH, 45367.11 112189.1 118.1512 641306.4
aggregated
Total output, tons 64344.11 108831.5 545 777670.8
Source: own elaboration
Table 4-2: Mean values of core variables across different producer specializations
Variable Wheat Corn Sunflower Soybeans
Share of labor costs 0.143239 0.210408 0.146489 0.251087
Share of fuel costs 0.167213 0.130075 0.167787 0.137204
Share of fertilizer costs 0.266648 0.213357 0.231883 0.199765
Share of land costs 0.213117 0.19907 0.201579 0.209922
Share of other
. 0.209783 0.24709 0.252261 0.202022
material costs
Total sowed area, 4594.958 19564.09 1765.851 11902.44
hectares
Price of labor, UAH per 5155.488 7028.534 6019.553 6658.303
month
Price of fuel, UAH
t(:'nce of fuel, UAH per 18720.62 20172.63 20495.87 19416.88
Price of fertilizer, UAH
rice of fertilizer, U 673.2809 807.3045 789.0116 810.5817
per 100 kg
Price of land, UAH per 1752.953 2691.877 1871.856 2325.937
hectare
Price of other material
expenditures, UAH, 278.3555 71867.37 59484.32 47252.98
aggregated
Total output, tons 42902.78 1265104 22977.68 67133.74

Source: own elaboration

Observed cost shares of fuel are higher for wheat & sunflower, as well as shares of fertilizer, while corn

and soybeans have higher labor shares. Land cost shares are relatively equal across all 4 producer

specializations. Corn and sunflower on average have higher materials cost shares. Sunflower and wheat
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are produced by smaller farms (total sown area of 1766 and 4595 hectares on average), while corn and
soybeans producers have much higher average total sown areas (19564 and 11902 hectares, respectively).

4.3 Estimation

This section describes the estimation of the regression model, according to methodology presented
previously. First sub-section provides preliminary data analysis, with correlation and multicolinearity tests.
Obtained regression coefficients are presented and discussed in the second sub-section. Then, in the third
sub-section, model diagnostics is provided. It includes tests for influential outliers using Cook’s distance

and the goodness of fit tests.

4.3.1 Preliminary data analysis

Although some multicollinearity is always present in multiple regression models, severe cases might cause
untrue significance levels of the variables (for details see Williams, 2009)'2. In the current analysis
examination for multicollinearity is conducted in two steps: (1) estimation of correlation coefficients
between the regressors and (2) estimation of Variance inflation factors (VIF).

The second step is the main. VIF value measures the linear association between the regressor and a set of
the other regressors. The easiest interpretation of this diagnostic is derived from its formula:

1 .
VIFj:W’J:L”.,p (1)

J

where p is the number of predictors in the model; R? is a coefficient of determination of a linear regression
with one of the regressors as dependent variable and the others — as explanatory variables. If R
approaches 1 which indicates high linear association between the X; and the other variables, VIF;
approaches infinity. Thus, high value of VIF indicates presence of multicollinearity in the model (Chatterjee
and Hadi, 2006). The use of only VIF values is not always sufficient, since they do not indicate what the
correlated variables are. To find out the latter, correlation coefficients between pairs of the variables
should be estimated.

Since there are only continuous variables, Pearson’s correlation coefficient is used to evaluate the
association between them (for details see Yount, 2006). Pearson’s correlation coefficient ranges from -1 to
1 that indicates strong negative and positive associations respectively. Squared values of these coefficients
indicate the percentage of the distribution of one variable explained by the other one. The significance of
the coefficients is estimated at the level of 0.05 by a two-tailed t-test statistic with N-2 degrees of freedom,
where N is the sample size.

12 williams, R. (2009). “Multicollinearity.” Mimeo., Department of sociology, University of Notre Dame, Notre Dame,
Indiana. Available on-line: http://www.nd.edu/~rwilliam/stats2/111.pdf (accessed on 27.10.2010).
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Different studies suggest different values of the correlation coefficients as indicators of multicollinearity in
the model (Allison, 2001; Carriquiry, 2004; Grewal et al., 2004; Williams, 2009). In the current analysis
absolute values of at least |0.35]| will be treated suspiciously.

The values of the correlation coefficients between the variables are presented below.

Table 4-3: Correlation coefficients

Iplabor Ipfuel Ipfert Ipland Ipmat Iq
Iplabor 1.000 0.001 0.368 0.310 0.479 0.222
Ipfuel 0.001 1.000 0.207 0.090 0.155 -0.042
Ipfert 0.368** 0.207 1.000 0.196 0.346 0.075
Ipland 0.310 0.090 0.196 1.000 0.189 0.236
Ipmat 0.479%** 0.155 0.346** 0.189 1.000 0.056
lq 0.222 -0.042 0.075 0.236 0.056 1.000

Note: | — natural logarithm, labor — price of labor, fuel — price of fuel, fert — price of fertilizer, mat — price
of other material expenditures, g — total output, ** - 0.05 significance level
Source: own elaboration

There are three pairs of variables that have values of the correlation coefficients higher or equal than
|0.35|. Materials price and fertilizer price have correlation coefficient equal to 0.346, labor price and
fertilizer price have correlation coefficient equal to 0.368, and materials price has correlation 0.479 with
labor price. The correlation coefficients are significant at 5%. These inidicate that materials, fertilizer and
labor prices are positively correlated.

