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ٍ  بيير  لى  بية     :الخلاصة  الحضكريّ  يي نناق  نتتىة  ن  الاال.  صبكيا الياون ف يي ه ا ااياأ صبنر فحةّزال لاسا ك   المرابزيؤثرّ التغيّر المناخي بشكل

ةيان لىتتطيط والإتاسن المسككتليىي    ف يير نتائج نراايّ  ن    ناخيّ  اا ككا ككيّ ل ننٍ تساات الحراسنل ن  صاٍ  يي الانابككر الم  سككتليىيّ رات الم  وفنيّؤ التغيّ 

فتةيض تساات الحراسن الاظم  الي نيّ  ب ا كط  نم ج   شكما  الارا.  ف.  يي ثير الاوتياس الحراسي لى  ناين  زاخ  فهاف ه ا الاسا ك  لتتمي  ف 

LARS-WG     التماتلا لى   ككيناسيSSP585    ّف. ا ككتتااأ ن تراات خمسكك  نماج  توساف لالمي  (GCMs)     2021لةترن الاسا كك  التي فمتا ن  

لى  فتةيض  ككىسككى  بيانات تساات الحراسن    LARS-WGصظهرت نتائج الاسا كك  صف التحىيٍ الإوئككائي صبّا ة اسن ون ث ةيّ  نم ج     2040ولغاي   

اات الحراسن خلا  يترن الاسا   بالملاسن  نع ااّ  نماج  الاوساف الاالمي التمس  صظهر اسفةاللا يي الييانات الشهري  لاسل بما صف ن  الاظم  بشلٍ ايّا

تسا  نة ي   فمتىك نتائج الاسا ك  الحاليّ  اللاسن    7 2و   4 1(  يتراوح الاسفةاع المت ةعّ باساات الحراسن الاظم  بي  2015-1985الةترن المرااي  )

لى  فحايا ال  كائٍ اابنر يالىي  يي الحا ن  ه ا  وصبكحا  الالاة   تططي   حةّز الم  لمناخي لى  اليية  الحضكري  بما وفلى  فحسكي  يه. ف ثير التغير ا

  الت ثيرات
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Abstract  
Climate change has significantly impacted residential environments in many 

parts of the world. Scientists are nowadays more motivated to study and predict 

future changes in essential climatic elements, including temperature, to provide 

helpful reference results for future planning and managing. This study aims to 

estimate the impact of global warming on Zakho City, northern Iraq. The daily 

maximum temperatures are downscaled using the Long Ashton Research 

Station Weather Generator (LARS-WG) model based on the SSP585 scenario. 

Five General Circulation Models (GCMs) outputs are used for the selected 

period (2021-2040). The results exhibit that the statistical analysis validated the 

LARS-WG model’s ability and dependability to downscale maximum 

temperature time series, and the average of five GCMs showed a rise in the 

monthly data of the studied period compared to the reference period (1985-

2015). The predicted increase for the maximum temperature ranges between 

1.4 to 2.7 ºC. The obtained results of the current research have the chance to 

improve comprehension of how the urban environment is affected by climate 

change and motivate stakeholders and planners to identify the most effective 

means of reducing these effects. 

. 

Keywords: LARS-WG, GCMs, Downscaling, Maximum temperature, Zakho. 

https://ejuow.uowasit.edu.iq/


Sura M. Abulsahib et al. 

 

Wasit Journal of Engineering Sciences 2024 12 (4)                                                                                            Pg215 

 

1. INTRODUCTION 

Globally, climate change affects every urban region. Many catastrophic weather and climate occurrences have been 

related to human activities due to the Intergovernmental Panel on Climate Change (IPCC) [1]. The frequency, 

regional extent, intensity, timing and length of extreme weather and climate incidents alter due to climate change 

[2]. Climate change makes flooding and drought more severe and frequent [3-8]. Temperature is considered the 

most critical climate parameter, and many researchers have revealed that temperature governs water consumption 

[9-11].  

Previous investigations have forecasted future climatic factors using global climate models (GCMs)  and 

representative concentration pathways (RCPs). However, GCMs are improper for direct application to local-scale 

and sub-grid or effect assessments because they employ comparatively coarse computational cells. Thus, these 

GCMs must be either statistical downscaling (SD) or dynamic downscaling (DD) [12].  

The statistical downscaling models are the most widespread because of their comparatively lower computer resource 

requirements, ease, and accuracy [13]. The Long Ashton Research Station Weather Generator (LARS-WG) 

represents an application of the SD models [14].  Many previous works have used the LARS-WG model and 

confirmed that, with appropriate skill, LARS-WG is able to anticipate future climate successfully [15-18]. The 

LARS-WG model has been efficiently used in many studies to downscale climate variables. For instance, Osman, 

Al-Ansari [19] estimated the influence of climate change on the stream flow of the Great Zab River in Iraq using 

predicted temperature and precipitation from the LARS-WG. The obtained results revealed that stream flow tends 

to drop by 25-60% throughout the present century. Furthermore, utilising the LARS-WG, Mohammed, Scholz [20] 

studied possible impacts of climate change on an area in Northern Iraq within the basin of Lower Zab River. Their 

research indicated that, compared to the reference period, there is a chance that the minimum temperature will 

increase from 3.02 to 3.33 °C and the maximum temperature will rise from 3.17 to 3.70 °C during the period of 

2046-2065. 

