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ABSTRACT

Adoption of multiple climate change adaptation strategies is the most important
solution to mitigate the negative consequences of climate change. Therefore, in the
present study, economic and social characteristics that affect the intensity of adaptation
strategies in the Bakhtegan-Tashk Basin, Iran, were examined using an ordered probit
model. A total of 300 farmers were selected using a multi-stage sampling method. The
results showed that household income level, access to the credit, availability of irrigation
water, number of crops, and farmer membership in agricultural extension classes had
significant positive effects on the intensity of adaptation to climate change. Therefore, it is
suggested that the government facilitates the use of different climate change adaptive
strategies by increasing financial incentives. Also, changing the cropping pattern by
planting less water demanding crops that are appropriate for the region is recommended.

Keywords: Adaptive strategies, Ordered probit model, Irrigation.

INTRODUCTION

The rate of Earth’s temperature rise has
nearly doubled compared to the last 50
years, and it is predicted that by 2100, it will
increase by another 6.4°C (Barros et al.,
2014). Meanwhile, the agricultural sector is
most vulnerable to the consequences of
climate change because of its dependence on
climatic parameters such as temperature,
rainfall, and humidity (De Medeiros Silva et
al. 2019; Chandio et al., 2020). Changes in
climate parameters, such as temperature and
rainfall, affect the availability of water
resources, including surface and
groundwater, for farmers. Also, climate
change can lead to changes in crop yield and
supply of agricultural products, and as a
result, farmers’ livelihoods (Wangchuk and
Siebert, 2013). In addition, changes in the
supply of agricultural products lead to
changes in the relative prices of agricultural
items and increase the vulnerability and food

insecurity of farmers (Wossen et al., 2018).

Climate change refers to changes in
climatic conditions, including temperature
and rainfall over a long period of time
(Hoegh-Guldberg et al.,, 2007). Climate
change is the first among the ten most
dangerous anthropogenic phenomena and
can affect various economic, political, and
social sectors on a global scale
(Kurukulasuriya et al., 2006; Jha and Gupta,
2021). Meanwhile, the Middle East is one of
the regions that are highly vulnerable to
climate change. In this region, climate
change has originated from various factors.
But, one of the most important factors that
cause climate change in the Middle East is
the increase in greenhouse gas emissions
(Al-Mulal and Ozturk, 2015; Tarazkar et al.,
2021).

Iran is one of the countries located in the
dry belt of the Earth, with its growing need
for agricultural products. In addition, Iran
has been exposed to climate change. The
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average annual temperature in  most
provinces of the country is more than 15°C,
and the average annual rainfall is less than
250 mm, which is approximately one-third
of the global average (Khalili and Rahimi,
2018; Mesgaran et al., 2016). Therefore,
water scarcity is a major obstacle in Iran's
agricultural sector. The agricultural sector,
with a share of 12.18% of the total economy
and 17.37% of the total number of
employees, plays a key role in Iran's
economy (Global Economy, 2021).

According to previous studies, the most
important  strategy for mitigating the
consequences of climate change and
improving farmers’ livelihoods is to adopt
the adaptation strategies such as modern
irrigation  technology, water  storage
technology, use of new drought-tolerant
crop varieties, conservation tillage, and
livelihood diversification (Amare and
Simane, 2017a; Amare and Simane, 2018;
Ali et al., 2018; Bedeke et al.,, 2019;
Teklewold et al., 2019; Piedra-Bonilla et al.,
2020; Khan et al., 2021).

Adoption of such strategies is largely
influenced by the individual, economic, and
social characteristics of the farmer. Personal
characteristics of the farmer include age of
the head of the household (Uddin et al.,
2014; Ali, 2017; Ali and Erenstein, 2017;
Amare and Simane, 2018; Alhassan, 2020),
education (Uddin et al., 2014; Kassie et al.,
2015; Bedeke et al., 2019), and family size
(Uddin et al., 2014; Khanal and Wilson,
2019; Jabbar et al., 2020), which could
influence adoption of climate change
adaptation strategies.

