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Abstract

Excessive concentration of greenhouse gases in atmosphere emitted from human activi-
ties has been considerably changing the world’s climate, especially in the last 50 years.
Agriculture, as humans’ food production system, has undoubtedly interrelated with climate
change (CC). During current decades, the impacts of CC on agriculture have been properly
investigated; however, the impacts of agriculture on CC have received lower attention. This
may be due to the scarcity of long-term spatiotemporal climatic and agricultural data to
analyze coupling trends and interactions. Benefiting from a comprehensive database and
using structural equation modeling, this study seeks to investigate the contribution of agri-
culture to CC in Iran for more than half a century. For this, two indicators were developed
to evaluate structural characteristics of agricultural expansion (AEI) and CC at the prov-
ince level. Then, the effect of AEI on CC was investigated using the structural equation
modeling technique. The results showed that AEI has not had a positive contribution to
raising the long-term average surface temperature. Precisely, the provinces with a higher
level of surface temperature have had a lower AEI, indicating that other sectors outweigh
agriculture in exacerbating long-term CC in the country. Nevertheless, Iran still needs to
improve and sustain its agricultural practices and technologies. The main conclusion of
this study is that if the government and policymakers aspire to manage CC, they should
have a more holistic and systematic view. In other words, not only do they need to consider
all drivers of CC, but they also have to pay close attention to the network of relationships
among the drivers.
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1 Introduction

Agriculture expansion (AE) and climate change (CC) regulation are two highly interrelated
and major global issues. The majority of studies have emphasized such interrelation and its
importance, especially in recent decades, characterized by a huge surge in average global
temperature (Agovino et al., 2018; Bryan et al., 2013; Lin & Huang, 2019). A stable cli-
mate is perhaps the most important environmental factor determining the sustainability and
efficiency of agricultural production systems. CC can diversely influence AE in a complex
way. Short-term changes in climate conditions, precipitation patterns, and temperature, for
instance, will increase the possibility of crop failure and excessive proliferation of pets,
reducing both the quantity and cost of food produced. Considering the anticipated trend
in world’s population, this will cause serious concerns for food security worldwide. This
situation would more severely influence developing and underdeveloped countries where
many people are poor and the birth rate is the highest. To compensate for low produc-
tion due to unstable climate conditions, people would expand their agricultural activities
and areas which consequently encourage deforestation and agricultural land conversion
(ALCQ). Therefore, there is no doubt that AE also affects CC; however, the impact of AE on
CC is less available (Maeda et al., 2021). AE influences CC through different mechanisms
such as the emission of greenhouse gases (GHGs) and land use change (LUC) (Azadi
et al., 2022; Nelson et al., 2012; Ng et al., 2023). Considering emission of GHGs, Smith
et al. (2014) and Lenka et al. (2015) reported that agriculture contributes to about a quar-
ter (~10-12 Gt CO, eq/yr) of anthropogenic GHG emissions, principally including three
groups of GHGs (methane, nitrous oxide, and carbon dioxide). Methane is released mainly
from livestock digestion processes and stored animal manure, and nitrous oxide is emitted
from organic and mineral nitrogen fertilizers. According to the US Environmental Protec-
tion Agency (EPA), 9% of GHG emissions in 2016 were associated with the agriculture
sector (especially livestock, soils, and rice production) in the USA (EPA, 2019). In EU-28,
10.3% of total GHG emissions were associated with the agriculture sector. Food and agri-
culture organization (FAO) estimated that GHG emissions of agriculture have increased
from 4.6 Gt CO, eq yr'! in the 1990s to 5.3 Gt CO, eq yr~' in 2011. Moreover, this
amount of CO, is expected to substantially increase to 30% by 2050, provided that greater
reduction efforts such as declining energy use are not devoted (Tubiello et al., 2014).
Agriculture also impacts CC through incentivizing different land use and cover changes
(LUCC) including deforestation (Baude et al., 2019; Beillouin et al., 2022; Kertész et al.,
2019; Shrestha et al., 2022). Empirical evidence asserted that LUCC alters the land surface
energy fluxes (Anita et al., 2010); however, the severity of the effect varies based on LUCC
characteristics. Maeda et al. (2021) showed that climatic impacts of deforestation signifi-
cantly differ based on land uses/activities developed afterward. It was shown that commer-
cial agriculture land use is producing more negative impacts on surface temperature and
local climate compared to other land uses such as rural settlements. Mounting evidence
suggests that LUCC affects not only the local climate but also the regional and global cli-
mate. Nonetheless, the exact patterns of these changes have remained poorly understood
(Fahrenkamp-Uppenbrink, 2013). LUCC affects the quality of different dimensions of the
environment. For instance, it influences water quality, air quality, and biologic diversity
through changes in runoff, hydrologic cycle, carbon storage, habitat loss, and disturbance

