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Abstract Unbalanced climate during the last decades has cre-
ated spatially alarming and destructive situations in the world.

Anomalies in temperature and precipitation enhance the risks
for crop production in large agricultural region (especially the
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Southern Punjab) of Pakistan. Detailed analysis of historic
weather data (1980–2011) record helped in creating baseline
data to compare with model projection (SimCLIM) for region-
al level. Ensemble of 40 GCMs used for climatic projections
with greenhouse gas (GHG) representative concentration
pathways (RCP-4.5, 6.0, 8.5) was selected on the baseline
comparison and used for 2025 and 2050 climate projection.
Precipitation projected by ensemble and regional weather ob-
servatory at baseline showed highly unpredictable nature
while both temperature extremes showed 95 % confidence
level on a monthly projection. Percentage change in precipi-
tation projected by model with RCP-4.5, RCP-6.0, and RCP-
8.5 showed uncertainty 3.3 to 5.6 %, 2.9 to 5.2 %, and 3.6 to
7.9 % for 2025 and 2050, respectively. Percentage change of
minimum temperature from base temperature showed that 5.1,
4.7, and 5.8 % for 2025 and 9.0, 8.1, and 12.0 % increase for
projection year 2050 with RCP-4.5, 6.0, and 8.5 and maxi-
mum temperature 2.7, 2.5, and 3.0 % for 2025 and 4.7, 4.4,
and 6.4 % for 2050 will be increased with RCP-4.5, 6.0, and
8.5, respectively. Uneven increase in precipitation and asym-
metric increase in temperature extremes in future would also
increase the risk associated with management of climatic un-
certainties. Future climate projection will enable us for better
risk management decisions.

1 Introduction

Anthropogenic rise in greenhouse concentrations is causing
significant anomalies in climate at global and regional scales
(IPCC 2014). Global circulation model (GCM) predictions
have warned about frequency and severity of these changes in
future (Wilby et al. 2002; Nasim et al. 2016a) and their pro-
found biological, societal, and environmental impacts
(Easterling et al. 2000; Patz et al. 2005; Rosenzweig et al.
2008; Hautier et al. 2015; Hertel 2016; Nasim et al. 2016b).
These impacts are largely felt as the changes in the risks of
extreme events, maximum and minimum temperature varia-
tions, and precipitations have caused floods (Porter et al.
2014). So, climatic predictions should be used for the future
adaptations on the risks of climatic extremes and changes in
their rate of occurrence and strength over time. Pakistan is not
exempted from these events. In this context, in Pakistan, these
events can be tackled by integrated models and tools. Climate
change adaptation assessments are essential that can help to link
the gap between the management and technology in order to
reduce these risks. The information of spatial scale used as a
base to investigate the impact of changing climate on various
sectors in our society can also affect the magnitude and some-
times even the sign of the potential change and corresponding
impacts (Kueppers et al. 2005; Amin et al. 2015). Many scien-
tists have proposed different changes for the implementation of
climate modeling (Kravitz et al. 2013). One of the most

effective approaches for the climate modeling recommended
by Intergovernmental Panel on Climate Change (IPCC) is glob-
al climate models (GCMs) in representative greenhouse gas
concentration pathway RCPs (IPCC 2014).

Spatial resolution of global climate models is still insuffi-
cient to adequately describe many regional climate processes.
In order to determine better estimates for regional climate
parameters, high-resolution regional climate models (RCMs)
are frequently used (Warrick 2009). This approach has been
comprehensively employed in recent European research pro-
jects also including an ensemble approach, by designing series
of coordinated experiments using multiple models to pursue
different research questions (Bao et al. 2015; Christensen et al.
2008). RCM has higher resolution for the specific regions of
the globe than a GCM which have resolutions 100 to 300 km
for all over the globe (Katzav and Parker 2015). RCMs were
used within global model to access more specific simulations
for a particular region or location (Warrick 2009).