The economic capabilities of farmers, such
as farmers’ income, farm size, ownership of
agricultural machinery such as tractors,
access to credit, and so on, could influence
the use of adaptation technologies. However,
the most important economic dimension of
farmers is income level, which increases the
possibility of further investment in the
adoption of climate change adaptation
strategies (Uddin et al., 2014; Ali and
Erenstein, 2017; Esfandiari et al., 2020). In
addition, access to credit has an important
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role in adopting different strategies for
reducing financial constraints (Salazar and
Rand, 2016; Ali, 2017; Amare and Simane,
2017; Bedeke et al., 2019; Khanal and
Wilson, 2019; Alhassan et al., 2019). In
addition, agricultural machinery ownership,
which facilitate the use of agricultural
machinery, and farm size, can reduce
average production costs and, consequently,
increase farmers' willingness to adopt
climate change adaptation strategies (Salazar
and Rand, 2016; Ali and Erenstein, 2017;
Sileshi et al., 2019).

The effective social characteristics of
farmers include membership in cooperatives
or agricultural extension agents,
participation in agricultural extension
classes, access to required information such
as meteorological data, knowledge of new
cultivars, etc., which increases farmers'
awareness of new agricultural technologies
and understanding of the benefits of climate
change adaptation strategies (Uddin et al.,
2014; Ali, 2017; Ali and Erenstein, 2017;
Amare and Simane, 2017; Bedeke et al.,
2019; Jabbar et al., 2020). These factors
play an important role in resilient and
effective shields to mitigate the negative
consequences of climate change.

Literature review shows that most
previous studies have focused on the
economic or social characteristics that affect
the adoption of climate change strategies
(Amare and Simane, 2017a; Ali and
Erenstein, 2017; Amare and Simane, 2018;
Ali et al., 2018; Mulugeta, 2018; Ali et al.,
2018; Bedeke et al., 2019; Alhassan et al.,
2019; Piedra-Bonilla et al., 2020; Alhassan,
2020; Jabbar et al., 2020; Esfandiari et al.,
2020). However, few studies examined the
effects of socio-economics on the intensity
of adoption strategies (Maguza-Tembo et
al., 2017; Teklewold et al., 2019; Piedra-
Bonilla et al., 2020; Khan et al., 2021).

Therefore, the present study aimed to fill
the gap in the previous studies by answering
the main research question, i.e., whether
socio-economic  parameters affect the
climate change adaptation intensity in the
study area. To the best of the authors’
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knowledge, this topic is the first research in
the study area. The results of this study are
essential for agricultural planners and
policymakers in Iran to design appropriate
strategies to mitigate the effects of climate
change on households’ livelihoods.

MATERIALS AND METHODS
Study Area

The present study focuses on the intensity
of adoption of climate change adaptation
strategies in the Bakhtegan-Tashk Basin,
Fars  Province, southern Iran. The
Bakhtegan-Tashk Watershed is part of the
Central Plateau Catchment Area and has an
area of approximately 31,492 kmZ
Bakhtegan-Tashk  Basin, despite some
shortcomings, due to its diverse climate,
plant cultivars, and basic production
resources (soil and water) is one of the most
important agricultural production region in
Iran. The main job of the households living
in this basin is farming. More than 90% of
the cultivation area in this region is allocated
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to wheat and barley in winter and rice,
tomatoes, and forage corn in summer
(Jahangirpour and Zibaei, 2022).

The Bakhtegan-Tashk Basin has played a
strategic role in supplying water to farmers
in Fars Province for many vyears. The
Bakhtegan-Tashk Basin is in a critical
situation due to various reasons, such as
reduced rainfall, occurrence of successive
droughts, and construction of several dams.
Figure 1 shows the location of Bakhtegan-
Tashk Basin, Fars Province, southern Iran.

Currently, due to reduced rainfall, all
rivers leading to Bakhtegan-Tashk Lake,
such as Kor and Sivand, are no longer
flowing and runoffs have dried off. In other
words, the inflow of water from Bakhtegan-
Tashk Lakes is limited to floods in the
region. Figure 2 illustrates the rainfall trends
in the Bakhtegan-Tashk Basin from to 1992-
2018.

As illustrated in Figure 2, rainfall in the
study area shows a declining trend and has
decreased significantly, especially in recent
years. In 1992, the rainfall was
approximately 527 mm, and in 2018, it
decreased by more than 50-180 mm. In
addition, according to Figure 3, the average
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Figure 1. Location of Bakhtegan-Tashk Basin, Fars Province, southern Iran.
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Figure 2. Rainfall trend in Bakhtegan-Tashk Basin (IMO, 2019).

temperature showed an increasing trend. In
1992, the average temperature was
approximately 17.27°C and in 2018, it
increased by more than one degree to
18.29°C.

