
Khoshnevisan, Rafiee, Omid and Mousazadeh
Regression modeling of field emissions in wheat production using a life cycle assessment (LCA) approach

9

Regression modeling of field emissions 
in wheat production using a life cycle 
assessment (LCA) approach
Benyamin Khoshnevisan, Shahin Rafiee*, Mahmoud Omid, 
Hossein Mousazadeh

Department of Agricultural Machinery Engineering, Faculty of Agricultural Enginee-
ring and Technology, University of Tehran, Karaj, Iran. 
* Corresponding author: Shahin Rafiee. Tel: (+98) 2632801011; Fax: (+98) 2632808138; 
E-mail: shahinrafiee@ut.ac.ir

R E S E A R C H

Received 21 March 2013; revision received 14 May 2013; 

accepted 15 May 2013. Published online 30 August 2013 

(www.ejee.cl). DOI 10.7770/ejee-V1N2-art502.

© Renewable Energies Research Nucleus, UC Temuco

ABSTRACT Field emissions of Irianian wheat produc-
tion were investigated. Data were collected from 260 
farms from the city of Fereydonshahr in the Esfahan 
province. Life cycle assessment (LCA) methodology 
was developed to assess environmental impacts asso-
ciated with the production of wheat in the studied re-
gion. Global warming potential (GWP), eutrophica-
tion potential (EP), human toxicity potential (HTP), 
terrestrial eco-toxicity potential (TEP), oxidant for-
mation potential (OFP) and acidification potential 
(AP) were calculated as 2620.86 kg CO2 eq.t-1 (tonne 
of grain), 14.25 kg PO4

-2 eq.t-1, 1111.7 kg 1,4-DCB 
eq.t-1, 10.59 kg 1,4-DCB eq.t-1, 0.0073 kg ethylene 
eq.t-1 and 19.07 kg SO2 eq.t-1, respectively. In order 
to specify a relationship between input materials and 
field emissions (direct and indirect emission), the 
Cobb-Douglass production function was applied. 
The impacts of farm area, N, P2O5, K2O, diesel fuel 
and biocides were entered as independent variables 
and different impact categories as dependent varia-
bles. RMSE of models for GWP, EP, HTP, TEP, OFP 
and AP was 0.07, 0.19, 0.17, 0.34, 0.49 and 0.26, res-
pectively. Accordingly with a rise in farm size level, 
the emissions per tonne of grain produced decreased. 

Accordingly, large farms are more environmentally 
friendly due to more yields and less emissions per 
tonne of grains. 

KEYWORDS wheat; emissions; LCA; Cobb-Douglass; 
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Abbreviations

AP Acidification potential

d Precision

D2 d2/z2

ei Error term

EP Eutrophication potential

GM(Xj)
Geometric mean of jth energy input (the ‘j’th 
root product of ‘j’ input materials)

GM(Y) Geometric mean of yield (the ‘i’th root 
product of ‘i’ yields)

GWP Global warming potential 

HTP Human toxicity potential

LCA Life cycle assessment

MPPxj Marginal physical productivity
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N Required sample size; Number of holdings in 
target population

Nh
Number of the population in the h 
stratification

OFP Oxidant formation potential

s Standard deviation

Sh
2 Variance of h stratification

TEP Terrestrial ecotoxicity potential

Yi Yield level of the ith farmer

z Reliability coefficient(1.96 in the case of 95% 
reliability)

