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Abstract | Climate change is global threat to all sectors of economy, particularly agriculture sector. Pakistan,
being exposed to extreme events and low adaptation potential, is highly vulnerable to climate change. Benefits
of adaptation strategies and associated impact on net farm returns, per capita income and poverty rates of
wheat producers using extensive farm survey data from 150 farmers from different climatic zones of Khyber
Pakhtunkhwa, Pakistan were measured in this study. TOA-MD model was used to measure the impact of
climate change adaptation strategies. Adjustment in sowing time, improved fertilizer application method
and increasing sowing densities were three-major adaptation practices whose benefits were analyzed. The
adaptation results indicated that adopters of adaptation technology would range from 33 % to 74.47 % in Dera
Ismail Khan and 62 % to 65.18 % in Peshawar. Before adaptation, poverty rates would range from 23 to 28.90
percent in D.I.Khan while from 19 to 28.62 percent in Peshawar for all GCMs. These findings concluded
that proposed adaptation strategies could have significant impact to offset climate vulnerabilities in the future.
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Introduction for agricultural sector of the country. In Pakistan

agriculture is predominantly a small farm activity. Due

akistan being part of south Asia, is in the

line of fire of climate catastrophes. Pakistan’s
geographical location and high poverty rate, makes it
extremely vulnerable to the climate change. The rise in
temperature has affected all sectors, not only affecting
the cropping season but also melted the Himalayan
glaciers. Climate change in Pakistan exacerbated the
productivity of agricultural sector, worsening food
security in the country.

Change in climate is closely linked to food security
and poverty alleviation, which are main challenges

to smallholding, low productivity and low income
of agriculturalists are more susceptible to climate
change. Though there is evidence of increase in food
production, the nation is not self-sufficient yet. In this
scenario, the proportion of change in production due
to impact of climate change, and measures needed to
improve farmers’ adaptive capacity to climate change
are important research questions.

Nowadays, the improvement of agronomical
practices to combat future variation in climate has
great significance (Howden et al., 2007). In addition
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to agronomical practices, the use of conservation
practices and resource use efficiency can also be
employed to mitigate climate change (Hellin et al,,
2012). In many parts of the world, the cereal crop
productivity is at high risk due to unexpected changes
in climate events. Adoption efforts are required to
counteract the vulnerabilities of climate change.

Small holder farmers have developed certain
modifications to their farming systems to adapt to
changing environment. Among other adaptation
strategies, coping mechanisms also include
adjustments to fertilizer applications, sowing dates,
irrigation, increased organic matter and introduction
of legumes to cropping systems.

Along adaptations, it is also important to stress on
the importance of access to better weather forecasting
and reliability of information (Mahoo et al., 2015).
Besides challenges, the direct observable benefits of
different practices allow small farmers for adoption
(Kahimba et al., 2014; Tumbo et al., 2011; Shetto and
Owenaya, 2007).

Wheat is a major staple food, feeding about 2.5
billion rural people around the world. Various studies
show that wheat productivity is vulnerable to climate
change (Oritz et al., 2008; Anwar et al.,2007). This
implies the need for adoption of improved agronomic
practices (Anwaretal.,2007) and adaptation strategies
(Aurbacher et al., 2010).

However, the main problem of many countries is
proper selection of management practices which
ensure sustainable crop production in the future.
For this purpose, the adaptation package might
include proper water management (Kang et al,
2009), advances in agronomy and breeding (Anwar
et al., 2007), alteration in sowing dates and cropping
patterns (Howden et al., 2007). In addition to
agronomic practices, the proper use of conservation
tools and efficient use of resources can also mitigate
the climate change (Hellin et al., 2012).

'The failure of agriculture sector to adapt to climate
change willimpact global food production, especially
wheat. In this paper, the adaptation options on
model scenarios for measuring their efficiency in
improving wheat yield and their impact on net
farm returns, poverty and per capita income were
assessed.

