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Abstract

Global warming is the immediate consequence of increased greenhouse gasses emission. Agriculture is a
significant source in terms of greenhouse gasses emission and on the other hand, the main sector in terms
of producing food. As global food demand grows, the share of agriculture in the total greenhouse gasses
emission will rise too. Therefore, agriculture needs to cut the greenhouse gasses emission. A response to
the two important issues today, i.e. achieving food security and reducing greenhouse gasses emission is
climate-smart agriculture. According to the Paris Agreement, an international effort to reduce greenhouse
gasses emission, Iran has to decrease 12 percent of its greenhouse gasses emission by 2050, which all
sectors have to contribute. Since the pathway to define strategies, is to explore the challenges, in this
study, a seemingly unrelated regression technique has been used to model the climate-smart agriculture
in Iran. Three main sub-sectors of agriculture; i.e. crops, livestock, and aquatics production, have been
considered in the model to find the role of them in delivering food security and emitting greenhouse
gasses. The findings show livestock and aquaculture sectors have had a positive significant impact in
achieving food security. On the other hand, these sectors have had a positive significant effect on the
emitting greenhouse gasses. Cropping system was not found to have a significant role in achieving food
security and emitting greenhouse gasses in Iran although the expected signs (+) has been confirmed by
the model. New research to explore appropriate technical and behavioral innovations needs to do on the
specific-product-sector to be climate-friendly and sustainable. On the consumers hand, an encouragement
to a more healthy diet with more vegetable, where is possible, also can reduce emissions. Finally, the key
message from the assessments is the future legislative outlines for mitigation, adaptation and resource
management as well as consumer behavior for how agriculture can deal with climate change.
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1. Introduction

Global warming, a critical issue today, is de-
fined as an increasing in the average of the tem-
perature on Earth (Venkataramanan and Smitha,
2011; Palanichamy, 2009), which is caused to
happen frequent storms, droughts and floods
(Venkataramanan and Smitha, 2011; Bretschger,

2017; Modarres et al., 2016). Some evidences of
world climatic warming show increasing in the
global annual average surface temperature and is
predicted to rise by 1.3 to 1.7°C above the pre-
industrial average by 2050 (Deng et al., 2017).
Human activities such as burning fossil fuels,
clearing forests and growing crops (Agrawal,
2011) increase the level of greenhouses gasses
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in the atmosphere (Venkataramanan and Smitha,
2011; Roop Ganesh, 2011). Carbon dioxide,
methane, chlorofluorocarbons and nitrous oxides
act such as a greenhouse effect (Palanichamy,
2011; Venkataramanan and Smitha, 2011) and
contribute (Zukowska et al., 2016) to an imme-
diate consequence (FAO, 2008), which is global
warming (Vongvisessomjai, 2010; Roop Ga-
nesh, 2011), and change the climate (Rajadurai
and Raveendran, 2011). The Intergovernmental
Panel on Climate Change (IPCC) is warning that
the global climate is changing and expected to
continue in the near future (IPCC, 2014; Noten-
baert et al., 2017).

Simultaneously, food and nutrition security is
another critical issue (Deng et al., 2017). Food
and Agriculture Organization (FAO) estimates
that farmers will have to produce 70 percent more
food to meet the needs of the world expected
population of 9.1 billion people by 2050 (FAO,
2009; Notenbaert et al., 2017). According to the
fifth assessment report of the Intergovernmental
Panel on Climate Change (IPCC), the identified
key climate change risks are linked to food and
nutrition security (FAO, 2016a). E.g., decreas-
ing in the agricultural productivity (directly), and
increasing in the agricultural prices (indirectly)
(FAO, 2017a; FAO, 2017b; FAO, 2017c; Esham
et al.,2017) are the known effects. A reduction of
3.2 percent in the global food availability (Luo et
al., 2017) is predicted. This is largely a result of
the direct and mostly negative impacts of rising
temperatures, changes in precipitation patterns
and increased frequency of extreme events on the
productivity of crops, livestock, forestry, fisher-
ies, aquaculture and ecosystems (FAO, 2017a).

