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Abstract: Climate change is now an undeniable reality. It is vital for all of us to work together to
tackle this issue. The meteorological data analysis clearly presented that Pakistan climate is getting
warmer with increase in mean annual temperature. The rate of change is 0.74°C for the period 1961-
2018 with highest increase in southern part (+0.32°C to +0.50°C per decade) than northern part
(+0.02°C to + 0.10°C per decade). There is a 19% increase in mean annual rainfall since 1961 for the
period 1961-89, while the rainfall pattern showed decline rate after 1990. There is a decreasing trend
(-0.54 mm/day) in annual precipitation under RCP4.5 while increasing trend (0.9 mm/day) in pre-
cipitation under RCP8.5 for 2011 to 2100. A 1°C increase in mean annual temperature may increase
5% crop water demand by 2050, while a 3+°C change in temperature increases 6% and 12-15% ag-
ricultural water requirements by 2025 and 2050, respectively. The research findings emphasis that
the scope of policy related to climate change adaptation should focus on the strategies at community
and farm level for significant development outcomes. While analysis has identified some of the
broad changes underway in Pakistan’s climate, the findings also point with potential climate change
adaptations and mitigation strategies to be developed and adopted at local and regional levels.
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1. Introduction

According to IPCC AR5 report, the global temperature will be likely to increase 1.5°C
between 2030 and 2052 under business as usual scenario while the Asia outlook is partic-
ularly troubling [1]. Pakistan is in water stressed to water scarcity situation showed its
vulnerability to changing climate. During the 20th century, rainfall trends increased sig-
nificantly (25 percent, or 63 mm) while temperature also showed warming pattern (+0.6°C)
over the country [2]. According to literature study, there is a declining trend in mean an-
nual inflows such as Indus River from 1937-2011 [3]. Different studies also indicated the
decrease in crop yield with the increase in temperature. For example, the wheat yield de-
crease 5% to 7% with a 1°C rise in temperature [4]. Ahmad et al., findings indicated that
if the rise in temperature remains as usual, the rice yield in semi-arid areas of Pakistan
could be decreased by 15% from 2012 to 2039, 25% from 2040 to 2069 and 36% from 2070
to 2099 [5]. Similarly, the decrease in rainfall affect crop production as presented that 6%
decrease in rainfall could increase 29% more irrigation water requirement in Pakistan [6].

Different findings indicated that under business as usual scenarios the observed tem-
perature of Pakistan will continue to increase up to the end of this century and also the
models upshots suggested the same. According to Climate Service Center report, Pakistan
average temperature is projected to rise by 3.8°C (from 2.1°C to 5.1°C) by 2100 [7]. The
same has been indemnified in other study i.e. the increase of 1.4°C to 3.7°C by the 2060s
[8]. However these changes vary spatially and seasonally across the country i.e. northern
regions and winter season is getting warmer compared to other regions and seasons [9,
10].
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Consequently, the adverse impact of climate change on water resources of Pakistan
can be minimized with the implementation of adaptation and mitigation approaches sim-
ultaneously. Salient features of these approaches are integrated water resources manage-
ment (IWRM). This study outlines the newsworthy knowledge to understand the impact
of climate change on agricultural water management and water resources of Pakistan, and
presents certain agricultural adaptation strategies that are determined in the literature
studies.

2. Materials and Methods

In this study, the long-term (1961-2018) climatic data (rainfall and temperature) of 55
observing stations has been used to assess climatic changes of Pakistan. The yearly data
of rainfall and mean temperature was acquired from Pakistan Meteorological Department
(PMD). Key climate change trends (temporal and spatial) are identified at the national
level. The spatial patterns were plotted using IDW interpolation method in GIS environ-
ment. We use 30-year averages, computed for the period 1961-90, termed “reference nor-
mal,” as the benchmark for observed climate change assessment [11]. The river inflows
data of five major rivers (Indus, Jhelum, Chenab, Ravi and Sutlej) was acquired from Sur-
face Water Hydrology Project-Water and Power Development Authority (SWHP-
WAPDA) for 1961-2016 on yearly basis. The linear trend analysis was adopted to identify
the increasing or decreasing trends of river inflows.

