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Abstract 
The regional climate model PRECIS (Providing Regional Climate for Impact Studies) of the 
Headley Centre, Met Office UK, was used to simulate temperature along with other parameters at 
0.22° × 0.22° (about 25 km × 25 km) resolution for Pakistan. The PRECIS output mean 
temperature was compared with two datasets; (1) a published dataset of CRU (Climate Research 
Unit) developed by the University of East Anglia, which is a dataset prepared from the real time 
data of station observatories all over the world, and (2) real time temperature data of the 
observatories of Pakistan Meteorological Department (PMD). While there is a large scale 
agreement between these datasets, considerable regional differences also exist. During the 
summer season (JJA, i.e. June, July and August) the PRECIS is warm bias in Punjab, southern 
Khyber Pakhtoonkhwa, northern Sindh and the adjoining areas, while this trend shrinks to a 
smaller region during the winter season of DJF (i.e. December, January and February) as 
compare to the observed temperature data sets (i.e. both CRU and PMD observed temperature 
data). Overall the PRECIS predicted temperature is in good agreement with CRU and PMD 
observed temperature in the lower plane areas of the country with slight differences, whereas in 
the northern hilly areas of complex topography there exist large biases between these datasets 
(i.e. PRECIS and the two observed datasets). Thus the model behavior is rather a chaotic one in 
the regions with latitude greater than 30° (more precisely in the regions with latitudes greater 
than 33°). The correlation between PRECIS and PMD observed temperature in the regions with 
latitude smaller than 30° is better than the correlation between them in the region with latitude 
greater than 30°. 
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Introduction 
General Circulation Models (GCMs) have assisted very well in understanding of anthropogenic global 
climate change and this has helped to develop better mitigation strategies. But the GCM results are 
usually of course resolution and the climate change projection based on these GCMs lacking local details 
that are important for impact studies on national and regional levels. Thus at the regional scale the 
relevant and targeted projection for regional climate change is becoming more and more imperative. 
Demand for regional climate change scenarios has generated increased interest in downscaling of global 
climate model simulations. Different downscaling methods are in use nowadays among which the most 
important are statistical downscaling and dynamical downscaling. The latter one is carried out using 
regional climate models (RCM) (Lincoln M. Alves & José Marengo, 2010). The RCM PRECIS 
(Providing Regional Climate for Impact Studies) is an atmospheric and land surface model of limited area 
and high resolution. It is developed by Hadley Center at the UK Met office for climate simulation and 
research. This model generates high resolution climate change information and it can be applied to any 
area of the globe for the development of climate change scenarios for any region of the world. The large 
scale predictions made by a GCM are supplied to PRECIS which add detail information to these 
predictions. It has the provision to include sulfur cycle with the ability to generate output of about 150 
parameters. PRECIS is based on the atmospheric component of HadCM3 climate model (Gordon et al., 
2000) and it is described extensively in Jones et al. (2004). The atmospheric dynamics module of PRECIS 
is a hydrostatic version of the full primitive equations and uses a regular latitude-longitude grid in the 
horizontal and a hybrid vertical coordinate. There are 19 levels from the ground up to 0.5 hPa and it can 
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be run at horizontal resolution of 0.22° × 0.22° (about 25 × 25 km) or 0.44° × 0.44° (about 50 × 50 km) 
(Nazrul Islam et al. 2008). The aim of PRECIS is to enable developing countries to generate their own 
climate change scenarios to be used in impact studies. It has been used for impact studies in various 
regions of the world like Bangladesh (Rajib et al. 2012), South America (Lincoln et al. 2010) and India 
(Kumar et al. 2006). In Pakistan it has also been used for impact studies. Waheed Iqbal and Ghulam 
Rasul, (2011) have reported that PRECIS has a cold bias behavior at snow covered areas of Pakistan 
while studying the downscaling abilities of the model over these areas. Six (6) stations were selected in 
this study by comparing the output of the baseline period (i.e. 1961-1990). Islam et al. (2009) also 
validated PRECIS for the baseline period by comparing the output to CRU and observed data. 