αi Coefficients of the exogenous variables

Introduction

The excessive use of energy in developed and deve-
loping countries creates environmental, commercial, 
technical, and even social problems, which requires 
in depth investigation in order to mitigate ensuing 
negative impacts. Analyzing relevant information is 
necessary to reduce energy consumption and its envi-
ronmental impacts. High available energy along with 
reducing the known energy resources are the key 
factors to develop the philosophy of optimum ener-
gy consumption. Optimum use of energy helps to 
achieve increased production and contributes to the 
economy, profitability and competitiveness of agri-
cultural sustainability of rural communities [Singh et 
al., 2004]. Agriculture is one of the most important 
productive sectors, which consumes and supplies 
energy in the form of bioenergy [Kizilaslan, 2009]. 
Energy input-output analyses are usually made to 
measure the energy efficiency and environmental 
aspects. This analysis determines how efficiently the 
energy is used. Several studies on energy input and 
output have been concentrated generally on world-
wide production of field crops such as wheat [Singh 
et al., 1999], cotton [Singh et al., 2000], forage maize 
[Pishgar et al., 2011], sugarcane [Karimi et al., 2008], 
tomato [Esengun et al., 2007], canola [Mousavi-Avval 
et al., 2011], soy bean [Mandal et al., 2002], etc. 

Increasing use of energy inputs in agriculture 

leads to numerous environmental problems like high 
consumption of non-renewable energy resources, 
loss of biodiversity, pollution of the aquatic environ-
ment by the nutrients nitrogen and phosphorus as 
well as by pesticides [Nemecek et al., 2011]. Life cycle 
assessment (LCA) is a methodology for assessing all 
the environmental impacts associated with a product, 
process or activity, by identifying, quantifying and 
evaluating all the resources consumed, and all emis-
sions and wastes released into the environment [Re-
bitzer et al., 2004]. During the last century, LCA was 
mainly used in industrial fields, but nowadays, most 
researchers have used it widely to assess the impacts 
of products, processes and activities on the environ-
ment as well as in agriculture. A great deal of reports 
are available on its use for analyzing agricultural pro-
ducts i.e. olive [Avraamides and Fatta, 2008], cocoa 
[Ntiamoah and Afrane, 2008], sugar beet [Brentrup 
et al., 2001], wheat [Brentrup et al., 2004], and green 
bean [Romero-Gámez et al., 2012], and cropping sys-
tems’ impacts on the environment.

The aims of this study were to calculate: (a) the 
emissions of input materials in wheat production, (b) 
to find a relationship between input materials and 
field emissions, and (c) carry out sensitivity analysis 
of the inputs on global warming potential (GWP), 
human toxicity potential (HTP), eutrophication po-
tential (EP), ecotoxicity potential (ETP), acidifica-
tion potential (AP) and oxidant formation potential 
(OFP) in Esfahan province of Iran.

Materials and methods

Study area and data collection

The Esfahan province (a province in center of 
Iran) is located within 30-42° and 34-30° north 
latitude and 49-36° and 55-32° east longitude. 
Data were collected from 260 wheat farms in ru-
ral areas of Fereydonshahr, a city in the west of 
Esfahan province, using a face-to-face question-
naire method. The sample size was calculated 
using the Neyman method [Yamane, 1967] as is 
shown below: 
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where ‘n’ is the required sample size; ‘N’ is the 
number of farmers in the target population; ‘Nh’ is 
the number of the farmers in the ‘h’ stratification; 
‘S2

h’ is the variance of the ‘h’ stratification; ‘d’ permit-
ted error ratio deviated from average of population 
(x = X), ‘z’ is the reliability coefficient (1.96 which re-
presents 95% confidence); D2=d2/z2; the permissible 
error in the sample population was defined to be 5% 
within 95% confidence interval. Thus the sample size 
was calculated to be equal to 260. A selection of 260 
wheat producers was randomly carried out.

Input energy sources for the wheat production 
in the studied region were human labor, electricity, 
diesel fuel, machinery, chemicals fertilizers, farmyard 
manure (FMY), water for irrigation and seed; while 
output energy sources were grains produced. It must 
be noted that solar energy, either as radiation or heat, 
was not taken into account, as it is considered as a 
free subsidy in the energetic or economic analysis of 
agricultural systems [Slesser, 1973].

Life cycle assessment 

Life cycle assessment (LCA) is a tool that can be used 
to evaluate the environmental effects of a product, 

process or activity. The LCA methodology has four 
components: goal definition and scoping, life cycle 
inventory (LCI), impact assessment and improve-
ment assessment. The goal of this study was the com-
parative environmental assessment of wheat produc-
tion in three different farm sizes (<1 ha, 1‒3 ha, >3 
ha) using LCA methodology. The scope of the present 
study consisted of agricultural practices, materials 
and energy inputs employed during the farming sea-
son as well as infrastructure process. Biogenic carbon 
balance, i.e. the equilibrium between net CO2 uptake 
by plants (net primary production) and CO2 released 
by soil respiration is not taken into account.