The Paris Agreement signed in December
2015 by more than 100 countries, set the goal
to reduce greenhouse gasses emission by 80
percent from 2005 levels by 2050 to limit glob-
al temperature rise to lower than 2°C by 2100.
Reducing greenhouse gasses emission from
agriculture is thus critical to meeting the Paris
Agreement emission targets (Subbarao et al.,
2017; Deng et al., 2017). The Paris Agreement
also endorsed the importance of reducing green-
house gasses emission from deforestation and
forest degradation, and encouraged countries to
take action in this area (FAO, 2017b). Follow-

ing the Paris Agreement, these contributions
will transform into nationally determined con-
tributions, which will be an important roadmap
for directing future technical and policy support
for the agriculture sector (Chandra ef al., 2016).
The adoption of the Paris Agreement on climate
change reflects broad acknowledgment that strin-
gent climate policies are beneficial on a global
scale. At the same time, individual countries are
reluctant to adopt the necessary policy measures
because they fear negative consequences for
their domestic economy (Bretschger, 2017). Iran
is one of the signed countries in the agreement.
World Bank categorizes Iran as an upper-mid-
dle-income country, with a total GDP of 425
billion US dollars, 28th in the world, and a pop-
ulation of more than 78 million people which
is estimated around 88 and 100 million in 2025
and 2050, respectively. According to the Central
Bank of Iran, agriculture sector accounts for over
10 percent of the GDP, near 20 percent of the la-
bor force and 20 percent of the non-oil exports
in the economy of Iran. Due to the differences in
climate conditions and temperature variations in
the country, Iran can produce a varied range of
vegetation. According to the latest information
available in FAOSTAT in 2014, cropping system
in Iran is producing a wide-ranging of grains,
fruits, and vegetables, which the main crops in-
clude cereals (wheat, barely, rice, and maize),
fruits (grapes, dates, melons, apples, oranges),
vegetables (tomatoes, potatoes, onions, and cu-
cumbers), and legumes (chickpeas, peas, lentils,
and rapeseed) etc. Poultry, cattle, sheep, and goat
are the main production of livestock sector in Iran
according to the data available in FAO website in
2014. Statistical Yearbook of the Iranian Fisheries
Organization in 2014 reports carp, trout, shrimp,
and caviar are the main aquatic production in
Iran. Furthermore, Iran is the largest producer of
pistachio, saffron and barberry in the world. Iran
is ranked as an important agricultural producer
for several agricultural commodities among the
top 20 producers in the world (WFP, 2016).
Agriculture sector in Iran, faces several chal-
lenges in achieving food security. For instance,
climate change and climatic shocks are one of
the main issues that has made agriculture sec-
tor vulnerable in delivering food and nutrition
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security (Ardakani et al., 2017). To better under-
standing of the causality between food security,
climate events and human activities and explore
the opportunities to agri-environmental goals
(Elbehri et al., 2017), the main objective of the
study is to find the most significant agricultural
sectors i.e. crops, livestock, and aquatics in de-
livering food security in Iran and on the other
hand in emitting greenhouse gasses.

The rest of the paper is structured as follows.
The section to follow introduces the literature
review on the field of climate-smart agriculture.
Section 3 introduce using seemingly unrelated re-
gression model in climate-smart agriculture con-
ception. Section 4 presents the data and reports
a descriptive statistics of the dataset used in the
study. Section 5 brings together the statistical and
econometrics results and section 6 discusses the
empirical results. Moreover, the final section con-
cludes the study and extant the implications.

2. Literature Review

Agriculture is an essential for both developed
and developing countries to increase food pro-
duction and deliver food security goals (Chan-
dra et al., 2016) and on the other hand, agri-
culture contributes to emit greenhouse gasses
(FAO, 2017b; Zukowska et al., 2016), which are
caused to change the climate. On the other hand,
agriculture is definitely the most affected sector
by the negative effects of climate change, espe-
cially regarding the quantity and quality of the
products (Alrusheidat et al., 2016).