In the current study future changes in temperature over Pakistan have been simulated using the regional 
climate model PRECIS. It is a PC based Regional Climate Model (RCM) applied to simulate the future 
climate change responses over Pakistan for the time slot 2001–2010 based on A1B scenario. A1B is one 
of the three groups of the A1 scenario family which is characterize by a future world of rapid economic 
growth, a mid century peak in global population and then decline and the rapid introduction of new and 
more efficient technologies. A1B scenario is further defined by a balance in all sources of energy. The 
simulations for 2001 – 2010 generated were then compared with observed data to verify the model ability 
to realistically represent the regional mean temperature feature in the country. The boundary data used for 
this study is that of the GCM ECHAM5 of Max Plank Institute for Meteorology, Hamburg, Germany 
(having resolution 1.5° × 1.5°) which was downscaled to 0.22° × 0.22° (about 25 km × 25 km) by the RCM 
PRECIS. The ECHAM5 data is taken here because it has been widely used for the climate change and 
impact assessment studies all over the world. PRECIS RCM uses the boundary conditions of a GCM by 
first pre processing the output of GCM so that RCM can further downscale it. This pre processing is done 
by the Hadley center and they have provided the boundary conditions. So we had no other choice except 
ECHAM5. 

As for any climate model it is run for two different time periods. One is called the historical run or control 
run in which the model is run to generate the previous climate and the output is then compared to the 
observed data in order to validate it for a particular region. The second one is called the future simulation 
or projection in which the model is run to generate future climate scenarios by applying any suitable 
emission scenarios (Jones et al., 2004). The model was run for the period 1960-1990 in which the 
simulation for the period 1961-1990, taken as baseline has been analyzed by Waheed Iqbal and Ghulam 
Rasul (2011). The simulation for the year 1960 was dropped as it was taken as a spin up time. For the 
period 2001-2010 the model was run to simulate future climate projection by applying the emission 
scenario A1B. Thus the model is going to be validated for Pakistan on the basis of future projections, as 
the observed data for this period of time is already present.  

Data and Methodology 
The near surface air temperature is an important parameter in almost all of global and regional models. 
These models use air temperature to process evapotranspiration, snowmelt, soil texture and a number of 
other important processes relating to the atmosphere, land surface and soil (Dodson et al. 1997). 
Therefore surface mean air temperature is selected for this study. The Regional Climate Model PRECIS 
can be run at two different resolutions (giving grid boxes of approximately 50 km × 50 km and  
25 km × 25 km respectively). It has been reported by Waheed Iqbal and Ghulam Rasul (2011), while 
analyzing the model predicted temperature over snow covered areas of Pakistan that PRECIS output at 25 
km resolution is better than at 50 km resolution. Therefore in this study the model output at 25 km has 
been taken and analyzed. The two observed datasets used for comparison with PRECIS output are (1) 
CRU (Climate Research Unit) data developed by the University of East Anglia, and (2) the PMD 
observed record of maximum and minimum temperatures which were then converted into mean 
temperature using Microsoft excel. The data of 51 meteorological stations has been used here for the 
period 2001–2010. The CRU data is a high resolution observed climate data covering the global land 
surface at 0.5° resolution. Different climate variables are included in this dataset out of which mean 
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temperature has been used here in this study (www.cru.uea.ac.uk). As this dataset is originally at 50 km 
resolution therefore it was regridded to 25 km resolution so that its spatial comparison with PRECIS can 
be carried out conveniently. Climate Data Operator (CDO) was used for regriding CRU data and also to 
find seasonal mean (e.g. JJA and DJF) for PRECIS and CRU datasets while Microsoft excel was used to 
calculate seasonal mean from PMD observed temperature data as well as for comparison of observed data 
and station data derived from PRECIS dataset. The GrADS (Grid Analysis and Display System) software 
was used for analyzing gridded datasets. 

