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(S I N

Abstract: Pakistan is among the countries that are highly vulnerable to climate change. The country
has experienced severe floods and droughts during recent decades. The agricultural sector in Pakistan
is adversely affected by climate change. This systematic review paper set out to analyze the existing
literature on adaptation measures at the farm level toward climate change in Pakistan. Adopting
a Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) method, a total
of 62 articles were identified from the Web of Science and Scopus databases. The review paper
indicates that the main adaptation strategies adopted by farmers are as follows: changing cropping
practices, changing farm management techniques, advanced land use management practices, and
nonagriculture livelihood options. Further, this review shows the factors influencing the farmer’s
adaptation measures to climate change. Influencing factors were examined and classified into three
groups: demographic, socioeconomic, and resources and institutional. Barriers hindering farmers’
adaptive capacity were identified as lack of access to information and knowledge, lack of access to
extension services, lack of access to credit facility, and lack of farm resources.

Keywords: Pakistan; climate variability; adaptation measures; agriculture; cropping practices;
socioeconomic; institutional

1. Introduction

Negative impacts of climate change (CC) on natural and human systems are more
obvious than positive impacts [1]. In developing regions of the world, projected climate
change poses severe threats to agriculture in the 21st century [1]. Despite substantial
advancements in technology, an improvement in agriculture production is not possible
without suitable weather conditions [2]. Among all the climatic variables, rainfall and
temperature could be used for determining crop yields. Crop farming is highly affected by
changing climatic conditions with different intensities worldwide.

Nevertheless, in developing countries, crop farming is significantly affected by changes
in weather conditions and, thus, the reduction in crop yield. Rural livelihood is also
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significantly affected by climate change, especially in developing countries, and further
increases the vulnerability of the farming community [3]. Additionally, the variation in
climate may further cause food insecurity in South Asia as predicted by Parry (2007),
indicating about a 30% decline in yield per hectare in cereal crop production and up to a
37% loss of gross per capita water from 2001 to 2059 [4].

Pakistan is one of the top ten countries that are vulnerable to climate events in the
world and has been significantly affected by climate change [5]. Pakistan has an agro-
based economy, approximately more than 60% of the population live in rural areas, and
their livelihood depends on agriculture. The agricultural sector contributes 19.3% of the
country’s GDP [6] and directly or indirectly employs 42% of its labor force. Pakistan has
been influenced by various climatic stresses such as floods, droughts, erratic rainfalls, and
heat waves. The agricultural sector in Pakistan has been significantly affected by the most
damaging floods of 2010 and 2014 and the droughts that lasted from 1999 to 2003, and in
the last twenty years, the productivity of major crops such as wheat, rice, sugarcane, and
cotton has also been significantly affected [7]. According to the World Bank and Global
Climate Risk Index (GCRI) reports, Pakistan is ranked 8th among the countries facing harsh
weather conditions [8]. However, the adaptive capacity of Pakistan toward climate change
is significantly low due to a shortage of financial and physical resources [7,9].

Adaptation strategies in agriculture can manage the adverse impacts of climate change
but cannot solve the climate change problem alone. According to the Intergovernmental
Panel on Climate Change (IPCC), adaptation is referred to as adjustments in the natural and
human system in response to current and anticipated climatic change and its consequences
that moderate or neutralize the harm or generate potential opportunities against climate
change [1]. Additionally, adaptation can be implemented at different levels such as local,
regional, subnational, and national levels. Local-level adaptation is more difficult as
compared to others as these are the ones that face the harshness of climate change [10]. The
developing countries are most affected by climate change because of their low adaptive
capacity to negative impacts of climatic conditions [11]. Adaptation in the agricultural
sector is more critical as it depends on climatic conditions. Therefore, effective adaptation
at the farm level is required to ensure food and the livelihood of the rural community.