The common agricultural practices to yield wheat 
in the area of which the study was carried out were: 
field preparation (plowing, disk harrowing and leve-
ling of the soil), incorporating farmyard manure into 
the soil, seeding, post-seeding agricultural practices, 
fertilization, irrigation (water extracted from local 
wells by means of electrical pumps), spray pesticide, 
plant protection and harvesting. Farm operations of 
wheat production in the studied region are shown in 
Fig. 1.

Above-mentioned cultivation processes along 
with energy and materials consumed during crop 
treatment were regarded as LCA steps. Life cycle in-
ventory (LCI) data for wheat production is summari-
zed in Table 1.

Data for the production of used inputs were taken 

Figure 1 Farm operations and system boundary for wheat production.

Eq. (1)
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from the EcoInvent®2.0 database. These primary data 
along with calculated direct emissions were imported 
into and analyzed with the SimaPro7.3 software. The 
impact categories used in this study are listed in Table 
2. The impact-evaluation method used was the CML 
2000 baseline developed by the Centre of Environ-
mental Science of Leiden University [Guinée et al., 
2002].

GWP was used to express the contribution that 
gaseous emission from the arable farm production 
systems make to the environmental problem of cli-
mate change. Direct emissions related to GWP was 
calculated using Eq. (2) [Guinée et al., 2002]:

i
i

ia mGWP ×=∑ ,GWP     
     

The indicator result is expressed in kg of the refe-
rence substance, CO2. ‘GWPa,i’ is the GWP for subs-
tance ‘i’ integrated over ‘a’ years (we considered 100 
years), while ‘m’ (kg) is the quantity of substance ‘i’ 
emitted.

Human toxicity (HT) covers the impacts of pre-
sent toxic substances in the environment on human 
health. Terrestrial ecotoxicity (TE) refers to impacts 
of toxic substances on terrestrial ecosystems. Eu-
trophication covers all potential impacts of excessi-
vely high environmental levels of macronutrients, 
the most important of which are nitrogen (N) and 
phosphorus (P). The indicator result is expressed in 
kg PO4

-3 equivalent. Photo-oxidant formation is the 
formation of reactive chemical compounds such as 
ozone by the action of sunlight on certain primary air 
pollutants. These reactive compounds may be inju-
rious to human health and ecosystems and may also 
damage crops. The indicator result is expressed in kg 
of the reference substance, ethylene. Acidifying po-
llutants (AP) have a wide variety of impacts on soil, 
groundwater, surface waters, biological organisms, 
ecosystems and materials (buildings). The indicator 
result is expressed in kg SO2 equivalents.

System boundaries needed to be defined for co-
rrect accounting of emissions associated with inputs, 
within field/farm activities, and after the product 

Inputs Units Average Max Min SD

Machinery kg 4675.05 5117 3917 261.6

Labor h 120 193.12 80 25.64

Diesel fuel L 74.64 138.5 38 25.67

Electricity kWh 3297.25 3597 2997.5 174.06

Chemical fertilizers

Nitrogen (N) kg 246.68 600 100 67.54

Phosphate (P2O5) kg 146.14 333.5 150 75

Potassium (K2O) kg 106.55 320 160 88.5

Farmyard manure kg 4420 25000 0 6070

Pesticides kg 1.46 5 0 1.13

Water for irrigation m3 6050 6600 5500 319.38

Seed kg 310.85 366.67 166.67 42.8

Table 1 Life cycle inventory data for wheat production per ha.

Eq. (2)
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leaves the farm. One tonne of wheat produced and 
farm gate were determined as the functional unit and 
system boundaries respectively.