SimCLIM is an integrated model and tool used to examine
the impacts and adaptations to climate change and extreme
climatic events. Different tools of SimCLIM are used for the
spatiotemporal analysis of spatial and site time series analyses.
Basic feature of the SimCLIM is to deal with risk-based cli-
mate impact assessment by its greenhouse gas (GHG) concen-
tration pathways generator and extreme event analyzer. In
SimCLIM Pakistan data set, estimates of the return periods
for predicted extreme events (e.g., precipitation, maximum,
minimum, and mean temperature) can be used to assess the
current and future climate scenarios of climate change (Yin
et al. 2013). This study was conducted to present and utilize
features of the climate projection-integrated SimCLIM system
for the assessment of site-specific climatic events (precipita-
tion, minimum, and maximum temperature) and to study the
variation associated with different time scales. Different fea-
tures of the SimCLIM can be used to perform the site-specific
climate analysis of maximum,minimum temperature, and pre-
cipitation (Bao et al. 2015). The objective of this study was to
assess the past climate changes and compute the projected
changes in productive agro-climatic region Southern Punjab,
Pakistan, for the years 2025 and 2050 using regional and
global climate models. In view of these changes, vulnerabil-
ities of region may be assessed and suitable coping mecha-
nism adaptation strategies be proposed.

2 Data and methodology

2.1 Study area and data

Climatologically, most parts of Pakistan are arid to semi-arid
with significant spatiotemporal variability in climatic param-
eters like precipitation, maximum, and minimum temperature.
More than half (59 %) of the annual rainfall is due to monsoon
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rains, a dominant hydro-meteorological resource for Pakistan.
The Southern Punjab is mostly dominated by the arid climate.
The study area focuses on Southern Punjab, Pakistan, roughly
centered on Multan, as shown in Fig. 3. Climatic data set for
the last 32 years (1980–2011) was used to analyze base line
data with SimCLIM base line projections. Graphs were drawn
for precipitation, maximum, and minimum values for current
climatic variations in the country assessed by Multan weather
observatory. Monthly temperature extremes (maximum and
minimum temperature for whole year) and precipitation
monthly averages were analyzed.

2.2 Important tools of SimCLIM systems

An open framework modeling software SimCLIM can be used
to study the impacts and adaptation strategies to climate change
and climatic extremities (Warrick et al. 2012). CLIMPACTS
was the basic origin of SimCLIM from New Zealand
(Warrick 2009), with different other countries and regions of
the world (for example, it also develops a data pack for Pakistan
initially for mean, minimum, maximum temperature, and pre-
cipitation for climatic projections for specific region).
SimCLIM 2013 is a computer-based modeling system for ex-
amining the spatiotemporal variability in climatic conditions
and their impacts. It is a customized geographical information
system (GIS) which includes tools for the spatial analysis of
climate variability and change and associated impacts on vari-
ous social-economic sectors. Its Bopen-framework^ feature al-
lows the user to customize themodel for their own geographical
area and spatial resolution and to attach climate impact models.
It has functionality to combine models and different data pat-
terns. It has a top down approach to deal with global, regional,
and local models, and we can manipulate data for the study of
impacts on human health, agricultural, and natural resource
management for that specific region (Yin et al. 2013).
SimCLIM system was developed to describe the baseline cli-
mate; examine present climate variations and extreme events,
risk, and adaptation assessment of present and future; create
scenarios and project impacts of climate and sea level change;
conduct sensitivity analyses; examine risks and uncertainties;
and facilitate integrated impact analyses.

User-friendly applications of SimCLIM have more facility
to customize the system for their specific goals. At the basic
scale, SimCLIM contains scenario generator which were devel-
oped by pattern scaling methods (Warrick 2009) that deals with
different patterns of climate change from complex GCMs
which show time variant projections of global climate change.
These variations are used to perturb the time series data to
develop the climate scenarios for different sites or time scales
as shown in Fig. 1. SimCLIM 2013 follows the fifth assessment
report (AR5) of IPCC (IPCC 2014). SimCLIM provides the
facility to select the GCM patterns for the development of suit-
able global projections (AR5) of sensitivity values and future