To further analyse the correlation among the variables, we test the assumption of multicollinearity with
VIF. There is no certain cutoff value for VIF that indicates the presence of multicollinearity in the model. In
the present analysis the threshold of 2.5, suggested by Allison (2001), is used. Variables with VIF values
higher than 2.5 will be deleted from the further analysis step by step. Only those regressors with the values
of VIF lower than 2.5 will be left. The values of the VIF are presented below.

Table 4-4: VIF values
Variable Iplabor Ipfuel Ipfert Ipland Ilpmat Iq

VIF 1.031831 1.246570 1.257010 1.047169 1.042336 1.018983

Source: own elaboration
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Neither of the variables’ VIF values exceeds the threshold of 2.5. Although Pearson’s coefficients show
relation among the three variables, with VIF not rejecting the hypothesis of no multicollnearity, we
continue with fitting the model for all of the independent variables.

4.3.2 Model fitting

According to the methodological approach decribed previously, long-run total costs and short-run variable
costs functions were estimated, separately for each of the selected crops (wheat, corn, sunflower,
soybeans). Each of the models is estimated as a system of costs share equations, derived from the translog
cost function, and with symmetry (1) and homogeneity (2) restrictions imposed:

(2) aij = ay;

(3)Zaizli a;; =0;

=1 L

(Il'y = 0;

N N
=1 i

N
=1

The number of observations used for the estimation is 854, 917, 960, 503 for wheat, corn, sunflower and
soybeans samples, respectively.

Tables 4-6 - 4-9 present coefficient estimates of long-run costs models for the 4 selected crops. Tables 4-
10 — 4-13 present coefficient estimates of short-run variable costs models for the 4 selected crops. The
first column from the table contains the explanatory variables, dependent variable and constant term. The
second column presents estimates of the coefficients. Subscripts on coefficients in the table denote
corresponding variables: “I” denotes labor price, “e” denotes fuel price, “f” denotes fertilizer price, “d”
denotes land price (in the short-run model, where land is quasi fixed “d” denotes the total acreage of sown
area), “m” denotes materials price, “y” denotes total output and 18 and 18 denote 2018 and 2019 binary
variables, respectively. Coefficients are not interpreted directly, and used to calculate elasticity estimates,
which are presented in the section 5 of this report. “Std. Error” states for the standard error of the
coefficient’s estimate and “t value” is the t-statistic which tests the significance of the coefficient.
“Pr(>|t|)” corresponds to the p-value of t-statistic. In the lower part of the table general estimates of the
model are presented. “SSR” is sum of squared residuals and “R2" is McElroy’s measure of goodness-of-fit
for seemingly unrelated regressions. It can be used to compare the fit of two models but cannot be
interpreted as R? for the ordinary least squares regression.
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Table 4-5: Wheat production long-run cost function estimation results

Coefficient Estimate Std. Error t value Pr(>|t])
a; 0.05103 0.06769 0.75391 0.45096
a, -0.29369 0.06233 -4.71147 0.00000%***
ar 0.08394 0.07887 1.06433 0.28726
ag 1.12936 0.04157 27.16963 0.00000%***
U 0.02936 0.25046 0.11721 0.39608
an -0.04409 0.01980 -2.22607 0.02608**
Qe 0.03463 0.01766 1.96060 0.05001**
s 0.04842 0.02341 2.06820 0.03870**
Qgd 0.12814 0.00480 26.67350 0.00000%***

Umm 0.01223 0.19040 0.06422 0.39799
e 0.02880 0.01399 2.05798 0.03967**
aiy -0.00963 0.01713 -0.56240 0.57388
aq -0.00643 0.00572 -1.12364 0.26124
Ui 0.03136 0.05665 0.55348 0.34212
Aer -0.00189 0.01421 -0.13287 0.89430
Aed -0.05517 0.00425 -12.98078 0.00000***
Aom -0.00636 0.05011 -0.12696 0.39561
Afra -0.03310 0.00706 -4.69200 0.00000***
Afm -0.00379 0.06180 -0.06131 0.39807
Agm -0.03343 0.021834 -1.53123 0.123523
ary 0.00732 0.00234 3.13418 0.00174***
Aey -0.00531 0.00164 -3.23876 0.00121***
afy -0.00019 0.00299 -0.06205 0.95052
Aay 0.00225 0.00181 1.23962 0.21520
Amy -0.00408 0.00878 -0.46409 0.35806
Q18,1 0.00235 0.00736 0.31942 0.74943
Q19,1 0.00704 0.00844 0.83331 0.40473
A1ge 0.00382 0.00514 0.74291 0.45759
Q19 0.00010 0.00617 0.01545 0.98767
QA18,f -0.00504 0.00935 -0.53894 0.58996
Q19,f 0.02792 0.01011 2.76236 0.00577***
a18,d 0.00438 0.00561 0.78025 0.43530
Q19,4 -0.01035 0.00591 -1.75002 0.08021*
N = 3416 DF = 3390 R2=0.239 SSR =17.999