Agriculture has been discussed to a wide
range of policy interventions that seek to achieve
agri-environment-related objectives (Troost et al.,
2015; Chandra et al., 2016) i.e. delivering food
security and preventing global warming. There-
fore, agricultural policies play an important role
to support sustainability in the courtiers, devel-
oped or developing (FAO, 2017b; FAO, 2017c¢).

It is important an integration of mitigation
and adaptation agri-environmental initiatives
(Chandra et al., 2016) to reduce greenhouse
gasses emission per unit of food (FAO, 2017b).
Mitigation and adaptation are two well-known
behaviors for decreasing climate change nega-
tive impacts. Mitigation strategies are associat-

ed with reducing greenhouse gasses emission
through management practices such as organ-
ic farming (Moradi ef al., 2013), deforestation
(Zukowska et al., 2016), agroforestry (Thorn-
ton, 2010) etc. Then adaptation strategies are
associated with minimizing the potential nega-
tive impacts of climate change while maximiz-
ing opportunities for adjustment such as crop
rotation (Moradi er al., 2013), diversification
(Zukowska et al., 2016), diet improving (Thorn-
ton, 2010) etc. Agriculture needs to adapt and
mitigate the negative impacts of climate change
for the sustainable development goals (Luo et
al., 2017). Climate-smart agriculture is one re-
sponse to the challenges faced by agriculture
due to climate change (Long et al., 2016).
Climate-smart agriculture or climate-friend-
ly agriculture (Zukowska et al., 2016) is in-
troduced as a sustainable approach to promote
adaptation-mitigation synergies (FAO, 2017c;
Chandra et al., 2017) and minimize the nega-
tive impacts by integrating the concerns for food
security (Arslan et al., 2017; Zukowska et al.,
2016). Climate-smart agriculture, as defined
and presented by FAO in 2010 (FAO, 2010;
Zukowska et al., 2016), aims at sustainably in-
creasing food security and incomes, adapting
and building resilience to climate change, and
reduce and or remove greenhouse gasses emis-
sion, where possible (FAO, 2017b; Chandra et
al., 2016; FAO, 2017c; Sain et al., 2017). Ac-
cording to this definition, climate-smart agricul-
ture has three dimensions i.e. adaptation, miti-
gation, and production (FAO 2010; Chandra et
al.,2017). Therefore, any practice or technology
that supports at least one of the three pillars; pro-
ductivity, resilience and mitigation in agriculture
under climate change and variability can be a
climate-smart agriculture technology (Thier-
felder et al., 2017; Khatri-Chhetri et al., 2015).
Iran is currently self-sufficient in vegetables
and nuts and furthermore, there are almost no
import of chicken meat, cheese and milk. But
at the same time, there is a significant import of
red meat, butter, fish, fruits, wheat and rice; and
self-sufficiency regarding to these products is
not expected to be achieved in the near future.
Also it should be noted that roughly 70 percent
of the raw ingredients for animal feed is import-
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ed from out of the country. The self-sufficiency
rate is 50 percent lately (WFP, 2016). The gov-
ernment policy on self-sufficiency to ensure food
security is to be increasingly challenged in the
coming years, due to a number of reasons such as
water shortage and salinization of land (Danish
Agriculture and Food Council, 2017). Looking
at the changes in precipitation (250 millimeter
in average per year) and temperature (18 centi-
grade in average per year) indices reveals climate
warming in Iran (Modarres ef al., 2016; Moradi
et al., 2013) as well as happening in the floods
and droughts have been very seriously increasing
(Modarres et al., 2016). Iran is using 97 percent
of surface waters and 70 percent of the ground
water, whereas the international benchmark for
surface water use is 40 percent. The agricultural
sector is responsible for more than half of the total
water consumption in Iran. However, despite the
high level of water consumption in the agricul-
ture sector, it only contributes to around 10 per-
cent of the GDP. These figures indicate the high
level of inefficiency in the use of water within the
agricultural sector in Iran (Danish Agriculture
and Food Council, 2017). Iran has focused on the
food self-sufficiency to reach food security with
no enough attention to the water-use efficiency
(Karandish and Hoekstra, 2017) and water scar-
city as a major impact of climate warming.
According to the Paris Agreement, an inter-
nationally effort to tackle the climate warming,
Iran has accepted to decrease greenhouse gasses
emission by 4 percent over 2021 to 2030 and
existing a potential to reduce the emissions to
12 percent if there is financial and technologi-
cal supports to remove the negative impacts of
climate change in the country. Understanding
of the barriers and incentives will aid the design
and implementation of interventions that can
overcome barriers (Notenbaert ef al., 2017). As
an attempt to support the Paris Climate Agree-
ment and addressing issues related to assessing
and modelling of agriculture and food security
under climate change, in this study, we try to run
a model to integrate the goals of climate-smart
agriculture. In an econometric equation system,
a seemingly unrelated equation regression, we
point out the roles of main Iranian agricultural
sectors i.e. crops, livestock, and aquatics pro-