The most important river in the
Bakhtegan-Tashk Basin is the Kor River, on
which the Doroodzan Reservoir Dam, one of
the oldest water projects in Iran, was
constructed. The main canal of the Dorodzan
Irrigation Network starts from the exit of the
dam power plant, and its length is
approximately 22.5 km. The main canal at
the location of the water distribution
structure was divided between the left canal
(first zone), the right canal or Hamoon
(second zone), and the Ordibehesht Canal
(third zone).

Because of the geomorphological and
geographical situation of the Bakhtegan-
Tashk Basin, these three zones are facing the
phenomenon of climate change and limited
water resources more than other areas of the
basin. In addition, by moving from the first
to the second and then to the third zone,
restrictions on water resource accessibility
become more severe. In other words,
farmers in the third zone face lower
groundwater levels than those in the first and
second zones. Accordingly, farmers located
in the first, second, and third zones of the
Bakhtegan-Tashk Basin are the case study of
this study.
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Sampling Method and Data Collection

In this study, due to the lack of
information about the exact number of
farmers, Equation (1) was used to determine
the sample size (Teddlie and Yu, 2007;
Kanyeniji et al., 2020; Khan et al., 2021) :

L _2°pa _ (1.96)°(05)(0.5)
e? (0.0565)°

=[] 300
@)

Where, n is the sample size, Z is the
standard deviation at a 95% confidence
interval (approximately 1.96), p is the
estimated proportion of an attribute that
exists in the population (P=0.5), g is 1-p and
e is the desired level of precision. The
sample size for this study was
approximately 300 farmers according to the
parameters of Equation (1).

In addition, a multi-stage sampling method
was used to select farmers in the Bakhtegan-
Tashk Basin, which was first classified into
three zones with low, moderate, and severe
water resources limitation. In the second
step, two districts were randomly selected
from each zone. In the third step, ten
villages were randomly chosen from each
district. In the fourth and last step, ten
farmers were randomly selected from each
village.
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Figure 3. Temperature trend in Bakhtegan-Tashk Basin (IMO, 2019).

In this study, the necessary information
was collected from 300 farmers through a
structured questionnaire in the 2018-2019
crop year.

Econometric Approach

Through field research and presence in the
Bakhtegan-Tashk Basin, several climate
change adaptation strategies used by farmers
were identified. These adaptation strategies
included the wuse of drip irrigation,
conservation tillage, new drought-resistant
varieties, livelihood diversification, and
water storage pools. According to the
literature, the ordered probit model was used
to evaluate the intensity of climate change
adaptation measures adopted by farmers.
The main application of this method is the
classification of the dependent variable for
more than two categories (Kpadonou et al.,
2017; Maguza-Tembo et al, 2017;
Teklewold et al., 2019; Piedra-Bonilla et al.,
2020; Khan et al.,, 2021). According to
Teklewold et al. (2019) and Khan et al.
(2021), the ordered probit model is
expressed as Equation (2):

Where, i and j are the farmer and status of
the adaptive strategy, respectively. A is the

525

dependent variable and is ordinal. If farmer i
did not adopt the climate change adaptation
strategies, A= 1; if farmer adopts 1-2
adaptation measures (Small adaptors), A= 2;
If farmer adopts 3-4 adaptation measures
(Medium adaptors), A= 3; If farmer adopts
more than four adaptation measures (Big or

High adaptors), A= 4. In addition, X
expresses the wvector of observable
characteristics, including individual,

economic, and social characteristics of

farmers. Furthermore, B and U represent
the estimated and error terms, respectively.

RESULTS AND DISCUSSION

Table 1 shows the different climate change
adaptation strategies adopted by farmers in
the study area.

Considering the reduction of groundwater
reserves and the decrease in rain, the modern
irrigation method is an appropriate and
necessary strategy for adapting to the
existing conditions. Meanwhile, the use of
new and modern irrigation systems,
especially drip irrigation, is one of the
strategies adopted by farmers in the study
area to adapt to climate change. According
to the results in Table 1, most farmers
(50.67%) adopted the drip irrigation
method .
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Table 1. Adaptation strategies in the study area.