Currently, limited or no support is available for climate change adaptation in the
agricultural sector of Pakistan, due to a lack of financial resources, low technological
capacity, and ineffective climate policy [12]. However, at the national level, an integrated
policy is required for climate change adaptation in the agricultural sector [13]. Research
shows that farmers planning, investment in new stress-tolerant varieties, crops insurance,
social interactions, and food security programs may be some vital aspects of the adaptation
policy to climate change [14]. In this regard, adaptation methods selected by farmers are
affected by various factors such as socioeconomic and environmental ones [15,16]. This
body of knowledge (BOK) will provide the reliability of different strategies and their ability
to cope with climate change [17]. Various government and private organizations as well
as local farmers’ communities can also play their role in climate adaptation [15]. In this
regard, researchers have introduced various factors such as lack of access to information
and knowledge, lack of access to extension services, lack of access to credit facilities, and
lack of farm resources that may be involved as barriers to climate change adaptation.

A systematic review of farmers’ climate change adaptation measures has not been
carried out so far; however, limited review papers have been published on agricultural
adaptation strategies in Pakistan [18,19]. The present study attempts to fill the gap. In
doing so, we have characterized the widely chosen climate change adaptation among
Pakistani farmers as well as the provinces where we have noted limited observations. In
order to achieve the objectives of the study, this systematic literature review addressed the
following questions:

What are the key adaptation strategies used by farmers in agriculture?

What are the factors that are involved as barriers to climate change adaptation?
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Indeed, this study is vital as Pakistani farmers are likely to experience the adverse im-
pacts of climate change. Additionally, for designing agricultural policies, such prerequisite
information is vital.

The rest of the paper is organized as follows. The next section briefly describes the
methodology used to perform the systematic review. Section 3 focuses on adaptation
measures practiced by farmers in the agricultural sector. In Section 4, we discuss the
existing barriers in climate change adaptation and the last section concludes the study.

2. Materials and Methods
Databases and Search Criteria

Web of Science and Scopus were the two databases selected to search for relevant
articles. Table 1 shows the keywords used in the two databases to search for papers.
Based on previous studies and a thesaurus, keywords similar and related to the farming
community, agriculture adaptations, and constraints were used. Inclusion and exclusion
criteria were determined for systematic review. First, concerning literature type, only those
articles that had empirical data were selected, while book chapters, review articles, and
conference proceedings were excluded. Secondly, the period from 2007 to August 2021
was selected for searching articles in databases. Thirdly, in order to avoid difficulty in
translating and understanding, non-English papers were excluded. Lastly, only articles
that focused on Pakistani farmers were selected.

The Preferred Items for Systematic Review Recommendations (PRISMA) method
consists of the following four steps: identification, screening, eligibility, and inclusion
(Figure 1) [20]. The first stage identified the keywords used in the search process. By using
the keywords given in Table 1, the database search resulted in 320 articles from Web of
Science and 120 articles from Scopus. At this stage, 26 duplicate articles were removed from
the entire pool. The screening was the second stage. At this stage, inclusion and exclusion
criteria (removed due to review articles, published in non-English, published before 2007,
and global studies) were employed to further exclude the articles (Table 2). In doing so,
49 articles were removed and the remaining 365 articles were selected for the next stage.
At the eligibility stage, the title and abstract were carefully examined and 285 articles were
removed as flowing words were not found in the title and/or abstract such as agriculture
or crops or farmer’s climate change adaptations. After this, we reviewed the full text of
80 articles, and 62 articles met the criteria and were included in the final review process.

Records identified through Record identified through
database searching (Web of database searching (Scopus)
Science) (n=320) (n=120)

. l

Duplicate records were excluded (n=26)

Identification

A 4

Records excluded (n=49)
Excluded due to review articles,
book chapters, global studies,
non English, year if before 2007

Records screened (n=414) »|

Screening

Records excluded (n=285)
Excluded if following words were
not found in title or abstracte.g.,

Abstracts screening (n=365) > )
Agriculture or crops or farmers
_-E adaptations, barriers or
E l constraints in climate change
) adaptation
w

Full text screening (n=80)

Records excluded (n=18)
Excluded if the study is not
l » relevantto farmers adaptation
strategies or adaptation
constraints

Included studies (n=62)

Figure 1. Systematic review process.
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Table 1. Databases and keywords used.