Although the significance of Zakho for Iraq in many aspects, including agriculture and tourism, a comprehensive 

study on climate forecast is not available in the literature. This work applies the weather generator LARS-WG, the 

newest software version 8.0, which involves models from the Coupled Model Intercomparison Project Phase 6 

(CMIP6), to predict the maximum temperature for the Zakho station in northern Iraq during a chosen period between 

2021 and 2040. Five GCMS models are employed and implemented under new scenarios of Shared Socioeconomic 

Pathways (SSP585). These findings will aid the decision-makers in local environmental planning and risk reduction. 

2. METHODOLOGY 

2.1 Area of study and data set 

Zakho is a big city in Duhok province, Kurdistan Region, Iraq. It extends from 3722' to 3700 N and 4311 to 

4222 E. Its area is about 1454 km2, and has elevations ranging from 350 to 2250 m (see Figure 1) [21]. The region 

has a diverse topography, including plains, valleys, hills, and rolling areas.  The location of Zakho City is strategic; 

it is located near the border junction between Turkey, Syria, and Iraq. One river (Khabour), 166.8 km long, flows 

across the region. The weather in the city is sunny and dry in summer and rainy and cold in winter. 

Zakho meteorological station was selected to study climate change. The station's coordinates are 42 69, 37.14 and 

444, represented by Longitude, Latitude and elevation, respectively. In the current study, historical daily data of 

climate variables were collected using satellites for the period from January 1, 1985, to December 31, 2015 (30 

years). The data involves the rainfall (mm/day), the maximum temperature (Tmax), and the minimum temperature 

(Tmin). 
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Figure 1 A Map Represents the Area of Study. 

2.2 Downscaling technique 

In assessing climate impacts on hydrologic systems, several methods were applied to estimate climate simulations 

and downscale various scenarios of global climate, which are the outcome of various emissions scenarios [22-27]. 

As aforementioned, Daniels et al. [28] mentioned that two primary methods of downscaling are available they are 

dynamic and statistical downscaling. In addition, downscaling techniques are based on GCMs and scenarios from 

the Intergovernmental Panel on Climate Change (IPCC). 

Among the several approaches for creating future climate scenarios, the CMIP suggested by the WGCM was used 

in this work. SSP126, SSP245, and SSP585, the three most recent SSPs in CMIP6, were employed as climate change 

scenarios. The SSP126 and SSP245 represent positive and moderate climate policy-controlled worlds, respectively. 

On the other hand, SSP58.5 depicts an uncontrollably chaotic world with disastrous climate policies and high 

greenhouse gas emissions. Here, future climate change was evaluated in the context of SSP585, and the results were 

incorporated into the LARS-WG model parameters. 

General Circulation Models (GCMs) and scenarios are the primary sources of knowledge on regional and global 

climate change IPCC 2007. However, GCMs use coarse-grained computational cells, so they do not help study 

effects on a sub-grid or local scale [29]. These GCMs have to be downscaled. According to [30], the statistical 

downscaling approach offers several different emissions scenarios and GCM pairings, is efficient, and is 

computationally inexpensive; on the other hand, the dynamic downscaling approach requires a large volume of data 

inputs, high computational resources, and experience. Thus, The LARS-WG model, which depends on the statistical 

downscaling, will be used in this work. 

2.2.1 The LARS-WG model 

It is an example of a system that uses the SD technique [14]. To simulate meteorological conditions at a single 

location, researchers employ LARS-WG [31], obtaining the present and future climatic conditions. The weather 

generator needs each day's time-series data for the variables, such as precipitation and minimum and maximum 

temperature. As a computationally inexpensive tool, LARS-WG can produce weather data appropriate for risk 

assessment in hydrological and agricultural investigations, extend weather data simulation to unstudied regions, and 

generate daily scenarios of climate change depending on outputs from GCMs. LARS-WG can also simulate daily 

weather data at a specific region that "statistically" matches the observed data. Daily temperature and precipitation 

time series can be synthetically generated by LARS-WG [32]. 

The current work uses five GCMs and the newest version of LARS-WG (8.0) to minimise uncertainty for the future. 

Furthermore, the model of LARS-WG was used with the SSP585 emissions scenario. Several GCMs and the 

SSP585 scenario are utilised to remove the uncertainty arising from the assumptions in each GCM. 

