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Abstract

This study investigates the trends of climate change in the Low Folded Zone region of Iraq and provides future projections for daily
maximum and minimum temperatures, as well as precipitation. Using the LARS-WG model and five General Circulation Models
(GCMs) under three Representative Concentration Pathways (RCP) scenarios, the research aims to provide valuable insights into the
anticipated changes in climate variables. The calibration and validation of the model demonstrate its capability to simulate future
climatic data, with statistical indices indicating a strong correlation between observed and generated data. The projected future
temperatures showed a consistent increase across all selected stations, with average annual maxinmum temperatures expected to rise by
1.06 to 5.48°C by the end of the twenty-first century. The highest increase in temperatures was predicted under the high-emission
scenario RCPS.5. The results also indicated spatial and temporal variations in precipitation patterns, with the annual percentage
increase in precipitation ranging from 7.07% to 10.75% for RCP 2.6, 0% to 2.2% for RCP4.5, and 3.7% to 6.8% for RCPS.5.
The findings reveal a projected increase in annual temperatures and variable precipitation patterns, highlighting the urgency of proactive
measures to address the challenges posed by climate change in the region. The results of this study are crucial for informing decision-
mafkers and planners in developing strategies for climate change adaptation and resource management, particularly in water resonrce
management and agricultural planning.
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Introduction

The Middle East is a region highly susceptible to climate change impacts due to its atid and semi-arid
landscapes. The climate change consequences have already taken place in some countries such as Turkey,
Iran, Iraq, Kuwait, Saudi Arabia, Qatar, Sudan, and Syria [1- 4]. Climate change affects both the
environment and human systems, leading to risks such as heat stress, storms, flooding, water scarcity, and
threats to agriculture and food security [5-8]. The primary cause of climate change is the increase in
greenhouse gas emissions, predominantly driven by economic and population growth. This has resulted in
unprecedented levels of methane (CH4), carbon dioxide (CO2), and nitrous oxide (N20) in the atmosphere
[9-11].

To assess climate risks and understand future climate projections, scientists commonly utilize global climate
models (GCMs) [13-15]. which are powerful tools for modeling the three-dimensional climate system
utilizing equations defining energy (first law of thermodynamics), momentum (Newton’s second law of
motion), conservation of mass (continuity equation), and water vapor (ideal gas law). Each equation is
calculated for distinct layers of the atmosphere that are delineated by a regular grid at discrete locations on
the Earth’s surface, during predetermined petiods of time [16, 17]. However, GCMs have limitations due
to their coarse spatial resolution and inability to capture regional-scale phenomena [18]. To address this,
researchers employ downscaling methods that bridge the gap between GCM outputs and finer-scale climate
data [19,20]. These methods include dynamical downscaling using Regional Climate Models (RCMs) and
statistical downscaling models such as the LARS-WG and statistical downscaling models SDSM [21,22].

Iraq is a country significantly affected by climate change, with diverse climates across its regions [23]. The
nation's heavy reliance on oil production has contributed to increased carbon dioxide emissions,
exacerbating the impacts of climate change [24]. Furthermore, the construction of dams by neighboring
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countries, including Syria, Iran, and Turkey, has reduced river flow, water scarcity, land degradation, and
desertification within Iraq [25].

In addition to these challenges, inadequate water management practices and outdated agricultural
techniques further contribute to water scarcity in Iraq. The agricultural sector consumes a significant
portion of the available freshwater, intensifying the strain on water resources [26-28]. These factors have
amplified the impacts of climate change on Iraq, posing significant socioeconomic and environmental
challenges.

This study aims to investigate climate change trends and future projections in Iraq, specifically focusing on
the Low Folded Zone region. By employing advanced modeling techniques, such as the LARS-WG model
and GCMs, the research aims to provide valuable insights into the anticipated changes in temperature and
precipitation patterns within the region. The findings of this study will contribute to a better understanding
of the magnitude of climate change impacts in the Low Folded Zone and support the development of
effective strategies for adaptation and mitigation. Additionally, the research will inform water and
agricultural resource management, promoting sustainable practices and enhancing resilience in the face of
climate change.

Material and Methods
Study Area Description

The Low Folded Zone comprises a significant portion, specifically 13.6%, of Iraq's total geographical area,
covering a vast expanse measuring 56930 square kilometres. The region's geographical position is in Iraq's
north and northwest central regions, as illustrated in Figure 1a. The topography of this region exhibits a
gradual elevation gradient, commencing from the southwestern boundary at an elevation range of 125 to
300 meters above mean sea level and progressively ascending toward the northern and eastern perimeters,
where it attains altitudes that range from 900 to one thousand meters above mean sea level. The
geographical area being examined includes several notable aquifers, specifically the Fatha, Injana,
Mukdadiyah, Bai Hassan Constructions, and Quaternary deposits. The Low Folded Zone consists of
thirteen sub-provinces,

The study area is divided into 13 hydrogeological Sub provinces, namely: Erbil, Dohuk — Alqosh, West
Tigris River, Sinjar — Rabee'a, Khazir — Gomel, Altun Kupri, Dibiga, Makhmour, Kirkuk — Hawija — Tuz
Khurmatu, Cham Chamal — Qadir Karam — Qara Too, Kalar — Khanaqeen, Qara Tappa — Al-Sa'adiyah and
Mandili — Zurbatiya — Teeb [29].
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Figure 1. Location And Sub-Provinces Maps of The Study Area.

Table 1. Coordinates and Elevations of the Selected Stations.