Databases Keywords Used

“Climate change adaptation”, OR “adaptations measures”,
OR “coping strategies”, OR “Climate-smart agriculture”, OR
“sustainable agriculture”, OR “farm-level adaptation

Web of Science and Scopus measures”, OR “rain-fed farming system”, AND
“determinants” OR “barriers” OR “constraints”, AND
“smallholder farmers”, OR “agriculture”, OR “farm level”
AND “Pakistan”

Table 2. Inclusion and exclusion criteria.

Criteria Eligibility Exclusion
. . Review papers, conference proceedings,
Literature type Journal (research articles) book chapters, book series
Language English Non-English
Timeline Between 2007 to Aug-2021 <2007
Country Pakistan Non-Pakistan
Title and abstract FocuseFl on adaPtatlon Not' focused on adaptation strategies in
strategies in agriculture agriculture

3. Results and Discussion

Sixty-two identified papers were analyzed conferring to the following three topics:
(1) climate change adaptation strategies, (2) factors influencing adaptation measures, and
(3) climate change adaptation constraints.

The administrative structure of Pakistan presently comprises four provinces, namely
Punjab, KPK, Balochistan, and Sindh. Figure 2 demonstrates the province-wise percentage
of articles published. It can be seen that around 54% of articles have taken study sites in
Punjab, followed by KPK (24%), Sindh (12%), and Balochistan (10%).

Punjab 54%

Balochistan 10%

KPK 24% Sindh 12%
Figure 2. Province-wise distribution of reviewed articles.

Figure 3 shows the year-wise distribution of reviewed articles focusing on the climate
change adaptation measures by farmers in agriculture and factors affecting climate change
adaptation. The first study on climate adaptation in agriculture was published in 2012,
indicating that climate change adaptation is a new topic of exploration in Pakistan.

Notably, in recent years from 2018 to Aug-2021, almost 81% of the total number of
reviewed papers have been published. Not a single article was published in 2013 and 2014,
but there was a peak of 18 articles, only 6 years later in 2020. The recent growth in the
number of studies shows the increased interest in climate change adaptation in agriculture.
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Figure 3. Year-wise number of papers published.

3.1. Climate Change Adaptation Strategies

This section demonstrates the main adaptation strategies adopted by farmers in
Pakistan such as changing cropping practices, changing farm management techniques,
advanced land use management practices, and nonagriculture livelihood options (Table 3).
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Table 3. The studied climate change adaptation strategies.

Changing Crop Practices f}::;ggl :nl(i;iolgechniques I\A/Ii:;;iﬁel;irii:ifiies Nonagriculture Input Options
Authors CF cpP CI PST RLK RL MG OFG
Mahmood et al., 2012 [21] Y Y Y
Abid et al., 2015 [7] Y Y Y Y Y Y Y Y
Abid et al., 2016a [22] Y Y Y Y Y Y Y Y Y
Abid et al., 2016b [23] Y Y Y Y Y Y
Ahmad et al., 2016 [24] Y
Abid et al., 2017 [25] Y Y Y Y
Ahamd et al., 2017 [26] Y Y
Ali and Erenstein, 2017 [27] Y Y Y
Arshad et al., 2017a [28] Y Y Y Y
Arshad et al., 2017b [29] Y Y
Amin et al., 2018 [30] Y
Arshad et al., 2018 [31] Y Y
Awais et al., 2018 [32] Y
Bacha et al., 2018 [33] Y Y
Bhatti et al., 2018 [34] Y
Gorst et al., 2018 [35] Y Y Y Y Y
Hussain et al., 2018 [36] Y Y Y
Imran et al., 2018 [37] Y
Nasir et al., 2018 [38] Y Y Y
Rahman et al., 2018 [39] Y Y
Salman et al., 2018 [40] Y
Tariq et al., 2018 [41] Y
Ullah et al., 2018 [42] Y Y Y Y Y
Abid et al., 2019 [3] Y Y Y Y
Al et al., 2019 [43] Y Y
Bakhsh and Kamran, 2019 [44] Y Y Y
Bhatti et al., 2019 [45] Y Y
Gul et al., 2019 [46] Y
Imran et al., 2019 [47] Y
Mahmood et al., 2019 [48] Y Y
Shah et al., 2019 [49] Y
Ullah et al., 2019 [50] Y Y Y Y Y Y Y
Ahmad et al., 2020 [51] Y Y
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Table 3. Cont.