! Gigatons of CO, equivalent per year.
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to resource availability (Azadi et al., 2022; De Palma et al., 2018; Mantyka-Pringle et al.,
2015; National Research Council, 2012; Ponpang-Nga & Techamahasaranont, 2016;
Shrestha et al., 2022).

The land use change trend has been taking place on a very large scale today because
of humankind’s technological advances. In the past (thousands of years ago), people con-
verted forests into other land uses using fire, primitive tools, and grazing to facilitate hunt-
ing and agriculture, but today, advanced technology has led to rapid changes in land use
on a very large scale (FAO, 2018). In Iran land use change, especially agricultural land
conversion (ALC), has considerably increased during current decades and this has caused
numerous socioeconomic and environmental impacts. ALC has a negative association with
AE, meaning that when ALC increases, the AE decreases (Azadi & Barati, 2013; Azadi
et al., 2015; Barati et al., 2015). In the USA, urban and agricultural areas expansion, energy
development, and forestry practices changes have been the main drivers of land use change
(National Research Council, 2012). These large-scale changes may contribute to increased
CO, concentrations in the atmosphere which is one of the most important environmental
problems of today.

Although our knowledge about the impacts of LUCC on climate through GHG emissions
is lacking, empirical evidence suggests that one of the most important outcomes of these
emissions is global warming. Overall, the temperature of the Earth’s equilibrium is con-
trolled by a few factors, including incoming sunlight; absorbed and reflected sunlight; and
infrared radiation released, absorbed, and re-emitted in the atmosphere, mainly by green-
house gases (GHGs) (Li et al., 2023; Wuebbles et al., 2017). Any changes in these factors
through the addition of GHGs will contribute to CC by reducing the radiative balance of the
earth. Any changes in this balance will result in changes in temperature, precipitation, and
other climate variables through a complex set of physical couplings (Li et al., 2023; Usgcrp,
2017). These changes will create an additional loop, which means more global warming.
Figure 1 illustrates the changes in global surface temperature, relative to 1951-1980 average
temperatures (as anomaly baseline?), and CO, as the most important GHG. Based on this
graph, a direct correlation exists between these two variables (r=0.95, P<0.001).

Literature review shows that studies examining the impacts of AE on CC have three
major characteristics. Firstly, the impact of AE on CC has not been frequently studied;
however, adequate CC mitigation and adaptation policies require a complete understanding
of the effect of AE on CC. Secondly, studies have mainly measured specific characteris-
tics of AE such as cropland expansion (Sampaio et al., 2007), cash-crop plantation (June
et al., 2018), change in cropping system (Ashraf et al., 2019), and their influences on micro
and regional climate. Although these studies provide important implications for decision
making, they only show the change in the surface sensible heat flux which consequently
changes surface temperature. Therefore, an integrated analysis of pathways by which AE
influences CC is required to quantify the overall effect of AE on CC. Thirdly, the majority
of studies analyze AE-CC interactions within a small period of time, mostly lower than 10
years (June et al., 2018), undermining their abilities to uncover dynamics of AE-CC inter-
actions over time. This study attempts to bridge the current knowledge gap in analyzing the
impact of AE on CC by developing a comprehensive indicator composed of diverse forms
of land use changes and agricultural activities indices that exacerbate GHGs emissions and
land surface temperature. The study also applies a wider time frame and a large geographi-
cal area to capture both possible spatial and temporal variations in AE-CC interactions.

2 Anomaly baseline is the average of variable(s) such as temperatures during a period of time (here 1951—
1980).
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Fig.1 Correlation between global surface temperature and carbon dioxide (Source of data: NASA/GISS.
https://climate.nasa.gov/vital-signs/global-temperature/)

In Iran, it is widely claimed that the agricultural sector is a major source of GHG emis-
sion (Reisinger et al., 2013) and the amount of agricultural GHG emission has been experi-
encing an upward trend since the last two decades (Mohammadi et al., 2014). There are no
specific data about agricultural CO, or other GHGs emissions from the agricultural sector
at the country, province, or other local levels in Iran. However, empirical studies are essen-
tially needed to support these claims. The only clear evidence is that Iran’s CO, emissions
increased drastically between 1990 and 2015, rising by 5% annually, whereas the global
average for the same period was 2.3% (Central Bank of the Islamic Republic of Iran, 2018).
Iran is the 11th country in the world, emitting 716.8 million tons of CO? and 1.64% of
global GHGs (Friedrich et al., 2017). It is also the biggest emitter of GHGs in the Middle
East (Mansouri Daneshvar et al., 2019).