Materials and Methods

'The study was conducted in various agro-ecological
zones of Khyber Pakhtunkhwa, Pakistan. Multistage
sampling technique was used to select 150 farmers
from three districts namely Chitral, D.I. Khan and
Peshawar. The selection of districts, one from each
zone, was based on the presence of observatory
and wheat farmers. A mixture of both primary and
secondary data was used in analysis. Primary data was
collected from 150 farmers (50 from each district)
through well-structured questionnaire. Five Global
Circulation Models (GCMs Middle, Cool wet,
cool dry, hot wet, hot dry) and two Representative
Concentration Pathways (RCPs 4.5 and 8.5) were
used in crop modelling to assess the climate change
impact on future wheat yields. Yield simulations
were analysed at each GCM and each RCP. Past and
future time periods used in analysis were 1981-2010
and 2040-2069. For economic impact assessment of
climate change and proposed adaptation strategies,
Trade oft Analysis for Multidimensional Impact
Assessment model (TOA-MD) was used.

Trade off analysis for multidimensional impact assessment
model (TOA-MD)

'The TOA-MD model is novel approach for economic,
environmental and social impact assessment of
agricultural systems that can be used for crops,
livestock and aquaculture. (Antle and Valdivia,
2006). It depends on data from various sources like
farm surveys, observed field data, simulated data and
expert’s judgment. The model is used as simulation
technique for adoption of new technologies and
environmental changes (Antle and Valdivia, 2011).
'The model utilizes given prices and do not solve for
market equilibrium prices. TOA-MD simulates farm
populations and cannot be used for individual farm as
decision support tool.

As compared to other impact assessment models, this
model demands less data (Claessens, 2008). TOA-

MD is based on mathematical programming.

To measure the effects of climate change TOA-
MD model compared base (S1) and an alternative
system (S2). Data for the alternative system was
generated through calibration of different biophysical
simulation scenarios which measure the changes in
crop yields over time. Suppose, farmers select a system
to maximize a function v(i) where i =1, 2 indexes
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the production system and all attributes associated
with it. Here, v(i) = expected net farm returns which
based on an objective function that depends on the
characteristics of the farms and the system being
studied. This objective function induces an ordering &

over all farms. Where 0 is defined as:

0 = System 1 value — System 2 value
(PiX1a: Cy)_(P2Xza5_C3) .....(1)

Where;

P= Price in System 1; P,=Price in System 2;
X,=Production (Yield) System 1; X, = Production
(Yield) System 2; a, = land use in System 1; a, = land
use in System 2; C = Production cost in System 1;
C, = Production cost in System 2; 8= the difference
between System 1 and System 2.

8 = V‘l - Vz e (2)
V1= value of present climate + technology; V,=value of
future climate + technology; r=x1/x,; r = relative yield.

Then; Vy=yxyr

“y” obtained from survey data and r is obtained from
crop models; x; = actual crop yield in present climate;
s1 = simulated crop yield with present climate = by x3;
s2 = simulated crop yield with changed climate = byxy;
x, will be estimated with crop simulation models

Assume, by = b,
Then, R =x; /x1 = s,/ 51 (estimated from crop models).
Xy = R X1

dataforx; and Ratarepresentative sample of sites, then
x2= climate perturbed yields = R x;

The TOA-MD model incorporates the statistical
correlations among environmental, economic and
social impacts of technology adoption into the
simulation of impacts on farm income and income-

based poverty.
Results and Discussion

Climate change impacts on wheat yields

CERES-Wheat simulations of wheat yields showed
yield decline in D.I. Khan and Peshawar with respect
to five GCMs and baseline in mid-century (2040-

2069) under RCP 4.5 emission scenario while yields
in Chitral showed increasing trend. During mid-
century all GCMs projected yield reduction versus
baseline climate. Under RCP8.5 emission scenario,
wheat yield showed further decline in D.I. Khan and
Peshawar districts with respect to baseline simulations.
Therefore, to offset climate vulnerabilities in affected
districts, adaptations strategies were applied.