Changing Crop Practices

Changing Crop
Management Techniques

Advanced Land Use

Management Practices

Nonagriculture Input Options

Authors

CCT CCv CSD CD CPD

CF cpP CI CS

PST SC

WC RLK RL MG

OFG

Ahmad and Afzal, 2020 [52]
Ali et al., 2020a [53]

Ali et al., 2020b [54]
Amir et al., 2020a [55]
Amir et al., 2020b [56]
Khalid et al., 2020 [57]
Fahad et al., 2020 [58]
Hussain et al., 2020 [59]
Jabbar et al., 2020 [60]
Javed et al., 2020 [61]
Khan et al., 2020 [62]
Mahmood et al., 2020 [63]
Nasir et al., 2020 [64]
Shabbir et al., 2020 [65]
Shah et al., 2020 [66]
Aftab et al., 2021 [67]
Ali and Rose, 2021 [68]
Arshad et al., 2021 [69]
Ashraf et al., 2021 [70]
Ayub et al., 2021 [71]
Jamil et al., 2021a [72]
Jamil et al., 2021b [73]
Khan et al., 2021 [74]
Sardar et al., 2021 [75]
Shahid et al., 2021 [76]
Qazlbash et al., 2021 [77]

Y Y Y
Y

e

Y

<
<
=<

K KRR R
<R
<

Y
Y
Y Y

<<=

Y Y
Y
Y

~<

<R KRR
< =
T T e e

<<

Y
Y

Y Y
Y

Y

Y
Y
Y Y

Y

No. of Papers

15 42 36 14

30 11 27 5

15 14

12 5 4 6

Changing crop practices

Changing crop management techniques

Advanced land use management practices

Nonagriculture input options

CCT = Change crop type
CCV = Change crop variety
CSD = Change sowing dates
CD = Crop diversification
CPD = Change plant density

CF = Change fertilizer
CP = Change pesticide
CI = Change irrigation
CS = Change seed quality

PST = Planting shaded trees
SC = Soil conservation
WC = Water conservation

RLK = Rearing livestock
RL = Rent out land

MG = Migration

OF] = Off farm job
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3.1.1. Changing Cropping Practices

Changing cropping practices including changing crop type, changing crop varieties,
changes in sowing and harvesting dates, crop rotation, and intercropping were the most
effective and widely used adaptation strategies to cope with climate change. Changes
in crop type were mentioned in fifteen articles. Changing crop types were adopted by
farmers to deal with pest and insect attacks, soil problems, extreme weather events, and
water shortage [22,27]. Changing crop varieties and adopting advanced varieties are largely
employed by farmers in Pakistan, and this adaptation measure is reported in 42 articles.
Farmers cultivated modern improved varieties to maintain their farm production and these
varieties have a genetically good response to pest attacks or extreme temperatures, which
negatively affect the growth of old varieties [37,42,74]. For instance, farmers in Punjab
change the traditional cotton variety with genetically modified cotton varieties due to
heavy pest attacks on traditional cotton varieties. Similarly, farmers employed heat-tolerant
wheat varieties to cope with extreme temperature events [22].