duction in delivering food security and emitting
greenhouse gasses emission in the country.

3. Methodology

In econometrics, the seemingly unrelated re-
gression (SUR) or seemingly unrelated regres-
sion equations (SURE) model, proposed by Ar-
nold Zellner in (1962), is a generalization of a
linear regression model that consists of several
regression equations, each having its own de-
pendent variable and potentially different sets of
exogenous explanatory variables. Each equation
is a valid linear regression on its own and can
be estimated separately, which is why the sys-
tem is called seemingly unrelated, although the
term seemingly related would be more appropri-
ate, since the error terms are assumed to be cor-
related across the equations. The model can be
estimated equation-by-equation using standard
ordinary least squares (OLS). Such estimates are
consistent, however generally not as efficient
as the seemingly unrelated regression method,
which amounts to feasible generalized least
squares with a specific form of the variance-co-
variance matrix. When the error terms are in fact
uncorrelated between the equations, the seem-
ingly unrelated regression is in fact equivalent to
OLS (so that they are truly unrelated) and when
each equation contains exactly the same set of
regresses on the right-hand-side (Zellner, 1962).

Modelling the climate-smart agriculture im-
plies a set of equations that may be related not
because they interact, but because their error
terms are related (Haroll Kokoye et al., 2013).
Therefore, the appropriate econometrics tech-
nique to capture correlation among error terms
when we have continuous dependent variables
is the seemingly unrelated regression (SUR)
model (Zellner, 1962; Jaleta et al., 2015). In this
study, based on the objectives of climate-smart
agriculture i.e. delivering food security and re-
ducing greenhouse gasses emission, a system of
equations can be defined as the following for-
mulations:

Y1 =BoxPrx1 X Boxy X P3x3+& (1)

2

Y2 =agta1xg T axx; fazxz +&
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A seemingly unrelated regression model is
used to estimate the coefficient of the system,
jointly (Jaleta et al., 2015). In the above system [3
and a stand the coefficients of explanatory vari-
ables, which are crops, livestock, and aquatics
production (x,, x,, and x, respectively) and ¢, and
¢, are the error terms. Dependent variables i.e.
y, and y, represents a proxy of food availability
and greenhouse gasses, respectively. Because
of the existence of high correlation between the
related indicators of food availability and green-
house gasses a Principle component analysis
(PCA) is used to present a component according
to the explained variance (Li and Yang, 2016;
Qu et al., 2016; Cumming and Wooff, 2007) as
a proxy for the dependent variables.

4. Data

Table 1 shows the descriptive statistics of the
data, which are used in the study. Two main
goals of climate-smart agriculture concept i.e.
delivering food security through increasing

agricultural productivity and mitigating green-
house gasses emission through adapting agri-
cultural activities to be climate-friendly have
been considered as the dependent variables in
the empirical model. Food availability, the first
dimension of food security, is a multi-dimen-
sional concept that is defined by different in-
dicators. We have used the defined indicators
of food availability, which are available on
the Food and Agriculture Organization (FAO)
website. Greenhouse gasses emission can be
defined by different gasses, which the main are
carbon dioxide, methane, and nitrous oxide.
The main sources of greenhouse gasses emis-
sion in agriculture are Carbon dioxide, methane
emissions, nitrous oxide emissions (Zukowska
et al., 2016). According to the goal of the study,
which tries to find the role of different agricul-
tural sectors in delivering food security and the
most challenges of agricultural sectors in emit-
ting greenhouse gasses, the production of crops,
livestock, and aquatics have been considered as
the explanatory variables in the empirical mod-

Table 1 - Descriptive statistics of the variable used in the empirical analysis. Period: 1990-2014.