Climate change adaptation options

'The failure of agriculture sector to adapt to climate
change will impact global food production, especially
wheat. The main problem confronted to each country
is proper selection of management practices which
ensure sustainable crop production in the future. For
this purpose, the adaptation package might include
proper water management (Kang et al, 2009),
advances in agronomy and breeding (Anwar et al,,
2007),alteration in sowing dates and cropping patterns
(Howden et al., 2007). In addition to agronomic
practices, the proper use of conservation tools and
efficient use of resources can also mitigate the climate
change (Hellin et al., 2012). To utilize the benefits
of adaptations, the current adaptation package was
formulated for wheat through continuous engagement
process with researchers, farmers and policy makers to
combat the current and future climatic vulnerabilities.

Wheat adaptation strategies

Optimizing the use of sustainable, natural fertilizing
sources in wheat production, including nitrogen
fixing crop rotations, compost and composted manure
would be helpful in raising yield figures (Kassem,
2009; Alam et al.,2012; Majeed et al., 2015). No extra
cost will be incurred for this adaptation. By increasing
plant population, we mitigate the seed germination
losses due to harsh climate as well as it can increase
the production per area unit (Hussain et al., 2010;
Naseri et al., 2012). Extra cost incurred for seed to
increase sowing density was incorporated in the total
variable cost. An early of 10 days for sowing of wheat
crop as most of the people grow late in November
and December (Tahir et al., 2009; Baloch et al., 2010;
Mumtaz et al., 2015). No extra cost will be incurred
for this adaptation.

Mean changes in projected productions after adaptations
Since, the impact of CC (climate change) is positive
in Chitral, therefore, adaptation strategies were
applied to D.I. Khan and Peshawar only to offset the

vulnerabilities of CC in these districts.
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Table 1: Wheat adaptation package.
Base Value (S-1)

Variable/Parameter

Improved Method of Fertilizer

Broadcast not incorporate

Sowing Density (absolute or percent 330
change in plant population on top of
baseline)

Sowing date (10 days decrease for 20-Nov

those farmer’s whose sowing date

were beyond the 20 Nov.)

Units Crop model Describe Change Value S-2

parameter

name (ID)
FEACD
No per m? Plpop

applied with irrigation water

10 percent increase in plant 363
population

Days PDATE 10 days earlier 10-Nov

Table 2: Impact of CC adaptations on the output of wheat.

GCM and RCP
District

D.I. Khan

Middle

4.5 8.5 4.5

Projected Mean Output with adapta- 3085.76 2862.64 3570.23 3073.81 2969

tion (kg/farm)

Mean Change in Output (%) 19.21%
Peshawar

Projected Mean Output with adapta- 3811
tion (kg/farm)

Mean Change in Output (%) 23%

Impact of CC adaptations on the production of
wheat crop (kg/farm) in the study area are shown in
Table 2. For district D.I. Khan, the projected average
production would vary from 2801.31 to 3570.23 kg/
farm in RCP 4.5 and from 2793.52 to 3073.81 for
RCP 8.5. Average increase in output would be from
12.69 to 32.38 percent in RCP 4.5 and for RCP 8.5,

simulationsshowedachangefrom15.3t022.17percent.

For the Peshawar district, projected average
production would vary from 3570.23 to 4037.92 kg/
farm in RCP 4.5 and from 3464.94 to 4030.34 in
RCP 8.5. Average production increase of wheat crop
in RCP4.5 would be from 23 to 26.18 while in the
case of RCP 8.5, wheat showed an increase ranging

between 25.07 and 28.81 percent for all five GCMs.