Station Latitude Longitude Elevation (m) Period of recorc
Sinjar - Rabeea 36°34°51"N 42°2° 52" E 865 1990-2020
Dohok - Algosh 36°38° 10" N 43°3° 30" E 580 1990-2020
West Tigris River 36°3° 51" N 42°58"46"E 360 1990-2020
Khazir - Gomel 36°34"51"N  43°44°14"E 1085 1990-2020
Erbil 36°10"11"N  43°48" 34"E 465 1990-2020
Dibiga 35°43"55"N  43°50" 18"E 470 1990-2020
Makhmur 35%26°20" N 43°36°2" E 450 1990-2020
Alton Kupri 35°52"19"N  44°23"33"E 750 1990-2020
Kirkuk - Hawija - Tuz Khurmatu 35°0°19" N 44°12°43"E 250 1990-2020
Cham Chamal - Qadir Karam 35°8"35" N 45°0°48" E 1007 1990-2020
Kalar - Khanageen 34°32"39"N  45°8741" E 231 1990-2020
Qara Tapa - Al Saadiyh 34°16° 56" N  44°57° 37" E 333 1990-2020
Mandili - Zurbatiya - Teeb 32°52"26"N  46°21"12"E 512 1990-2020

meteorological database for Climate Forecast System Reanalysis (CESR) for the period January 1990 to
December 2014 (https:// swat. tamu. edu/ data/ cfsr). The additional daily Temperature data were
obtained from ERA5-Land monthly averaged data from 2015 to 2020 [30]. The additional daily
Precipitation data was obtained from [31] averaged data from 2015 to 2020

LARS-WG Model

Global Climate Models (GCMs) are often used to simulate current and future climate conditions. However,
due to their coarse spatial resolution and inability to capture regional-scale phenomena, researchers
commonly employ downscaling methods to bridge the gap between GCM outputs and finer-scale climate
data. One widely used downscaling tool is the Long Ashton Research Station Weather Generator (LARS-
WG) [32], a statistical model that offers flexibility, computational efficiency, and simplicity in simulating
weather data LARS-WG enables the generation of daily time seties for vatious climate variables, including
precipitation, maximum and minimum temperatures, and solar radiation [33,34]. The model employs a
semi-empirical distribution to approximate the probability distributions of wet and dry series, daily
Precipitation, and temperatures. Using LARS-WG, researchers can generate synthetic weather data for
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present and future climate events based on historical data obtained from GCMs. This approach allows for
a more detailed and localized understanding of climate change impacts, particularly in arid and semi-arid

regions like Iraq.

The following Equation determines the value vi of a climate variable v corresponding to a given probability
pi for each variable.

vi =min{v : p (Weps < V) = p;}: i=0,...,n M

where P (Vgps = v) represents the probability depending on v,y , the observed data. Two values, P, and
P. , remain constant as P, = 0 and P, = 1, respectively, with according values for v, = min V,pg and vn =
max Vyps, depending on Vypg

Global Climate Model (GCMs)

GCMs setrve as essential tools for projecting future climate conditions by simulating the Earth's climate
system. to estimate future climate change, five GCMs from the Coupled Model Intercomparison Project
Phase 5 (CMIP5) were utilized. These GCMs are widely recognized for their comprehensive representation
of the atmosphere, ocean, land surface, and sea ice interactions based on the underlying physical and
mathematical principles. The selected GCMs offer a diverse range of climate projections, allowing for a
robust assessment of potential future climate scenarios. The models used in this study are presented in
Table 2. Each of these GCMs provides valuable insights into the potential changes in temperature,
precipitation, and other climate variables, enabling a comprehensive analysis of the future climate
conditions in the study area. To generate future climate projections, the GCM outputs were downscaled to
a regional scale using the Long Ashton Research Station Weather Generator (LARS-WG). The LARS-WG
software is widely employed for downscaling GCM outputs, incorporating statistical relationships between
large-scale climate variables and local weather patterns. By employing LARS-WG, we were able to obtain
high-resolution climate data that are more suitable for local-scale analysis in the Low-Folded Zone of Iraq.
The Representative Concentration Pathways (RCPs) used are 2.6, 4.5, and 8.5. These scenarios represent
different greenhouse gas concentration trajectories and provide a range of possible future climate
conditions. By considering multiple scenarios, we aimed to capture the uncertainty associated with future
climate projections and assess the potential impacts of different emission pathways on the Low Folded
Zone of Iraq.

In the context of climatic variables, specific P; values are assigned to represent the lowest and highest values,
ensuring an accurate portrayal of extreme climatic conditions. The remaining P; values are evenly distributed
across the probability range. For precipitation, three values near 1 p,,_; =0.999, p,_, =0.995, and p;,_3=
0.985 are chosen to enable precise calculation of exceptionally rare high daily precipitation events.
Additionally, to approximate precipitation within the range of 0 to 1, two values ¥4 = 0.5 mm and v;=1
mm are utilized, with corresponding probabilities calculated based on observed values. For the wet and dry
series, values close to 1, pp—q1 = 0.99 and p,,—, = 0.98 are employed to account for extended dry and wet
periods. Similarly, values near O and 1 represent exceptionally high and low temperatures for maximum and
minimum temperatures. This study utilized the latest version LARSWG 6, to model future climate change
across three distinct periods: P1 (2040-2060), P2 (2060-2080), and P3 (2080-2100) relative to the reference
period RP (1990-2020).

Table 2. The Selected Gems Included in LARS-WG 6 and with RCP 2.6, RCP4.5 And RCP8.5 Scenarios

No. GCM Research center RCP

1 BCC-CSM1 Beijing Climate Centre Institute of Atmospheric Physics 2.6,45,85
2 CanESM2 The Canadian Earth System-second generation Model 2.6,45,85
3 CSIRO-MK36  Australia’s Commonwealth Scientific and Industrial Research Organization 2.6,45,85
4 HadGEM2-ES  Hadley Centre Global Environment Model version 2 2.6,45,85
5 NorESM1 The Norwegian Earth System Model 2.6,45,85
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Data Available and Modeling Procedures

Two observed weather data sets are required for each site to design weather generators for generating
synthetic weather data. The first set should include daily values of minimum and maximum temperature,
precipitation, and radiation or sunshine hours over a recommended 20 to 30 years. The second data set
should be a (*.st) file containing station details such as name, longitude, latitude, altitude, and CO2 levels.
Once these two files are prepared, the modeling procedures using LARS-WG can be initiated [33].

The modeling procedures involve two main steps:
Analysis

This step involves the analysis of observed data at a site, known as model calibration, to calculate site
parameters. The resulting data is saved in three types of files:, (*.stx) file containing additional statistics,
(*.wgx) file containing the site parameters, and (*.tst) file containing the statistical tests results.

Generator

Future weather data is generated to be comparable to observed data for each location in model validation.
This process uses the (*.wgx) file to create a future scenatio on a local scale. This process is done locally,
corresponding to expected future climate changes derived from a global or local climate model.