Variables | Mean | S.D. | Min | Max
Dependent variables:

Food availability indicators:

Average dietary energy supply adequacy (%) 130.64 | 4.89 125 139
Average value of food production ($) 298.40 | 37.53 225 358
Share of dietary energy supply derived from cereals, roots and tubers (%) | 57.20 3.77 51 62
Average protein supply (gr/caput/day) 83.20 1.97 78 86
Average supply of protein of animal origin (gr/caput/day) 21.20 2.59 17 25
Greenhouse gasses indicators:

Carbon dioxide (mt-co2) 398.81 | 138.30 | 180.22 | 621.79
Methane (mt-co2e) 76.32 | 13.49 | 51.78 | 97.71
Nitrous oxide (mt-co2e) 22.81 247 18.17 | 27.56
Explanatory variables:

Crops production (mt) 58.01 10.77 | 40.13 | 74.41
Livestock production (mt) 8.21 1.77 5.16 10.85
Aquatics production (mt) 0.11 0.10 0.02 0.34
Other variables:

Precipitation (mm) 17.63 3.19 11.04 | 23.23
Temperature (‘C) 17.83 0.57 16.16 | 18.91

Source: FAO, CAIT, and authors’ specification.
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el. The data come from the official websites of
FAO and CAIT from 1990 to 2014 for Iran.

5. Results

To find a proxy for each of the dependent
variables in the system (food availability and
greenhouse gasses), a principle component anal-
ysis has been used. According to the results of
principle component analysis of food availabil-
ity indicators, 83 percent (eigenvalue = 4.142)
of the total variance of food availability indica-
tors has been explained by component one. So
component one has been predicted to consider
as a proxy for food availability. The correlation
between component 1 of food availability and
the single indicators is reported in Table 2. On
the other hand, 90% (eigenvalue = 2.686) of the
total variance of greenhouse gasses indicators
has been explained by component one, which is
caused to predict component one for the proxy
of greenhouses gasses. Table 3 reports the cor-
relation between component one and the green-
house gasses indicators.

Graph 1 presents the trend of food security in-
dex (constructed by principle component analy-
sis) over the studied period. As this graph shows,
food security has been improved in this period
in Iran but on the other hand, Graph 2 shows the
emission of greenhouse gasses during the period,
which is increasing. As we can see, the emissions
have increased that shows economic sectors are

Table 2 - The correlation between component 1 and
the single indicators of food availability.

Variables Component 1
Average dietary energy supply 0.3095
adequacy (%)
Average value of food production 0.4831
®)
Share of dietary energy supply
derived from cereals, roots and -0.4771
tubers (%)
Average protein supply
(gr/caput/day) 04586
Average supply of protein of animal

.. 0.4826
origin (gr/caput/day)

Source: authors’specification.

Table 3 - The correlation between component 1 and
the single indicators of greenhouse gasses.

Variables Component 1

Carbon dioxide (mt-co2) 0.5807
Methane (mt-co2e) 0.5992
Nitrous oxide (mt-co2e) 0.5511

Source: authors’specification

not climate-smart in the country (confirmed by
the statistical models reported in the Tables 5
and 6 of the Annex A). As the agricultural ac-
tivities stand a source of greenhouse gasses
emission and responsible for about 14 percent of
global greenhouse gasses emission (Zukowska
et al., 2016), it can be said that agricultural sec-
tor including crops, livestock, and aquatics sec-
tors do not use enough climate-friendly practices
and technologies in Iran.

