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Abstract 

Climatic parameters such as temperature and rainfall have a significant impact on crop yields, vegetables, 
fruits, and water resources all over the world, including Pakistan. This study focuses on the effects of 
temperature and rainfall fluctuations on crop yields, specifically Maize (Zea mays) and Rice (Oryza sativa), 
in Mingora City of District Swat, Khyber Pakhtunkhwa (KP), and Pakistan. Primary data was collected 
through a semi-structured questionnaire. A total of 60 questionnaires were designed and filled to examine 
the effects of temperature and rainfall on maize and rice in the last 18 years. The survey indicated that the 
high yield of maize was recorded due to an increase in mean temperature and heavy rainfall during the 
period 2000-2006, while the minimum yields of maize were found due to a decrease in the mean 
temperature and rainfall pattern during 2007-2012. Moreover, no significant impacts were observed with 
increasing temperature on rice yields. However, the yield of rice increased with an increase in rainfall 
pattern during 2000-2006. The resultant analysis indicates that water availability shows a strong association 
with rice yield. The survey concludes that a better yield is obtained with an increase in temperature and 
rainfall, while in areas where there is a decrease or no change in temperature and rainfall occurrence, a 
decline or no change in crop yields is observed. One reason for the decline is the lack of proper irrigation 
systems in agricultural land due to the topography, as the agricultural land is located at a high altitude 
compared to the River Swat. Therefore, a proper irrigation system is needed in the rain-fed areas to improve 
maize and rice yields through proper channel construction from the Swat River. Furthermore, research is 
required to analyze long-term data of changing climate and crop yields to provide adaptation measures to 
farmers from the adverse effects of rainfall and temperature. 
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INTRODUCTION 

Globally, climate change is a prime issue, which resulted in drastic changes in the 
average atmospheric conditions due to anthropogenic activities since the mid-21st 
century. High temperature and decrease in the rainfall pattern reduces the life expectancy 
in this modern era (Ortiz et al., 2008). Crop growth is severely affected by changing 
temperature and rainfall. These changes vary region to region (Kimball et al., 2008). 
Farming in the vulnerably delicate environment is very sensitive to slight climatic 
conditions, which reduce crop production (Alteiri and Nicholls, 2017). Decreasing in 
agricultural production can diminish the food surety (Smith et al., 2007; Amjathet al., 2016; 
Nelson et al., 2014; Olesen and Bindi, 2002 Wheeler and Von Braun 2013). The impacts 
of climate change on crop yield, temperature and precipitations are the variables and are 
not constant at all (Adams et al., 1998). It is reported that geographic differences across 
countries are experiential, most of them are in non-industrialized countries and tropical 
regions of the world (Wheeler and Von 2013; Ruamsukeet al., 2015). These climatic 
variations cause severe calamities such as heat waves, floods, droughts and 
desertification in arid and semiarid regions which reduces the crops production and 
biomass (Lobellet al., 2008). Pakistan comes under arid and semi-arid region and it is a 
more vulnerable area under climate change scenario. Countries like Pakistanis prone to 
climate change, where sever atmospheric conditions are threatening food security. 
Precipitation and temperature are the two main climatic factors which are very important 
for agriculture practices (Von and Wheeler, 2013). It is investigated experimentally that 
an increase in temperature and precipitation can adversely affect the food productivity. 
An attempt has been made to evaluate the impacts of climate change on the agronomic 
values and crop production rate by applying different methodologies including time 
arrangement, examination, crop simulation modeling and spatial analysis of yield trends 
(Khattaket al., 2012; Pathak et al., 200; Lobell and Asner, 2003). Greenhouse gases such 
as ChloroFloro Carbon (CFCs), methane, carbon dioxide,andnitrous oxide is responsible 
for the change in the climate. The effects of climate change are more in developing 
countries as compared to developed countries due to their higher susceptibility and lesser 
ability to reduce the negative effects of climate change. Most of the developing countries 
including Pakistan depends on their agriculture-based economies but this has prone to 
the direct effects of climate change such as temperature and rainfall variability (Ying Liu 
et al 2007). 