Adaptation strategies

Adoption rate (%)

Modern irrigation system (Drip irrigation) 50.67
Conservation tillage 66.33
improved crop varieties (Drought-resistant crop varieties) 61.67
livelihood diversification 31.67
Water storage pool 27.33

Source: Research findings.

In addition, considering the recent
advances in knowledge-based companies
and agricultural research centers in the
production of new improved crop varieties
adapted to the climate of each region, the
approach of using drought-resistant crop
varieties has been proposed as a suitable
adaptive strategy to increase yield, improve
crop quality, and adapt to climate change in
the study area. According to the results in
Table 1, most of the superior farmers
(61.67%) adopted the adaptive strategy of
using new drought-resistant  varieties,
whereas 38.33% did not adopt this strategy .

One of the common features of field
preparation is traditional tillage operations.
The most common of these is the use of
moldboard plows, discs, and plant residue
management  (residue moving, residue
incorporated into the soil, and burning).
Some of these measures may destroy the
physical properties of the soil, and the
excessive traffic of farm machinery makes
the soil denser. In other words, excessive
tillage and reduction of soil organic matter
due to the removal of plant residues lead to
further degradation of soil, which can be
considered a threat to the amount of
produced crops and their quality. Therefore,
conservation tillage is one of the most
important strategies for sustainable field
management and adaptation to climate
change. In conservation tillage, the previous
year’s crop residues are left in the field to
conserve soil moisture and nutrients (Bedeke
et al., 2019). Plant residue management and
crop rotation are important components of
conservation tillage (Van Den Putte et al.,
2010). According to the results in Table 1,
more than 66% of farmers adopted and
applied the conservation tilling strategy .

526

Another adaptive strategy for farmers to
have an alternative income in climate
change conditions is the ability to combine
economic activities or diversify livelihood
activities. Table 1 illustrates that about
31.67% of farmers can use various income
activities, while nearly 68.33% of them do
not have income diversification. Due to the
reduction in groundwater amount and water
limitation, some farmers constructed a water
storage pool to provide an appropriate
amount of water during irrigation.
According to Table 1, 27.33% of farmers
had built a water storage pool, while about
72.68% did not adopt this adaptive strategy.

According to the research literature and
related studies in the study area, 13 variables
were used in the ordered probit model. The
variables reflect the individual, economic,
and social characteristics of farmers, which
can affect adoption of climate change
adaptation strategies. A summary of the
descriptive statistics of the variables is
presented in Table 2.

According to the results in Table 2, the
average age of the sample farmers was
approximately 53 years, which indicates a
middle-aged population. In addition, the
average farmers’ education was about six
years, which shows a low level of literacy.
According to the sampling data, 79% of
farmers did not finish high school, 16% had
high school diploma, and 5% bhad a
university degree. The average household
size was approximately four people, which
shows a moderate population. The average
size of farms was about 10.62 hectares and
the average income of farmers was about
9.31 million Rials per month, which is a
relatively low income. In addition, 51% of
farmers owned tractors, 68% of farmers had
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Variable Description Data type Mean Std dev

Adaptation strategies

Drip irrigation 1 |f farmer.ad_opted new c_irought- Binary (1,0) 0506 0.500
resistant varieties, 0 otherwise

Conservation tillage 1 if farmer adc_)pted conservation Binary (1,0) 0.663 0.473
tillage, 0 otherwise

Drought-resistant varieties 1 |_f farmer .ad.opted new c_jrought— Binary (1,0) 0616 0.487
resistant varieties, 0 otherwise

livelihood diversification 1.|f fa_rr.ner.adopted haV|_ng income Binary (1,0) 0316 0.465
diversification, O otherwise

Water storage pool 1 if farmer ad_opted water storage Binary (1,0) 0.273 0.446
pool, 0 otherwise

Explanatory variables 1

Age of farmers Age of the farmer/household head Continuous 53 13272

Farmers’ education Number of years of education of .
the farmer/household head Continuous 6.016 3.211

Household size Number of family members in the Continuous 3786 1414
household

Farm size Farmland holding, ha Continuous 10.625 8.780

Household’s farm income Household. income from all Continuous 9.314 4523
sources, (Rial million/month)

Tractor ownership 1 if f_armer owns a tractor, 0 Binary (1,0) 0510 0.500
otherwise

