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Abstract. This investigation examines the consequences of climate change
on the future precipitation patterns in Aqra City, Northern Iraq, using
reliable statistical downscaling techniques. The main goal is to match the
rainfall on a daily basis until the near future (2021-2040) using LARS-WG
8.0 stochastic weather generator. Calibration and validation were carried out
with historical daily precipitation records taken from NASA, for the baseline
interval 1985 - 2015. To account for uncertainties synonymous with the
model and prospective socioeconomic pathways, ensemble outputs from
General Circulation Models (GCMs), part of the CMIP6 initiative, using
Shared Socioeconomic Pathways SSP245 and SSP585, were included in the
analysis (six GCMs). Validation results show that the LARS-WG
framework has a good fidelity in terms of reproduction of statistical
signatures of the observed climate, in terms of good correlations in monthly
means and standard deviations, as well as the ability to capture the seasonal
wet and dry oscillations typical of this region. Forward-looking exhibits
different variabilities in precipitation regimes, but exhibits large inter-model
coherences in the set of GCMs selected for the analyses.

1 Introduction

The problem of climate change has become a key global phenomenon that has far-reaching
impacts on the Earth system [1]. Current trajectories mean that these impacts, mainly caused
by human-induced greenhouse gas (GHG) emissions, will continue to occur and will worsen
[2]. The escalation of carbon dioxide (CO,), methane (CH4) and nitrous oxide (N.O) is
particularly driven by population growth and economic expansion, which is driving
atmospheric concentrations to unprecedented highs and triggering climatic changes that are
unprecedented for centuries or millennia [3].

These transformations represent serious threats to human and natural systems, in the
form of heat stress, extremes of weather and precipitation patterns, leading to flooding, severe
droughts and fluctuating water resource availability. These environmental stressors have
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knock-on effects on important sectors - most crucially, agriculture and food security. To
understand and predict these changes, General Circulation Models (GCMs) are widely used.
These models, coordinated especially under the Coupled Model Intercomparison Project6
(CMIP6), are the world standard in simulating the future characteristics of climate [4].

Despite the usefulness of GCMs, there is a major methodological issue that the spatial
and temporal resolution of GCMs is usually too coarse for local scale assessment of impact
[5]. The raw data generated by global models cannot be used directly to help projects locally
in an effective way. Therefore, downscaling techniques are necessary in order to fill the gap
between global climate outputs and local weather simulations. Stochastic weather generators,
including the Long Ashton Research Station Weather Generator (LARS-WG), have become
a powerful method of downscaling GCM outputs from a low-resolution scale to the local
scale [1]. Regionally, the Middle East is highly vulnerable to climate change, with an increase
in temperatures and a decrease in precipitation. Iraq, in particular, faces especially difficult
problems as falling lake and river resources combine with rapid population growth to strain
the environment and water resources [6]. While previous experiments have investigated such
conditions based on earlier model generations (CMIP5) or based on different time horizons
[3, 6], there is an urgent need to update such projections based on the latest CMIP6 scenarios
in order to provide correct future planning.

The present study fills serious gaps in the regional climate modelling for Iraq. Using the
revised LARS-WG model (version 8.0) in combination with the latest model outputs of the
CMIP6 generation of GCMs, this study offers finer and more socio-economically relevant
climate projections. Understanding the specific precipitation trajectory in Northern Iraq is
essential to the management of the region's fragile water resources and to agricultural
resilience. This work addresses and updates several previous methodologies, such as those
by Hassan et al [7] and Khalaf et al [6], in terms of incorporating the newer SSP245 and
SSP585 scenarios and hence offering a more modern view on the region's climatic future.

The main objective of this research is to study the effect of climate change on the hydro-
climatic conditions in the northern region of Iraq. The specific objectives are: To test the
performance of the LARS-WG model (Version 8.0) for downscaling outputs from six
selected GCMs. Six GCM models are used and implemented under the Shared
Socioeconomic Pathways (SSP585) scenario. To predict the coming precipitation trend for
the Northern region of Iraq (Aqra Station) for the period 2021-2040.

2 Study Area and Data Description

Iraq is mostly described as an arid to semi-arid area. The study area, Aqra City, is located on
the north-eastern edge of the Duhok Governorate, about 480 km away from the capital,
Baghdad, and 120 km away from the Iraqi-Iranian border. Geographically, Aqra is located in
the following direction: longitude 43.8933 ° E and latitude 36.7414 ° N.