To the best of our knowledge, this study is the first to analyze and statistically model
the long-term spatiotemporal impacts of AE on CC in Iran for the duration of 57 years.
This indicates the novelty and relevance of this study. More importantly, this study con-
siders specific variations in AE and CC relationship for different geographical regions in
the country which would provide significant policy implications for national policymak-
ers. Moreover, while the majority of previous studies have attempted to reveal underly-
ing forces behind a phenomenon, LUCC for instance (Li et al., 2020; Shahbazian et al.,
2019), analyzing the mechanism of the impact of driving forces has received scarce atten-
tion. Specifically, this study seeks to answer the following main questions: (1) Have CC
and AE changed in Iran (among provinces) significantly? (2) Has AE played an impor-
tant role in CC in Iran? (3) How has the temperature changed in Iran during recent dec-
ades? To achieve these goals, this paper has been structured as follows. Section 2 discussed
the methodology of the paper. In this section, the study area was first explained in brief.
Then, the procedures of the calculation and development of AE and CC indicators were
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discussed. In Sect. 3, the results of the study were obtained, discussed, and compared with
other studies. Finally, Sect. 4 prepared a brief conclusion of the paper and provided some
suggestions for further studies.

2 Methods and materials
2.1 Study area

The study area was the Islamic Republic of Iran (Iran) in western Asia. Iran is located
between the Caspian Sea in the North and the Persian Gulf and the Sea of Oman in the
South. Based on the latest official census data, the population of Iran was about 80 mil-
lion in 2016 (its current estimation is over 81 million inhabitants). Iran’s land area is about
1,648,195 km?>. More than 82% of its area is located in the arid and semiarid zones of the
world. Iran has a diverse climate ranging from hyper-arid (35.5%) to wet (10%) (Amiri &
Eslamian, 2010). The average precipitation in Iran is less than 1/3 of the world (860 mm).
Iran has extreme temperature changes (sometimes from —20 to+ 50 °C) over its different
geographical areas. Severe drought and lack of adequate rainfall are the two main recog-
nized features of Iran’s climate. Agriculture is one of the main economic sectors of Iran.
According to the last official census data of Iran (2017), the share of the agricultural sector
in GDP and employment is about 11% and 18%, respectively (Statistical Center of Iran,
2017). More than 50% of rural labor is involved in agricultural activities. It also has an
important role in providing foreign exchange revenues. Although there is no exact estimate
of CO, emission from Iran’s agriculture sector, it is estimated to be approximately 2.5%
of the country’s total CO, emission (Yousefi-Sahzabi et al., 2011). Due to the poor soil
quality and water shortage in Iran, only 12% of the total lands are being cultivated. Less
than one-third of the cultivated areas are irrigated lands, and the rest are under rain-fed
farming (Barati et al., 2019a). Physical water crisis (Barati et al. 2019b; Madani, 2010,
2014), land degradation (Bahrami et al., 2010; Barati et al., 2021; Emadodin et al., 2012;
Khaledian et al., 2017), and agricultural land conversion (Azadi et al., 2015; Barati et al.,
2015) are some of the major challenges facing agriculture sector in Iran. The study area of
this research is comprised of all provinces of Iran (31 provinces) that are shown in Fig. 2.

2.2 Materials and methods

This study used secondary data to analyze the impact of AE on CC. Two main kinds of
data, including time-series and cross-sectional data, were used to analyze the influ-
ence of AE on CC. Time-series data were annual surface temperatures of provinces over
1960-2017. The source of these data was Iran’s Meteorological Organization (IMO). These
data were used to calculate the average temperatures baseline (anomaly baseline), long-
term average surface temperature (1960-2017), and the average distance from anomaly as
the climate change index (CCI). They also used these data to depict the CC trend over time.
The cross-sectional data were used to depict the AE situation of the study units. The source
of these data was the latest database of the Statistical Center of Iran (2017) (SCI). This
study integrates socioeconomic and biophysical aspects of AE and shows the mechanism
of the impact of AE on CC as well. For this, first, two indices were developed to represent
the structural characteristics of AE (AEI) and CC (CCJ) in Iran. Then, these indices were
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Fig.2 Study area (Iran)

calculated for all provinces of Iran. In the end, it investigated the impact of AEI on CC
using the partial least-square (PLS) method.