Rice and Maize are the important food products; their production has affected due to 
change in the climatic variables such as rainfall and temperature. (Maximilian et al., 
2012). The rainfall pattern changed but the amount of rainfall is the same all over the 
years. Drought and floods are occurring respectively due to increasing and decreasing 
rainfall at a particular time. Enough water is required for the Rice crops during cultivation 
and flowering stages in the rain-fed areas. The Rice is cultivated during the monsoon 
season and if the pattern changes the yields are affected (Rashid et al., 2011). The 
suitable temperature for the Maize growth is 32oC and for its propagation is 21oC. 
Changes in temperature and rainfall effect process of pollination due to which Maize 
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flowers is not occurring properly (Shahid Ali et al., 2018). In the rain-fed areas, the Maize 
crop is totally depends on the rainfall pattern. Increase in rainfall results in the increase 
of Maize yield up to some extent. (Rashid and Rasul 2011). The rainfall pattern changes 
and its decrease is the real cause of the drought. Drought is the major agro-
meteorological disaster because it occurs more frequently. The loss in the production of 
the Maize is due to the drought from 1949-1990. The adverse impacts of the changing of 
Maize production are due to the agro-meteorological disasters, in which 60% of Maize 
yield fluctuation was resulted due to the change in  rainfall i.e. drought (Jiquan Zhang 
2003). 

Farmers perceived that the main cause of the fluctuation in temperature and rainfall is the 
anthropogenic activates such as pollution, combustion of fossils fuels, deforestation, 
greenhouse gases, and industrial pollution. During the last 10 years, more severe hazards 
were investigated i.e. increase in hot days and decrease in winter days, especially the 
havoc flood in July-2010. The respondents perceived that 35% reduction in the yields of 
major crops i.e.  Rice, Maize, wheat, vegetables, and fruits were estimated in the 
proposed research area (Bacha et al., 2018).The present study was conducted with the 
aim to check the effect of changing temperature and rainfall pattern (last 18 years) on the 
Maize and Rice yields and the former perceptions regarding these climatic changes. 
 
STUDY AREA 

This research study was conducted in seven villages surrounding the city of Mingora in 
Swat, KP, and Pakistan. These villages are Qambar, Takhtaband, NaweKali, Kanju, 
Damghar, Koza Bandi, and Bara Bandai. Mingora itself is located at 34°46'59.99" N 
72°21'59.99" E and has an altitude of 984 meters. It is situated 2 kilometers away from 
the town of Saidu Sharif. The climate of Mingora is humid and subtropical, with an average 
annual temperature of 19.3 °C. The hottest month of the year is June, with an average 
temperature of 29.2 °C, while the coldest month is January, with an average temperature 
of 7.6 °C. The driest months are October and November, with an average rainfall of 
22mm, while the wettest months are July and August, with an average rainfall of 134mm 
(as of January 2015). 
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Fig 1: Mingora city and its landscape showing the surrounding villages 
 
MATERIAL AND METHODS 

For this study, data were obtained from both primary and secondary sources. The primary 
data was collected from the farmers and agricultural research officers through semi-
structured questionnaires. In this social survey, 60 questionnaires were distributed among 
the respondents, in which 10 questionnaires were filled by the agricultural researchers 
and the remaining 50 by the farmer’s community. The targeted areas were the 
surrounding seven villages of Mingora city focusing on the public, main agricultural 
resources, water and land. The land where different environmental factor like soil fertility, 
sunshine, herbicides pesticides, etc. are kept constant). The open conversation was held 
into regional people, agricultural research officer in Agriculture Research Institute (ARI), 
Mingora and farmers in the surrounding villages to assess their responses and behaviors 
towards changing temperature and precipitation and yields of the selected crops. 

In terms of secondary data, the data about Rice and Maize yields of Swat was collected 
from Agricultural Statistics Department of KP, Peshawar. Rainfall and temperature data 
were collected from the Agriculture Research Institute Mingora, Swat. The eighteen years 
data of concerned parameters were categorized into three major groups including 
duration (2000-2006), duration (2007-20012) and duration (2013-2018). Moreover, the 
comparative analysis was carried out for the possible effects of temperature and rainfall 
fluctuation over the yield of Rice and Maize. 
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The data were statistically analyzed through phi and Cramer Comparison amongst the18 
years of average rainfall, temperature and at the same time, yields of Maize and Rice was 
determined by Kendall's tau b application of SPSS IBM version 23. 
 
RESULTS AND DISCUSSION 

Farmer’s perception of precipitation and temperature fluctuation and status of the land 
the data was collected by questionnaires survey from the key respondents regarding 
fluctuation in temperature and rainfall pattern, land status, and the impacts of changing 
temperature and precipitation are shown below in the graphs. 