Source: own elaboration
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Table 4-6: Corn production long-run cost function estimation results

Coefficient Estimate Std. Error t value Pr(>|t])
a; -0.04169 0.08284 -0.50327 0.61481
a, -0.22293 0.04908 -4.54171 0.00001 ***
ar -0.18169 0.05822 -3.12095 0.00182***
ag 1.26245 0.04129 30.57392 0.00000%***
(199 0.18387 0.23143 0.79447 0.29080
an 0.04990 0.02782 1.79353 0.07297*
Qe 0.01198 0.01511 7.93008 0.00000%***
Ufr 0.05094 0.01571 3.24192 0.00120%***
Qgd 0.14400 0.00487 29.53862 0.00000%***
Umm -0.10031 0.18667 -0.53740 0.34514
e -0.05768 0.01554 -3.71279 0.00021***
aiy 0.05327 0.01751 3.04202 0.00237***
aq -0.04603 0.00834 -5.51840 0.00000%***
Ui 0.00054 0.06921 0.00777 0.39881
Aer -0.03838 0.00991 -3.87425 0.00011***
Aed -0.02306 0.00438 -5.26103 0.00000***
Aom 0.10715 0.04494 2.38436 0.02339**
Afra -0.06668 0.00589 -11.31450 0.00000***
Afm 0.00085 0.04903 0.01741 0.39876
Agm -0.00822 0.023493 -0.35001 0.375095
ary 0.00781 0.00274 2.84618 0.00445***
Aey -0.00582 0.00125 -4.64529 0.00000***
afy 0.00177 0.00198 0.89371 0.37153
Aay -0.00443 0.00141 -3.14570 0.00167***
Amy 0.00067 0.00739 0.09093 0.39717
Q18,1 -0.01220 0.01074 -1.13625 0.25593
Q19,1 -0.03963 0.01259 -3.14873 0.00165***
A1ge 0.01631 0.00490 3.33063 0.00088%***
Q19 0.04237 0.00673 6.29499 0.00000***
QA18,f -0.00130 0.00769 -0.16850 0.86620
Q19,f -0.00382 0.00858 -0.44529 0.65614
a18,d 0.00752 0.00536 1.40275 0.16078
Q19,4 0.01741 0.00562 3.09752 0.00197***
N = 3668 DF = 3642 R2 =0.252 SSR =21.1637

Source: own elaboration
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Table 4-7: Sunflower production long-run cost function estimation results

Coefficient Estimate Std. Error t value Pr(>|t])
a; -0.22805 0.07043 -3.23797 0.001271%**
a, -0.16659 0.05858 -2.84379 0.00448%***
ar -0.28038 0.06800 -4.12304 0.00004***
ag 1.39162 0.04117 33.80229 0.00000%***
U 0.28340 0.23818 1.18984 0.19645
an 0.09765 0.02200 4.43813 0.00001***
Qe 0.05866 0.01632 3.59533 0.00033***
s 0.09899 0.01798 5.50693 0.00000***
Qgd 0.15282 0.00460 33.22199 0.00000%***
Umm 0.00138 0.17976 0.00765 0.39881
e -0.02439 0.01480 -1.64813 0.09941*
aiy -0.02969 0.01617 -1.83644 0.06637*
aq -0.03821 0.00625 -6.11396 0.00000%***
Ui -0.00536 0.05921 -0.09059 0.39718
Aer 0.00272 0.01162 0.23395 0.81504
Aed -0.03930 0.00442 -8.88481 0.00000***
Aom 0.00230 0.04715 0.04888 0.39834
Afra -0.07451 0.00618 -12.05140 0.00000***
Afm 0.00249 0.05194 0.04800 0.39836
Agm -0.00081 0.021455 -0.03769 0.398534
ary 0.00536 0.00272 1.96970 0.04894**
Aey -0.00669 0.00169 -3.95577 0.00008%***
afy 0.00887 0.00278 3.18457 0.00146***
Aay -0.00510 0.00173 -2.95325 0.00316***
Amy -0.00243 0.00892 -0.27264 0.38425
Q18,1 -0.01286 0.00797 -1.61255 0.10692
19, -0.02427 0.01003 -2.42003 0.01557**
A1ge 0.01135 0.00492 2.30953 0.02097**
Q19 0.01201 0.00673 1.78477 0.07438*
Q1g,f 0.01221 0.00808 1.51128 0.13080
Q19,f 0.03588 0.00920 3.89898 0.00010***
a18,d 0.00048 0.00496 0.09691 0.92281
Q19,4 0.00274 0.00541 0.50641 0.61260
N = 3840 DF = 3814 R2 =0.249 SSR =23.3962

Source: own elaboration
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Table 4-8: Soybeans production long-run cost function estimation results