climatic variations and thus for the assessments of uncertainties
caused by future GHG emissions and systematic modeling (Yin
et al. 2013; Warrick 2009). SimCLIM has the capacity to de-
velop Bensemble^ patterns by the combined effect of user-
selected GCM output, in which we can find median, lower,
and upper percentiles as output. Extreme event analyzer is a
useful tool for the extreme event assessment. With the help of
this tool, we can observe the extreme values like extreme daily
precipitation, mean temperature year by year observed from the
data. Site-specific climate scenarios are used to plot with nor-
malized GCM values which show the fitness of data as shown
in Fig. 2. Site-specific climate change data from local observa-
tory are used to compare historic time scale data with SimCLIM
by using ensemble for precipitation, maximum, and minimum
temperature (Fig. 2).

2.3 Selection of climate model

To project the future climate for local or regional scale is im-
portant to select suitable GCMs (Pierce et al. 2009; Bao et al.
2015). For a specific site, average of 40 GCMs (ensemble)
should be used for suitable projections as single GCM projec-
tion has very limited scope (Hulme et al. 2000). GCM evolu-
tions are accepted for specific site, and if these projected the
current climate accurately, then these will project the accurate
future climate (Coquard et al. 2004). According to this perspec-
tive, any climate change scenario consisted on single GHG
emission rate and/or role of individual GCM output is ineffec-
tive for climate modeling purposes, because it cannot effective-
ly provide the information associated with its projection, while
other study claims that selection of proper GCM should be
based on quality of predicted regional climate (Pierce et al.
2009). The future climate change is quite uncertain. One im-
portant aspect in climate modeling is to deal with uncertainty
range in policy planning processes and decision making. In this
study, to project the climate risks in future GHG emission rates
and climate sensitivity, a combination of different GHG-RCPs
and climate variations is used to characterize the future climate
change scenario with the associated uncertainty range.

RCP4.5 with low-climate sensitivity, RCP6.0 with mid-
climate sensitivity, represents a middle range future global
change scenario, which was used as an indicator of the median
projection of the future global change, while RCP8.5 with
high-climate sensitivity was used as an indicator of the corre-
sponding low and high bound of the uncertainty range.
Another uncertainty associated with climate projections is
the variation in GCM predictions. To account for such an
uncertainty in climate risk assessment, different GCMs were
combined by a pattern scaling method to build a model en-
semble. The mean value of the models for climate variables is
normally used to predict the middle conditions, as that mean
value often matches better with observed climate than any
individual GCM (Reichler and Kim 2008). However, in this
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study, the 50 percentile of the GCMmodel ensemble was used
in order to prevent the influence of huge outliers in some
GCM simulation on the final change values.

To find out the localized projections, 40 GCM (ensemble)
was selected from SimCLIM. The monthly observed precipi-
tation, maximum, and minimum temperature data were used
as baseline data of Pakistan. IPCC has claimed on the basis of
analysis of observe data, which global temperature is increas-
ing (IPCC 2007, 2013, 2014). The analysis of 31-year data
(1980–2011) of Southern Punjab, Pakistan, also shows in-
creasing trend to support this IPCC statement as, in general
terms, the local data indicates that annual maximum and
minimum temperatures have been increasing across Pakistan
as shown in Fig. 1. IPCC (2013) has studied that increase in
temperature is caused by increasing GHG emissions in the
atmosphere. Occurrence of the hot days in number is increas-
ing, but cold days are decreasing, with associated shifts in
annual and seasonal means and extremes.

Annual maximum, minimum temperature, and precipitation
for the base climate (1980–2011) study area by using ensemble
of 40 GCMs are shown in Fig. 2. Details of the observed max-
imum, minimum, and precipitation data and their future change
projections for the study area are discussed below: the mean
annual rainfall is 205.0 mm, July and August are the wettest
months with 49.0 and 39.0 mm whereas November and
December are the driest months with rainfall of 1.4 and
5.8 mm, respectively. The median scenario change projection
indicates that the annual rainfall change in the area will likely
be small, with an average increase across the area of 4.0 to 6.7 %
by 2025 to 2050, respectively, as shown in Table 1.