Number of crops planted Total number of crops planted Continuous 2.573 1.135

Access to credit 1 if farmer accessed credit, 0 Binary (1,0) 0.683 0.465
otherwise

Access to deep well 1if farmer accessed Tube well, 0 Binary (1,0) 0.440 0.497
otherwise

Depth of well Depth of well, meter Continuous 92.738 96.513

Soil quality 1if farmgrs have good quality soil, Binary (1,0) 0.476 0.500
0 otherwise

Access to climate information 1 _|f farmers had access to the dglly Binary (1,0) 0.400 0.490
climate information, 0 if otherwise

Agricultural extension 1 if farmer receives advice from

membership agricultural extension organization,  Binary (1,0) 0.670 0.470

0 otherwise

Source: Research findings.

access to agricultural credits and used the
relevant facilities. Furthermore, the average
number of crops planted by the farmers was
approximately three. According to field
research, due to the lack of Doroodzan
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Reservoir water release in canals during the
2018-19 crop year, the water required by
farmers was provided through access to
groundwater resources. Furthermore, the
groundwater level had decreased
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significantly, and continuation of
agricultural  activity depends on the
construction of deep wells or increasing the
depth of the hand dug wells. According to
the results in Table 2, about 44% of farmers
have access to deep wells, and the average
depth of farmers' wells is approximately
92.7 meters. In addition, about 47% of
farmers declared that their soil fertility
increased over the long-run (more than a
decade). Also, about 67% of farmers were
served by agricultural extension agents, and
about 40% of farmers were informed of
daily climate information through the
internet, television, and radio.

Then, an ordered probit model was used to
evaluate the individual, economic, and social
characteristics of the intensity of adaptation
strategies. The results of the ordered probit
model are presented in Table 3.

According to the results of the marginal
effects in Table 3, with a 1% increase in the
income of a household, farmers are 27%
more likely to be the high adaptors, and 20.2
and 16.5% less likely to be small and non-
adaptors, respectively. Also, with a 1%
increase in access to credit, 9.1% are more
likely to be high adaptors, while 5.5% are
less likely to be non-adaptors compared to
those who do not have access to credit.
Therefore, an increase in household income
and access to credit, which creates more
investment opportunities, reduces the
probability of non-adaptors and small
adaptors of climate change adaptation
strategies. Also, an increase in household
income and access to credit could increase
the probability of medium adaptation and
especially high adaption to climate change
strategies. These results are in line with
those reported by Khan et al. (2021), who
found that off-farm income and access to
credit services had a significant effect on
adopting climate change adoption strategies
in Pakistan. Also, Ali and Erenstein (2017)
found that household income and access to
credit were positively associated with the
number of climate change adaptation
strategies in Pakistan.
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The results of Table 3 show that farmers
who cultivate several crops in one year are
more intensely adapted to climate change.
Marginal effects showed that with one crop
increase in cultivated crops, farmers are
10.2% more likely to be in the category of
high adaptors, while 7.6 and 6.2% were less
likely to be in the low and non-adopters
category, respectively. In other words,
multi-crop  cultivation  increases  the
probability of farmers being medium climate
change adaptors, especially high climate
change adaptors. According to the results,
with a 1% increase in access to deep well,
farmers are 28.4% more likely to be the high
adaptors, and 21.2 and 17.3% less likely to
be low and non-adaptation, respectively.
Therefore, having a deep well and,
consequently, more water facilities increase
the probability of climate change strategies
adoption in medium and high adaptors.
These results are consistent with Wollni et
al. (2010), who found a significant positive
effect of access to irrigation and river on the
number of soil conservation strategies in the
Honduran hillsides. Also, Khan et al. (2021)
reported that tube-well ownership for
irrigation and access to canal water has a
significant positive correlation with climate
change adoption strategies in a rice-growing
zone of Pakistan.