The study area is located in the area of Duhok Plain and has the surface features of
relative asymmetry, and elevation ranges between 1100 and 1300 meters above sea level.
The district covers an area of about 737,000 dunams under agriculture. The region's good
topography, along with good-quality soil and regular rainfall, plays an important role in its
agricultural productivity. Aqra has a Mediterranean climate, which is characterised by very
hot, dry summers and cool to cold, damp, humid winters. These climatic conditions are the
driving forces in the hydrological cycle of the region and determine the agricultural calendar.
For the baseline period (1985-2015), historical precipitation daily data were taken from the
National Aeronautics and Space Administration (NASA) to be consider in this research.



EPJ Web of Conferences 376, 06003 (2026) https://doi.org/10.1051/epjconf/202637606003
ICRAMEN 2026

3 Downscaling Technique

GCMs are the main tools used to study the future trends in climate change. By simulating all
parts of the Earth's climate system according to a range of likely greenhouse gas scenarios,
these GCMs give researchers the capacity to predict large scale dynamical responses.
Nevertheless, one important limitation of GCMs is that they have somewhat coarse spatial
resolution. The resulting output lacks the fine scale granularity that is so vital for local scale
applications and, as such, precludes its direct utility for localised decision making and impact
assessment. To close the gap between the coarse resolution of GCMs and the very detailed
information needed for local scales projects, downscaling techniques are needed. By
algorithmically extracting the high resolution information from the coarse resolution input of
GCMs, downscaling provides the required spatial detailing that is necessary to make rigorous
impact analyses. Downscaling strategies are roughly divided into 2 classes: dynamic and
statistical [8]. Dynamic downscaling uses high resolution Regional Climate Models (RCMs),
which are nested within the global boundary conditions provided by the GCMs, which
thereby allowing the resolution of climate processes specific to a smaller domain. Despite
being granted with physical fidelity, dynamic approaches require rich data inventories,
specialist knowledge, and great computational capital [3, 9].

Conversely, statistical downscaling builds empirical relations between large scale
predictor variables and finer scale predictand variables [1]. According to Daniels et al [10],
this methodology provides unique advantages - cost efficiency, computational expediency,
and ability to quickly interrogate multiple emission scenarios and GCM pairings.
Consequently, the present investigation uses statistical downscaling based on the LARS-WG
model. The CMIP forms a collaborative framework aimed at standardising global climate
modelling so as to allow systematic comparison of disparate GCMs. Its latest version,
CMIP6, adds a new set of emission pathways called Shared Socioeconomic Pathways (SSPs).
These scenarios provide the driving force for the GCMs of the Intergovernmental Panel on
Climate Change (IPCC) Sixth Assessment Report (AR6). The datasets produced within
CMIP6 help to provide new information on the frequency and intensity of climate change
phenomena [11]. Utilising such latest datasets is crucial for the provision of decision-makers
and academics to have accurate and relevant climate projections.

4 Overview of LARS-WG

The LARS-WG is a stochastic weather generator aimed at simulating site-specific daily
weather variables (precipitation, maximum and minimum temperatures, and solar radiation).
It uses semi-empirical distribution method to calculate the probability distributions for these
climatic parameters, and it differs from the theoretical methods [5].

Due to its high performance, the LARS-WG downscaling tool has been widely used in
various geographical settings to assess the local effects of climate change [12-14].
Consequently, LARS-WG is used in this study to create future rainfall time series under two
climate scenarios for the study area. As precipitation is one of the major driving forces of the
hydrological cycle in arid and semi-arid areas such as Iraq, predicting its future variability is
of great importance for water resources planning.

The implementation process of LARS-WG includes three different steps of operation:
Calibration: Analysing the meteorological data from the past (observed data) to obtain
statistical characteristics of local climate. Validation: Testing the model's ability to reproduce
the observed climate statistics to ensure accuracy and reliability. Scenario Generation:
Creating the synthetic data of daily weather data for future periods based on the calibrated
parameters and adjusted using climate change factors derived from GCMs. To overcome the
uncertainty of the models and offer a complete projection of the near-future period (2021-



EPJ Web of Conferences 376, 06003 (2026) https://doi.org/10.1051/epjcont/202637606003
ICRAMEN 2026

2040), this study combines outputs from six different GCMs. These models are forced by the
latest CMIP6 emission standards, i.e., SSP245 and SSP585. The research is to generate
statistically robust projections of future rainfall variability with the local conditions of
Northern Iraq in consideration. Fig. 1 shows the methodology.

Baseline period precipitation data
(1985-2015)

Using LARS-WG 8.0

,

.

Validation and Calibration by K-S
and graphical tests

Employed 6 GCMs alongside
/ SSP245 and SSP585 scenarios

‘% Predict precipitation over period
Y (2021-2040)

Fig. 1. A flowchart demonstrates the suggested methodology.

The distribution of both observed and simulated rainfall time series was examined by
applying Kolmogorov-Smirnov (K-S) and P-value in order to confirm whether both time
series come from the same distribution or not. The small K-S value and high p-value refer to
acceptable results.