Assessing benefits of adaptations

For adaptation analysis in TOA-MD, system 1 was
considered without adaptation strategies while System
2 was taken with adaptation strategies for wheat
system based on the crop simulations of DSSAT.
'This analysis was basically for the future, in which
adopters and non-adopter’s categories were compared.
After taking adaptation strategies into account, the
vulnerabilities of future wheat production have been
reduced to greater extent and these adaptations have

Hot Wet

16.47% 32.38% 15.3%

25.07% 23.7%

Cool Dry
4.5 8.5

Hot Dry
4.5 8.5

Cool Wet
8.5 4.5 8.5

2961.97 2801.31 2793.52 2905.83 3038.47

14.20% 19.71% 13.96% 18.98% 12.69% 22.17%

3870.48 3570.23 3464.95 3906.52 4030.34 3729.90 3516.02 4037.92 3957.10

28.81% 24.32% 25.41% 26.18% 28.09% 24.41% 27.36%

positive impact on socio-economic indicators of
wheat producers in KP.
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Figure 1: Adaptation curve showing distribution of adopters and
non-adopters under RCP 4.5.

Impacts of CC adaptations for D.I. Khan district are
given in Table 3. The adopters (in the form of %) for
RCP 4.5 ranged from 32.99 to 74.47 percent and for
RCP 8.5 from 67.77 to 74.43 percent. Adaptation
curves showing the distribution of adopters and non-
adopters, for all farms of district D.I. Khan are given
in Figure 1. In RCP 4.5, the projected net returns
without considering adaptation strategies would range
from PKR 61962.98 to 78021.46/ farm/year and with
adaptation itranged from PKR 80342.02 to 93221.38/
tarm /year. For RCP 8.5, the projected net returns
without taking adaptation strategies into account

ranged from PKR 63,606 to 68433.31/farm/year
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Table 3: Benefits of climate change adaptations for District D.I. Khan.

District RCP GCM  Adop- Projected NR Projected NR Projected Projected PCI Projected Projected
tion withoutad- withadapta- PClwithout withadapta- Povertyrate Povertyrate
rate  aptation (Rs/ tion (Rs/farm/ adaptation (Rs/ tion (Rs/per- without adap- with adapta-
(%) farm/year) year) person/year) son/year) tation (%) tion (%)

45 Middle 32.99 78021.46 84752.21 89852.44 91618.28 27.04 23.16

Hot Wet 74.47 71039.03 93221.38 89298.00 96057.31 27.69 17.35

Cool Dry 68.38 63583.64 81024.39 87814.65 92194.48 28.93 20.24

HotDry 71.35 61962.98 80342.02 87842.77 94615.51 28.90 18.31

DIKhan Cool Wet 69.95 62906.27 80958.30 87679.39 91190.81 28.97 20.92
8.5 Middle 71.76 63606.00 82369.46 94041.39 100229.61 23.50 14.44

Hot Wet 67.77 65054.66 82757.69 88105.36 93142.53 28.62 19.56

Cool Dry 72.88 63874.27 83426.69 94225.81 102609.60 23.56 13.34

Hot Dry 74.43 64296.01 83601.92 94515.38 101661.21 23.15 13.61

Cool Wet 67.79 68433.31 86903.96 94784.63 106724.53 23.40 12.40

Table 4: Benefits of climate change adaptations for District Peshawar.

District RCP GCM Adop- Projected NR Projected NR Projected Projected PCI Projected Projected
tion withoutad-  with adap- PCIwithout withadapta- Povertyrate Poverty rate
rate (%) aptation (Rs/ tation (Rs/  adaptation (Rs/ tion (Rs/per- withoutad- with adapta-

farm/year)  farm/year) person/year)  son/year) aptation (%) tion (%)

4.5 Middle 62.61 72874.40 84408.10 102301.88 106306.38 18.10 16.08
Hot Wet 63.22  80078.88 89676.28 103870.73 107242.85 17.61 15.86