Table 3 findings illustrate that the
probability of climate change adaptation for
farmers who have good soil quality is very
low. Accordingly, good soil quality and,
consequently, more soil fertility increase
the probability of non-adaptation and,
especially, low adaptation strategies. In
contrast, good soil fertility reduces the
probability of medium adaptation and high
adaptations of climate change adaptation
strategies. These results are in line with
Wollni et al. (2010) findings, which
revealed that the natural conditions of farms
such as slope and soil quality have a positive
relationship with the number of soil
conservation strategies in the Honduran
hillsides.


http://dx.doi.org/10.22034/jast.25.3.521
https://jast.modares.ac.ir/article-23-59020-en.html

JAST

Climate Change Adaptation Intensi

*K19A109dSI “S[OAJ] 9% ()| PUB ‘%% G ‘0% | Y3 J& 20UBOIUSIS JUISAIAIY 1y PUB “4y “sux
‘sanseauwr uonejdepe anoj uey) arow =s1ddepe Sig
‘samseaw uoneidepe p—¢ =s1adepe wnipajy samseaw uoneidepe 7—| =s1depe [[ewg dmseaw uoneidepe ou pajdope oym siduLe =siddepe-uoN ,

00€
=SUOIBAIISQO JO IdquNN

000°0 =dxenbg 14) <qoid
+++08°787 =o1enbg 1Y) YT
S¥8°€9C- =pooyi[ay1| S0

190°0 ¥L0°0- 00 920°0- 9%0°0 §S0°0 LEO0 Sv0°0 80T°0 ¥$T0- WISI WYsaYqIpIO
£90°0 LOE10 920°0 ,0S0°0 600 . v01°0- 0%0°0 ..580°0- 91T0 L8LY0 Psi uoowreH
0T0 diysioquiow
2S00 S 9¢00  ,,,CTLO0 900 IST°0- S€0°0 A LLTO 1+, 16970 UOISUIXD [eIM[NOLISY
uoneuLIOJuI

1900  6£0°0 00 ¥I0°0 9%0°0 620°0- LEO'0  ¥T0°0- 0IT0 9¢1°0  °rewrp 0} §5900Y
PS1I°0

8S0°0 e §c00  ,,850°0- 9%0°0 WLSIT0 LEO0 L7600 661°0 el TS0" Kgenb [10g

6000070

900070 = 2000°0  €0000°0- #0000 90000~ €000°0 $0000°0 200°0 €000°0- [12m jo yidaqy

yCro ..78T0 €500 L101°0 6600 . TITO- 6L0°0 “ELT0" 8tr'0 ..CL60 [1om doap 01 55200y

1S0°0 L1600 020°0  TE0'0 6€0°0 ,890°0- 1€0°0 .$50°0- PLIO LCLE0 NPaIo 0} $S300Y
201°0

8200 e €100 ,,,9¢00 200 ,,,9L0°0- 81070 e 090707 $60°0 L.15€°0  paweld sdoid jo rquinN

290°0 010°0- 200 €00°0- 9%0°0 L00°0 LE00 90070 cIco 9€0°0- diyszoumo 10Joe1 ],
0LT0

¥90°0 ibe Se00  ,,,960°0 LS00 ,,,20T°0- $v0°0 591707 120 L T6'0  SWOdUl ULIE] S PJOYasnOH

€000 2000 100°0 100°0 20070 200°0- 20070 1000~ 11070 60070~ 9ZIS Wlte,]

02070 920°0- L0070 60070~ S10°0 61070 cloo 91070 890°0 060°0- 9ZIs pJoYyasnoH

8000 €00°0 000 1000 90070 2000~ €000 100°0- 8200 0100 uoneonpa  sIsuLre,j

2000 $00°0- 600070 10070~ 1000 €000 100°0 0070 800°0 ¥10°0- Iourej jo 93y

S109JJ2 & Jo1rg NEEIE] 10119 S109JJ2 10119 $1091J9
09 pI§  uidIep PIS  [euiSep PIS  [euiSrepy PIS  [euSiep 10110 PIS Gﬂ_w_wooo J[qeLIRA

sioydepe Sig

sioydepe wnipajy

sioydepe [fewg

uondepe-uoN

,/19pou 11qoid pa1apio ay) JO S)NSaI Y, °€ AqE L

[ T0-2T-#20z uo Jr-oe'sarepow-ise| wouy pepeojumod ]

529

[ Tzeeszselyeozz ot :10d ]


http://dx.doi.org/10.22034/jast.25.3.521
https://jast.modares.ac.ir/article-23-59020-en.html

[ Downloaded from jast.modares.ac.ir on 2024-12-01 ]

[ DOI: 10.22034/jast.25.3.521 ]

Kargar Dehbidi et al.