View of the respondents about land status (Irrigated, rain-fed) 

The survey result shows that 80% of respondents were of the view that Rice and Maize 
crops were irrigated through proper channels from River Swat, in local language they told 
it obbakhur, While 20% of farmers were of the view that crop fields are rain-fed and not 
irrigated from the river Swat due to the topography of those areas. The farmers also 
agreed that the Maize and Rice crops are cultivated in the summer because the amount 
of water in river is high, so the scarcity of water for the Rice and Maize is negligible. The 
20% of farmers said that sometimes due to fluctuation in rainfall pattern the Maize yields 
were affected. The farmers in the rain-fed areas have also held a view that in the rain-fed 
areas due to the lack of water, the Rice is not cultivated because this crop requires a lot 
of water during the sowing stages up to its harvesting stage. However, Maize is cultivated 
in the rain-fed areas but it depends on the rainfall pattern. Anwar Hussain, 2012 also 
found the same results that area under the availability of water had a positive and 
statistically significant impact on Rice yield. Dixit et al., 2007 also stated that 1% 
enhancement in water availability enhanced total Rice yield by 0.87 %.Therefore, 
sustainable water use is necessary for both the Maize and Rice crops which requires a 
high amount of water throughout the growing stages.   

 

Fig 2: Types of land for Rice and Maize cultivation in the study area 
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View of respondents about the fluctuation in temperature in the last 18 years (2000-
2018) 

According to the survey, about 95% of the farmers were of the view that change in the 
temperature occurred from 2000 to 2018. However, 4% of the farmers did not agreed with 
increase in temperature, while 1% agreed with no change in average temperature was 
occurred. The researchers in the ARI Mingora, Swat were also in the favor and gave the 
evidence such as changing in the sowing and harvesting time of Maize and Rice, 
reduction in the apple yields in the lower Swat due to change in temperature. Our survey 
results are in accordance with Mensah et al., 2010, WHO also worked on farmer’s 
perception about changing temperature and rainfall in which they interviewed the farmers 
and found that 88% of farmers were on the view of increasing temperature in the last 36 
years, while 3.3% of farmers were on the contradictory of this opinion. Majority of them 
perceived that the increase in temperature is due to an increase in deforestation and 
population. 

 

Fig 3: Average fluctuation in temperature from 2000 to 2018 

View of the respondents regarding changing in rainfall pattern in the last 18years 
(2000-2018) 

Survey results show that 67% of the farmers agreed that decrease in the rainfall has 
occurred from the last eighteen years. The farmers also gave the evidence that due to 
decreasing the rainfall, the yields of rainfed areas have also decreased. 30% farmers 
were on the view that no changes have occurred in the frequency of rainfall but the time 
pattern of the rain fall has changed that effected the sowing time of the crops in the rain 
fed areas, while 3% respondents agreed with no change was occurred in rainfall pattern. 
The current results are in accordance with Bacha et al., 2018, who studied that the time 
of rainfall pattern has changed, and the duration of winter rainfall (Jarai) have decreased. 
While the monsoons rainfall pattern has increased due to which flash flood occurs (Patrick 
Gwimbi., 2009). Farmers 52% were of the view that both rainfall and temperatures have 
changed from average levels, while 15% reported that there was no change. But almost 
75% were agreed that the decrease in water has occurred due to fluctuations in the rainfall 
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pattern. It was investigated that most of the respondents were agreed that precipitation 
has decreased over the last 40 years, farmers’ perceptions of precipitation are related to 
the time when the crops such as rice, maize, and wheat, require water during the sowing, 
flowering and harvesting stages, as the pattern of rainfall has changed so the 
requirements of water for crops growth is deficient (Mira and Lindqvist., 2000). 

 

Fig 4:  Average fluctuation in rainfall from 2000 to 2018 

Farmer’s perception of the fluctuation in temperature and its impacts on Rice and 
Maize yield 

By primary data collection through a questionnaire survey, 61% of the respondent’s 
claimed that increase in temperature has medium impacts on the yield of Rice and Maize, 
while 26% respondents were of the view that high temperature decrease the yields of 
Rice and Maize yields. The 13% of respondents said that the temperature has low 
impacts, where as 3% of respondents were of the view that increases in temperature have 
no impacts on the yields of Rice and Maize. The present results are in accordance with 
Lobell et al. (2008), who found that increase in temperature has improved the yields of 
Rice but up to some limits i.e. 32.2°C.When this limit exceeds the yield of crop decreases 
which means increasing in temperature have negative impacts on the yields of Maize. 