In order to find out whether the calculated values 
of impact categories for three groups of farm sizes – 
small (<1 hectare), medium (1‒3 hectare) and large 
(>3 hectare) – are different significantly, the ANOVA 
test was utilized and in order to compare their means, 
and Duncan compare mean test was applied.

Emissions

Emissions from wheat cultivation include emissions 
to air, water and soil from the field. Emissions to 
water from agricultural soils are determined as subs-
tances that leave the root zone of the plants. Thereby, 
the topsoil is regarded as a part of the techno sphere. 
E.g. nutrients are added to the soil and most of it is 
assimilated and harvested by the crops. Emissions are 
only related to the phosphate, i.e. the difference bet-
ween inputs to and removals from the field.

Calculating N emission depends on N-balance on 
the field scale. Known inputs and outputs which are 

relevant to seed, fertilizer, N changes in soil matter 
and harvested crops are balanced in order to work 
out the N surplus. This surplus causes emitting diffe-
rent noxious gases. Nitrogen emissions were compu-
ted as elaborated in IPCC [2006]. The guideline esti-
mated that the use of 100 kg of N fertilizer leads to an 
emission of 1.25 kg of N2O into the air. IPCC [2006] 
estimates that 10% of the total nitrogen applied is 
emitted from the soil as NOX and NH3. Furthermore, 
this breaks down to 2% NOX and 8% NH3.

N fertilizer forms ammonium (NH4
+) and nitrate 

(NO3
−) in soil. Ammonium is quickly converted to 

nitrate in most types of soil. The nitrate form of ni-
trogen is susceptible to leaching to deeper soil levels 
where it is not available anymore for plant uptake. 
According to Erickson et al. [2001], more than 30% of 
nitrogen applied to ornamental plants leaches deeper 
down into the soil.

Model development

In order to specify a relationship between input ener-
gies and field emissions, a mathematical function needs 
to be identified. For this purpose Cobb-Douglass pro-
duction function was chosen as the best function in 
terms of statistical significance and expected signs of 
parameters. The Cobb-Douglass production function 
is expressed as follows [Hatirli et al., 2005]:

exp(u) f(x)Y =      
     

Eq. (3) can be expressed in the following form;

( )∑
=

++=
n

j
iijj eXa

1
i lnYLn α

ni ,,2,1 =     
 

where ‘Yi’ denotes the emissions of the ith farm, 
‘Xij’ the vector of inputs used in the production pro-
cess, ‘a’ the constant term, ‘αi’ represent coefficients 
of inputs which are estimated from the model and 
‘ei’ is the error term, with assumption that, when the 
energy input is zero, the emission is also zero, Eq. (4) 
changed to Eq. (5);

Impact 
categories Nomenclature Measurement 

units 

Global Warming 
Potentiala GWP kg CO2 eq.

Eutrophication 
Potential EP kg PO4

-2 eq.

Human toxicity 
Potentiala HTP kg 1,4-DCB eq.b

Terrestrial 
Ecotoxicity 
Potentiala

TEP kg 1,4-DCB eq.b

Oxidant 
Formation 
Potential

OFP kg Ethylene eq.

Acidification 
Potential AP kg SO2 eq. 

a Considering 100 years.
b DCB= Dichlorobenzene

Table 2 Environmental impact categories and 
measurement units for each category.

Eq. (3)

Eq. (4)
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In this study the return to scale index was deter-
mined in order to analyze the proportional changes 
in output due to a proportional change in all the in-
puts (where all inputs increase by a constant factor). 
Hence, the return to scale values for the Eqs. (4)-(5) 
were determined by gathering the elasticities, derived 
in the form of regression coefficients in the Cobb-
Douglas production function. If the sum is more 
than, equal to, or less than unity, implying that the-
re are increasing, constant, or decreasing returns to 
scale, respectively. An increasing, constant and de-
creasing return to scale indicate that when the inputs 
are increased by X value, then the impact categories 
of wheat production increases by more than, exactly 
and less than X value, respectively.