Coefficient Estimate Std. Error t value
a; 0.07344 0.10060 0.73002 0.46546
a, -0.15083 0.06381 -2.36376 0.01819**
ar -0.36190 0.08117 -4.45836 0.00001***
ag 1.16816 0.05973 19.55846 0.00000%***
U 0.27112 0.30531 0.88801 0.26879
an -0.05833 0.02916 -1.99999 0.04564**
Qe 0.05943 0.01850 3.21336 0.00133***
Ufr -0.01715 0.02167 -0.79119 0.42893
Qgd 0.12665 0.00722 17.54462 0.00000%***
Umm 0.00330 0.22685 0.01452 0.39878
e -0.00793 0.01592 -0.49825 0.61836
aiy 0.10656 0.02067 5.15568 0.00000***
aq -0.03328 0.01042 -3.19361 0.00143%**
Aim -0.00702 0.07617 -0.09222 0.39712
Aer -0.02703 0.01452 -1.86085 0.06291*
Aed -0.02698 0.00557 -4.84291 0.00000***
Aom 0.00251 0.05451 0.04608 0.39839
Afra -0.06500 0.00804 -8.08016 0.00000***
Afm 0.00261 0.06491 0.04026 0.39849
Agm -0.0014 0.031255 -0.04464 0.39842
ary 0.01119 0.00303 3.69799 0.00022***
Aey -0.00650 0.00140 -4.64984 0.00000***
afy 0.00523 0.00235 2.22503 0.02619**
Aay -0.00446 0.00174 -2.55790 0.01060**
Amy -0.00547 0.00852 -0.64199 0.32448
Q18,1 0.01469 0.01373 1.07038 0.28458
Q19,1 0.06402 0.01389 4.60994 0.00000***
A1ge 0.02471 0.00671 3.68467 0.00024***
Q19 0.01563 0.00734 2.13115 0.03320**
Q1g,f -0.01474 0.01084 -1.36057 0.17380
Q19,f -0.02757 0.01047 -2.63450 0.00849***
a18,d -0.01290 0.00783 -1.64723 0.09967*
Q19,4 -0.00847 0.00744 -1.13786 0.25532
N =2012 DF = 1986 R2=0.218 SSR =12.0587

Source: own elaboration
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In the long-run models for wheat around half of the coefficients of the variables are found to be
significant at least at 0.1 level. In the long-run models for soybeans, corn and sunflower nearly all
of the variables are signicant at 0.05 and 0.01 levels. Equation joint significance tests allow to
reject the null hypothesis that all coefficients equal to 0 at the 0.05 level for all 4 long-run models.

Table 4-9: Wheat production short-run variable cost function estimation results

Coefficient Estimate Std. Error t value Pr(>|t])
(o4] 0.09916 0.06814 1.45537 0.14569
a, 0.38107 0.10004 3.80909 0.00014***
ar 0.17159 0.06895 2.48869 0.01289**
Am 0.34817 0.23713 1.46828 0.13572
ay -0.02588 0.02606 -0.99317 0.32072
Xee -0.03213 0.03524 -0.91160 0.36206
Arf -0.00700 0.02007 -0.34881 0.72726
Am 0.00454 0.20701 0.02193 0.39872
A 0.01353 0.02532 0.53410 0.59332
air -0.02215 0.01686 -1.31399 0.18897
ag 0.02303 0.00327 7.03985 0.00000%***
X 0.00454 0.20701 0.02193 0.39872
Aef 0.04340 0.02063 2.10309 0.03556**
Mg -0.01161 0.00402 -2.88489 0.00395%**
Aom -0.02479 0.08120 -0.30534 0.38063
Ofa -0.00331 0.00253 -1.30791 0.19102
Orm -0.01425 0.05756 -0.24753 0.38677
Agm -0.00811 0.00982 -0.82585 0.28350
Ay -0.00430 0.00357 -1.20699 0.22755
Aey 0.00881 0.00440 2.00233 0.04536**
ary -0.00536 0.00276 -1.94161 0.05229*
Omy 0.00085 0.01072 0.07915 0.39757
18,1 -0.00658 0.00907 -0.72542 0.46826
A19, -0.00179 0.01089 -0.16413 0.86964
Aige -0.00110 0.01108 -0.09916 0.92102
T19,e 0.02903 0.01297 2.23802 0.02531**
A1g,f 0.01103 0.00702 1.57178 0.11613
A19,f 0.00599 0.00800 0.74767 0.45473
N = 2562 DF = 2541 R2 =0.047 SSR =22.1911

Source: own elaboration
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Table 4-10: Corn production short-run variable cost function estimation results