Model Performance Indices

During the calibration and validation processes in LARS-WG, a (*.tst) file is generated, which contains the
results of statistical tests comparing the synthetic weather data with the observed weather data. These tests
evaluate the similarity between the two datasets and help assess the quality of the generated climate. The
statistical tests performed include:

t-test for Monthly Means: This test compares the monthly means of the synthetic and observed weather
data. It is conducted 12 times, once for each month. The t-test is computed using Equation (2).

f-test for Monthly Standard Deviations: This test compares the monthly standard deviations of the synthetic
and observed weather data. It is also performed 12 times, corresponding to each month. The f-test is
calculated using Equation (3).

Kolmogorov-Smirnov (K-§) Test for Daily Factors: The K-S test is utilized to compare the probability
distributions of daily factors for each month at each location. This test is conducted 12 times, once each
month. It assesses the similarity of the distributions and is represented by Equation (4).

Kolmogorov-Smirnov (K-S) Test for Seasonal Distribution: In this case, the K-S test is used to compare
the distribution of the dry and wet series length throughout the seasons. This test is performed four times
to cover all the seasons. The specific Equation used is not provided.

To determine the likelihood that the data occurred by chance under the assumption that the null hypothesis
is correct, a p-value is computed for each test. If the p-value is very low, less than 0.01 or 0.05, it indicates
that the generated climate is not similar to the observed. A p-value of 0.05 is commonly used as a significant
level in statistical tests [35]. A perfect fit corresponds to a p-value of 1, a perfect fit is indicated by 0.7 < P
<1, a good fit falls within the range of 0.4 < P < 0.7, while a poor fit is represented by P < 0.4.

1—%

t = ——"— )
i s

ni—1 npy-1
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where the : %1, 2 ,and ny — 1 are the mean, standard deviations and the size of the observed dataset,

respectively, while ¥,,s? and n, — 1 are the mean, standard deviations and the size of the generated
dataset, respectively.

f=3 )

=3
where S7 and squared aree the variance of the observed and generated data, respectively.
D = |Fny(x) — Fny(x)| )

In this expression, 1 representsthe collected information, wheteas 1, cotresponds to the simulated data.
To evaluate the effectiveness of the LARSWG model, additional statistical measures are employed, namely
the determination coefficient (R?), Root Mean Square Error (RMSE), and Mean Bias Error (MBE), which
are calculated using equations (5), (6), and (7) respectively. R?, is bounded between 0 and 1, and its ideal
value is R = 1.

R = X (x=x)(y-)

= : I=1, .., ®)
[Eta-02po-9y

©)

MBE

_ XMPi-0p)
- n

)

In the calibration and validation process of the model, daily time series of Precipitation, maximum
temperature, and minimum temperature ate used. These data are obtained from the petiod RP (1990 to
2020), which serves as the baseline years for the analysis. The data is collected from four weather stations
located in the study area.

During the computation of site parameters in LARS-WG, a (*.tst) file is generated. This file includes the
results of statistical tests that compare the synthetic weather data with the observed weather data. These
tests assess the similarity between the two datasets and provide insights into the model's performance. The
statistical tests evaluate the daily values of climate variables by comparing the projected values (P_i) with
the observed values (O_i). The tests consider the total number of data points (n) used in the analysis.

The (*.tst) file records the statistical test outcomes, providing valuable information about the agreement
between the synthetic and observed weather data. It helps evaluate the accuracy and reliability of the
generated climate data concerning the observed climate.

Results
Model Calibration and V alidation

A thorough calibration and validation process was conducted to ensure the reliability and credibility of the
LARS-WG model in forecasting maximum temperature, minimum temperature, and precipitation for
future scenarios. The calibration procedure involved comparing the model results with the seasonal
observed data presented in Table 3, while validation was performed by assessing the simulated daily rainfall
for each month, as shown in Table 4. The number of tests conducted is denoted by N in both tables,
reflecting the sample size used for evaluation.
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The findings in Tables 3 and 4 demonstrate that the LARS-WG model exhibits strong capabilities in
simulating weather patterns across all monitoring stations, encompassing wet and dry series distributions.
Particularly, the model performed exceptionally well during the winter season (DJF), showcasing a perfect
fit. In the autumn season (SON), the results indicated a good to perfect fit overall, with the exception of
Duhok, which exhibited poor performance in wet SON. During the summer months (JJA), the model
displayed good to perfect fit, except for Mandili, Kalar, Qara Tapa, and Erbil, which demonstrated poor
performance in dry JJA, as well as Khazir and Chamal, which exhibited poor performance in wet conditions.
The evaluation of the spring season (MAM) revealed a very good to perfect fit.

Furthermore, the evaluations presented in Table 4 demonstrate that the LARS-WG model's ability to
simulate daily rainfall distributions varied from very good to perfect fit across most months, except for the
summer months, where the fit was deemed poor. This can be attributed to the limited rainfall during those
months, resulting in challenges in accurately capturing the rainfall patterns through simulation.

The LARS-WG model demonstrated a good overall fit in simulating daily rainfall. However, it is important
to acknowledge that achieving high concordance between observed and computed precipitation values is
complex due to intermediary processes such as humidity and cloud cover, as highlighted in previous
research.

Statistical analyses were conducted to further enhance the confidence in the model's forecasting capabilities
by comparing the simulated data with the corresponding observed data. Fig. 2 presents charts illustrating
the monthly mean and standard deviation of the generated data, both historical and simulated, for
precipitation, minimum, and maximum temperature in the study area. These analyses comprehensively
assess the model's petrformance and its potential for reliable predictions in future scenarios.
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Table 3. K-S Test for Distributions of The Seasonal Wet and Dry Series