For the future projections of temperature, rainfall and river flows, this paper is pri-
marily based on literature studies [12-17] and the dependence was given to the secondary
data sources. The reports and documents were obtained from government agencies such
as PMD; Ministry of Environment and Climate Change; WAPDA and Pakistan Agricul-
ture Research Council. Moreover, the other documents such as reports and policy briefs
were also obtained from different NGOs (IWMI, ICIMOD, ICARDA) working in Pakistan.
The literature cited was selected based on a critical review of publications of greatest rel-
evance to Pakistan using Web of Science, Science Direct, Scopus and Google Scholar [18].

3. Results and Discussion
3.1 Present Climate and Observed Changes based on Temperature, Rainfall and River Flows

Figure 1 indicating warming trends since 1960s. The rate of change is 0.74°C for the
period 1961-2018. The rise is protuberant (0.67°C) in the last half of this period. The high-
est increase is in southern cities i.e. Quetta in Balochistan (+0.50°C per decade) followed
by Karachi in Sindh (+0.32°C per decade) and the least increase in northernmost cities i.e.
Muzaffarabad in AJK (+0.02°C per decade) and Gilgit in GB (+ 0.10°C per decade). Warm-
ing is ostensive over entire country and greater over major parts of Balochistan, in south-
eastern and southwestern Sindh, and in eastern parts of Punjab.

The average annual rainfall showed 19% increase over the period 1961-2018 in whole
country. The earlier period showed the increase in average annual rainfall but the latter
half shows a decreasing trend (Figure 2). The tendency of rainfall on regional level is
somewhat mixed. The most increase in total annual rainfall is in Peshawar (+39 mm/dec-
ade), followed by Islamabad (+37 mm/decade) and Lahore (+26 mm/decade), while the
most decline is observed in Muzaffarabad (-19 mm/decade) and Karachi (-17 mm/decade).

The Indus annual inflows indicates a significant decreasing trend over the period of
record (Figure 3). The Jhelum average annual inflow is about 23 MAF while Chenab de-
livers about 25 MAF per year at the Marala Headworks. There is a significant decreasing
rate of discharge on the Ravi and Sutlej (Figure 4). Ravi inflows parade a step function at
Balloki Barrage the average annual inflow was 8 MAF in the 1970s, dropped to 4 MAF
until 1999, and less than 2 MAF thereafter. Sutlej River inflows also declined dramatically
in the 1970s at Sulemanki Barrage but with different pattern (higher variability) than the
Ravi. Generally, annual inflows look comparatively stable over the period of observed
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data. In contrast the Chenab's recent decade of flows are most often below the mean,

which raises water concerns downstream.
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Figure 1: Annual mean temperature trends for 1961-2018, 1961-89, and 1990-2018 in Pakistan
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Figure 2: Annual precipitation trends in Pakistan, 1961-2018, 1961-89, and 1990-2018
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Figure 3: Indus, Jhelum, and Chenab Rivers average annual inflows trend plotted from WAPDA data

—#—Ravi —A&—Sutlej —= = =& (Ravi) - = = & (Sutlej)

y =-0.2939x + 589.14
R2=0.5803
N ‘ y =-0.1931x + 389.04
~ , \ R2=0.5641
v | |
{

~ !A\
i
AVAR S

0 e

1960

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Figure 4: Ravi and Sutlej Rivers average annual inflows trend plotted from WAPDA data

3.2 Future Trends of Temperature and Precipitation under RCPs Scenarios

According to Pakistan Meteorological Department (PMD) data for the four different
General Circulation Models using the World Climate Research Program-Coupled Model
InterComparison Project Phase-5 (CMIP5), there is a significant increasing trend (3°C to
3.5°C) of mean annual temperature under RCP4.5 scenario for the period 2011 to 2100
while this increase is up to 8.3°C under the RCP8.5. There is a decreasing trend (-0.54
mm/day) in annual precipitation under RCP4.5 while increasing trend (0.9 mm/day) in
precipitation under RCP8.5 (Figure 5). The precipitation is highly variable at spatial and
temporal scales. Northern areas (i.e. northern part of KPK, GB and Kashmir) are getting
higher impact of warming (i.e. 3°C to 4°C) compared to southern parts (2°C to 3°C) of the
county under RCP 4.5 scenarios. In southern parts Balochistan showed slightly higher
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warming rate (not shown here). RCP scenarios (4.5 and 8.5) showed increasing change (2
mm/day to 3 mm/day) in average annual rainfall over the country.
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Figure 5: Annual mean Temperature and rainfall projections during 21st century under RCP4.5
and RCP8.5 Emission Scenarios of Pakistan