Coefficient Estimate Std. Error t value
a; 0.01263 0.05867 0.21521 0.82962
a, 0.57381 0.05922 9.68888 0.00000%***
ar 0.09108 0.04251 2.14242 0.03225**
A 0.32249 0.16040 2.01047 0.05303*
ay 0.05720 0.03505 1.63220 0.10275
QAee -0.09914 0.02742 -3.61608 0.00030***
Arf -0.02522 0.01402 -1.79915 0.07211*
Cmm 0.00490 0.19476 0.02518 0.39869
Qe 0.00690 0.02745 0.25141 0.80151
aiy -0.06435 0.01734 -3.71214 0.00021***
aq 0.01769 0.00260 6.80739 0.00000***
Aim 0.00490 0.19476 0.02518 0.39869
Aef 0.09348 0.01435 6.51340 0.00000***
Aed -0.00146 0.00203 -0.72048 0.47129
Aom -0.00124 0.06922 -0.01797 0.39875
Qfa -0.00960 0.00132 -7.29225 0.00000***
Afm -0.00391 0.04570 -0.08551 0.39736
Agm -0.00662 0.00594 -1.11450 0.21425
ary -0.00264 0.00357 -0.73804 0.46055
Aey 0.00036 0.00279 0.12879 0.89753
afy -0.00225 0.00180 -1.24965 0.21153
Umy 0.00453 0.00817 0.55444 0.34194
Q18,1 -0.00522 0.01240 -0.42062 0.67407
Q19,1 -0.03905 0.01575 -2.48007 0.01320**
A1ge 0.01094 0.00964 1.13425 0.25679
Q19 0.01061 0.01283 0.82732 0.40813
QA18,f 0.01590 0.00631 2.52191 0.01173**
Q19 f 0.04926 0.00776 6.35060 0.00000***
N =2751 DF =2730 R2 =0.063 SSR = 26.7895

Source: own elaboration
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Table 4-11: Sunflower production short-run variable cost function estimation results

Coefficient Estimate Std. Error t value Pr(>|t])

a; 0.02877 0.05879 0.48934 0.62464

a, 0.40778 0.06991 5.83320 0.00000%***

ar 0.20167 0.05044 3.99789 0.00007***
A 0.36178 0.17915 2.01946 0.05208*
ay 0.09791 0.02878 3.40164 0.00068%***
Qee -0.05128 0.02841 -1.80510 0.07116*
Arf -0.00218 0.01583 -0.13756 0.89060
Umm 0.00148 0.18692 0.00794 0.39881
e -0.02061 0.02491 -0.82739 0.40808
aiy -0.07006 0.01611 -4.34941 0.00001***
aq 0.00345 0.00612 0.56421 0.57266
Aim 0.00148 0.18692 0.00794 0.39881
Aef 0.06918 0.01594 4.34161 0.00001***
Aed -0.00691 0.00611 -1.12985 0.25863
Aom 0.00270 0.06925 0.03905 0.39851
Qfa 0.00037 0.00395 0.09416 0.92499
Afm 0.00305 0.04787 0.06379 0.39801
Agm 0.00308 0.01618 0.19027 0.39165
ary 0.00349 0.00488 0.71590 0.47411
Aey 0.01164 0.00487 2.39040 0.01689**
afy -0.01066 0.00314 -3.39168 0.00070***
Amy -0.00447 0.01289 -0.34684 0.37551
Q18,1 -0.01418 0.00950 -1.49262 0.13565
Q19,1 -0.02244 0.01288 -1.74273 0.08149*
A1ge 0.01785 0.00941 1.89635 0.05801*
Q19 0.03755 0.01257 2.98785 0.00283***
QA18,f 0.01715 0.00615 2.78902 0.00532***
Q19 f 0.02332 0.00775 3.00760 0.00266***

N = 2880 DF = 2859 R2 =0.036 SSR = 28.7597

Source: own elaboration
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Table 4-12: Soybeans production short-run variable cost function estimation results

Coefficient Estimate Std. Error t value Pr(>|t])
a; -0.19243 0.06083 -3.16321 0.00159%***
a, 0.51941 0.07575 6.85737 0.00000%***
ar 0.25232 0.06051 4.17023 0.00003***
A 0.42069 0.19708 2.13458 0.04106**
ay -0.11128 0.03222 -3.45430 0.00057
QAee -0.17072 0.03234 -5.27969 0.00000***
Arf -0.00716 0.01946 -0.36821 0.71277
Umm 0.00241 0.21357 0.01128 0.39879
e 0.13929 0.02771 5.02618 0.00000***
aiy -0.02627 0.01751 -1.49978 0.13388
aq 0.03824 0.00394 9.71608 0.00000***
Aim 0.00241 0.21357 0.01128 0.39879
Aef 0.03277 0.01956 1.67562 0.09402*
Aed -0.00934 0.00354 -2.63740 0.00844***
Aom -0.00133 0.07960 -0.01676 0.39876
Qfa -0.01554 0.00214 -7.26073 0.00000***
Afm 0.00066 0.05652 0.01171 0.39879
Agm -0.01336 0.00962 -1.38892 0.15201
ary -0.00223 0.00357 -0.62549 0.53175
Aey 0.00784 0.00321 2.44558 0.01458**
afy -0.00352 0.00193 -1.82529 0.06816*
Umy -0.00209 0.00871 -0.24032 0.38745
Q18,1 -0.01408 0.01453 -0.96942 0.33250
Q19,1 0.03722 0.01686 2.20742 0.02744%**
A1ge 0.00266 0.01335 0.19937 0.84200
Q19 -0.03227 0.01543 -2.09192 0.03661**
QA18,f 0.03921 0.00829 4.73068 0.00000***
Q19 f 0.04371 0.00910 4.80271 0.00000***
N = 1509 DF = 1488 R2=0.176 SSR = 13.2555

Source: own elaboration

In the short-run variable costs models for wheat only a few estimates are significant at least at 0.1 level,

for sunflower and corn nearly a half of the coefficients are significamt at at least 0.05 level and short-run

variable costs models for soybean have nearly al of the coefficients are significant. R2 values are

significantly lower for all short-run models, compared to corresponding long-run models.
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4.3.3 Model diagnostics

In this subchapter examination of the influential outliers and measurement of fit of the model are
performed. Influential outliers are the observations that fit the model poorly but affect the estimates of
the parameters (Long and Freese, 2006).