Season Wet/dry N K-S P value Assessment Season Wet/dry N K-S P value Assessment
= DJF wet 12 0.063 1 Perfect = DJF wet 12 0.096 1 Perfect
.g DJF dry 12 0.048 1 Perfect % DJF dry 12 0.059 1 Perfect
£ MAM wet 12 0.095 1 Perfect kd MAM wet 12 0.107 0.999 Very good
'g_ MAM dry 12 0.134 0.978 Very good E MAM dry 12 0.095 1 Perfect
§ JIA wet 12 0.174 0.842 Very good sm JA wet 12 0.647 o Poor
g JA dry 12 0.174 0.842 Very good £ JA dry 12 0.101 1 Perfect
= SON wet 12 0.052 1 Perfect _‘=° SON wet 12 0.096 1 Perfect
< SON dry 12 0.072 1 Perfect < SON dry 12 0.077 1 Perfect
Season Wet/dry N K-S P value Assessment Season Wet/dry N K—S P value Assessment
DJF wet 12 0.073 1 Perfect DJF wet 12 0.068 1 Perfect
= DJF dry 12 0.046 1 Perfect .5 DJF dry 12 0.056 1 Perfect
'% MAM wet 12 0.111 0.998 Very good E MAM wet 12 0.066 1 Perfect
k74 MAM dry 12 0.081 1 Perfect ; MAM dry 12 0.113 0.997 Very good
?}, JA wet 12 0.131 0.982 Very good _S JA wet 12 0.035 1 Perfect
= LA dry 12 0.218  0.589 Good a DA dry 12 0.13 0.984 Very good
e SON wet 12 0.113 0.997 Very good SON wet 12 0.312 0.173 Poor
SON dry 12 0.06 1 Perfect SON dry 12 0.061 1 Perfect
Season Wet/dry N K-S P value Assessment Season Wet/dry N K-S P value Assessment
DJF wet 12 0.079 1 Perfect DJF wet 12 0.085 1 Perfect
_§ DJF dry 12 0.072 1 Perfect g DJF dry 12 0.068 1 Perfect
] MAM wet 12 0.084 1 Perfect = MAM wet 12 0.09 1 Perfect
.; MAM dry 12 0.086 1 Perfect k4 MAM dry 12 0.082 1 Perfect
E JIA wet 12 0.086 1 Perfect LE JA wet 12 0.087 1 Perfect
JIA dry 12 0.312 0.173 Poor = JA dry 12 0.217 0.595 Poor
SON wet 12 0.057 1 Perfect SON wet 12 0.055 1 Perfect
SON dry 12 0.099 1 Perfect SON dry 12 0.087 1 Perfect
Season Wet/dry N K-S P value Assessment Season Wet/dry N K—S P value Assessment
DJF wet 12 0.071 1 Perfect DJF wet 12 0.063 1 Perfect
g DJF dry 12 0.036 1 Perfect .g DJF dry 12 0.082 1 Perfect
‘E MAM wet 12 0.068 1 Perfect E MAM wet 12 0.064 1 Perfect
‘; MAM dry 12 0.122 0.992 Very good ; MAM dry 12 0.086 1 Perfect
_E JIA wet 12 0.582 (o] Poor g JIA wet 12 0.174 0.842 Very good
= JIA dry 12 0.212 0.625 good = JIA dry 12 0.218 0.589 Good
SON wet 12 0.055 1 Perfect SON wet 12 0.071 1 Perfect
SON dry 12 0.049 1 Perfect SON dry 12 0.083 1 Perfect
Season Wet/dry N K—S P value Assessment Season Wet/dry N K—S P value Assessment
= DJF wet 12 0.069 1 Perfect = DJF wet 12 0.066 1 Perfect
-_g DJF dry 12 0.076 1 Perfect _g DJF dry 12 0.08 1 Perfect
*E MAM wet 12 0.069 1 Perfect ..'E MAM wet 12 0.049 1 Perfect
s MAM dry 12 0.106 0.999 Very good é MAM dry 12 0.088 1 Perfect
é JIA wet 12 0.174 0.842 Very good -g JA wet 12 0.174 0.842 Very good
g A dry 12 0.174 0.842 Very good § A dry 12 0.305 0.193 Poor
SON wet 12 0.098 1 Perfect SON wet 12 0.069 1 Perfect
SON dry 12 0.049 1 Perfect SON dry 12 0.035 1 Perfect
Season Wet/dry N K-S P value Assessment Season Wet/dry N K—S P value Assessment
= DJF wet 12 0.091 1 Perfect DJF wet 12 0.079 1 Perfect
-_.% DJF dry 12 0.085 1 Perfect .g DJF dry 12 0.04 1 Perfect
> MAM wet 12 0.05 1 Perfect © MAM wet 12 0.094 1 Perfect
§_ MAM dry 12 0.081 1 Perfect E MAM dry 12 0.161 0.901 Very good
"_‘3 JIA wet 12 0.218 0.589 Good -% JA wet 12 0.048 1 Perfect
8, JA dry 12 0.261 0.359 Poor [ JA dry 12 0.157 0.916 Very good
SON wet 12 0.071 1 Perfect SON wet 12 0.212 0.625 Good
SON dry 12 0.056 1 Perfect SON dry 12 0.042 1 Perfect
g Season Wet/dry N K-S P value Assessment
'ﬁ DJF wet 12 0.06 1 Perfect
- DIJF dry 12 0.067 1 Perfect
§ MAM wet 12 0.102 0.999 Very good
oc MAM dry 12 0.113 0.997 Very good
'f—o JA wet 12 0.174 0.842 Very good
= A dry 12 0.13 0.984 Very good
g SoN wet 12 0.071 1 Perfect
= SON dry 12 0.052 1 Perfect
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Month N K-S Pvalue Assessment Month N K-S Pvalue Assessment Month N K-S Pvalue Assessment
J 12 0.042 1 Perfect J 12 0.137 0.972 Very good J 12 0.08 1 Perfect
= F 12 0.08 1 Perfect g F 12 0.047 1 Perfect F 12 0.085 1 Perfect
g W 12 0.121 0.993 Very good '43 ™M 12 0.051 1 Perfect = ™M 12 0.081 1 Perfect
S A 12 0.078 1 Perfect k7 A 12 0.093 1 Perfect '9 A 12 0.063 1 Perfect
; M 12 0.042 1 Perfect © M 12 0.052 1 Perfect :(-2. M 12 0.045 1 Perfect
g— J 12 0.348 0.096 Poor g J 12 0.079 1 Perfect : J 12 0.348 0.096 Poor
b4 J No precipitation 5 J 12 0.435 0.017 Poor _%D J No precipitation
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The assessment of the LARS-WG model's performance in generating average monthly temperatures and
precipitation at the selected stations is presented in Table 5 and Figure 3. These evaluations include the
root-mean-square error (RMSE), mean bias error (MBE), and coefficient of determination (R* between
the observed and simulated data.

Figure 3 provides a visual representation of the R? values, which indicate the strength of the linear
relationship between the observed and simulated data. Across all three climate variables (average monthly
maximum temperature, minimum temperature, and precipitation), the R? values range from 0.942 to 0.999.
These high R* values suggest a robust linear association between the observed and simulated data,
reinforcing the model's ability to capture the variations in temperature and precipitation accurately.