3.3 Future Runoff and River Flows under RCPs Scenarios

The impact of climate change on river flows was assessed from previous research
studies published during 2015 to 2020. Most of these studies were conducted in the sub
catchments of Upper Indus Basin (UIB) and future climate impact were assessed using
hydrological models (SWAT, SRM, UBC model and HBV) under RCP 4.5 and RCP8.5 sce-
narios for 2011-2040, 2041-2070 and 2071-2100 periods [19-25]. The brief analysis and find-
ings of these studies is summarized in Figure 6. According to literature studies, it is pro-
jected that total water flows of Indus Basin will remain relatively unchanging before 2050,
whereas the warming temperature may shift the time to peak and produce higher runoff
that could increase flows to earlier in the year [26]. RCP 4.5 and RCP 8.5 results portrayed
an overall increase in annual mean flows until 2100. Mean annual discharge was projected
to increase 30.43% (RCP 4.5) and 41.87% (RCP 8.5) and 35.79% (RCP 4.5) and 50.15% (RCP
8.5) for (2011-2040) and (2041-2070), respectively. For 2071-2100 period, the increase in
flow is 42.03% and 66.47% during RCP4.5 and RCP 8.5, respectively. Likewise, the antici-
pated changes in precipitation ranges from 1.2% to 2.5% for RCP4.5 and 3.1% to 6% under
RCP8.5 (from mid-century to late century).

4. Climate change mitigation and adaptation options for Pakistan

The agricultural water use share is 92% accounts 111.21 MAF is likely to decline due
to climate change. Based on current study related to temperature and rainfall projections,
the agricultural water demand is increasing for sustainable crop growth while present
water availability is reducing. The projected agricultural water demand is 119.85 MAF in
2025 and 135.76 MAF for 2050. The balance gap between present and future water availa-
bility has clear implications for sustainable agriculture such as changing cropping pat-
terns, crop rotations and water requirements using smart water saving irrigation tech-
niques such as drip, sprinkler and raised bed farming. There should be marked invest-
ment in irrigation efficiency improvement and water conservation technologies which is
the need of time, if continuing with business as usual level, the agriculture system will be
in difficulty [27].

There are two approaches available to for tackling climate change: (upstream) miti-
gation or abatement, and (downstream) adaptation. Pakistani farmers are adapting vari-
ous practices to counter the adverse impacts of climate change. Ali and Erenstein [28],
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conducted a study related to farmer use of climate change adaptation practices in Pakistan
using regression models based on structured questionnaire. In term of adaptation farmers
typically adjusted the crop sowing time according to the changing conditions and also
adopted heat tolerant crop varieties. Some farmers shifted to new crops due to changing
climatic conditions. Adjustment in sowing time, use of drought tolerant varieties and
shifting to new crops can be major adaptation practices. It was observed that the farmers
who adapted more practices had higher food security levels (8-13%) than those who did
not.

Intercropping is also a well known technique to improve water productivity for ex-
ample the case study results of intercropping of sugarcane in wheat indicated is equiva-
lent to 3 irrigations compared to sowing of sugarcane with traditional method. Another
potential option is rainwater harvesting and according to PCRWR study, there is a great
rainwater harvesting potential in Pakistan such as from rainfed areas (6.0 MAF), deserts
areas (0.34 MAF), coastal areas (0.53 MAF) and hill torrents (18.0 MAF).

There are some recommendations for protecting water resources and improving ag-
ricultural yield for climate change adaptation [29-32].

e  Adopt the concept of climate smart agriculture

e  Assessment of water sector vulnerability to climate change in terms of water availa-
bility.