In the last part of this study, the sensitivity of in-
puts on emissions of wheat production was analyzed 
to determine how the output may be affected by the 
change in each input usage. For this purpose, the 
marginal physical productivity (MPP) method, based 
on the response coefficients of the inputs was utili-
zed. The MPP of a factor implies the change in the 
total output with a unit change in the factor input, 
assuming all other factors are fixed at their geome-
tric mean level. A positive value of MPP of any input 
variable identifies that the total output is increasing 
with an increase in input. The MPP of the various in-
puts was calculated using the ‘αj’ of the various inputs 
as follows [Mousavi-Avval et al., 2011]:

        
  

where ‘MPPXj’ is the marginal physical producti-
vity of jth input, ‘αj’ denotes the regression coefficient 
of jth input, ‘GM(Y)’ is geometric mean of each emis-
sion and ‘GM(Xj)’ denotes the geometric mean of jth 
input energies per tonne of grain produced basis.

In order to show the accuracy of our regression 

model, some quality parameters including, the coeffi-
cient of determination (R2), the mean absolute error 
(MAE) and the root mean square error (RMSE) bet-
ween the predicted and actual values were used and 
calculated using the following equations [Rahman 
and Bala, 2010]:
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where ‘n’ is the number of the points in the data 
set, and ‘t’ and ‘z’ are actual output and predicted out-
put sets, respectively.

Basic information on inputs and output of wheat 
production and field emissions were entered into Ex-
cel 2010 spreadsheets, SPSS 17.0 software and Matlab 
R2012a and SimaPro software.

Results and discussions 

Environmental impact assessment of wheat 
production

Table 3 summarizes the values of the potential envi-
ronmental impact of the wheat cultivation. The ave-
rage GWP for wheat production in the studied area 
was calculated as 2620.86 kg CO2eq t-1. As it can be 
seen the farm size had an influential effect on the 
GWP. An increase in the farm size led to a reduc-
tion trend in GWP. Needless to say, such a deduction 
considerably shrank when the farm size proliferated. 
It means that the value of GWP for large farms fell at 
1072 kg CO2 eq t-1 and the value of GWP for small 
farms fell at 4590 kg CO2 eq t-1. In synthesis, GWP for 
large farms was significantly less than its counterpart 

Eq. (5)

Eq. (6)

Eq. (7)

Eq. (8)

Eq. (9)
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in small and medium farms due to high value of gra-
ins produced in large farm groups.

Based on the evaluations it was revealed that 
emissions of chemical fertilizers, especially N-based 
fertilizers, played the most important role on GWP, 
followed by electricity. The share of N2O emissions 
of fertilizers for farms less than one hectare was 
88% and for two other levels were 87 and 84 percent 
respectively. Nemecek et al. [2011] in their studies 
showed that the N2O and CO2 emissions of chemical 
fertilizers played the most important role in GWP. 
Management of using chemical fertilizers can be a 
good way for reducing the environmental impacts in 
wheat production. The evaluation of the type of fer-
tilizer illustrates the need to know the composition 
of the fertilizers and provides explicit possibilities to 
optimize fertilization practices. In some situations, 
the type of mineral fertilizer is the main determinant 
in emissions at the whole farm level and changing the 
type of fertilizer could significantly reduce the envi-
ronmental impact [Charles et al., 2006]. The use of 
chemical fertilizers should happen cautiously due to 
their permanent effect on environment. Other LCA 
studies have shown that, for example, the use of urea 
or organic fertilizers (e.g. slurry) as N sources results 
in much higher Aps [Küsters and Jenssen, 1998].

The impact category of EP was dominated by 

N-based fertilizers and followed by electricity and 
P-based fertilizers. As it is illustrated in Table 3 the 
difference between large and medium farms are not 
significant from EP point of view while its amount 
in small farms is higher than other farm size groups. 
The results revealed that in all impact categories ex-
cept OFP the large farms have the lowest environ-
mental impacts per tonne of grain produced due to 
producing more yields. OFP was as a result of diesel 
combustion in wheat production. Due to an intensive 
use of machinery in large farms the diesel consump-
tion is higher so OFP in large farms has a significant 
difference with other farm size levels.