To analyze the significant effect of AE on CC, this study used the two following indica-
tors as the most important indicators of CC at the province level: (a) the average long-term
surface temperature (AST) and b) the distance between average annual surface temperature
and anomaly (DA).

The components of AEI and its calculation method are described in the following
sub-sections.

2.2.1 The procedure of developing the agricultural expansion index (AEI)

The agriculture sector in Iran primarily consists of three main sub-sectors: farming (crop
cultivation), horticulture, and animal husbandry. These three sub-sectors are also among
agricultural components that have the greatest impact on CC (Eggleston et al., 2006).
Therefore, those variables which were more related to these three prime sub-sectors were
used to construct AEL. Moreover, the availability of data for all provinces was considered
in the selection of AEI to make the comparison possible. These variables and their related
factors are indicated in Table 1.
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Table 1 The components of the structural equation modeling of AEI and CCI

Latent variables Observed variables (indicators)
Main index ~ Sub index Symbol  Description
AFI AHI (Animal husbandry index) BAHI Big animal husbandry indicator
SAHI Small animal husbandry indicator
ALI (Agricultural land area index)  IFLI Irrigated farm land indicator
RFLI Rain-fed farm land indicator
IOLI Irrigated orchard land indicator
ROLI Rain-fed orchard land indicator
DEI (Demographic index) APPI Agricultural producer population indicator
RRPI Rate of rural population indicator
CCI - AST Average surface temperature (1960-2017)
DA Distance of anomaly

To construct an overall index to show the agricultural expansion for each study unit
(province), the AE index was developed using the following procedure:

1. Selecting and gathering secondary data about the agricultural expansion, including main
agricultural variables such as irrigated and rain-fed farm and orchard land area, number
of farms, animal husbandries, small and big livestock, and the ratio of rural population
for each province.

2. Calculating an expansion index for each variable using Eq. 1.

Normalizing each expansion index using Eq. 2.

4. Calculating an agricultural expansion index for each province using Eq. 3.

VXV
! AJ/ZAJ'
in which: i=1, 2, ..., n, and n is the number of included variables, j=1, 2, ..., m, and

m is the number of provinces, El; is the expansion index of variable i for province j, V;;
is the value of variable i for province j, and A; is the area of province j.

w

(1

EI; — min (EI“, Elp, ... ’EIij)

NEL, = 2
" max (EL,El,, ..., El;) — min (EL,,EI,, ... ,EI;) @
in which NEI; is the normalized expansion index of variable i for province j, and
NEI.
AEL = L 3)
n

where AEI is the agricultural expansion index of province j, and n is the number of
variables.
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2.2.2 The procedure of developing climate change index (CCI)

To indicate the climate change level for each province, this study used the mean dis-
tance between annual and anomaly temperature over 1960-2017. The anomaly tem-
perature was calculated for a 25-year period (1976-2000) (Eq. 4). It was the average
annual temperature over 1976-2000. Annual temperature is the average surface tem-
perature of the province over each year. Finally, a climate change index (CCI) was
calculated for each province using the following formula (Eq. 5):

DA

;. = T, — AT}, 2(1960, 1970, ...,2017) @

in which DA, is the distance between the annual temperature of province j for year z and
the anorr}aly temperature of province j, T, is the annual temperature of province j for year z,
and AT is the anomaly temperature of province j.

Z?Afz 5)

CCl, =

in which CCI; is the climate change index of province j, and 7 is the length of the period of
time over 1960-2017 (58 years).
Table 2 includes all normalized variables of AEI and CCI.