¢  Re-modeling and up-grading of irrigation infrastructures according to projected ex-
treme events.

e Introduce water harvesting and conservation schemes in rural and urban areas

e  Improve irrigation technology and promote compost organic fertilizers to reduce wa-
ter requirements in agriculture

e  Construct small dams/detention ponds to capture flash floods water

e  Promote reforestation and forestation to increase water catchments

e Promote judicious/equitable use of water by implementing water metering and
budgeting systems and by consumer awareness

e  Establish systems to monitor ground and surface water resources

e  Bring crop patterns (planting) in line with shifting weather patterns and adopt farm-
ing practices suited to the climate

e Introduce drought and heat resistant crop varieties and reduce dependency on tra-
ditional agricultural staples

e  Introduce high yielding and less water intensive varieties of crops

e  Apply integrated nutrient management techniques to reduce on-site emissions by
reducing leaching and volatile losses

e Improve agro-forestry systems by developing shelter belts and riparian zones/ buffer
strips with woody species

e  Up-scale land leveling to save 30% water with enhanced water and agricultural
productivity

e  Modify the local market to absorb the change in cropping patterns in rainfed areas
due to climate change

e  Set climate change units/ centers in agricultural organizations to establish agricul-
tural production surveillance system in vulnerable areas to categorize according to
extreme climate events and vulnerability

e  Awareness raising and capacity building of local level organizations in using sustain-
able farming techniques, water efficiency and climate

e  Enhance capacity of academia and private sector to develop indigenously low cost
agricultural water management techniques

e  Undertake extensive review of existing research about mitigation options and pre-
pare digital simulation models of climate change impacts on agricultural water to
assess the value of investment in this program

5. Conclusions
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The analysis of meteorological data (rainfall and temperature) presented in this study
indicated the clear picture of changing climate of Pakistan i.e. it is getting warmer with
some regions facing a faster rise in annual mean temperature. The rate of change is 0.74°C
for the period 1961-2018 with highest increase in southern part (+0.32°C to +0.50°C per
decade) than northern part (+0.02°C to + 0.10°C per decade). Since 1961, average annual
rainfall has increased 19% during 1961-89 but after 1990, rainfall patterns generally
showed declining trend. The regional level rainfall tendency is somewhat mixed. Total
annual rainfall increase rate is the most in Peshawar (+39 mm/decade), followed by Islam-
abad (+37 mm/decade) and Lahore (+26 mm/decade), while the decline rate is more in
Muzaffarabad (-19 mm/decade) and Karachi (-17 mm/decade). The plotting of river in-
flows indicating declining rate of discharge on Indus, Jhelum, Chenab, Ravi, and Sutlej
over the period 1961-2016. According to CMIP5 model, there is a significant increasing
trend in average annual temperature (3°C to 3.5°C) under RCP4.5 for 2011-2100 period
while under the RCP8.5 scenario, the increase in annual mean temperature is 8.3°C. The
changes in annual mean precipitation under both RCPs scenarios showed an increase in
rainfall of 2 mm/day to 3 mm/day over entire country. Results depicted an overall increase
in average annual flows under RCP 4.5 and RCP 8.5 up until 2100. Mean annual discharge
was projected to increase 30.43% (RCP 4.5) and 41.87% (RCP 8.5) and 35.79% (RCP 4.5)
and 50.15% (RCP 8.5) for (2011-2040) and (2041-2070), respectively. A 1°C increase in av-
erage temperature may increase agricultural water demands by about 5% by 2050. The
research studies emphasis that the scope of policy related to climate change adaptation
should focus on the strategies at community and farm level for significant development
outcomes. Whereas this study analysis has acknowledged some of the broad changes on-
going in Pakistan’s climate with a point to critical need to take into account the regional
and local trends that may greatly diverge from country level trends. There is a needs to
develop programs and policies that stimulate economy and society resilience to climate
change.

References

1.

10.

11.

12.

IPCC, “Summary for policymakers.” In Masson-Delmotte, V. et al. (eds.), pp. 3—24. Global Warming of 1.5°C. An IPCC Special
Report on the impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission path-
ways, in the context of strengthening the global response to the threat of climate change, sustainable development, and efforts
to eradicate poverty. Geneva: World Meteorological Organization, Switzerland, 2018, 32 pp.

Sheikh, M.M., Manzoor, N., Adnan, M., Ashraf, J., Khan, A. M. Climate profiles and past climate changes in Pakistan. GCISC-
RR-01. Islamabad, Pakistan: Global Change Impact Studies Centre (GCISC), 2009.