Results and Discussion 
Figures 1(a) and 1(b) represent spatial relation between PRECIS output and CRU mean temperature for 
summer season and winter season respectively. The figures show spatial difference between the two 
datasets. It can be seen in figure 1(a) that during summer season comprising of June, July and August 
(JJA) PRECIS is warm bias in Punjab, northern Sindh and some southern parts of Baluchistan. Cold bias 
is shown elsewhere in the country with an enhanced cold biasness in the extreme northern hilly areas of 
the country. Similarly from the Figure 1(b) it is evident that the warm biasing trend shrinks to a smaller 
region during winter season comprising of December, January and February (DJF). Mostly cold biasing 
behavior is being observed throughout the region but again with an enhanced cold biasness in 
comparatively extreme northern parts of the country.  

Figure 1: Spatial relation of PRECIS output with CRU mean temperature data.Difference  
of PRECIS and CRU temperature data for (a) JJA and (b) DJF. 

Figure 2(a) and 2(b) represent a comparison between PRECIS output and the PMD observed mean 
temperature data for summer and winter seasons respectively. Figure 2(a) shows the difference of 
PRECIS predicted and the PMD observed mean temperature data. This comparison shows that PRECIS is 
warm bias in Punjab northern Sindh and adjoining areas and the western parts of Baluchistan. It is cold 
bias elsewhere with an enhanced cold biasness in the northern parts of the country. Similarly Figure 2(b) 
shows this comparison for winter season with warm bias in some parts of Sindh and adjoining areas and a 
cold bias elsewhere with extreme cold biasness in the northern parts of the country. Thus a similar trend is 
being observed whether PRECIS is compared to CRU or PMD observed data.  
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Figure 2: Difference between PRECIS output and PMD observed record of  
mean temperature for (a) JJA and (b) DJF. 

Figures 3 and 4 show the difference between PRECIS output and PMD observed mean temperature data. 
This comparison is based on calculated difference of the two datasets for 51 PMD stations, whose 
observed data and the point data extracted from the PRECIS output gridded dataset have been used.  The 
stations are arranged in ascending order with respect to their latitudes. Figure 3 shows this difference for 
the summer season JJA. The line graph shows reasonable agreement between the two datasets with slight 
over/underestimation of the observed mean temperature for the stations with latitude smaller than 33°. 
However for the stations at latitudes greater than 33° the PRECIS behavior is rather a chaotic one. It is 
cold bias for almost all the stations and this cold bias increases further as we move towards the stations in 
the extreme northern parts of the country. A similar type of behavior is observed during the winter season 
of DJF as shown in Figure 4.  

Figure 3: Difference of PRECIS output and PMD observed record of mean  
temperature for 51 PMD stations for the season JJA. 
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Figure 4: Difference of PRECIS output and PMD observed record of mean  
temperature for 51 PMD stations for the season DJF. 

Domain Classification 
Two sub domains were selected within the full domain under study. One sub domain contains the upper 
northern half while the other sub domain contains the lower southern half of the country. These domains 
and their coordinates are given in Figure 5. 

 

 

 

 

 
Figure 5: Full domain under study and two sub domains along with their coordinates on the left hand side. 

The correlations between PRECIS output and PMD observed mean temperature data for stations in two 
different regions i.e. the Northern Pakistan (NP) with latitude greater than 30° and Southern Pakistan (SP) 
with latitude smaller than 30°, both for summer and winter seasons are shown in Figure 5. The correlation 
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values between the two datasets in Southern Pakistan (greater than 0.90) are much better than those in the 
Northern Pakistan both for summer and winter season.  

 

 

 

 

 

 

 

 

 

 
  

Figure 6: Correlations between PRECIS predicted and PMD observed mean temperature  
record for northern upper half or Northern Pakistan (NP) and southern lower half  

or Southern Pakistan (SP), both for summer and winter seasons. 

The climatologies for PRECIS output and CRU mean temperatures are in reasonable accord with each 
other except in the case for northern half of Pakistan. Figure 6(a) represents the climatologies of both the 
datasets showing good agreement over full domain under study. Considerable differences occur between 
climatologies of both datasets in the northern half of the country while a negligible deviation exists 
between them in southern half of the country as shown by Figure 6(c) and 6(b) respectively. PRECIS is 
showing cold bias trend in the northern half as shown in Figure 6(c). 