Changes in sowing dates were identified in 36 papers. The results showed that almost
half of the studies considered the sowing or planting dates adjustment, making it the
second most adopted measure against climate change because it is simple to implement
and less input cost is required [3,39,55,61]. Khan et al. [62] reported that the farmers
in the rice-growing zone are changing the rice cultivation dates due to fluctuations in
temperature and precipitation. Evaluation of different adaptation options revealed that the
planting of sunflower crop 21 days earlier (as compared to the current sowing date) with
an increased plant population (83,333 plants ha~!) could reduce the yield losses due to
climate change [32]. Similarly, a study conducted by Shabbir et al. [65] found that the early
transplanting of rice crops will enhance the yield by about 8.7% under RCP8.5 by the middle
of the 21st century. Crop diversification is reported in several studies [14] as an adaptation
measure to minimize the losses incurred by the failure of a single crop due to extreme
weather conditions [44,45,52,66]. Aftab et al. [67] pointed out that the farm household
in flood-prone areas of KPK has created a tree-lined shelterbelt along the perimeter of
the agriculture field as an adaptation measure against flood events. Intercropping is an
effective measure that increases crop yield as well as enhances water use efficiency and soil
fertility. According to Shah et al. [49], the farmers in Mansehra, KPK are using legumes in
maize as an intercropping strategy. Similarly, limited farmers in Thatta and Gujranwala are
using an intercropping strategy, mainly intercropping of legumes in rice.

3.1.2. Changing Farm Management Techniques

Changes in farm management techniques, including changing the fertilizer, pesticide,
irrigation, and seed quality, are also employed by farmers to minimize the negative impacts
of climate change. Changing the fertilizer was identified in 30 articles. Changing the fertil-
izer was adopted by farmers to enhance soil fertility and improve plant health [30,57,68,76].
Ullah et al. [50] found that the respondents in KPK applied more fertilizer to their crops in
response to the loss of fertile soil by floods in 2010. Likewise, farmers in Punjab observed a
reduction in crop productivity due to the loss of fertile soil by heavy monsoon rainfall, and
in response, they use more micro-nutrients and fertilizers to maintain the soil fertility [23].
Similarly, farm households reported the use of more pesticides in order to protect the crops
from pest attacks. Changes in irrigation application were reported in 27 research articles.
This practice is very common among farmers to cope with climate variability [40,64]. For
example, in the case of extreme temperature events or droughts, farmers were reported
using more irrigation for their crops especially at the sowing stage. Similarly, farmers
have changed irrigation application time and frequency to protect crops from climate
variability and change [70,76]. In the mountainous area of KPK, Ali et al. [53] reported
that farmers were using the terracing method for irrigation. Some farmers in Punjab are
using groundwater as an alternative water resource to cope with water scarcity and climate
change [22]. The advanced irrigation system instead of accelerating farmers” agricultural
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processes is able to assist farmers in their adaptation strategy. Abid et al. [23] found that
adapters produced 0.14 t/ha more wheat than nonadapters. Further, adaptation generates
PKR 5142 (USD 51) per hectare more returns for adapters. Gorst et al. [35] reported that
farmers who adopted the adaptation measures produced 21 percent more rice as compared
to nonadapters, given an average rice yield of 22.67 maunds per acre.

3.1.3. Advanced Land Use Management Measures

Advanced land use management measures were taken as effective strategies to re-
spond to climate variability. Farmers reported tree plantations for protection against rising
temperature, floods, and winds [77]. Smallholder farmers are growing more trees on
agricultural land, which may be due to institutional support and awareness. Tree plan-
tation was less reported in commercial agricultural land, where farmers expect a yield
loss due to the plantation of shady trees [49]. Soil conservation was reported in 14 articles.
As per the previous studies, the adopted soil conservation measures are mulching, zero
tillage, organic manure, terrace fields, contour planting, grassy field margin, laser land
leveling, and enhancing the height of field bunds, etc. [23,52]. Farmers in Punjab reported
a higher use of organic manure as an adaptation strategy to preserve soil quality, which
was reduced due to heavy monsoon rainfall in 2010. Water conservation is also used as an
adaptation measure in all provinces of Pakistan to protect the crops from extreme weather
conditions [33,75]. Rainwater harvesting is adopted at the farm level to store the water
during the rainy season and to later use this water in the dry season. However, the majority
of smallholder farmers are not able to install the water harvesting system, due to the lack of
financial resources and knowledge [53]. Farmers in mountainous areas reported that they
capture the rainwater by constructing large embankments around the field. This captured
water infiltrates the soil and is used for growing crops in the next season [77].