Yu, W, Yang, Y.-C,, Savitsky, A., Alford, D., Brown, C., Wescoat, ]., Debowicz, D., Robinson, S. The Indus basin of Pakistan:
The impacts of climate risks on water and agriculture. Washington, DC: World Bank, 2013. http://dx.doi.org/10.1596/978-0-8213-
9874-6

Aggarwal, P., Sivakumar, M.V. Global climate change and food security in South Asia: An adaptation and mitigation frame-
work. In: Climate change and food security in South Asia. Springer, 2011, p253-275.

Ahmad, M., Igbal, M., Khan, M. Climate Change, Agriculture and Food Security in Pakistan: Adaptation Options and Strategies.
Pakistan Institute of Development Economics, 2013, Islamabad

Spijkers, M.A. Implications of Climate Change on Agriculture and Food Security in South Asia. In: Lal R., Sivakumar M., Faiz
S., Mustafizur Rahman A., Islam K. (eds) Climate Change and Food Security in South Asia. Springer, 2010, Dordrecht.
https://doi.org/10.1007/978-90-481-9516-9 14

Climate Service Center. Climate fact sheet: Pakistan. Retrieved from Hamburg, Germany: Climate Service Center, 2013

Global Facility for Disaster Reduction and Recovery (GFDRR). Pakistan. Country program update series, 2014. Retrieved from
https://www.gfdrr.org/sites/gfdrr/files/region/PK.pdf

Global Facility for Disaster Reduction and Recovery (GFDRR). Vulnerability, risk reduction and adaptation to climate change:
Pakistan. Climate risk and adaptation country profile series. Washington, DC: The World Bank, 2011.

World Bank. Pakistan dashboard. Climate change knowledge portal, 2015. Retrieved from http://sdwebx.worldbank.org/cli-
mateportalb/home.cfm?page=country profile&CCode=PAK&ThisTab=Dashboard

World Meteorological Organization (WMO). WMO Guidelines on the Calculation of Climate Normals. Geneva: World Meteor-
ological Organization, 2017.

Bokhari, S.A.A., Rasul, G., Ruane, A.C., Hoogenboom, G., Ahmad, A. The Past and Future Changes in Climate of the Rice-
Wheat Cropping Zone in Punjab, Pakistan. Pakistan Journal of Meteorology 2017, 13(26), 9-23



http://dx.doi.org/10.1596/978-0-8213-9874-6
http://dx.doi.org/10.1596/978-0-8213-9874-6
https://doi.org/10.1007/978-90-481-9516-9_14
https://www.gfdrr.org/sites/gfdrr/files/region/PK.pdf
http://sdwebx.worldbank.org/climateportalb/home.cfm?page=country_profile&CCode=PAK&ThisTab=Dashboard
http://sdwebx.worldbank.org/climateportalb/home.cfm?page=country_profile&CCode=PAK&ThisTab=Dashboard

2023 ACC Proceedings 78

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Chaudhry Q.Z. Climate Change Profile of Pakistan. Manila: Asian Development Bank, 2017

Government of Pakistan (GOP). Framework for Implementation of Climate Change Policy (2014 — 2030). Government of Paki-
stan, Climate Change Division, Islamabad, Pakistan, 2013.

Parry, J-E. Review of current and planned adaptation action in Pakistan. CARIAA Working Paper no. 15. International Devel-
opment Research Centre, Ottawa, Canada and UK Aid, London, United Kingdom, 2016. Available online at: www.idrc.ca/cariaa.
Amir, P., Habib, Z. Estimating the impacts of climate change on sectoral water demand in Pakistan. Action on Climate Today
(ACT) Report, 2015, www.actiononclimate.today

Khan, M.A.A., Amir, P. Ramay, S.A., Munawar, Z., Ahmad, V. National Economic & Environmental Development Study
(NEEDS) Pakistan. The Ministry of Environment of Pakistan, 2011, United Nations Framework Convention on Climate Change
(UNECCCQ).

