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• Analyzes the empirical relationship be-
tween climate variability, wheat mean
yield, and yield variability

• Temperature anomaly (rise in tempera-
ture) lowers mean wheat yields.

• Cumulative precipitation increases both
mean yield and yield variability.

• Lack of access to input markets causes a
reduction in mean yield levels and in-
creases yield variability.

• Timely and appropriate adaptation
measures are needed to sustain and en-
hance wheat yields, hence food and
livelihood security.
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More than three-quarters of the world's total cultivated land is under rainfed farming, producing almost 70% of
total food. Most food production comes from developing and least favored nations. Pakistan, a developing coun-
try with an agro-based economy, is facing severe threats from climate change. Rainfed agriculture, especially
wheat farming, is highly susceptible due to its heavy dependency on precipitation, one of themost important cli-
matic parameters.Wheat is themain food crop, as well as a major source of calorific intake, for millions of people
in Pakistan. This study aims to quantify the impacts of climate variability onmeanyield levels and yield variability
ofwheat crop in the rainfed zoneof Pakistan.Multistage random sampling technique is used for primary data col-
lection from 400 rainfed wheat farmers during the 2016–17 crop season. The study uses primary data on crop
input-output, management, socioeconomic, institutional, and historical climatic data (1980–2017). The data
are analyzed employing the Just and Pope (J-P) stochastic production function approach with linear and non-
linear functional forms. The results reveal that temperature rise negatively affects observed wheat mean yields,
while cumulative precipitation positively affected it. Further, input market access, seed rate, and cumulative pre-
cipitation also cause variability in yield levels, leading to yield instability. Further, farm elevation influences
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adaptive capacity, Pakistan is among countries that are most affected
by the climate change (Stocker, 2014). Although the country contrib-
utes very little to global warming, its vulnerability to climate variability
is increasing (Fahad and Wang, 2018). According to the long-term Cli-
mate Risk Index (CRI), Pakistan was ranked at 12th, 8th, and then 7th
in 2012, 2015, and 2016, respectively (Kreft et al., 2017). The arid and
diverse geographical profile and scarce natural resourcesmake its farm-
ing sector one of themost vulnerable sector to climate change (Schilling
et al., 2013). In Pakistan, the agriculture sector contributes 18.9% to the
overall gross domestic product (GDP), while providing livelihoods to
42.3% of its population (GOP, 2018).

Studies report that Pakistani farming communities are experiencing
and perceiving a variety of climate-related risks, including rising tem-
peratures, erratic rainfalls, pest attacks, and limited water availability.
Reduced crop yields and water shortage are among the worst effects
of climate variability reported by farming communities in Pakistan
(Abid et al., 2015; Abid et al., 2016a). There are also studies on climate
risk management, adaptations, and determinants of adaptations
(Arshad et al., 2016: Abid et al., 2016b; Fahad and Wang, 2018). A few
studies examine awareness among farming communities about the ex-
istence of the climate change phenomenon and its possible impacts on
crop farming (Mustafa et al., 2018). A significant number of agronomic
field studies, based on simulation and crop modelling, report negative
effects of climate variability on a variety of crop yields (Ahmad et al.,
2015; Gorst et al., 2018; Ahmed et al., 2018). Climate variability is also
reported to lower the yields and efficiency of rice-wheat cropping sys-
tems across different agro-ecological zones in Pakistan (Arshad et al.,
2017b; Arshad et al., 2018). According to FAOSTAT (2018), the 4.4% de-
cline in wheat production observed in 2018, as compared to 2017, was
mainly due to a water shortage. It means that rainfed wheat farming is
under severe danger due to its complete dependency on rainfall for
water requirements.

However, the aforementioned studies do not specifically focus on
the rainfed cropping zone of Pakistan. Hence, the present study specifi-
cally investigates the physical impacts of climate variability on wheat
crop farming in the rainfed zone of Pakistan, where livelihoods are
mostly at the mercy of agriculture for subsistence. The uniqueness of
the present study is centered around two points; first, it is the first
zone-specific study that focuses purely on the rainfed (Barani) zone of
Pakistan. Second, it models a relatively new geographic variable, alti-
tude, recorded separately for each farm household in the selected
study region. The study addresses two main research questions;
(1) Do the climatic parameters affect the mean yield level of rainfed
wheat crop? and (2) Do climatic parameters influence the yield variabil-
ity of rainfed wheat crops in the presence of other agronomic and farm
variables in the rainfed zone of Pakistan?

2. Conceptual and analytical support

2.1. Study area

As rainwater is an important factor underlying crop production in
the rainfed zone of Pakistan, the increasing occurrence of weather ex-
tremes, including untimely and heavy rains is becoming a major threat
(GOP, 2018). The contribution of agronomic inputs, like seed, fertilizers,
and chemical crop protection measures, to enhance yield levels is obvi-
ous, but the importance of temperature and precipitation cannot be
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