The time series analysis of PRECIS output and CRU mean temperature data is given in Figure 6(d), (e) 
and (f) for full domain, southern Pakistan and northern Pakistan respectively. PRECIS remains cold bias 
as compare to CRU data in the northern half while reasonable agreement between the two datasets exists 
in the southern half of the country with slight temporal variation as well. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 36 



Issue 19 Ali, G., W. Iqbal, G. Rasul  

 

 

 

 

 

 
 
 
 

Figure 7: Monthly Climatologies for PRECIS predicted and CRU mean temperature from 2001–2010 
(a) full domain (b) Northern half and (c) Southern half of Pakistan. Figures (d) to (f) represent Time 

 Series analysis for the two datasets on mean monthly basis from 2001–2010 (d) Full 
domain (e) Northern half and (f) Southern half of Pakistan. 

Figures 8(a) to 8(f) represent the scatter plots along with regression trend of PRECIS output vs. observed 
record of mean temperature for all the 51 stations used in this study. 1:1 line, R2 values and the standard 
deviation (σ) values of the difference (PRECIS–Observed) are also given. Figures 8(a), 8(b) and 8(c) 
represent the relation for summer season (JJA) while Figures 8(d), 8(e) and 8(f) represent the relation for 
winter season (DJF) for full domain, southern half and northern half of Pakistan respectively. In all of the 
figures the trend line show an underestimation of the observed temperature or cold bias behavior of 
PRECIS but this bias decreases as we move towards higher temperature or in other words as we move  
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Figure 8: Mean temperature derived from PRECIS output compared to the PMD observed record of 51 stations. R is the  
Correlation coefficient, σ is the standard deviation of the difference (PRECIS – PMD observed record). Figure 8(a), 8(b) and 8(c) 

represent the comparison between the two datasets for full domain, southern half and northern half of Pakistan respectively 
during summer season (JJA). Figure 8(d), 8(e) and 8(f) represent the comparison between the two datasets for full  

domain, southern half and northern half of Pakistan respectively during winter season (DJF). 

towards hot regions of the country. There is no significant change in the slight cold bias of PRECIS 
during winter in the southern half as shown by Figure 8(e). The strong correlation values and less 
standard deviation of the difference of PRECIS and PMD observed record in the southern half of Pakistan 
(as shown by Figures 8(b) for JJA and 8(e) for DJF) as compare to poor correlation and higher values of 
standard deviation (as shown by Figures 8(c) for JJA and 8(f) for DJF) reveals that the prediction made by 
the Regional Climate Model PRECIS is very well in agreement with observed record in the southern 
plane and hot areas of the country, whereas in the northern half, particularly in the hilly areas of complex 
topography the PRECIS predicted temperature contains large biases with respect to the observed 
temperature record. 

Conclusion  
In this paper the analysis of monthly mean temperature is performed for Pakistan by taking seasonal mean 
of temperature (particularly for two seasons of summer and winter) as predicted by the RCM PRECIS at 
horizontal resolution of 25 km. The simulated mean temperature is compared with the gridded data of 
CRU as well as the PMD observed data. The main features of the study can be summarized as follows. 

• During the summer season (JJA) PRECIS is warm bias in Punjab with extension to the adjacent 
areas of Sindh and Baluchistan (Figure 1(a)). 

• PRECIS is cold bias elsewhere with enhanced cold biasness in the northern hilly areas of the 
country. 

• During winter season (DJF) PRECIS is cold bias throughout the country except a few spots in 
southern Punjab where a slight warm bias behavior is being observed. The cold bias behavior 
extends further to adjacent areas in the north as compare to the summer season. 

• The comparison of PRECIS with CRU and PMD observed record show almost the same trend, 
although magnitude wise differences also exist. 

• To summarize the whole story it can be seen that there exists large scale agreement between 
PRECIS output and the observed datasets in the lower plane and hot areas of the country but large 
scale differences are present in the northern hilly areas of complex topography where PRECIS 
predicted temperature mostly underestimates the observed temperature (whether CRU or PMD 
observed record) 
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Therefore PRECIS can be used with confidence in the plane and hot areas for impact studies but in the 
northern hilly and cold areas PRECIS needs considerable modification in order to make it suitable for 
impact studies in this part of the country. 
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