2.4 The context and approach

Problems of climatic variations are widespread in Pakistan
and have been particularly acute during the present decade
with prolonged periods of high rainfall. Future climate with

Spatial pattern, Time-slice analysis e.g. Maximum temperature change for the Pakistan Region

Time-series projections for Southern Punjab, Pakistan
Fig. 1 Spatial and site timeseries projections produced by SimCLIM scenario generator
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the projected higher temperatures (Cheema et al. 2012; Sheikh
et al. 2015; Maida and Rasul 2011) and decreased annual
precipitation have worsened the situation for many areas of
Pakistan. Southern Punjab is one such area, in this particular
area; a promising retort for this fatal crisis encourages the
climate adaptation and mitigation strategies by using future

climate broadcasting applications (Abbas et al. 2013; Shirazi
et al. 2006). While justifying this assumption that climate
projection applications are the sole source for future adapta-
tion and mitigation policies (as may be the case for the other
regions of the world), future climate projection application
(SimCLIM) is used here to study an exploratory assessment
of the adequacy of climatic projections under present climatic
variability and future climate risks (Bao et al. 2015). These
risks are studied by its occurrence during the whole year for
specific site and time scale. The analyses are carried out for
Southern Punjab, using its historical data of observed precip-
itation, minimum, and maximum temperature, which are used
with future conditions to perturb by a scenario of climate
change. Analyses results of this study are configured spatially
to provide risk map for present and future climatic conditions.

3 Results and discussion

3.1 Baseline parameters

In order to summarize climate response behavior, 40-model en-
semble (median) was used to predict the climate change for 2025
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Fig. 2 Timescale evaluation for
historical climatic data (1980–
2011) between local weather
station (Multan) data and
SimCLIM projected data (using
40 GCM ensemble) for Southern
Pujnab, Pakistan

Table 1 Mean monthly
rainfall of Southern
Punjab for baseline,
2025 year and 2050 year
using median scenario

Month Rainfall(mm)

Baseline 2025 2050

Jan 7.59 7.24 6.98

Feb 15.53 15.18 14.92

Mar 17.99 17.26 16.71

Apr 13.89 13.45 13.12

May 10.52 11.02 11.4

Jun 12.62 13.55 14.24

Jul 48.6 51.4 53.49

Aug 39 40.62 41.83

Sep 25.96 28.75 30.84

Oct 6.1 6.96 7.6

Nov 1.35 1.51 1.64

Dec 5.77 5.84 5.89
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and 2050 by SimCLIM. Data set of Multan Meteorological
Station from Punjab, Pakistan, consisting of monthly averages
of total precipitation, daily maximum (Tmin), and minimum
(Tmin) temperatures for the baseline period (1980–2011) was
used to compare with SimCLIM base line climate data (temper-
ature and precipitation) trends. While discussing the variations
between the observed baseline data and projected data by
SimCLIM, monthly precipitation showed large variation

between both grids, but in case of maximum and minimum
monthly temperature, both projection years showed almost sim-
ilar readings. In terms of annual average maximum and mini-
mum temperature for observed and model projected values
(32.5–33.0 °C) and (18.4–18.0 °C), respectively, and annual av-
erage precipitation showed more difference across both grids.
While comparing the monthly variation for both years from
February to May variations in precipitation was high, but for

Fig. 3 Study area focuses on local weather station of Southern Punjab, Pakistan
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Fig. 4 Projected precipitation for 2025 and 2050 by using (ensemble) 40 GCMs with RCP-4.5, 6.0, and 8.5 for Southern Punjab, Pakistan
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remaining months, values were closed but in some months even
decreased slightly. In this way, the overall pattern is one of the
moderate increases in rainfall for the middle months of the year;
total annual rainfall showed around 205.0mm for observed base-
line data and 166.0mm for SimCLIMdata. The highest recorded
precipitation was 48.6–46.0 mm in July and the lowest was 1.3–
2.0mm inNovember for observed and SimCLIMprojected data,
respectively. This means that the level of rainfall is highly unpre-
dictable and can vary greatly from year to year.