The RMSE values, displayed in Table 5, reflect the average magnitude of the differences between the
observed and simulated values. The RMSE values range from 0.118 to 8.28, indicating the level of variation
or dispersion in the model's performance for different climate variables.

Meanwhile, the MBE values, also presented in Table 5, represent the mean bias or the average deviation
between the observed and simulated data. The MBE values range from -2.127 to 1.92, providing insights
into the systematic overestimation or underestimation of the model predictions.

Opverall, the LARS-WG model reasonably generates average monthly temperatures and precipitation at the
selected stations. The strong linear association between the observed and simulated data, as indicated by
high R? values, validates the model's ability to reproduce the climate variables accurately. Although some
vatiability and biases are present, as reflected by the RMSE and MBE values, the model's performance
overall allows for its practical application in future weather forecasting endeavours.

Table 5. Results of the Model of Calibration and Validation for Tmax, Tmin and Precipitation

Station Climate Variable R* RMSE MBE Station Climate Variable R? RMSE MBE
Sinjar Tmax 0.9998 0.176 0.042 Alton Kupri Tmax 0.9998 0.192 0.006
Tmin 0.9997 0.150 -0.068 Tmin 0.9995 0.178 -0.049
Precipitation 0.995 3.410 -2.128 Precipitation 0.9788 4.296 -2.117
Duhok Tmax 0.9997 0.228 -0.077 Kirkuk Tmax 0.9997 0.254 -0.029
Tmin 0.9995 0.193 -0.033 Tmin 0.9996 0.207 -0.005
Precipitation 0.9812 7.840 0.981 Precipitation 0.9421 6.112 -1.252
West Tigris River  Tmax 0.9999 0.153 0.052 Cham Chamal  Tmax 0.9999 0.173 -0.003
Tmin 0.9997 0.156 -0.070 Tmin 0.9996 0.166 -0.027
Precipitation 0.96 2.576 -0.763 Precipitation 0.9766 8.280 0.764
Khazir Tmax 0.9997 0.304 -0.082 Kalar Tmax 0.9996 0.219 0.012
Tmin 0.9999 0.126 -0.007 Tmin 0.9994 0.214 0.037
Precipitation 0.9882 4.905 -0.434 Precipitation 0.962 3.908 -0.657
Erbil Tmax 0.9996 0.260 -0.039 Qara Tapa Tmax 0.9998 0.190 -0.001
Tmin 0.9999 0.118 0.023 Tmin 0.9997 0.162 -0.018
Precipitation 0.9801 7.170 1.920 Precipitation 0.9863 2.208 -1.090
Dibiga Tmax 0.9998 0.182 -0.062 Mandili Tmax 0.9998 0.216 -0.013
Tmin 0.9996 0.149 -0.015 Tmin 0.9998 0.149 -0.077
Precipitation 0.9775 3.810 0.570 Precipitation 0.9884 2.170 -1.149
Makhmur Tmax 0.9998 0.153 0.050
Tmin 0.9924 0.837 -0.287
Precipitation 0.9632 3.010 0.022

2216


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.4898

Journal of Ecohumanism
2024
Volume: 3, No: 8, pp. 2207 — 2234

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)

https://ecohumanism.co.uk/joe/ecohumanism
DOT: https://doi.org/10.62754/joe.v3i8.4898
——Fr RCP 2.6.P1
v R s ; :
- = ROMSPS e ACP §.5-P1 s0 |Cham Chamal N B »
M (0 RCP 8392 - = RCPRIPI . Jrsd X \ N 1
IS . quwen A
%” \ N sg :E
ge 6T %25 N =7 : H B
&30 E E2 gy = e ‘e
: g = & 2 3
¢ TNV N\ | ¢ :
. E| 2w 2é :
T 22 % " ;
° ° o 0
R T PR RIA P
Month onth
’ 50 10 s (]
N W 7
8
:g gw g E” S
] 30 63 g ]
g gl & Ny
s § 520 ‘S |G 5
o ém 22 2 0 =
1 5 1
o o 0 o [
o A o FRPRP S PP LRSS
Month Month
> 0 s % 9
8 fof 7 ‘ "
4 ™ ‘g| [E” £
*3 T » 5% &% ]
PEl |2 “E| | V8
INE 1l ¥
2 - FE ] =30 2
1 Z s i 1
) ° 0 ° 0 [
FEF P E PP RS FEF AP I PP RS FEF P F PSR LS
Month fonth Month
s 50 8 0
3 a5 ? 4
a0 40
. € i s
B Z %0 5y 2w
" !‘zs a fk §':=
;g o 3 é 5’”
13 15
’g ; 10 2 10
13 5 1 3
° ® 0 0 o
FEF R F P PALS FELEP T PP L S FEFRF PP L LI
Month Month tanth

2217



https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.4898

Journal of Ecohumanism
2024

Volume: 3, No: 8, pp. 2207 — 2234
ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)

https://ecohumanism.co.uk/joe/ecohumanism
DOT: https://doi.org/10.62754/joe.v3i8.4898
50 10 ] 35 7
West Tigirs Rlverl . 30 o
%w : T : N 25 5T
& ° 1 T. 3
220 | e, b Ay g gis e
5 - 3 3 g 5 g
% — g , 2 =10 1 3
210 24 3 g, <
0 0 o ? 0 0 0
R vef Ir*foé"#'o" & ¥ ""Momh" &
Fig. 4. Future Trend in Maximum Temperature. (The Primary Y-Axis (Left)Represents Maximum Temperature In RP,
Secondary Y-Axis (Right) Represents the Future Trend of Maximum Temperature)
—p —— RGP 2,673 30 7 0 7
....... RCP 2.6-P2 - - RCP 2.6-P3
—_— nePas- &

30 l—== g:_::: uou.s:,l S €25 . r“ e
e Alton Kuprll a0 . tz g-zo e
¥ T g1s B (% 3
= EV -
= 2 ] 3 .§ s 3
g1s |~ . g = 10 = e H
3 - 4 s 2 5 £ 23
E 10 - 3 3 3 1 8 3 ? <
z . » - ; ‘““'. > 3 - N