Residuals and influential outliers

The fit of the model to a single observation is examined by estimation of the standardized Pearson
residuals. A mathematical expression for the latter is:

L N )

l \/l_hﬁ
where r; — Pearson’s residual, h; — observation’s leverage. Such residuals have constant variance and
approximate normal distribution. The larger the value of the residual, the worse the fit of the model to
the respective observation (Long and Freese, 2006). In the current analysis large residuals are identified
as those that have bigger values in comparison to the others.

To check whether the outlier observations influence model’s estimates, Pregibon’s approximation to
Cook’s distance is calculated. This measure has the following mathematical form:

2
I'i hii

p= "l (5)
(l_hij)

where r; — Pearson’s residual, hij — observation’s leverage. It assesses how deleting of i-th observation
affects the model. This measure is a standardized difference between estimates of the coefficients with
and without i-th observation. It is also interpreted as a sum of squared distances between observed and
fitted values with and without certain observation (for details see Pregibon, 1981).

As in the case with large residuals, influential observations can be identified from the graph: the farer the
observation stands from the others on the plot of Cook’s distance (Pregibon's approximation), the more
influential it is (Figures 1-4). Cook suggested that a cutoff value for detecting highly influential observations
is Pi> 1.13

13 Cook, R. Dennis; Weisberg, Sanford (1982). Residuals and Influence in Regression. New York, NY: Chapman &
Hall
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Figure 4-1: Pregibon’s approximation to Cook’s statistic for the long-run wheat production costs model

Source: own elaboration
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Figure 4-4: Pregibon’s approximation to Cook’s statistic for the long-run soybeans production costs model

Source: own elaboration

As seen on the figures 4.1-4.4, there are observations which stand out in each of the equations, but
values of Cook’s distance do not exceed 0.05. Thus, their influence on the estimates of the parameters
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is not significant. Therefore, the corresponding observations are kept in the sample. Moreover, these
cases represent certain characteristics of the general population which cannot be ignored.

Measurement of fit

Fit of the model is assessed by McElroy-R? statistic and by plotting predicted values against the
estimates. This measure has the following mathematical form:

UrwxU
UY'W=Y’

(4) McElroyR2 =1 —

where U is the vector of residuals, Y is the vector of dependent variables and W is the covariance matrix
of residuals. Thus, the statistic is within the interval of [0;1], where 1 is a perfect fit and 0 is an absence of
explanatory power. Values of McElroy R? are presented in the table 4-14. Models do not fit the data
perfectly, which is partially caused by the restrictions imposed in order for the model to align with the
assumptions about agricultural production and microeconomic theory. Fit of the long-run models is
noticeably better that the short-run models for wheat, corn and sunflower production. For soybeans
production, difference in fit between the short- and long-run models is much lower.

Table 4-13: Values of McElroy-R? of the estimated models

Long-run, | Long-run, | Long-run, | Long-run, | Short-run, | Short-run, | Short-run, Short-run,
Model | wheat corn sunflower | soybeans | wheat corn sunflower soybeans
production | production | production | production | production | production | production | production

R? 0.239327 | 0.252252 | 0.249441 | 0.218215 | 0.047571 | 0.063011 | 0.035692 | 0.176228

Source: own elaboration

To analyze the fit of the model more in detail, the plots of the dependent variable against predicted
variable is produced (Figures 5-8). The values on the X-axis are actual values of the cost shares from the
dataset. On the Y-axis — fitted values produced by the estimated models.
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Source: own elaboration
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According to Figures 5-8, estimated models are able predict the shares of labor, fuel, and fertilizer costs
only when their values are close to the mean. Fitted values of the land costs shares are more accurate, but
model still fits poorly for values above 0.3. As it was mentioned before, such imperfection of fit may partly
be caused by the restrictions imposed on the model. It as well indicates that the elasticites which will be
estimated from these coefficients are point-elasticities, i.e., that the production functions are not of
constant elasticity. The latter implies that for every change in price the elsticities are different. Respectively,
the models are able to predict well the values around the mean, and fit poorly the rest of the changes. In
practical terms, we are able to estimate the elasticities at the mean values of input prices, and these
elasticities shall be used with great precaution for predictive analysis.

4.4, Estimation results

Price elasticities of demand for production inputs and substitution elasticities were calculated based on
the estimated regression coefficients.

Long-run own-price elasticities of demand for production inputs in wheat, corn, dunflower and soybeans
production are presented in Table 14. As expected, demand for both, fuel and fertilizer, are found to be
inelastic in the long run. Demand for fertilizer is found to be the least elastic for the production of
sunflower (-0.34) and is the most elastic for production of soybeans (-0.89). Own-price elasticity of
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demand for fuel ranges from -0.43 (soybeans production) up to -0.78 (corn production). These results are
consistent with the past findings by Turkekul (2011) and Gopalakrishnan (1989).