While discussing the average monthly maximum and mini-
mum temperature of baseline year observed and SimCLIMdata
was 32.5–33.0 and 18.4–18.0 °C, respectively, month wise
average maximum and minimum temperature observed and
SimCLIM projected have quite close values. High temperature
was observed for the month of June (41.5–42.5 °C) and mini-
mum temperature’s value for July (28.8–28.6 °C) for observed

and SimCLIM projected data, respectively. These results show
validity and closeness between the observed climate data and
SimCLIM projected data and verify the ability of SimCLIM for
future time scale climate prediction. Figure 2 shows maximum
and minimum temperature model projection for baseline statis-
tically significant trends at a 95% confidence level on a month-
ly projection with regional weather location observation. Maps
shown in Fig. 1 represent the spatial distribution of baseline
trends and projected data. Many researchers used such tech-
nique for finding variability in climate on diversified time scale
(Sohail and Burke 2013) (Fig. 3).

3.2 Projection of precipitation for 2025 and 2050

In Fig. 4, trends for precipitation on all time scales are shown.
Precipitation showed the increasing trends for all month of the
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Fig. 5 Projected monthly averages of daily minimum temperature for 2025 and 2050 by using (ensemble) 40 GCMs with RCP-4.5, 6.0, and 8.5 for
Southern Punjab, Pakistan
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Fig. 6 Projected monthly averages of daily maximum temperature for 2025 and 2050 by using (ensemble) 40 GCMs with RCP-4.5, 6.0, and 8.5 for
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year except (January, March, and April) for 2025 and 2050. In
contrast, January, March, and April were characterized by hav-
ing a decrease in precipitation for both projection years. High
precipitation increase was observed in August (1.8 to 3.8 mm)
for 2025 and 2050, respectively. Increased precipitation was
observed for 2025 and 2050 from the baseline. The 110 years
of mean temperature and precipitation data (1901–2010) of
Pakistan reveal an increasing trend of about 106.0 mm in pre-
cipitation (Sohail and Burke 2013). High percentage change
was observed for months (September, October, and
November), and low percentage change (July and December)
was observed as compared to other months for 2025 and 2050.

Precipitation projections (Fig. 4) for both years showed
slight annual increases through 2025 to 2050. Projections also
showed increasing variability between different years 2025 to
2050 (3.2 to 6.0 %), respectively. Projections through to 2025

showed a leveling off and possibly a slight decline in rainfall
relative to 2050 levels. Changes of precipitation have been
observed since the beginning of the twentieth century which
amounted to about 2 % increase over the land area of the globe
(Sohail and Burke 2013). Similar study conducted in North
America revealed the positive trends in the precipitation ex-
treme indices (Griffiths and Bradley 2007; Abbas et al. 2013).
The overall increase in average precipitation for future projec-
tions while discussing the inter RCP variability (IPCC Fifth
Assessment Report AR5) with present climate situations.
RCPswere used to estimate the high, medium, and low climatic
uncertainty range for projected years (IPCC 2014). Global tem-
perature will increase by 1.8–4.0 °C with an overall average
increase of 2.8 °C in temperature (IPCC 2007). Historical data
analysis in different studies showed that climatic extremes for
most of the areas of the globe (e.g., Peterson and vose 1997;
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Fig. 7 Percentage change in precipitation from baseline (1980–2011) for 2025 and 2050 by using (ensemble) 40 GCMs with RCP-4.5, 6.0, and 8.5 for
Southern Punjab, Pakistan
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Fig. 8 Percentage change in monthly average minimum temperature from baseline (1980–2011) for 2025 and 2050 by using (ensemble) 40 GCMs with
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New et al. 2001; Hansen et al. 2001; Marengo et al. 2009;
Safeeq et al. 2012; Abbas et al. 2013; Abbas et al. 2013).
According to Fig. 7, the RCP-4.5 showed 3.3–5.6 %, RCP-
6.0 predicted 2.9 to 5.2 %, and the RCP-8.5 uncertainty pre-
dicted 3.6 to 7.9 % for 2025 and 2050, respectively.