Hussain, M., Butt, AR, Uzma, F., Ahmed, R, Irshad, S., Rehman, A., Yousaf, B. A comprehensive review of climate change
impacts, adaptation, and mitigation on environmental and natural calamities in Pakistan. Environ Monit Assess 2020, 192(48), 1-
20. https://doi.org/10.1007/s10661-019-7956-4

Shah, ML, Khan, A., Akbar, T.A., Hassan, Q.K., Khan, A ], & Dewan, A. (2020). Predicting hydrologic responses to climate
changes in highly glacierized and mountainous region Upper Indus Basin. Royal Society Open Science, 7(8), 191957.
https://doi.org/10.1098/rs0s.191957

Haider, H., Zaman, M., Liu, S., Saifullah, M., Usman, M., Chauhdary, ] W., Anjum, M.N., Waseem, M. Appraisal of Climate
Change and Its Impact on Water Resources of Pakistan: A Case Study of Mangla Watershed. Atmosphere 2020, 11, 1071;
https://d0i:10.3390/atmos11101071

Anjum, M.N,, Ding, Y., Shangguan, D. Simulation of the projected climate change impacts on the river flow regimes under
CMIP5 RCP scenarios in the westerlies dominated belt, northern Pakistan. Atmospheric Research, 2019, 27(1), 233-248
Nauman, S., Zulkafli, Z., Ghazali, A.H.B. Yusuf, B. Impact Assessment of Future Climate change on Streamflows Upstream of
Khanpur Dam, Pakistan using Soil and Water Assessment Tool. Water 2019, 11, 1090; doi:10.3390/w11051090

Hayat, H., Akbar, T.A., Tahir, A.A., Hassan, Q.K., Dewan, A,, Irshad, M. Simulating Current and Future River-Flows in the
Karakoram and Himalayan Regions of Pakistan Using Snowmelt-Runoff Model and RCP Scenarios. Water 2019, 11, 761;
https://d0i:10.3390/w11040761

Ali, A'F., Xiao, C.D., Zhang, X.P. et al. Projection of future streamflow of the Hunza River Basin, Karakoram Range (Pakistan)
using HBV hydrological model. J. Mt. Sci. 2018, 15, 2218-2235. https://doi.org/10.1007/s11629-018-4907-4

Garee, K., Chen, X., & Bao, A., et al. Hydrological Modeling of the Upper Indus Basin: A Case Study from a High-Altitude
Glacierized Catchment Hunza. Water 2017, 9(1), https://doi.org/10.3390/w9010017

Immerzeel, W.W., Droogers, P., de Jong, S.M., Bierkens, M.F.P. Large-scale monitoring of snow cover and runoff simulations in
Himalayan river basins using remote sensing. Remote Sensing of Environment 2009, 13, 40-49.

Ali, G., Hasson, S., Khan, A.M. Climate Change: Implications and Adaptation of Water Resources in Pakistan. Research report,
GCISC RR-13. Global Change Impact Studies Centre, National Centre for Physics (NCP) Complex, 2009, Islamabad, Pakistan.
Ali, A., Erenstein, O. Assessing farmer use of climate change adaptation practices and impacts on food security and poverty in
Pakistan. Climate Risk Management, 2017, (16), 183-194. doi: http://dx.doi.org/10.1016/j.crm.2016.12.001

Alvi, S., Khayyam, U. Mitigating and adapting to climate change: attitudinal and behavioural challenges in South Asia. Inter-
national Journal of Climate Change Strategies and Management, 2020, 12(4), 477-493.

CIAT; World Bank. Climate-Smart Agriculture in Pakistan. CSA Country Profiles for Asia Series. International Center for Trop-
ical Agriculture (CIAT); The World Bank. Washington, D.C. 2017, 28 p.

Igbal, KM.]., Khan, M.I. Climate Governance: Implementing Water Sector Adaptation Strategies in Pakistan. Policy Perspec-
tives, 2018, 15(3), 139-155

Abbass, Z. Climate change, poverty and environmental crisis in the disaster prone areas of Pakistan. Oxfam GB, Pakistan Pro-
gramme Office, Islamabad — Pakistan, 2009



http://www.idrc.ca/cariaa
http://www.actiononclimate.today/
https://doi.org/10.1007/s10661-019-7956-4
https://doi.org/10.1098/rsos.191957
https://doi:10.3390/atmos11101071
https://doi:10.3390/w11040761
https://doi.org/10.1007/s11629-018-4907-4
https://doi.org/10.3390/w9010017
http://dx.doi.org/10.1016/j.crm.2016.12.001