3.1.4. Nonagriculture Livelihood Options

Nonagriculture livelihood options are performed at both farm and outside the farm
such as forestation, trade, migration, and government vs. private jobs by some family
members to minimize the risks associated with climate variability and extreme weather
events [55]. Hussain et al. [59] reported that the farmers purchased agricultural machinery
and good-quality seeds from nonagriculture income to cope with different environmental
shocks and to recover their livelihood. The negative effects of climate change have enhanced
the rural-rural and rural-urban migration in Pakistan [33,77]. According to Amir et al. [56],
respondents migrate to urban areas to gain socioeconomic sustainability. Similarly, farm
households in Gujrat, Punjab reported partial migration in response to loss in agricultural
income due to drought-like conditions attributed to less rainfall [22]. These types of climate-
induced relocations are stressing the social, economic, and ecological infrastructures in
urban areas of Pakistan [56]. Nevertheless, only six articles were reported on migration.
Renting out cropland was found in four papers. Some farmers partially rented out their
land in order to minimize the economic risks related to climate variability [22]. Farmers
adopt this practice in Punjab and KPK [25,50].

3.2. Factors Influencing Adaptation Measures

This section depicts the factors influencing the farmers’ choice of climate change
adaptation measures. Influencing factors were examined and classified into three groups:
demographic, socioeconomic, and resources and institutional.

3.2.1. Demographic Factors

Age is a vital element that characteristically determines the inclination toward new
technology and methods for agriculture. A total of thirty-one papers focused on the age
of farmers as a factor affecting the adaptation to climate change. Studies conducted by
Khan et al. [62] and Shahid et al. [76] suggest that the age of the farmer had a positive link
with adaptation to climate change. Aged farmers have better knowledge and experience of
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the local climate and its induced hazards; hence, they are expected to be more adaptive
to potential risks of climate variability. On the other hand, Ali and Erenstein [27] and
Jamil et al. [73] concluded that farmer age turned out to be negatively associated with
adaptations to climate change. Younger farmers are more likely to adopt new technologies
and advanced agriculture methods by using their knowledge and determination, while
aged farmers are not aware of recent technologies in agriculture and/or are reluctant to
new farming practices. However, Ali et al. [53] and Ali and Rose [68] found that household
head age has a mixed association with adaptation measures. For instance, an increase
in farmer age would decrease the probability of adopting new crop varieties, efficient
irrigation methods, and migration to urban areas and private business while increasing the
likelihood of adapting sowing dates and mulching.

Household size plays a vital role in climate adaptation. Most studies found a positive
and significant relationship between family size and adaptation measures [59]. Farmers
with large household size are more likely to adapt labor-consuming adaptation strategies
such as crop diversification, water harvesting, deep ploughing, and terrace farming [53].
Similarly, Abid et al. [7] found that increasing one individual in an average household
would increase the likelihood of choosing soil conservation and planting shaded trees as
adaptation measures [7].

Thirty-five papers have shown the importance of education in adaptation. Educated
farmers have more information of advanced agriculture technologies and improved va-
rieties compared to farmers with little or no education. The probability of adaptation to
climate change increases with an increase in the year [52,78]. They are more flexible in
deciding on different management practices in order to obtain the maximum benefit from
limited resources. If these farmers are heads of households, the adaptation ability of other
family members could be increased. In contrast, farmers with low education levels are
dependent on neighboring farmers in choosing adaptation measures.