Cool Dry 62.29  74006.89 85647.20 102842.29 107547.10 17.98 15.71
HotDry 63.52  79698.25 89764.86 106170.90 112416.67 17.18 14.39
Peshawar Cool Wet 62.02  72756.66 84759.93 103875.10 111336.21 17.79 14.57
8.5 Middle 62.14 79589.05 90149.93 101079.14 106461.55 19.92 17.04
Hot Wet 65.18  82787.59 91875.86 104018.25 110124.98 19.15 15.91

Cool Dry 61.69  76044.55 87798.85 100218.38 106497.93 20.23 16.98
HotDry 64.34 84799.73 93613.55 104096.69 109791.15 19.08 16.04

Cool Wet 62.16  76192.74 88276.70 101424.43 109975.43 20.06 16.02

and with adaptation it ranged from 82369.46 to
86903.96/farm/year.

'The projected per capita income without considering
adaptation strategies would range from PKR 87.67
to 89.85 thousand/person/year, while in case of
adaptation it would range from 91.19 to 96.05
thousand/person/year for RCP 4.5. In RCP 8.5,
the projected per capita income without adaptation
strategies would be between PKR 88.10 to 100.22
thousand/person/year and with adaptation it would
range from PKR 93.14 t0106.72 thousand/person/
year. Without adaptation poverty rates would range
from 27 t028.90 percent for RCP 4.5 and from 23.15 to
28.62 percent for RCP 8.5. However, with adaptations
the poverty rates would range from17.35 to 23.16
percent for RCP4.5 and 12.40 to 19.56 for RCP 8.5.
Impacts of CC adaptations for Peshawar district are

given in Table 4. The adopters (in the form of %) for
RCP 4.5 ranged from 62 to 63.52 percent and for
RCP 8.5 from 62.14 to 65.18 percent. Adaptation
curves showing the spread of adopters and non-
adopters, for all farms of district Peshawar are given
in Figure 2. In RCP 4.5, the projected net returns
without considering adaptation strategies would
range from PKR 74006.89 to 79698.25 / farm/year
and with adaptation it ranged from PKR 84408.10
to 89764.68 /farm /year. For RCP 8.5, the projected
net returns without taking adaptation strategies into
account ranged from PKR 76044.55 to 84799.73/
tarm/year while with adaptation it ranged from PKR
87798.85 to 93613.55/farm/year.

'The projected per capita income without considering
adaptation strategies would range from PKR 102.30
to 106.17 thousand/person/year, while in case of
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adaptation it would range from 106.30 to 112.41
thousand/person/year for RCP 4.5. In RCP 8.5,
the projected per capita income without adaptation
strategies would be between PKR 100.21 to 104.09
thousand/person/year and with adaptation it would
range from PKR 106.46 to 110.12 thousand/person/
year. Without adaptation poverty rates would range
from 19 to 20.23 percent for RCP 4.5 and from
23.15 to 28.62 percent for RCP 8.5. However, with
adaptations the poverty rates would range from17.35
to 23.16 percent for RCP4.5 and 15.91 to 17.04 for
RCP 8.5.
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Figure 2: Adaptation curve showing distribution of adopters and
non-adopters for all farms under RCP 8.5

Conclusions and Recommendations

Since, Climate change has negative impact on
wheat crop in D.I. Khan and Peshawar, therefore,
proper adaptation package was designed after
thorough consultations with experts. Adaptation
package was applied to measure the benefits of
adaptation strategies and associated impacts on
wheat producers net returns, per capita income and
poverty rates in Khyber Pakhtunkhwa, Pakistan.
'The adaptation results indicated that adopters of
adaptation technology would range from 33 percent
to 74.47 percent in D.I. Khan and 62 percent
to 65.18 percent in Peshawar. With adaptation
strategies, the poverty rate would change from
12.40 to 23.16 in D.I. Khan and 15.91 to 23.16 in

Peshawar, respectively.

Given the positive relationship between climate
change adaptation strategies and net farm returns,
per capita income and poverty rates, measured by
TOA-MD model, there is a scope for policy makers
to further promote the adoption of climate change
adaptation strategies.
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