Farmer’s perception about the fluctuations in precipitation and its impacts on Rice 
and Maize yields 

According to the research survey, 53% of the respondents said that the impacts of rainfall 
are medium, 42% of the respondents told that the impacts of precipitation are high,while  
5% of the respondents were of the view that the impacts in the  rainfall pattern on the 
yield of Rice and Maize are low.  
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Fig 5:  Temperature impacts on Rice and Maize yield 

Majority of the respondents were agreed that the flood in 2010 due to severe rainfall have 
reduced the yields of Maize and especially the yields of Rice. Theis analysi have the same 
results toIshaqet al., 2017, whose finding tells thathigh rainfall have negative impacts on 
the yields of Rice but the normal rainfall increased the yield. Similarly, in the rain-fed 
areas, the amount of rainfall increased the yield, while in irrigated areas the yield is 
decreasing with a great amount of rainfall (Rehmanet al., 2011). The reported negative 
effects of the precipitation have been observed in Pakistan in the form of floods and 
droughts which have badly affected human settlements, water management, and 
agricultural yield. It has been estimated during the 1998-2001 that 1.18 mm/decade of 
rainfall decreasing.  

Temperature and Rainfall Fluctuation and Crops Yield (2000-2018) 

The Fig 6 and 7 (a, b, c, d) shows the actual fluctuations in rainfall, temperature, and the 
yield of Rice and Maize for the last eighteen years. On the basis of duration among the 
three groups D1 (2000-2006), D2 (2007-2012) and D3 (2013-2018). 

 

Fig 6:  Rainfall impacts on Rice and Maize 
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According to graph 6 (a), the maximum temperature (25.01°C) observed in D1 (2000–
2006), while the minimum temperature (19.45°C) in D2 (2007-2012). Figure 6 (b) 
represents the rainfall pattern in which the highest rainfall (76.21mm) experienced in the 
D1 (2000-2006), whereas minimum rainfall occurred in the D2 (2007-2012). Similarly, the 
maximum yield (93580 tons) of Maize was found in the duration D1 (2000-2006), however 
minimum yields of Maize as 44572 tons found in D2 (2007-2012). Likewise, the Maximum 
yields of Rice as 13736 tons was found in the D1 (2000-2006) and D2 (2000-2012), while 
minimum yields of Rice 11117 tons were found in D3 (2013-2018). Fatima and Shabbierin 
2013 determined that the yield of Rice and Maize have decreased in Khyber 
Pakhtunkhwa and Sindh after 2000 and increasing with the passage of time. The current 
result is similar to Bacha et al., 2008 who found that the yields of Maize and Rice have 
been decreased due to change in the temperature. It is reported that Maize and Rice yield 
have reduced to 3.8 and 5.5% due to the highest maximum temperature recorded in 2001 
(Rehman et al., 2012). According to the available literature, rainfall has decreased at the 
rate of (-1.18mm/decade) all over in Pakistan during 1998-2001 that finally resulted in 
drought condition. The yields of the Rice and Maize have been reduced as a result of 
fluctuation in the climatic parameters due to the changing pattern of rainfall in the 
monsoon sessions. The decrease in rainfall has occurred by analyzing 31 years data of 
Swat weather. It was also found that the high decrease in the rainfall is in the post 
Monsoons (Bacha et al., 2018). Hussain et al., the variation and change in temperature 
of Karachi and shown significant results. The perceived change in temperature is positive 
which has clear increasing trends. The urban temperature of Karachi has the greatest 
variation but it has a regular increase from 1975 to 2005. Mudasser et al., 2005 
documented that in the mountain areas the temperature has increased during the last 
thirty years. The winter temperature in the high-mountains and Lower Mountain have also 
increased during the last 30 years. They also concluded that the rising temperature has 
positive impacts in the mountains areas and the yield of the crops have improved. 
However, increasing temperature enhance the melting of snow in the mountains areas 
during the winter season. Therefore, the overall de-glaciations process could well 
endanger the country’s sustained sources of fresh water from glaciers and snow melting 
(Schmitz et al., 2015). The increase in mean annual temperature in the northern areas of 
Pakistan was found to be higher with a value of 0.8°C as compared to the country as a 
whole with 0.6°C, during the period 1901 to 2000. Furthermore, data from the Climate 
Research Unit (CRU) in the UK relative to the national scale indicates a higher increase 
in mean annual temperature in Northern Pakistan. 
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Fig 7: Graphical representation of temperature (a), rainfall (b) and Rice(c) and 
Maize (d) crops yield (2000-2018) 