3.2.2. Socioeconomic Factors

Landholding size represents the total land cultivated by a farmer and may be consid-
ered a proxy for farm household wealth [27]. Larger landholding size has a positive and
significant influence on the probability of adaptation strategies such as changing crop types,
crop varieties, irrigation methods, and shifting from crops to livestock. These farmers can
invest in high-cost measures and tend to respond earlier to certain climate hazards [7,75,79].

Off-farm income is an important factor associated with climate change adaptation in
agriculture and is discussed in twenty papers. According to Shahid et al. [76], the off-farm
income and adaptation index has a significant-positive relationship. Farmers who are
involved in off-farm activities have minimized their financial constraints and enhance
crops productivity by using more inputs. High off-farm income enhances the likelihood
of strategies such as farm mechanization, changing crop varieties, and high-efficiency
irrigation methods. Conversely, Khan et al. [62] and Mahmood et al. [63] reported the
negative impact of off-farm income on climate change adaptation. Farmers who depend on
farm earnings are more likely to adapt than those with off-farm income.

Farm experience has a positive and significant association with adaptation strategies.
Results from studies conducted by Ashraf et al. [70] and Jabbar et al. [60] suggest that
farm experience plays a vital role in adaptation. Farmers with more years of farming
experience are more likely to be aware of previous extreme climate events and to be a better
judge to respond to these events. Further, farm households that have experienced past
environmental damage are better prepared [7].

Eighteen papers have shown the importance of nonland assets in adaptation. Tube
well ownership plays an important role in climate change adaptation in agriculture as this
ensures the supply of groundwater for irrigation at the farm level in response to changing
climatic conditions. Possession of tube wells also improves farmers’ fertilizer management
ability [7,62]. Similarly, livestock and car ownership are positively associated with farm-
ers’ adaptive capacity and the number of adaptation measures [27]. Tractor ownership
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also significantly affects adaptation measures as it helps farmers in various agronomic
practices such as seed drilling, zero tillage operation, early planting, and crop diversifica-
tion [63,73]. Having more assets enables the farmers to adopt advanced technology-related
measures such as changing crop types, sowing improved varieties, crop diversification, soil
conservation practices, and water harvesting [27].

3.2.3. Resources and Institutional Factors

Access to extension services was identified in twenty papers. These reveal that access to
extension services enhanced the availability of climate information and adaptation options.
Farmers’ selection of adaptation strategies was found to be significantly affected by access to
extension services [58,67,80]. Research conducted by Ali and Rose [68] reported that access
to extension services positively and significantly affected farmers’” decision-making about
sowing time, irrigation, mulching, crops to livestock, and water-efficient methods. However,
access to extension services was found to increase the probability of changing crop variety
while decreasing the probability of changing crop type, which may be due to farmers
obtaining poor information about climate change and crop production or information
being outdated [7]. According to Amir et al. [55], the Agriculture Extension Department is
underperforming in rainfed areas as farmers who have access to extension services also
borrowed money, and compromised food intake and education during financial stress.

Access to credit is identified as a key contributing factor that can increase farmers’
adaptive capacity against climate change. This service is especially important for devel-
oping countries where poverty is the major reason behind lower adaptation capacity [68].
Access to credit was found positively and significantly associated with adaptation mea-
sures such as tree plantation, irrigation, planting of different varieties, crop diversification,
and fertilizer management [53]. Khan et al. [62] and Shahid et al. [76] reported that the
ease of access to financial resources enhances farm households” adaptive capacity and
decision-making in choosing various measures against climate variability.

Access to information on weather and climate is a key factor that enhances farmers’
adaptation capacity and is discussed in fifteen articles. Farmers with better knowledge of
the climate and weather forecasts are more likely to adopt various adaptation measures [58].
According to Abid et al. [7], access to timely seasonal and daily information on climate
has a significant-positive effect on the likelihood of adaptation measures such as changing
irrigation, fertilizer management, adjusting sowing dates, and other land management
practices. In addition, access to weather forecast information is positively and significantly
related to adopting different climate-smart agriculture (CSA) practices [75].