The previous study conducted by Khoshnevisan 
et al. [2013] in this area showed that the difference 
between three selected farm sizes were not significant 
from energy consumption point of view while with 
the same level of energy inputs the output energy 
from large farms was meaningfully higher than other 
groups. Moreover, the amount of direct CO2 emission 
from large farms was less than small and medium 
farms. In addition to the results of the present study 
wheat production in the large farms of the surveyed 
area is more preferable than small farms.

Damage assessment is a relatively new step in im-
pact assessment. The purpose of damage assessment 
is to combine a number of impact category indicators 

Impact category

Farm size level

AverageSmall
(<1)

Medium
(1-3)

Large
(>3)

Global warming potential 4590a 1840b 1072.6c 2620.86

Eutrophication potential 20.78a 11.88b 10.1b 14.25

Human toxicity potential 2263.4a 633.7b 438.1b 1111.7

Terrestrial ecotoxicity potential 12.59a 9.35a 9.85a 10.59

Acidification potential 36.01a 12.7b 8.5c 19.07

Oxidant formation potential 0.0073ab 0.0067a 0.0081b 0.0073

Note: emissions are calculated per tonne (1000 kg) of grain produced

Table 3 Values of the potential environmental impact of the wheat cultivation.
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into a damage category (also called area of protec-
tion). In the damage assessment step, impact cate-
gory indicators with a common unit can be added. 
For example, all impact categories that refer to Hu-
man health are expressed in DALY (disability adjus-
ted life years). The results of damage assessment of 
wheat production are demonstrated in Fig. 2. As can 
be observed, production and application of chemical 
fertilizers contribute to all damage categories. The da-
mage category of human health is dominated by ferti-
lizers (more than 40%) while the damage assessment 
of resources is dominated by electricity.

Econometric model estimation of emissions 
and sensitivity analysis of inputs on impact 
categories 

It was revealed that the farm size played an impor-
tant role on environmental burdens and environmen-
tal emissions due to significant difference of energy 
consumptions, so it was considered that the farm size 
levels indirectly influence each impact category. The 
relationship between input materials as direct factors 
together with farm area as indirect factor took into 
account independent factors for regression modeling. 
Our model was estimated by CD production function 
(Eq. 5) and using ordinary least square (OLS) esti-
mation technique. Accordingly, the emissions were 
assumed to be a function of chemical fertilizers (N, 

P2O5 and K2O), diesel combustion, chemicals and 
farm area.

The regression analysis results of Eq. (5) (Table 
4) illustrated that in the impact category of GWP the 
contribution of area, chemical fertilizer and diesel fuel 
energy was significant at 1% level. These results indi-
cated that with an additional use of N fertilizers and 
diesel fuel energy or area of farms by 1%, the GWP 
will increase 0.711%, 0.046% and 0.738% while 1% 
additional use of biocides would lead to a decrease by 
0.001 in GWP. The MPP values of model variables are 
shown in Table 4. As it can be seen, the MPP values 
of Area, N, P2O5, K2O, diesel fuel and biocides were 
529.7, 0.099, 0.008, 0.019, 0.035 and -0.36, respecti-
vely. These values illustrated that with 1 kg increase in 
each input of N, P2O5, K2O and 1 L diesel fuel addi-
tional increase in GWP will happen by 0.099, 0.008, 
0.019 and 0.035 kg per tonne of grain produced, res-
pectively. On the other hand increasing 1 kg in using 
biocides can decrease the GWP as 0.36 kg per tonne 
of grain produced. It was shown that with increasing 1 
kg biocides consumption the yield would be increased 
due to better protection of plants and subsequently 
the emissions per tonne of grain will be increased. 
The returns to scale (RTS) values for CD model (Eq. 
5) were calculated by gathering the regression coeffi-
cients. The value of RTS was calculated as 1.51. This 
revealed that 1% increase in the inputs utilize would 
lead in 1.51% increase in the emission for this model.