2.2.3 Investigating the impact of AEl on CCl

To investigate the impact of AEI on CCI, both descriptive and analytical methods
have been used. In the descriptive section, descriptive statistics, GIS maps, and inte-
grated charts were utilized. In the analytical section, partial least-square (PLS) struc-
tural equation modeling was used (using Smart-PLS software v.3). PLS, as a method
of structural equation modeling, allows estimating complex structural or cause—effect
relationship models with latent (they are usually displayed by circles) and observed
variables (they are usually displayed by rectangles) (Hair Jr et al., 2016; 2017). This
study applies a structural equation modeling that allows integrated analysis of soci-
oeconomic and biophysical factors affecting CC in a single framework through the
application of latent variables. This method enables examining pathways by which AE
affects CC, quantifying the overall effect of AE on CC and its significance, and pro-
viding statistical evidence for verifying the hypothesized model. Structural equation
modeling has widely been applied in land system science (Xiaoyu et al., 2021), ero-
sive ecological structure (Zhou et al., 2019), and climate-induced vegetation change
(Buchwal et al., 2020; Hou et al., 2020). However, this method has seldom been used
in analyzing the impacts of AE on CC, indicating the methodological novelty of this
paper. PLS is also useful when the sample size is small and the data have high col-
linearity (Palermo et al., 2009). Each PLS model has two main sub-models: (a) esti-
mation model, representing the relationship between the data observed and the latent
variables. As a weighted sum of its observed data, it estimates the latent variables. (b)
A structural model, showing the relationship between latent variables (Hair Jr et al.,
2016). A structural model applies a single or multiple linear regression to the latent
variables to estimate them. Figure 3 prepares the conceptual model of this study.
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Fig.3 The conceptual model of the study
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Fig.4 The trend of Iran’s surface temperature change based on annual mean temperature and distance of
anomaly (1976-2000)

3 Results and discussion

3.1 Temperature changes as the main indicator of CCin Iran

Figure 4 shows the trend of surface temperature changes in Iran over 1960-2017.
Based on this figure, the annual mean temperature and its distance of anomaly (over
1960-2017) did not have a stable trend. The average annual temperature of Iran

decreased from 1982 to 1994 and increased again. The main part of this period coin-
cided with the Iran-Iraq war during 1980-1988. During this period and also several
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Fig.5 The surface temperatures of Iran’s provinces in the long term (1960-2017) and their average distance
of anomaly (1976-2000)

years afterward, many economic activities have been closed down. This can be consid-
ered as a possible explanation for such a decline in temperature.

Figure 5 shows the average surface temperatures of Iran’s provinces in the long term
(1960-2017), as well as their average distance of anomaly (1976-2000). It shows that
over 1960-2017, the average annual surface temperatures of most provinces, except
Kohgiluye and Ilam, have increased. In general, this increase across Iran has been about
0.47 °C. Soltani et al. (2016), Rahimi et al. (2018), and Tabari and Talaee (2011) also
emphasized the increase in the average surface temperature across Iran. The results
show that Qazvin and Lorestan had the largest increase in the average annual surface
temperature. Hormozgan and Bushehr had the highest average surface temperature in
Iran while Ardabil experienced the lowest.
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Fig.6 AEIL DA, and AST indicators of Iran’s provinces in comparison with each other
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3.2 AEand CCinlran

Results of comparison among provinces based on their AEI, DA, and AST are presented in
Figs. 6 and 7. Seemingly, provinces with less AEI have experienced more changes in CCI
(both average long-term surface temperature and average distance of anomaly). However,
this is only a hypothesis that is not statistically significant. There are also some observa-
tions that provinces such as Qazvin, Golestan, and Lorestan faced a huge change in DA and
AST simultaneously.

The provinces located in the north, northwest, and west of Iran have a larger AEI com-
pared with those located in the south, southeast, and east of the country (Fig. 7).

Figure 8 shows the dispersal of the provinces in terms of their AEI (a), AST (b), rural
population rate (c), and distance of average annual temperature from anomaly (d). It can
be observed that agriculture has expanded more in the north and northeast of the coun-
try (Fig. 8a) where the average surface temperature is also lower than that of other areas
(Fig. 8b). As shown in Fig. 8c, rural population rates for the south and southeast provinces
are higher than those of others, except for a small number of northern provinces. None-
theless, the former provinces have not scored high based on their AEI (Fig. 8a). Based
on Fig. 8d, there is no significant distribution in terms of the DA indicator among the
provinces.
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Fig.7 The geographical distribution of Iran’s provinces based on their AEIL, DA, and AST indicators
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3.3 Impacts of AE on CCinIran