Since the pathway to define appropriate poli-
cies is to find the challenges, barriers, and incen-
tives, in this paper we try to make an econometric
model of climate-smart agriculture in Iran using
the seemingly unrelated regression model. In the
conception of climate-smart agriculture, it is seen
two main goals i.e. increasing agricultural pro-
ductivity to improve food security, and reducing
the greenhouse gasses emission to prevent the
climate change. Therefore, these two main goals
has been considered as our dependent variables
in the equations system. The three main sectors
of agriculture in delivering food security and
emitting greenhouse gasses i.e. crops, livestock,
and aquatics have been considered as our explan-
atory variables in the equations system to explore
the role of them in delivering food security and
on the other hand in emitting greenhouse gas-
ses in Iran. The results of the estimation of the
seemingly unrelated regression model has been
reported in Table 4. In the pre-estimation step,
Dickey-Fuller test has been done to test unit root
of the variables used in the estimation.

The statistical results of the empirical model
point out the explanatory variables in both two
equations have received expected signs (+). Ac-
cording to the first equation that is delivering
food security, livestock and aquatics production
are statistically significant but crops production
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is not. Livestock and aquatics production have
significant role in delivering food availability
and then food security. On the other hand, in
the second equation that is emitting greenhouse
gasses of agriculture sector, the main sectors in
emitting greenhouse gasses are livestock and
aquatics production, again. Therefore, although
livestock and aquatics production have an im-
portant role in the delivering of food availability
in the country but they have another important
role in emitting greenhouse gasses.

6. Discussion

Climate change is a global phenomenon
(Agrawal, 2011) that can be determined by
the two main factors i.e. temperature and pre-

cipitation (Agrawal, 2011; Modarres et al.,
2016). The trend of changing in temperature
and precipitation in Iran during the studied pe-
riod (1990-2014), shows climate warming is
happening in the country (Graphs 3 and 4 in
the Annex B.) which is expected to affect agri-
cultural practices adversely. Climate warming
i.e. less precipitation and long dry seasons af-
fected by emitting of greenhouse gasses, which
can reduce agricultural production and yields,
increase livestock mortality, decrease milk pro-
duction, crop failures and soil erosion (FAO,
2016b). As Iran, with less than one-third of the
global average precipitation, is one of the wa-
ter-scarce areas in the world, so adaptation of
agriculture sector is imperative in the country.
Without considering adaptation and mitigation
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Table 4 - The statistical results of seemingly unrelated regression of climate-smart agriculture.

Food availability Greenhouse gasses
Variables
Coef. P>z Coef. P>z
Crops production 0.0001 0.916 0.0005 0.691
- - Number of obs =25
Livestock production 0.0702 0.000 0.0688 0.000 Breusch-Pagan test:
Aquatics production 0.8014 0.000 0.4494 0.000 Chi2 (1) =5.098
Intercept -9.8867 0.000 7.275 0.000 | Prob=0.0240
Mean VIF =2.38
R- squared 0.973 0.951
Chi2 907.63 488.57
Prob 0.000 0.000

Source: authors’ specification.

strategies, the impacts of climate change on ag-
riculture will be substantial.

Our final results in Table 4 indicated, cropping
system is not capable in delivering food avail-
ability. The Iranian agricultural sector is using
antiquated farming techniques which reduces
the yields (Danish Agriculture and Food Coun-
cil, 2017). So cropping system needs innovations
and interventions to be more productive accord-
ing to soil and water scarcity in the country and
at the same time climate-friendly. The applica-
tion of technologies for effective use of inputs
such as energy, fertilizer, water, seeds, feeds and
pesticides should be supported to improve the
input-output ratio in the agricultural production
(FAO, 2017c¢) and increase the partial produc-
tivities; then environmental sustainability, where
possible (Kimaro et al., 2016).

Estimates indicate that 45 percent of total
greenhouse gasses emission attributed to agri-
culture are from animal production (Valenti et
al., 2015). As our results show too; even though
livestock and aquatics production systems are
capable in delivering food availability but they
must be innovated for climate-friendly practic-
es and technologies, where is possible. For in-
stance, dietary guidelines can help in shaping
a more sustainable and health-enhancing food
system by providing guidance on dietary pat-
terns that are not only coherent with nutritional
requirements but also generate fewer environ-
mental impacts (FAO, 2017c¢).