° it o 0 0

S R R FEERS S P p P
Month Month

" y = 5 30 7

25 I!!H!I 6 25 X 6
t £ R N
= 20 58 | s 'g = 5%
& B |& =l & a3
g1s E 15 Y d §
E 3 g 2 5 E 15 3 :
§ 10 3 é i 10 2 " 10 2 §

o 1 € 13

5 1 s 5 H s 0 &

o o 0 -1 ) 1

FRPEPE SRS ¢
Month
30 8 0 . 30 g
- 7 2 7 - Makhmur y
6 [ - Py
gzo 5 g gqo < %zo st-‘»
o 4 E « gg = )
g1 = Eu £ g5 a g
= 2 e = 2
G 10 2 é 10 22 gw g
2 1< i 1% b3 LA
5 o s P $ 1
o 1 = 4 o 2 )
FEF P SR PRI R TP RS FEPEPF I GRS S
Month Month Manth

2218



https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.4898

Journal of Ecohumanism

2024

Volume: 3, No: 8, pp. 2207 — 2234

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)

https://ecohumanism.co.uk/joe/ecohumanism

DO https://doi.org/10.62754/joe.v3i8.4898
30 &
as ® » % inj
% |Mandali| = y so == o : 5 b_'_'_‘_lf_’_] :
T s :{; L= s T g” 3 ¢
= = =
- 3| |5 IS ..
- ] S - 2
3 1s ‘ ’;u 2 T * 3
° 8 PR AAE P AALPLE S % ”
« «* @ S &
PP AP PSP P S O R T

Fig .5: Future trend in minimum temperature. (The primary y-axis (left)represents maximum temperature
in RP, secondary y-axis (right) represents the future trend of maximum temperature)

o
8

Difference in Tmax (C%)
F Y
8

|
" ||||| l |||I I |||I‘ I "l I |||I

BCC-CSM1 CanESM2  CSIRO-MK36 HadGEM2-ES  NorEsMl

0.00

B RCP 2,61 »RCP 2,6-P2 n RCP 2.6-P ™ RCP 2.6-P1 wRCP 2.6P2 »RCP 2.6-P3
RCP 4.5-P1 = RCP4.5-P2 = RCP4.5-P3 Cham Chamal| | . aep 2571 wrPaSP2 =RCPASPI
8,00 HRCP 8.5P1 8RCP 8.5-P2 MRCP 85-P 8.00 W RCP 45-P1 WRCP 85-P2 WmRCP 85-P3
L
» 65,00 2 6.00
g =
= £
£ am 5 4.00
£ s
& I
e 200 £ 2.00
| | Il = oo WD HEAEE 1
[
0.00 ' 0.00 I
BCCCSMI  CANESM2 CASIRO MK386 MADGEM2  NORESM2 BOC-CSM1  CanESM2  CSIRO-MK36 HadGEM2-ES  NorESM1
IPCC ARS Models IPCC ARS Models
e " RCP 2.6P1 ¥ RCP 2.6-P2 ¥ RCP 26-P3 W RCP 2.6-F1 © RCP L6-F2 © RCP 2.6-F3
llelgal ROPASP1 mRCPAS-PZ = RCPS.5-P3 | Du h“kl RCP4.5-FL = RCPASPZ = RCPA.5-PY
b6 ®RCP85P1 WRCP8SP2  MRCPESPI B SRCPESPL SRCPESH] ERACEESHI

Difference in Tmax [C%)
-

o III " l"

Difference in Tmax (C°)
N

. | Il

BCC-CSM1 CanESM2  CSIRO-MX36 HadGEM2-ES  NorESM1

IPCC ARS Modals

2219

IPCC Models BOC-CERAL CanESM2  CSIRO-MERE HadGEMZ-ES MarESMI1
IPEC ARS Modals
El’bil o RCP 2.6-P1 URCP 2692 »RCP 2.6P3 K ' ® RCP 2.6-P1 " RCP 2.6P2 » RCP 2.6-P3
RCPASP1 wROPASP2 = RCPA.5P3 alar RCP45PL  WRCPE.5-P2 % RCP4.5-P3
& HRCP8S5P1  MROPES5P2 MR 8593 8 ™ RCP 8.5-P1 »RCP 8.5-P2 = RCP 8.5-P3

an

Difference in Tmax (C°)
~ -

iy IIII il

BCC-CSM1 CanESM2  CSIRO-MK36 HadGEM2-ES NorESM1
IPCC ARS Models



https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.4898

Journal of Ecohumanism

2024

Volume: 3, No: 8, pp. 2207 — 2234

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)

https://ecohumanism.co.uk/joe/ecohumanism

Difference in Tmax (C°)
~ -

DOI: https://doi.ore/10.62754/joe.v3i8.4898
Khulr RGP 26P1  WACP26F2 & RCP 2693 WRCP 26P1  WRCP 2.6P2 = RCP 2693
| I CROASPL  mRCPASP2 = RCPA.5-P3 RCP4.5-P1 W RCP3.5-P2 # RCP4.5-P3
M RCP25P1 SRCPB5-P2 SRCPB5-P3 | 8 = RCP 8.5-P1 wRCP 8.5-P2 - RCP 8.5-93
§ 1)
x6 = 6
£ £
< a
. -4
; g
g’ s ?
=
N | | [l £ AN ICCER oo RE OCYERN
BCC-CSM1 CanESM2  CSIRO-MK36 HadGEM2-ES NorESM1 BCC-CSM1  CanESM2 CSIRO-MK36HadGEM2-ES NorEsSm1
IPCC ARS Models IPCC ARS Models
I I BROP 2.6-P1 ¥ RCP 2.6-P2 W RCP 2.6P3 Re =RCP 2.691 » RCP 2.6-P2 " RCP 2,693
Makhmur RPA5PL  WRPASP2  WRCPASP3 Mandili WPASFL, = BBRIMSPZ =~ BROMSPE
s ERCPESPL  WRCPESP2  MRCPBSP3 G 8 B RCP 8.5P1 MRCPESP2 __ wRCPASP3
e <
v
L 6
} :
= £ 3
o 4 ©
b -
: 1L l
ST IR = I
BOC-CSM1I  CBnESMZ2  CSIRO-MK36 HedGEMZ-ES NorESM1 CC-CSM1  CanESM2  CSIRO-MK36 HadGEM2-E5  NorESM1
IPCC ARS Models IPCC ARS Models
T B RCP 2691 W RCP 2.6P2 " RCP 2.6-P3 Sinjar 'g :g} - :g:—;_:zz :&lzg
Qara Tapa RPASPL  WR(PASP2  WRCPA.SP3 |_|  RPEatT mEoen E e
8 »RCP 8591 »RCP 8.5-P2 BRCP 8593 P