3.3. Climate Change Adaptation Constraints

Lack of access to information was found as an important constraint in adaptation. This
barrier was reported in twenty-eight papers [53,56]. Farmers do not have adequate weather
information or knowledge regarding advanced land management practices and optimum
use of agriculture inputs. Most of the studies reported simple measures adopted by farmers
and did not focus on advanced adaptations. The main reason behind this lack of adoption
of advanced farming practices was the lack of knowledge and information [22,42].

The lack of access to farm credit services has identified another constraint to adap-
tation in Pakistan. This lack of access to credit facilities was reported by Ullah et al. [42],
Ali et al. [53], and Shahid et al. [76]. Abid et al. [22] reported that even some farmers have
access to credit services, but they were reluctant to use them due to high interest rates [22].
In addition, this credit was not used for climate change adaptation measures. Instead, it
was used for other activities such as purchasing household items and for wedding events.

Another constraint to adaptations is the lack of access to extension services [55,62].
Only a few farmers have access to extension officers, while others rely on relatives, the
community, or themselves for information and guidelines regarding agriculture. In most of
the cases, the services of the agriculture extension officers were biased toward influential
and wealthier farmers [22].
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Five papers reported resource limitation as a barrier to adaptation measures [48,56,76].
Water scarcity was a major constraint in most of the studies. According to farmers’ percep-
tion, water availability from canals and rainfall is not enough to fulfill the crop requirement
and maximize the crop productivity. Thus, farmers are dependent on groundwater but
most of the farmers have small landholdings with limited funds, and they are not able
to cultivate all the lands, due to high groundwater pumping costs. In addition, small
landholder farmers do not have access to good-quality inputs such as fertilizer, pesticides,
and seeds, due to their shortage or absence [22].

4. Conclusions

Climate change adaptation in the agricultural sector is considered a noteworthy tactic
to cope with the impacts of climate change. The systematic review paper highlighted
the four major themes of adaptation strategies in agriculture toward climate change in
Pakistan. These themes included changing cropping practices, changing farm management
techniques, advanced land use management measures, and nonagriculture livelihood
options. These themes were further extended to 16 subthemes (such as changing crop
type, crop variety, sowing dates, fertilizer, and irrigation) as a result of the analysis. From
the review, the factors that influence farmers” adaptation strategies in Pakistan were age,
education, farming experience, landholding, access to climate information, access to credit
facilities, and access to extension services. A number of constraints were identified at the
farm level that concern the adaptive capacity of the farm households including the lack of
access to information and knowledge, lack of access to extension services, lack of access to
credit, and lack of farm resources.

Investments toward capacity-building are required to achieve benefits from adaptation
in agriculture. In order to reduce the farm level vulnerability to climate change and enhance
the adaptive capacity of farmers, the outreach and extent of institutional services, especially
the advisory services related to climate change adaptation, need to be enhanced. There is
a significant gap between the services provided by local institutions and what is needed
at the farm level. There is also a dire need for a close observation network to track the
outcomes of adaptations. In addition, an integrated and more in-depth assessment of
farmers’ adaptations and outcomes is necessary for better policy targets for achieving
long-term food security and farmers” wellbeing. This study had some limitations; first,
investigating both internal (such as normative and cognitive dimensions) and external (such
as socio-politico-economic) elements impacting adaptation is crucial to better understand
farmers’ adaptation. However, studies lacked evidence for how internal factors can affect
farmers’ adaptation measures. Second, the reviewed studies did not show the extent to
which the implemented adaptations were successful. The associated maladaptive outcomes
are still under-researched. The reviewed adaptation strategies could be adopted in other
countries with similar climate, cropping pattern, and socioeconomic system such as India
and Bangladesh.
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