This study developed a conceptual model (Fig. 3) to investigate the impact of AE on CC.
Regarding the small size of the statistical population (Iran’s provinces), and since the pro-
posed model is a primitive one, the PLS structural equation modeling (using Smart-PLS
software v.3) is used to estimate this model. Figure 9 shows the estimated model. Before
model interpretation, it is necessary to evaluate both measurement (outer) and structural
(inner) parts of the model (model fit evaluation). First, the measurement model should be
evaluated and then the structural part (Hair Jr et al., 2016). Standardized loadings, average
variance extracted (AVE) (that is commonly used to assess the convergent validity of the
shared variance between the latent variables of the model), composite reliability (CR) (i.e.,
a measure of the overall reliability of a collection of heterogeneous, but similar items), and
finally, weights’ significance (P value) are some of the most important criteria to evaluate
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Fig.9 The estimated factor loadings and adjusted R? (numbers in parentheses) of the base model (Fig. 3)

the measurement part of the model (Garson, 2016; Hair Jr et al., 2017). To evaluate the
structural or inner part of the model (which consists of the factors and the paths between
them), the most popular indicators are structural path coefficients (loadings), path sig-
nificance (P value), adjusted R square (i.e., a modified version of R square that has been
adjusted for the number of predictors in the model), and Q* value (the model’s predictive
power) (Garson, 2016). Based on the results (Fig. 9 which includes the estimated factor
loadings of the base model, and Table 3 which consists of the goodness-of-fit criteria),
most paths (except the two ALI— RFLI and CCI— DA paths) have a proper loading (a
good loading is more than 0.7, and an acceptable loading is more than 0.5). In addition,
AVE and CR for some parts of the measurement model are not good either. Therefore,
before any interpretation, it needs to be modified. This model was modified by removing
two nonsignificant paths (ALI— RFLI and CCI— DA), and it was estimated again.

Figure 10 and Table 4 include the modified model and its measured goodness-of-fit
indicators. In the modified model, both measurement (outer) and structural (inner) mod-
els have fitted well. Therefore, model interpretation could be done. What does this model
tell? Or what is the meaning of this model? The measurement part of the model means
that the components of AEI (its indicators) have been proper. In other words, the second-
order measurement model (including AEI, AHI, ALI, DEI, and their indicators), which is
designed to measure AEI, has played its role well (all paths are significant and have proper
loadings and R?). The weight criteria (Table 3) indicate the relative importance of each var-
iable for each factor. According to the weight criteria, the big animal husbandry indicator
(BAHI), the irrigated farmland indicator (IFLI), and the rate of rural population indicator
have been the most important indicators for their latent variables (factors). However, in this
study, the most important part of the model is the structural one. It is due to the fact that
this part implies the impacts of the agricultural expansion on climate change (AEI— CCI).
According to this model, AE has a significant impact on average surface temperature. How-
ever, this impact has been proved negative (—0.306). It means that provinces with a higher
AEI have had a lower long-term surface temperature. However, this effect has not been
very strong. In other words, about 6% of surface temperature variances at the province
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Fig. 10 The estimated factor loadings and adjusted R* (numbers in parentheses) of the modified model

level have been defined with the variance of provinces’ AEI. Therefore, the effect of AE
on long-term surface temperature is not very strong. There is some literature that claimed
about the impacts of agriculture on temperature through CO, emission and land use change
(Alkimim & Clarke, 2018; Anita et al., 2010; EPA, 2019; Fiissel et al., 2012).

Mande et al. (2015) believed that AE in southeastern Burkina Faso could spark unfore-
seen climate change. Liu et al. (2018) claimed that the dramatic exploitation of agriculture
has caused some environmental and ecological problems and has affected the stability of
northwest China. This study also investigated the impact of AE on CC using the average
distance from anomaly temperature over 1960-2017 as the second model (Fig. 11). This
model also fitted well (Fig. 11 and Table 5). Based on this model, although most provinces
have faced a positive change in surface temperature during recent decades (Figs. 5, 6, 7,
and 8), AEI has had no significant impact (P value >0.05) on DA. Many Iranian policy-
makers and environmentalists have claimed that agriculture has been responsible for many
environmental changes, especially in recent decades. There are many investigations that
emphasized the increased trends of temperature in Iran (Rahimi et al., 2018; Soltani et al.,
2016; Tabari & Talaee, 2011).