Difference in Tmax (C%)
~ -

2 ||| |||‘| ||| “l“ 1l |||||

-Csm1

IPCC ARS Models

CanESM2  CSIRO-MK36 HadGEM2-ES  NorEsm1

BCC-CSMI CanESM2  CSIRO-MK36 HadGEM2-ES  NorESMI
IPCC AR5 Models
WACP 261  WRCP26P2  wRCP 2693
[West Tigris River] RCP45P1  ®©RCP45P2  wRCPA.5P3
8 BRCP 851 MRCPES5-P2  MRCP85-P3
'é 3
=
s
]
1=
§
=
N |
BOC-CSMIL

CanESM2  CSIRO-MK36 HadGEM2-ES  NorESM1
IPCC ARS Models

2220



https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.4898

Journal of Ecohumanism

2024

Volume: 3, No: 8, pp. 2207 — 2234

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)
https://ecohumanism.co.uk/joe/ecohumanism

DO https://doi.org/10.62754/joe.v3i8.4898

Fig.6. Annual Max Temperatures Differences Between Three Periods P1,P2 And P3 And Observed Period (1990-2020)
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Fig. 7 Annual Tmin Differences Between Three Periods (2040-2060, 20602080, 2080—2100) And Observed Period (1990—

2020)
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Projection of Future Temperatures

After calibrating and validating the LARS-WG model, a weather generator model was constructed for each
chosen station in Iraq's research area. Subsequently, this model was utilized to forecast forthcoming daily
precipitation, maximum temperatures, and minimum temperatures for the time spanning from 2040 to
2100. The future period was divided into three distinct intervals: P1 (2040-2060), P2 (2060-2080), and P3
(2080-2100).

Five distinct Global Circulation Models (GCMs), specifically BCC-CSM1, CanESM2, CSIRO-MK36,
HadGEM2-ES, and NorESM1, were employed alongside three different scenarios: RCP2.6, RCP4.5, and
RCP8.5.

The outcomes pertaining to the future temperatures ate presented in Figures 4, 5,6 and 7. Figure 4,5
portrays the average monthly temperatures observed during the reference period (1990-2020) as well as the
average values projected by the five GCMs for the three future periods (P1, P2, and P3) under the three
scenarios (RCP2.6, RCP4.5, and RCP8.5). The charts exhibit a consistent escalation in maximum (T'max) and
minimum (This) temperatures over time for all stations and under each scenario. The lowest values of Tmax
and Tmin were documented duting the reference period (RP), while the highest values were observed
during the distant future period (P3). It is noteworthy that January exhibits the lowest average temperatures,
whereas July and August endure the highest average temperatures across all thirteen stations. The Qara
Tapa station is projected to encounter the highest maximum temperatures during the far future period (P3)
under the RCP8.5 scenario, with a peak value of 52.34 °C in July.

The annual temperature disparities between the three future periods the selected five GCMs anticipated
and the observed reference period. The charts show that the average annual maximum temperatures will
rise during the twenty-first century for all 13 stations; Alton Kupri station, Cham chamal, Dibiga, Duhok,
Erbil kalar, Kirkuk, Khazir, Makhmur, Mandili, Qara Tapa, Sinjar, and West Tigirs River stations, the
increase will be between (1.7-1.8),(1.91-1.99), (2.03-2.1) , (1.91-1.98) , (1.3-1.4) (1.66-1.75), (1.91-1.99) ,
(1.85-1.92) , (1.85-1.94) , (2.02-2.12) , (1.3-1.4) °C under RCP2.6, (3.08-3.64), (2.28-3.17), (2.48-3.35) , 2.57-
3.43) , (2.47-3.34), (1.88-2.77), (2.23-3.11), (2.8-3.67), (2.23-3.11), (2.42-3.288) , (2.38-3.30) , (2.59-3.47) ,
(2.58-2.43) °C and (2.66-3.51) °C under RCP4.5. (4.12-5.71), (2.9-5.74), (3.15-5.93), (3.26-6.02), (3.15-5.92),
(2.52-5.37), (2.88-5.68) , (3.49-6.03), (3.08-5.86), (3.05-5.9), (3.23-6.09), (3.28-6.03) and (3.33-6.08) under
RCP 8.5.
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In Figure 6,7, the least difference in maximum temperature predictions was observed for the BCC-CSM1
model under the RCP2.6 scenario and the NorESM1-M model under the RCP4.5 and RCP8.5 scenarios.
On the other hand, the HadGEM2-ES model exhibited the highest temperature difference for each
scenario (RCP2.6, RCP4.5, and RCP8.5). Specifically, at the Qara Tapa station, the highest difference in
maximum temperature, reaching approximately 7.41 °C, was observed under the RCP8.5 scenario for the
HadGEM2-ES model.

In Figure 8, the average annual increases in Low Folded Zone, minimum and maximum temperatures across
all 13 stations are displayed. The results for the RCP8.5 scenario showed the largest difference in
temperature range, with values ranging from 3.16 to 5.84 °C for maximum temperature (IT'max) and from
2.22 to 4.69 °C for minimum temperature (I'min). In the RCP4.5 scenatio, the temperature differences
ranged from 2.46 to 3.31 °C for Tmax and from 1.48 to 2.17 °C for Tmin. For the RCP2.6 scenario, the
smallest temperature differences wetre observed, with values ranging from 1.88 to 1.96 °C for Tmax and
from 1.00 to 1.06 °C for Tmin.

Generally, the average predicted temperature increase during the twenty-first century for all 13 selected
stations falls between 0.94 and 4.98 °C, as illustrated in Figure 7.

These findings align with previous studies conducted by Salman et al. [36], Pirttioja et al. [37], and Hassan
and Hashim [38], providing further support for the robustness of the results.

Future Precipitation Projection

The study area's precipitation patterns analysis reveals interesting variations over time and across different
locations. We can clearly see changes in the amount of rainfall, its intensity, the direction it comes from,
and even when it occurs throughout the year. One striking observation is the lack of consistent rainfall
during the summer months, making it difficult to establish a predictable trend for precipitation in the study
area. In fact, it seems like rainfall tends to be quite unpredictable, and there is no significant rain dutring
June, July, August, and September across all the monitoring stations.