According to the Ministry of Agriculture in
Iran, the main development challenges faced by

the country in the agricultural and rural sector are:
lack of arable land and water; food security and
self-sufficiency, low productivity, poverty in rural
areas, and high dependence of feed imports. Na-
tional plans and policies like the Sht National De-
velopment Plan are essentially aiming to respond
to these challenges by including climate change
related issues, but the attention is not enough.
Improving agricultural productivity based on cur-
rent technology, strengthening research for new
technologies, and policy reforms are taken in the
Iranian national plans to adapt and mitigate the
effects of climate changing (Karimi et al., 2018).
All ministries and organizations will be required
to develop their own respective plans to deal with
climate change by preparing of greenhouse gas-
ses measurements of their activities; promoting
of mitigation policies; assessing the vulnerability
of each sector to the impact of climate change;
assessing the technological needs for mitigation
and adaptation strategies; research and education
programs to raise the awareness of policy-mak-
ers; and enhancing their overall capabilities to
screen the climate change.

4. Conclusion

Climate-smart agriculture is an approach that
brings together agricultural practices, policies, in-
stitutions and financing in the context of climate
change and needs to be coordinated through na-
tional planning processes that implement properly
climate change action plans. In this study, we have
modelled climate-smart agriculture conception
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in Iran. According to the findings, livestock and
aquatics sectors are the main challenges in emit-
ting greenhouse gasses in the agriculture sector
while they have affective role in delivering food
security. Cropping systems are not effective in
delivering food security. Mitigating and adapting
strategies to climate change requires information,
education, and technology transfer. (Alrusheidat
et al., 2016 and Davis, 2009). Therefore, appro-
priate technical and behavioral investments in a
food-friendly-climate system is necessary in the
country to increase partial productivities (land,
labor, water, capital, etc.). First of all, a specif-
ic-context (multidisciplinary) research should be
done in a specific product for a specific innova-
tion. Then, climate-resilient technologies and
practices for the management of crops, livestock
and aquatic at the farm level need to identify the
interactions between food security, adaptation
and mitigation. Lastly, the agricultural sector in
Iran needs a comprehensive modernization and
an update with the newest technology that can
reduce the consumption of natural resources (in
particular water) and increase effectively and
productivity of Iranian agriculture.

To conclude, a common climate policy is need-
ed to build a sustainable earth (Rajadurai and
Raveendran, 2011) by mitigating the greenhouse
gasses emission from the atmosphere (Agrawal,
2011)andreducing the negative impacts of climate
change (Bretschger, 2017). Generally, two strate-
gies are used in the process of climate-friendly
agriculture management, noting that agricultural
practices can mitigate climate change (reduction
of greenhouse gasses emission), or adapting ag-
riculture to the already noticeable changes (de-
velopment of soil and water quality, sustainable
agronomy, animal cross-breeding, or crop rota-
tion) (Zukowska et al., 2016).
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Table 5 - The Effects of Economic sectors on Emitting Greenhouse Gasses in Iran.

Greenhouse gasses

Variables

Coef. P>t
Agriculture 5.77e-13 0.991
Industry 1.09e-11 0.420 Number of obs =25

- F (4,20)=30.51

Services 1.42e-11 0.260 Prob F = 0.000
Natural Resources 1.17e-11 0.249 Mean VIF = 11.89
Intercept -4.813032 0.000
R-squared 0.8592
Adj R-Squared 0.8310

Source: authors’ specification.

Table 6 - The Effects of Economic sectors on Emitting Greenhouse Gasses in Iran.

Greenhouse gasses
Variables
Coef. P>t
GDP 1.60e-11 0.000 Number of obs = 25
F(1,23)=121.13
Intercept -5.365008 0.000 Prob F = 0.000
R-squared 0.8404
Adj R-Squared 0.8335
Source: authors’ specification.
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Annex B

Graph 3 - The precipitation trend in Iran (millimeter).
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Graph 4 - The temperature trend in Iran (centigrade)
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