Table 4-14: Long run own-price elasticities of demand for inputs for production of wheat, corn,

sunflower and soybeans

Wheat Corn Sunflower Soybeans
Labor -1.16 -0.55 -0.19 -0.98
Fuel -0.63 -0.78 -0.48 -0.43
Fertilizer -0.55 -0.55 -0.34 -0.89
Land -0.19 -0.17 -0.14 -0.17
Materials -0.73 -1.30 -0.79 -0.77

Source: own elaboration

Long run cross-price elasticities of demand for production inputs are presented in the Table 15. Target of
our interest are those elasticities depicting change in demand in response to change in price of fuel and
fertilizer. Most of the estimates are fairly low indicating only a little response to price changes. Although,
the highest change in use is observed for labor in response to fertilizer price (0.20, 0.47, 0.62 for wheat,

corn, and soybeans production, respectively).
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Table 4-15: Long-run cross-price elasticities of demand for inputs for production of wheat, corn,

sunflower and soybeans

Wheat

Change with

respect to price of: | Labor Fuel Fertilizer Land Materials

Labor -1.16 0.32 0.11 0.11 0.29
Fuel 0.37 -0.63 0.16 -0.09 0.14
Fertilizer 0.20 0.26 -0.55 0.11 0.25
Materials 0.17 -0.12 0.09 -0.19 0.05
Land 0.43 0.17 0.20 0.05 -0.73

Corn

Change with

respect to price of: | Labor Fuel Fertilizer Land Materials

Labor -0.55 -0.23 0.46 0.02 0.21
Fuel -0.14 -0.78 -0.05 0.04 0.67
Fertilizer 0.47 -0.08 -0.55 -0.06 0.22
Materials 0.03 0.07 -0.07 -0.17 0.21
Land 0.20 1.02 0.20 0.17 -1.30

Sunflower

Change with

respect to price of: | Labor Fuel Fertilizer Land Materials

Labor -0.19 0.00 0.02 0.00 0.12
Fuel 0.00 -0.48 0.18 0.01 0.18
Fertilizer 0.03 0.25 -0.34 -0.06 0.24
Materials -0.01 0.02 -0.07 -0.14 0.25
Land 0.16 0.22 0.21 0.20 -0.79

Soybeans

Change with

respect to price of: | Labor Fuel Fertilizer Land Materials

Labor -0.98 0.19 0.78 0.09 0.22
Fuel 0.11 -0.43 0.00 0.00 0.15
Fertilizer 0.62 0.00 -0.89 -0.12 0.21
Materials 0.07 0.01 -0.12 -0.17 0.20
Land 0.18 0.23 0.22 0.20 -0.77

Source: own elaboration

Long run substitution elasticities (Table 16) are mostly within [-1;1] interval, indicating absence of

substitution relationship between the inputs. For wheat production the exception is fuel-labor pair, for

which substitutability is observed (2.20). For soybeans production substitutability is observed for fertilizer-

labor pair (3.12).
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Table 4-16: Long-run substitution elasticities for production of wheat, corn, sunflower and soybeans

Wheat

Labor Fuel Fertilizer Land Material
Labor -8.13 2.20 0.75 0.79 2.04
Fuel 2.20 -3.74 0.96 -0.55 0.82
Fertilizer 0.75 0.96 -2.07 0.42 0.93
Materials 0.79 -0.55 0.42 -0.87 0.25
Land 2.04 0.82 0.93 0.25 -3.49

Corn

Labor Fuel Fertilizer Land Material
Labor -2.63 -1.11 2.19 0.11 1.01
Fuel -1.11 -5.98 -0.38 0.28 5.14
Fertilizer 2.19 -0.38 -2.57 -0.26 1.02
Materials 0.11 0.28 -0.26 -0.69 0.83
Land 1.01 5.14 1.02 0.83 -6.55

Sunflower

Labor Fuel Fertilizer Land Material
Labor -1.28 0.01 0.13 -0.03 0.82
Fuel 0.01 -2.88 1.07 0.07 1.07
Fertilizer 0.13 1.07 -1.47 -0.27 1.05
Materials -0.03 0.07 -0.27 -0.56 0.98
Land 0.82 1.07 1.05 0.98 -3.93

Soybeans

Labor Fuel Fertilizer Land Material
Labor -3.91 0.77 3.12 0.34 0.87
Fuel 0.77 -3.13 0.01 0.03 1.09
Fertilizer 3.12 0.01 -4.44 -0.61 1.06
Materials 0.34 0.03 -0.61 -0.85 0.97
Land 0.87 1.09 1.06 0.97 -3.69

Source: own elaboration

In the short run demand for fuel is found to be more elastic that in the long run (Table 17). Similar results
were observed in analysis by Turkekul (2011). Increase in elasticity is the highest for soybeans (-1.80).
Demand for fertilizer becomes more elastic as well, but to a lesser extent. Corn and soybeans production
demand for fertilizer becomes close to unit-elastic, while wheat and sunflower production demand
remains inelastic.
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Table 4-17: Short-run own-price elasticities of demand for inputs for production of wheat, corn,

sunflower and soybeans

Wheat

Labor
Fuel
Fertilizer
Materials

-0.96
-0.94
-0.68
-0.72

Corn Sunflower Soybeans
-0.52 -0.28
-1.44 -1.03
-0.83 -0.72
-0.67 -0.68

-1.04
-1.80
-0.78
-0.73

Source: own elaboration

Short run cross-price elasticities of demand are similar to those estimated for the long run (Table 18).