Figure 9 To give you an idea of the average annual precipitation during the reference period (1990-2020),
Alton Kupri received about 347.73 mm of rain per year, while Cham Chamal had 724.18 mm, and Dibiga
had 347.73 mm. Duhok experienced an average of 689.07 mm, Erbil received 594.81 mm, and Kalar had
248.85 mm. Khazir received 594.81 mm, Kirkuk had 347.48 mm, Makhmur had 214.79 mm, Mandili had
210.82 mm, and Qara Tapa had 210.82 mm. Sinjar received 434.43 mm, and the West Tigris River area had
180 mm of annual rainfall.

Looking into the future period from 2040 to 2100 in figure 9, things get even more interesting. The
projections show that precipitation patterns will vary depending on different emission scenarios like RCP
2.6, RCP 4.5, and RCP 8.5, as well as specific months. Generally, we can expect a decrease in rainfall in
low folded zone during January in RCP 4.5, February ,Mars and April in RCP 4.5 and RCP 8.5, December
was decreased in all scenarios

. However, the other months are predicted to experience an increase in rainfall. It's fascinating how these
changes differ across the various stations and scenatios.

Figure 10 visualizes the annual difference in precipitation using five different models: (BCC-
CSM1,CanESM2,CSIRO-MK36,HadGEM2-ES and NorESM1). By comparing three different periods (P1,
P2, and P3), we can cleatly see how CanESM2 stands out by predicting the highest increase in precipitation
across all scenarios. In fact, the Cham Chamal station, under the RCP 8.5 scenario from 2080 to 2100,
shows the most significant increase in rainfall using the CanESM2 model.

Figure 11 show the percentage of increase varies depending on the future period and emission scenario
(RCP 2.6, RCP 4.5, or RCP 8.5). For RCP 2.6, we can expect an increase ranging from 7.07% to 10.75%.
As for RCP 4.5, the increase is much smaller, ranging from 0% to 2.2%. Finally, under RCP 8.5, the
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projected increase falls between 3.7% and 6.8%. These findings are consistent with previous research

conducted [38] .
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Discussion

Based on the statistical analysis results, the model LARS-WG demonstrates a reasonable level of accuracy
in generating temperature and precipitation projections for the study area, thus enabling reliable weather
forecasting in the future ) The results indicate a projected temperature increase for the selected field
stations during the twenty-first century, with an average range of 1.88 to 5.84 degrees Celsius. The variation
in the projected temperature increase can be attributed to the differences in the scenarios used. However,
it is important to note that the downscaling process introduces some uncertainty to the projected results.
The overall findings are consistent with previous research conducted in Iraq, as indicated by various studies
[15, 40, 38, 41]. These studies and current research reveal a general trend of increasing temperatures in Iraq,
albeit with varying rates depending on the location. The northern regions experience a relatively smaller
degree of temperature increase, while the central, western, and southern regions exhibit more pronounced
rises. The projected temperature changes are expected to contribute to desertification [42], land use, and
land cover changes, impacting agticulture [40], and water supplies in Iraq. The acceleration of surface water
evaporation exacerbates water shortages, underscoring the need for sustainable solutions to mitigate and
adapt to these consequences. Climate variations have been identified as significant factors in the growing
dust and sand storms and other extreme weather events, which have recently been observed in vatious
regions of Iraq [43, 44].

In terms of precipitation, the study reveals variable annual increases over the observed period under

different emission scenarios (RCP2.6, RCP4.5, and RCP8.5). The projected increase ranges from 7.07% to
10.75% for RCP2.6, 0% to 2.2% for RCP4.5, and 3.7% to 6.8% for RCP8.5. These findings are consistent
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with prior research conducted by several researchers Researcher [38]. The increase in precipitation may be
attributed to sporadic heavy rainfall events occurring unevenly during the rainy seasons.

While climate change is a physical process primarily driven by changes in climatic variables, it is also
influenced by economic, environmental, and social factors that shape the evolution of human civilization
over time. Therefore, mitigating and adapting to the effects of climate change requires proactive measures
from socioeconomic groups in the study area. These measures span various fields, including long-term
integrated national water resource management and planning, the rehabilitation of water treatment plant
infrastructure, the utilization of alternative water resources such as recycled wastewater through the
establishment of recycling water plants, rainwater harvesting techniques, investment in renewable energy
sources (such as solar and wind energy) to reduce greenhouse gas emissions, and the implementation of
green infrastructure strategies. These strategies aim to address the environmental impacts of climate change.

Conclusions

This study examined the climate change trends and future projections in Iraq's Low Folded Zone region.
We gained valuable insights into the expected temperature and precipitation pattern changes by utilizing
advanced modelling techniques and analyzing data from multiple sources. The findings revealed that
temperatures ate set to rise consistently across all selected stations in the Low Folded Zone. By the end of
the twenty-first century, average annual maximum temperatures are projected to increase by 1.06 to 5.48°C.
The high emission scenario (RCP8.5) showed the highest temperature increase. These rising temperatures
will significantly atfect various sectors, including human health, agticulture, and infrastructure.

We also observed variations in precipitation patterns in terms of spatial distribution and timing. The
projected increase in annual precipitation ranged from 7.07% to 10.75% for one scenario, 0% to 2.2% for
another, and 3.7% to 6.8% for a third scenario. It is important to consider these precipitation changes when
planning for future water resources and regional agricultural practices.

The projected temperature increases and variable precipitation patterns highlight the urgent need for
proactive measures to address the challenges posed by climate change in the Low Folded Zone. Decision-
makers and planners should utilize these findings to develop effective strategies for adapting to and
mitigating the impacts of climate change. Prioritizing water resource management and implementing
sustainable agricultural practices are crucial steps towards building resilience in the face of climate change.

The results of this study provide scientific evidence to inform policy-making and long-term planning efforts
aimed at mitigating climate change impacts in the region. They contribute to our understanding of the scale
of climate change effects and can guide the development of strategies for sustainable development,
protection of vulnerable communities, and preservation of natural resources. Collaboration and
cooperation at an international level are also emphasized, as climate change impacts transcend national
boundaries.
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