3.4 AE and CC an over view

Since the world’s population is estimated to reach 9.8 billion by 2050 (Kaneda & Dupuis,
2017), agricultural activities will play a more important role in providing the required
human food (food security) and sustainable development (Pachauri et al., 2014; Zurek
et al., 2022). FAO predicts that global arable land use will reach 1.66 billion hectares in
2050 (Roser & Ritchie, 2019) and a major part of this growth will result from develop-
ing countries. Iran, like many developing countries, has faced this challenge. Agriculture
and climate affect each other seriously. On the one hand, agriculture is strongly related
to climate. Therefore, climate and its changes adversely affect agricultural activities
(Schmidhuber & Tubiello, 2007). Changes in rainfall and temperature patterns, as a result
of CC, will exacerbate droughts and water crisis in Iran which consequently affect farm-
ing systems (Azadi et al., 2018). On the other hand, agriculture, as the major form of the
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Fig. 11 The estimated factor loadings and adjusted R (numbers in parentheses) of the second model

social-ecological system, affects the global climate (IPCC, 2015, 2018a). Agriculture
affects the environment and climate in different ways such as soil erosion (Maeda et al.,
2010) and degradation (Baude et al., 2019; Panagos et al., 2018), loss of biodiversity (Lanz
et al., 2018), and groundwater pollution (Almasri & Kaluarachchi, 2004; Okumabh et al.,
2018).

The results of this study showed that the average long-term surface temperature in
Iran over 1960-2017 has faced some different variations. Among these variations, for a
period of time (1982-1994), it faced a significant decline. This period coincided with the
Iran—Iraq war (1980-1988). In addition, several years later, when many economic activities
were closed down, this phenomenon was repeated. These fluctuations in mean temperature
were also reported by Ghasemi (2015). In addition, the average long-term (1960-2017)
distance from anomaly (1976-2000) in Iran has increased by 0.47 °C. Roshan et al. (2011)
also reported this increasing temperature trend in Iran, and using a temperature simulation,
forecasted a 4.41 °C increase in Iran’s mean temperature by 2100. IPCC (2015) reported
a similar temperature trend on a global scale (0.85 °C, over the period 1880-2012). [IPCC
(2018b) also predicted that global warming is likely to reach 1.5 °C between 2030 and
2052.

Although the distance of temperature from anomaly among provinces with low AEI
seems to be more than provinces with high AEI, this is not absolutely correct. There are
also some provinces with high AEI and DA such as Qazvin and Golestan. This result was
foreseeable since AEI is not the only driver of temperature change and CO, emission. For
example, Qazvin has faced a high rate of agricultural land conversion because of urban and
road network expansion (Asadi et al., 2016; Barati et al., 2015). Moreover, Golestan has
also experienced a series of significant land-cover and land use changes over 1967-2010
(Zamani et al., 2012). IPCC (2018a) reported that over the past 50 years, human activities
have resulted in huge emissions of GHGs to the atmosphere and there is a 95% certainty
that human-induced environmental footprints are responsible for the current level of global
warming. CO, emissions from the combustion of fossil fuels and industrial processes con-
tributed to about 78% of total GHG emissions among various human activities.
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This study indicated that although AE has had a negative impact on long-term aver-
age surface temperature in Iran, its effect has been much lower than that of other sec-
tors. Putting this more precisely, there are other sectors in the country that have a more
significant impact than agricultural expansion. It is noteworthy to mention that the AEI
explained approximately 6% of the total variance of long-term surface temperature in
Iran. The most important part of surface temperature variance in Iran has been caused
by other factors or variables such as CO, emissions from liquid fuel consumption. They
have been responsible for more than 37% of the total CO, emission. Residential build-
ings and commercial and public services have been responsible for about 22% of CO,
emissions. Electricity and heat production have also been responsible for about 34% of
total CO, emissions in Iran in 2014 (Trending Economics, 2019). Iran has been among
the 10 biggest emitters of CO, in 2018 (EurekAlert & AAAS, 2018).

Avoiding CO, emission has been introduced as the main way to limit global warm-
ing. Based on the Paris Agreement, to achieve the goal of a 1.5 °C increase in global
temperature, CO, emissions would need to decline by 50 percent by 2030. It also needs
to reach net-zero by around 2050. Therefore, Iran has no way but to decline CO, emis-
sions. In this regard, policymakers must pay more attention to the main sources of CO,
emissions in Iran. For example, CO, emissions from cars, lorries, and other transporta-
tion systems which have low energy efficiency have raised oil consumption. The effi-
ciency of gas consumption, as the most important source of heating energy in recent
decades, should be increased. Iranian government needs to pay much more attention
to this issue and try to replace fuel and gas with renewable resources such as wind and
sun-based energies.