Figure 2 Evaluation of damage assessment of wheat production.
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1. Area (α1) 0.738 81.54** 529.7 0.28 11.77** 3.2 -0.15 7.01** -79.9

2. N (α2) 0.711 61.9** 0.099 0.004 0.14 0.001 0.36 13.5** 0.038

3. P2O5 (α3) 0.007 0.49 0.008 0.56 15.14** 0.01 0.002 0.07 0.002

4. K2O (α4) 0.010 0.66 0.019 0.018 0.45 -0.001 0.15 4.39** 0.22

5. Diesel (α5) 0.046 3.3** 0.035 -0.19 -5.17** 0.002 0.35 10.75** 0.2

6. Biocides (α6) -0.001 -0.42 -0.36 0.001 0.05 0.002 0.001 0.26 0.38

Durbin Watson 1.85 1.83 1.9

R2 0.99 0.99 0.99

RMSE 0.07 0.19 0.17

MAE 0.04 0.13 0.13

RTS 1.51 0.68 0.71
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1. Area (α1) -0.14 -3.3** -0.003 -0.69 -11.6** 0.01 0.078 2.4** 0.61

2. N (α2) -0.57 -10.4** -0.001 -0.96 -12.7** -0.001 0.471 11.5** 0.001

3. P2O5 (α3) -0.18 -2.6** -0.002 0.56 0.03 0.002 0.002 0.04 0.0001

4. K2O (α4) 0.22 0.3.07** 0.001 0.003 0.47 0.001 0.025 0.47 0.001

5. Diesel (α5) 0.18 2.7** 0.002 0.46 5.01** 0.002 -0.291 -5.86** -0.002

6. Biocides (α6) 0.56 130.6** 0.02 -0.002 -0.3 0.001 -0.001 -0.28 -0.01

Durbin Watson 1.87 1.81 1.81

R2 0.99 0.99 0.98

RMSE 0.34 0.49 0.26

MAE 0.24 0.32 0.17

RTS 0.067 -1.15 0.28

** Significant at 1% level. * Significant at 5% level

Table 4 Econometric estimation results of inputs.
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Durbin-Watson statistic test results (Table 4) 
showed the value of 1.85 for Eq. (5) and there is no 
auto-correlation in the estimated model. The corres-
ponding R2 value for this model was 0.99.

The results of regression analysis for area, N, P2O5, 
K2O, diesel fuel and biocides inputs with EP, HTP, 
TEP, OFP and AP of wheat production are given in 
Table 4 too. As shown, RTS for EP, HTP, TEP, OFP 
and AP was 0.68, 0.71, 0.067, -1.15 and 0.28, respec-
tively. The results illustrated that there were not any 
auto-correlations in the estimated models.  

Conclusions

Iranian wheat cultivation was investigated using LCA 
methodology. Initial data were collected using face‒
to‒face questionnaire method and the rest of required 
information was picked using some databases such as 
EcoInvent®2.0 database. Direct emissions were calcu-
lated along with the amount of input materials used 
during production season, and were entered SimaPro 
software to evaluate the environmental emissions of 
wheat cultivation. Global warming potential (GWP), 
eutrophication potential (EP), human toxicity po-
tential (HTP), terrestrial ecotoxicity potential (TEP), 
oxidant formation potential (OFP) and acidification 
potential (AP) were calculated as 2620.86 kg CO2 
eq.t-1 (tonne of grain), 14.25 kg PO4

-2 eq.t-1, 1111.7 
kg 1,4-DCB eq.t-1, 10.59 kg 1,4-DCB eq.t-1, 0.0073 kg 
Ethylene eq.t-1 and 19.07 kg SO2 eq.t-1, respectively. 
The evaluations disclosed that on the basis of a mass-
based functional unit (one tonne of grains produced) 
the large farms were more environmentally prefera-
ble than other farm size groups due to more produ-
ced yields. It should be highlighted that these results 
are true for selected environmental impacts and it 
is likely not true for others. To specify a mathema-
tical relationship between inputs and environmental 
emissions, the Cobb-Douglass production function 
was chosen. Based on the results of this study, it is 
concluded that the evaluated model can estimate se-
lected environmental indices with high accuracy and 
minimum error.
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