3. RESULTS AND DISCUSSION 

3.1 Valiation and calibration of LARS-WG 

The model was validated and calibrated in this study depending on daily maximum temperature data for 

Zakho City for thirty years (from 1985 to 2015). The reliability and capability of the LARS-WG to project future 
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temperature values were evaluated by a graphical comparison of the standard deviation and the mean of the 

simulated and observed data. As seen in Figure 2, the model fits the maximum temperature’s mean and standard 

deviation very well. The calibration results clearly show that the LARS-WG model is suitable for this region because 

it performs well in simulating the maximum temperature recorded in this study. Furthermore,  the ability of the 

model to downscale GCMs in the research area was examined using a statistical test. Table 1 illustrates the K-S test 

for distributions of the seasonal wet and dry series, and Table 2 shows the K-S test for daily maximum temperature 

distributions. The Kolmogorov-Smirnov (K-S) test was used to examine if the seasonal wet and dry (WD) series 

and daily maximum (D.Tmax) temperature distributions fit well. The LARS-WG (8.0) performs well when the K-S 

value approaches zero. It can be concluded that Zakho station responded excellently according to the results. Similar 

consistent results for generating the maximum temperature were obtained for the LARS-WG technique in different 

parts of the globe, as reported in [33]. Thus, reliability in using the downscaling model in this work was consequently 

raised. 

 
Figure 2 Observed and Projected standard deviation and mean of the maximum temperature at the area of study. 

Table 1 K-S test for distributions of the seasonal wet and dry series 

Season Wet/Dry N K-S P-

value 

Assessment 

 

DJF Wet “11.5” 0.080 

 

1.000 Perfect 

 Dry “11.5” 0.084 

 

1.000 Perfect 

MAM Wet “11.5” 0.059 

 

0.984 Very good 

 Dry “11.5” 0.130 

 

1.000 Perfect 

JJA Wet “11.5” 0.079 

 

1.000 Perfect 

 Dry “11.5” 0.070 1.000 Perfect 

SON Wet “11.5” 0.059 

 

1.000 Perfect 

 Dry “11.5” 0.065 1.000 Perfect 

Table 2 KS-test for daily maximum temperature distributions 

Month N K-S P-value Assessment 

J “11.5” 0.053 1.000 Perfect 

F “11.5” 0.053 1.000 Perfect 

M “11.5” 0.053 1.000 Perfect 

A “11.5” 0.053 1.000 Perfect 

M “11.5” 0.053 1.000 Perfect 

J “11.5” 0.053 1.000 Perfect 

J “11.5” 0.053 1.000 Perfect 

A “11.5” 0.105 0.999 Very good 

S “11.5” 0.053 1.000 Perfect 

O “11.5” 0.053 1.000 Perfect 
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N “11.5” 0.053 1.000 Perfect 

D “11.5” 0.105 0.999 Very good 
 

3.2 Future temperature prediction 

Depending on the SSP585 scenario generated by the five GCMs, the maximum temperature for the selected period 

(2021-2040) was projected using the calibrated and validated LARS-WG (8.0) technique for the Zakho station. 

Figure 3 illustrates the predicted yearly maximum temperature for each GCM together with their assembled mean 

for the studied period. As shown in this figure, every GCM exhibits almost the same pattern. The HadGEM3-GC31-

LL and ACCESS-ESM1-5 models show analogous patterns and give forecasted temperatures approximately similar 

to the mean of all GCMs. On the other hand, the MPI-ESM1-2-LR and MRI-ESM2-0 models are relatively close to 

each other and offer the lowest temperature projection. In contrast, the CNRM-CM6-1 model provides the highest 

temperature forecasts among the other models. The limit of the projected maximum temperature is between 27 and 

29 ºC. 

 
Figure 3 Predicted Yearly Data of the Maximum Temperature for the Selected Period. 

Additionally, the monthly results can help to understand climate change better. Therefore, the mean of the predicted 

maximum temperature obtained by the five GCMs were considered, and the differences between the mean of the 

monthly predicted temperature during the chosen period and the monthly mean temperature of the baseline (1980-

1999) were plotted in Figure 4. The monthly temperature will rise for the studied period, and the maximum 

temperature will increase between 1.4 to 2.7 ºC. 

 
Figure 4 The differences in maximum temperature between the selected period (2021-2040) and the baseline (1985-2025). 

4. CONCLUSION 

This paper investigated the LARS-WG suitability to project the daily maximum temperature (Tmax) (°C) in Zakho 

station. The LARS-WG technique uses historical daily minimum and maximum temperatures and rainfall data, 

which are produced from the five GCMs and the SSP585 scenario, to downscale maximum temperatures for the 

studied period (2021-2040). The downscaling model was calibrated by comparing the future scenarios with the 

historical data (1985-2015). Based on the results of this research, the following can be concluded: 

• The used LARS-WG downscales the daily data of maximum temperature with exceptional accuracy in the area 

of study. 
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• There are apparent differences in the trends of the projected maximum temperature resulting from each of the 

five GCMs. This represents the importance of using more than one GCM to reduce the uncertainty in climate 

change research. 

• During the selected period, the monthly temperature will rise, and the predicted increase for the maximum 

temperature is in the range between 1.4 to 2.7 ºC. 

The obtained results provide a basis for more studies and can improve our knowledge about climate change in 

several ways. They also enhance the legislators’ understanding of choosing the best options to lessen the effects of 

global warming in residential areas and promote sustainability. 
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