5 Results and Discussion

5.1 LARS-WG Validation and Calibration

The calibration and validation of the LARS-WG model were performed based on a 31-year
dataset of daily precipitation of Aqra (1985-2015). To assess the reliability of the model and
the model's ability to downscale the future precipitation, the study conducted a graphical
comparison of the mean and standard deviation values for the observed and simulated data.
As shown in Fig. 2, the model shows a good ability to simulate historical precipitation time
series daily data (1985-2015). Minor differences in the obtained results are explained by the
sporadic distribution of rainfall over the year, a phenomenon consistent with the findings by
Al-Hasani et al [15].
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Fig. 2. Actual and generated standard deviation and mean of the precipitation in the area of study.

Detailed performance measures of the simulation of daily rainfall are presented in Table 1.
The evaluation shows that LARS-WG simulates the daily rainfall patterns with a high degree
of accuracy for most of the year. Overall, the LARS-WG model exhibits good performance
in reproducing observed precipitation, and it has been proven to be suitable for this study
area, and valid for predicting precipitation in future days.

Table 1. K-S-test for distributions of daily rainfall in Aqra Station.

Month K-S P-value Assessment
J 0.111 0.998 Very good
F 0.086 1.000 Perfect

M 0.025 1.000 perfect
A 0.070 1.000 Perfect
M 0.049 1.000 Perfect
J 0.050 1.000 Perfect
J 0.039 1.000 Perfect
A 0.047 1.000 Perfect
S 0.066 1.000 Perfect
(@) 0.031 1.000 Perfect
N 0.033 1.000 Perfect
D 0.035 1.000 Perfect

5.2 Project for Future Precipitation

The yearly projected future precipitation trends for the period 2021-2040 were generated for
Agqra City using the calibrated LARS-WG model, under the two scenarios of SSP245 and
SSP585 based on six GCM models. In order to overcome the inevitable uncertainties that
come with single model predictions, an ensemble approach was taken to make it more
reliable. Fig. 3 shows the yearly time series of six GCMs and the average under the SSP245
scenarios. It can be seen that all the GCMs are likely to have the same pattern, but with
differences between them that vary from year to year along the total period (20 years). The
HadGEM3-GC31-LL model is expected to offer the highest rainfall data, while the ACCESS-
ESMI1-5 model reveals the lowest. However, the average presents acceptable results that
reduce the future uncertainties.
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Fig. 4 displays the annual time series for six GCMs and the average under the SSP585
scenario for the future period 2021-2040. The GCMs are anticipated to remain with the same
pattern but with higher variation among them compared with the SSP245 scenario. The
HadGEM3-GC31-LL model is still expected to offer the highest rainfall data, while the
GFDL-ESM4 model reveals the lowest. Also, the ACCESS-ESM1-5model is likely to be

close to the average time series data.
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Fig. 3. Projected yearly precipitation data for the future period (SSP245).
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Fig. 4. Projected yearly precipitation data for the future period (SSP585).
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After calculating the ensemble mean rainfall for the period 2021-2040 under the SSP245
scenario, the average value for each month was calculated (i.e., we got 12 data points
representing the average value for each month). The same technique was repeated for the
baseline period as well. Then, the difference between the future months (SSP245 scenario)
and the baseline period was calculated. After that, the same procedure was repeated for the
SSP585 scenario (Fig. 5). Under both scenarios, the rainfall magnitude is expected to increase
in the spring season and decrease generally in the rest of the seasons. The likelihood of
decreasing the rainfall amount under both scenarios in October, November, and January will
have an adverse impact on winter agriculture (strategic crops).

6 T i
Il sSP585
Il ssP245

Difference in rainfall (mm)

'8 | | | | 1 | | | | | 1 |
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Month
Fig. 5. Rainfall differences between SSP245 and SSPS85.

6 Conclusion

This study examined the applicability of the LARS-WG 8.0 model for down-scaling the daily
precipitation in Northern region of Iraq (Aqra City). By combining the historical data of daily
precipitation (1985-2015) and the outputs of six GCMs and SSP245 and SSP585 scenarios,
the precipitation trends were projected for the near future period (2021-2040). The results of
calibration and validation show that the LARS-WG model has high accuracy potential in
simulating and adjusting the daily precipitation pattern for the study area. Consequently, the
model proves to be a dependable tool to produce information on future climate data and to
conduct solid climatological investigations. The results present that the GCMs will likely
reveal the same pattern under both scenarios, with variation. Also, rainfall is expected to
decrease in all seasons except spring, affecting rainfed agriculture. These results are a much-
needed basis for further research and a useful resource for policymakers to develop
sustainable data-driven strategies to reduce the effects of global warming on residential
planning and infrastructure.
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