Change in fuel consumption in response to change in fertilizer price becomes higher in the short run (0.54,

0.84, 0.62, 0.44 for wheat, corn, sunflower and soybeans production, respectively). Reversely, fuel

consumption response to the change in fertilizer price is higher that in the long run as well (0.34, 0.52,

0.45, 0.30 for wheat, corn, sunflower and soybeans production, respectively).

Table 4-18: Short-run cross-price elasticities of demand for inputs for production of wheat, corn,

sunflower and soybeans

Wheat

Labor Fuel Fertilizer Materials
Labor -0.96 0.25 0.12 0.35
Fuel 0.29 -0.94 0.34 0.09
Fertilizer 0.22 0.54 -0.68 0.27
Materials 0.46 0.15 0.22 -0.72

Corn

Labor Fuel Fertilizer Materials
Labor -0.52 0.30 0.02 0.26
Fuel 0.19 -1.44 0.52 0.16
Fertilizer 0.02 0.84 -0.83 0.25
Materials 0.31 0.30 0.29 -0.67

Sunflower

Labor Fuel Fertilizer Materials
Labor -0.28 0.09 -0.06 0.15
Fuel 0.10 -1.03 0.45 0.22
Fertilizer -0.09 0.62 -0.72 0.30
Materials 0.28 0.33 0.33 -0.68

Soybeans

Labor Fuel Fertilizer Materials
Labor -1.04 1.11 0.21 0.31
Fuel 0.62 -1.80 0.30 0.17
Fertilizer 0.17 0.44 -0.78 0.26
Materials 0.25 0.25 0.26 -0.73

Source: own elaboration
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Similarly, the substitutability relationship between inputs is higher in the short run (Table 19). For wheat
and corn production, observed pairs are fuel-labor and fuel-fertilizer (1.35, 1.60 and 1.16, 3.14,
respectively). For soybeans production also a substitutability is observed for labor-fuel pair (3.54), as well

as for fuel-fertilizer (1.74).

Table 4-19: Short-run substitution elasticities of demand for inputs for production of wheat, corn,

sunflower and soybeans

Wheat

Labor Fuel Fertilizer Materials
Labor -5.25 1.35 0.64 1.90
Fuel 1.35 -4.40 1.60 0.45
Fertilizer 0.64 1.60 -2.02 0.80
Materials 1.71 0.56 0.84 -2.68

Corn

Labor Fuel Fertilizer Materials
Labor -1.99 1.16 0.07 1.00
Fuel 1.16 -8.77 3.14 0.96
Fertilizer 0.07 3.14 -3.11 0.93
Materials 1.00 0.98 0.95 -2.18

Sunflower

Labor Fuel Fertilizer Materials
Labor -1.54 0.47 -0.32 0.80
Fuel 0.47 -4.90 2.14 1.06
Fertilizer -0.32 2.14 -2.50 1.05
Materials 0.88 1.04 1.03 -2.13

Soybeans

Labor Fuel Fertilizer Materials
Labor -3.31 3.54 0.67 0.97
Fuel 3.54 -10.31 1.74 0.96
Fertilizer 0.67 1.74 -3.08 1.01
Materials 0.98 0.97 1.01 -2.83

Source: own elaboration

4.5. The results summary

Long-run

Demand for fuel and fertilizer are own-price inelastic for sunflower, corn, wheat and soybeans (for fertilizer

ranges from -0.34 to -0.89, and for fuel ranges from -0.43 to -0.78
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Cross-price elasticities of demand for production inputs are fairly low. The highest change in use is
observed for labor in response to fertilizer price (0.20, 0.47, 0.62 for wheat, corn, and soybeans
production, respectively).

Long run substitution elasticities are mostly within [-1;1] interval, indicating absence of substitution
relationship between the inputs. For wheat production the exception is fuel-labor pair, for which
substitutability is observed (2.20). For soybeans production substitutability is observed for fertilizer-labor
pair (3.12).

Short-run
In the short run demand for fuel and fertilizer are found to be more elastic that in the long run.

Short run cross-price elasticities of demand are quite similar to those estimated for the long run. Change
in fuel consumption in response to change in fertilizer price becomes higher in the short run. Reversely,
fuel consumption response to the change in fertilizer price is higher that in the long run as well.

Substitutability relationship between inputs is higher in the short run (Table 19). For wheat and corn
production, observed pairs are fuel-labor and fuel-fertilizer. For soybeans production also a substitutability
is observed for labor-fuel pair (3.54), as well as for fuel-fertilizer (1.74).
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