Temperature and rainfall impacts on Maize yield 

Generally, as Mongora city hold low elevation therefore, the temperature is hot as 
compared to the areas which is located in the proximity (Rahman and Dawood, 2017). 
The temperature and rainfall fluctuation is due to the forest cover and low altitude. The 
comparative study of temperature and rainfall over the yield of Maize is represented in 
Fig. 7 (a) and (b). The data analysis indicated that high yield of Maize has been observed 
in the duration of 2000-2006 due to increase in  temperature, while the minimum yields 
of Maize were found during 2007-2012 due to decrease in the temperature. Similarly, in 
fig 7. (b), the maximum yield of Maize was found with heavy rainfall in the duration of 
2000-2006, whereas minimum yields of Maize were observed in the duration of 2007-
2012 due to decrease in the rainfall). It was found that Maize production was increased 
in the mountains areas with an increase in temperature. Thus, the response of 
temperature to Maize crop is more favorable in the mountains than in the plane areas 
(Malla, 2008). Kirimi, (2016) also documented that temperature has a negative impact on 
Maizeyield. However, the rainfall has a positive effect on Maize yield. It was also 
investigated that the long-term effects of temperature on crop production. Are larger than 
short-term effects. Some researchers also suggested that farmer awareness is required 
to adopt mitigation measures against the negative effect of climate change. Rashid and 
Rasul (2011) reported that the Maize crop is consist of two phases such as the vegetative 
and the reproductive rainfall is needed in these two phases, shortage or excess during 
reproductive or vegetative phase decline the Maize yields. 

Temperature and rainfall impacts over the yield of Rice 

The comparative study of temperature and rainfall over the yield of Rice is represented in 
Fig 8 (a) and (b). The data analysis (2000-2018) indicated that no significant impacts were 
observed with the increasing temperature with Rice yields in this research study. 
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However, the yields of Rice have been increased with increased in rainfall pattern during 
2000-2006 with the availability of water as it indicates a strong association with the Rice 
yield. Singh et al. (2000) reported that the rainfall sensitivity experiments have shown that 
an increase in Rice yield is due to the increase in rainfall above the observed value. But 
decrease in rainfall results in yield loss at a constant rate of about 8% per 2 mm/day, up 
to about 16 mm/day. Asada and Matsumoto (2009) reported his results that the effects of 
fluctuation in rainfall on the yield of Rice changes with the passage of time. However, the 
mechanism that causes the changes is not clear and still there are many uncertainties in 
the relationship between rainfall and Rice yield. It is also reported that temperature has 
negative effects during both the vegetative and ripening phases of the Rice plant. Higher 
minimum temperature reduced yield, whereas higher maximum temperature raised it 
(Welch et al., 2010). 
 
CONCLUSION 

This study explored the farmers' perception of the impact of temperature and precipitation 
fluctuations on Rice and Maize yield. The questionnaire data showed that reduced 
temperature and rainfall had an adverse effect on yield. However, statistical analysis of 
meteorological data in Swat indicated that fluctuations in rainfall and temperature also 
affected crop yield. The study analyzed 18 years of yield data for Maize and Rice, dividing 
them into three groups and comparing them with the same group patterns of rainfall and 
temperature. The results showed that the highest Rice yield of 13736 tons was found in 
D1 (2000-2006) and D2 (2007-2012), with an average temperature fluctuation of 25.01°C 
and 19.45°C, respectively. Similarly, Rice yields increased with increased rainfall during 
2000-2006, indicating a strong association between water availability and Rice yield. The 
study also found that the highest Maize yield of 93580 tons was recorded in 2000-2006 
with heavy rainfall, while the lowest yield of 44572 tons was observed in 2007-2012 due 
to a decrease in rainfall.  

In conclusion, it is clear that the effects of climate change on wheat and maize crops in 
Pakistan are a significant concern. To address this issue, there is a need for concerted 
efforts to develop and implement adaptation strategies. These strategies should include 
the development of heat and drought-resistant crop varieties, improved irrigation 
techniques, and the use of sustainable agricultural practices that promote soil health and 
water conservation. In addition, there is a need for increased investment in research to 
better understand the effects of climate change on agriculture and to develop innovative 
solutions to these challenges. The study recommended the upgrade of the irrigation 
system in Swat. 

In light of these recommendations, it is important that policymakers, researchers, and 
farmers work together to address the impacts of climate change on wheat and maize 
crops in Pakistan. By taking proactive steps to mitigate the effects of climate change and 
develop adaptation strategies, it is possible to ensure food security and support the 
livelihoods of millions of farmers in Pakistan. 
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Fig 8:  Impacts of rainfall (a) and temperature (b) on Maize yield 

 

Fig 9:  Impact of temperature (a) and rainfall (b) on Rice yields 
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