Also, the results show that, by
participating in agricultural  extension
programs, more awareness level increases
the probability of climate change strategies
adoption in medium and high adaptors. In
other words, with a 1% increase in access to
extension agents, farmers are 20.2% more
likely to be in the category of high adaptors,
while 15.1 and 12.3% less likely to be low
and non-adapters, respectively. These results
are consistent with various studies such as
Ali and Erenstein (2017), Kpadonou et al.
(2017), and Khan et al. (2021). They found
that the number of climate change
adaptation strategies used by farmers was
positively associated with access to
extension services or farm advisory services.

The results in Table 3 show that farmers
living in the second district had a significant
effect on climate change adaptation .lIn
other words, more restrictions on water
resource accessibility reduce the probability
of non-adaptation and low adaptation
strategies, and in contrast, increases the
probability of medium adaptation and
especially high adaptation strategies. These
results are in line with Ali and Erenstein,
(2017) that found the significant effect of the
province on the number of climate change
adaptation strategies in Pakistan.

CONCLUSIONS

Considering the negative effect of climate
change on atmospheric precipitation in the
Bakhtegan-Task Basin, continuing agricultural
production requires the adoption of climate
change adaptation strategies. In  the
Bakhtegan-Tashk Basin, adaptation strategies
include the use of drip irrigation, construction
of a water pool, use of new drought-resistant
varieties, application of conservation tillage,
and a variety of livelihood activities that are
used by the farmers. Therefore, in the present
study, individual, economic, and social
characteristics affecting the intensity of
climate change adaptation strategies in the
Bakhtegan-Tashk Basin were evaluated using
the ordered probit model.
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The results showed that farmers’ guidance
by agricultural extension agents had a positive
effect on the intensity of adaptation strategies.
In general, farmers' decision to adopt climate
change adaptation strategies depends on a
proper understanding of the benefits of these
strategies, their adaptation capacity, and ease
of implementation. Considering the significant
role of agricultural extension classes in
increasing farmers' knowledge and technical
information, it is suggested that climate change
concepts and climate change adoption
strategies should be taught in agricultural
extension classes. In addition, by adopting
supportive policies and financial incentives,
the necessary incentives should be provided
for the formation of social institutions by the
local farmers themselves.

The results demonstrated that access to
credits and the amount of income had a
significant positive effect on the adoption of
adaptation strategies and the intensity of
climate change adaptation strategies. In other
words, the higher the income levels, the
greater the possibility of investing in the
application of multiple adaptive strategies.
Due to the lack of agricultural financial market
development in Iran, the low-income level of
farmers, and the disproportionate time of
repayment of loans with the type of
agricultural  activity, there are several
challenges to meeting farmers' financial needs.
Therefore, it is suggested that by amending
financial laws to support small farmers and
provide the necessary facilities in the shortest
possible time, it is possible to invest more in
implementing adaptive strategies. Also, by
improving the business environment in rural
areas, income diversification, and more
financial resources, investment in various
adaptive strategies increases.

As stated above, the most important
limitation of farmers at the Bakhtegan-Tashk
Basin level is the lack of proper access to the
required water. According to the results of this
study, access to deep wells has a positive
effect on the intensity of adaptation to climate
change. Hence, continuation of agricultural
activity by farmers in many areas of the
Bakhtegan-Tashk Basin requires access to
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deep wells. According to the increasing rate of
groundwater use in Iran, the level of
groundwater resources and their changes in the
basin area should be constantly monitored and
controlled. Hence, it is also recommended that
all water wells must be equipped with smart
meters  for  determining the optimal
contribution of water to each agricultural
activity in accordance with the regional
cropping pattern. In addition, water markets
and water trade among farmers are other
solutions for mitigating groundwater depletion
in the study area. Based on the positive effect
of multi-crop cultivation on the intensity of
climate change adaptation, it is suggested that
different crops suitable for the region but with
lower water requirements are included in the
cropping pattern.

One of the main limitations of the present
study is the lack of access to time series data
over the long- run. Access to the farmer
conditions and farm data over a long period
can provide a better assessment of the effects
of socio-economic variables on the adoption of
climate change strategies. Therefore, future
studies should use panel data instead of cross-
section data to analyze the effect of different
variables on the adoption of climate change
strategies.
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