Food waste is another important source of CO, emission in the world. It contributes to
about 6.7% of global CO, emissions (IPCC, 2007; Zurek et al., 2022). Humans have lost
or wasted about one-third of the foods that have been produced for global consumption.
Reducing food waste through enhancing waste management, which would lead to more
efficient land and water resources management, has not only positive impacts on liveli-
hoods but also positive impacts on climate change (FAO, 2019). Food waste is also another
challenge for the Iranian community. About 25 million tons of food are wasted in Iran
(Fami et al., 2019). This amount of wasted food has both socioeconomic and environmen-
tal consequences. The government, private sector, and civil society should collaborate to
raise awareness on the issues. They should develop policies and actions to address the root
of the problem.

This study demonstrated that AE has no significant impact on recent changes in sur-
face temperature based on anomaly (DA). Therefore, in addition to the agriculture sector,
it seems that policymakers should pay more attention to other sources of CO, emissions
as the main global warming factor, e.g., energy, transport, industry, food, and water and
soil waste (IPCC, 2018b). Toward this end, Iran needs to consider reducing CO, emis-
sions from buildings, industries, agriculture, and transport sectors and enhancing the rapid
deployment of low-carbon technologies seriously. In the agriculture sector, Iran would
need to improve and sustain its agricultural practices and technologies to halt increasing
local surface temperature. Therefore, it would be essential to reduce the uncontrolled use
of chemical inputs such as pesticides and chemical fertilizers; improve the irrigation and
water management systems, tillage, and other soil management operations; reduce plant
hormone applications; avoid planting without rotation, etc. (Onder et al., 2011). These
policies would alleviate the negative impacts of AE on CC and would enhance the adapta-
tion of the agricultural sector to the increasing destructive weather events in Iran (Karimi
et al., 2018). Without any doubt, performing these strategies requires a coherent national
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policy with great economic and public support. In addition, these policies should improve
the public environmental culture, raise public awareness about their environmental actions,
and develop climate change awareness systems.

4 Conclusions

Land use and cover changes and climate change are two highly interrelated and major
global challenges which are one of the most important environmental problems of today.
During current decades, the impacts of CC on agriculture have been properly investi-
gated; however, the impacts of agriculture on CC have received lower attention. This study
attempts to bridge the current knowledge gap in analyzing the impact of AE on CC. It
applied a wider time frame and a large geographical area to capture both possible spatial
and temporal variations in AE-CC interactions based on Iran experiences. Based on the
results, (A) the average surface temperatures of Iran’s provinces, as the main indicator of
CC, has been increased about 0.47 °C during 1960-2017. (B) AE has a significant nega-
tive but not strong impact on average surface temperature. Therefore, AE has not played
an important role in CC in Iran. (C) Although most provinces have faced a positive change
in surface temperature during recent decades and many Iranian policymakers and envi-
ronmentalists have claimed that agriculture has been responsible for many environmen-
tal changes, AEI has had no significant impact on DA. Therefore, there is an incomplete
knowledge about the climatic impacts of agriculture and other sectors and factors in Iran.
Since there is a lack of accurate information on the climatic impacts of various sectors and
sub-sectors in Iran, analyzing different climatic aspects of economic sectors seems a prior-
ity. Future studies should consider different forestry, land use, and agricultural sectors and
manage their impacts on climate, through monitoring their emissions for instance. Moreo-
ver, regulating the local climate while ensuring economic growth in Iran is a serious chal-
lenge. The study showed that AE has only a scant share in the country’s total GHG emis-
sions in the long run. Iran, similar to many developing countries, has outweighed economic
ambitious over environmental sustainability. This means that in every decision that legisla-
tors make, the economy proceeds the environment. The higher weight of the economy in
decision making is perhaps more obvious in Iran since it has been under severe economic
sanctions and thus desperately needs to sustain its economy. In terms of AE, Iran has seri-
ous limitations in importing foods and thus plans to pursue a self-sufficiency policy in pro-
viding its food. This means more lands would be converted into agriculture in the future,
and consequently, the impact of agriculture on changing local climate will continue to rise.
In a systemic view, this change in climate would adversely impact the sustainability of
human-environment interactions and threaten biological diversity in the country as well. In
this situation, policymakers should consider a systemic and balanced vision in their deci-
sion making to ensure environment protection, development, and sustainability.
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