3.3 Projection of minimum temperature for 2025 and 2050

Minimum temperatures are projected to continue to increase.
Both projected years 2025 and 2050 showed almost identical
projected temperature change over the future for all RCPs. For
model projection year 2025, a temperature change of 0.9, 0.8,
and 1.0 °C for RCP-4.5, 6.0, and 8.5, respectively, and con-
tinued substantial deviation around the mean are clearly iden-
tifiable. For the future temperature projection for 2050,
showed variation almost doubles then 2025. For 2050, mini-
mum temperature showed variation for different RCPs. High
variation showed by RCP-8.5 for both projection years shown
in Fig. 5. The projected temperature change reaches 1.0 to
2.2 °C for 2025 to 2050, respectively. This is higher than the
2 °C limit that the IPCC has identified as the point beyond
which ecological systems (and human systems by extension)
may become severely disrupted (IPCC 2014). While
discussing (Fig. 8), the percentage change of minimum tem-
perature from base temperature showed 5.1, 4.7, and 5.8 % for
2025 and 9.0, 8.1, and, 12.0 % for projection year 2050 with
RCP-4.5, 6.0, and 8.5, respectively.

3.4 Projection of maximum temperature for 2025
and 2050

Figure 6 shows the variation of monthly projected maximum
temperature by using 40 GCM ensemble in SimCLIM

climatic variability downscaling utility. Maximum tempera-
ture showed 2.7, 2.5, and 3.0 % change for 2025 and 4.7,
4.4, and 6.4 % change for 2050 from baseline temperature
for RCP-4.5, 6.0, and 8.5, respectively (Figs. 7 and 8).
Different climate models for Asian regions showed a temper-
ature increase 0.5–2 °C by 2030 and 1–7 °C by 2070 (IPCC
2007). Similar trends in projection showed increasing trend in
maximum temperature for future as predicted by previous
studies (Jones and Moberg 2003). Temperature ranges are
more rapidly raising in the arid or semi arid regions of India,
western China, and northern Pakistan (Zahid and Rasul 2011;
IPCC 2013). While discussing (Fig. 9), the average yearly
maximum temperature 0.9, 0.8, and 1.0 °C for 2025 and 1.6,
1.5, and 2.1 °C for 2050 will be increased with RCP-4.5, 6.0,
and 8.5, respectively.

4 Conclusions

The approach appears to offer an effective method of
portraying model behavior under changing climate, as well
as numerous advantages for analyzing, comparing, and pre-
senting results from multi-model ensemble simulations. In
spite of the simplified assumptions required for undertaking
multiple simulations, some clear tendencies emerged from this
analysis. Percentage change in precipitation projected by
model with RCP-4.5 showed 3.3–5.6 %, RCP-6.0 predicted
2.9 to 5.2 %, and the RCP-8.5 uncertainty predicted 3.6 to
7.9 % for 2025 and 2050. Percentage change of minimum
temperature from base temperature showed 5.1, 4.7, and
5.8% for 2025 and 9.0, 8.1, and 12.0% increase for projection
year 2050 with RCP-4.5, 6.0, and 8.5. Maximum temperature
2.7, 2.5, and 3.0 % for 2025 and 4.7, 4.4, and 6.4 % for 2050
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Fig. 9 Percentage change in monthly average maximum temperature from baseline (1980–2011) for 2025 and 2050 by using (ensemble) 40 GCMswith
RCP-4.5, 6.0, and 8.5 for Southern Punjab, Pakistan
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will be increased with RCP-4.5, 6.0, and 8.5, respectively.
These uncertainties show that Southern Punjab, Pakistan, is
exposed to major risks related to climate change comprising
rise in maximum and minimum temperature and large varia-
tion in precipitation near future. Model projection enables us
for sustainable management of climatic risk.
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