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Abstract: Iraq, one of the hottest regions in the world, faces unprecedented warming pressures that 
threaten water security and agricultural productivity. This study projects future temperature changes 
across Iraq using the PlaSim climate model under the SSP1-2.6 low-emissions scenario for three periods: 
Near-Future (2026–2050), Mid-Future (2051–2075), and Far-Future (2076–2100). The model is validated 
against ERA5 reanalysis data (1995–2024) and bias-corrected using the Additive Bias Correction method, 
achieving 80.9% Root Mean Square Error (RMSE) reduction (4.35-0.82 °C). Results show that 
temperature stabilizes at approximately (24.0–24.1 °C), representing a (+3.0–3.1 °C) increase above the 
historical baseline (1995-2024). Spatial analyses demonstrate north-south temperature differences of (8–
12 °C), with northern mountains consistently cooler than southern lowlands. Prominent seasonal 
restructuring occurs: dramatic warming (+6–8 °C) during summer months, coupled with slight winter 
cooling (−1–2 °C). Uncertainty analysis indicates extremely low interannual variability ~2%, and 95% 
confidence intervals range only (1.7-2.1 °C), supporting SSP1-2.6. These findings emphasize that 
adaptation strategies must be tailored to Iraq's country-specific context, which is disproportionately 
affected by climate change due to its climate-sensitive water and agricultural sectors. 

Keywords: Temperature projections; PlaSim model; SSP1-2.6 scenario; Regional climate change; MENA 
climate. 

1. Introduction 

Global climate change, primarily caused by anthropogenic greenhouse gas emissions, is 
one of the most serious challenges of the Twenty-first century [1]. Under all emission 
scenarios considered, the Intergovernmental Panel on Climate Change has concluded that 
global surface temperatures are likely to rise at least through the middle of the century [2]. 
The Paris Agreement's goal of holding warming to well below 2 °C and pursuing 1.5 °C with 
respect to pre-industrial levels is increasingly unattainable, with the 1.5 °C threshold expected 
to be temporarily exceeded within the next five years [3]. While these rises in temperature are 
global averages, warming takes place much faster in some regions than globally, with varied 
and often frightening impacts on natural ecosystems and human societies.  
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The Middle East and North Africa (MENA) region has been acknowledged as a climate 
change hotspot, warming at twice the global average [4]. Recent research shows that this trend 
is accelerating, with summers warming more quickly and heatwaves exceeding previously 
observed records more frequently [5]. There is plenty of arid and semi-arid climate in this 
region which makes it one of the most sensitive to climate change, where rising temperature 
aggravates water scarcity, drought, and desertification [6, 7]. They are also used for monetary 
gain while in itself there is this climate crisis that directly puts Iraq, right where it stands, at 
the heart of the MENA region, on the frontline. Average temperatures are rising quickly, and 
heatwaves are becoming both more frequent and intense across the country, leading to 
chronic water shortages and extremely intense dust storms all of which threaten agriculture, 
public health, and socio-economic stability [8, 9]. An increasing number of scientific 
publications have highlighted the need to study and potentially predict future climate change 
in Iraq. For instance, Salman et al. in line with this, a comprehensive analysis of climate change 
impacts on agriculture in Northern Iraq has recently been performed, which aptly underlined 
both the merits and demerits of the utilized climate models in representing the desired 
spatiotemporal temperature changes in that specific country [10]. Recent studies, using a 
broader methodological approach and the latest CMIP6 models, have projected climate 
scenarios. Mukheef et al. a more recent study 2024 estimated an additional (1.57–2.34 °C) 
increase in annual air temperature for middle and western Iraq by the end of the century [11]. 
Similarly, Al-Maliki et al. the average annual maximum and minimum temperatures in 
southern Iraq increased significantly between 0.88 and 3.68 °C [12]. For the north, Abdulsahib 
et al. in addition to nationwide temperatures in support of the overall US warming (2024) 
(CMIP6 models) [13]. Other earlier works, A group of researchers used the LARS-WG 
stochastic weather generator to estimate temperature rises in Southern Iraq [14]. Proposed 
temperature changes in the old Representative Concentration Pathways RCP scenario over 
the deep south of Iraq in 2024 [15]. Regional context is also important, in 2023, Bayatavrkeshi 
et al. In anticipating drought patterns in Iran, a neighbor, particularly in long-term projections 
brought on by climate change [16]. For simulating future climate, scientists employ a 
hierarchy of climate models , ranging from full General Circulation Models (GCMs), such as 
those used in the Coupled Model Intercomparison Project Phase 6 (CMIP6), to different 
classes of EMIC that allow for faster simulation times [17]. GCMs represent, ordered by 
sophistication level, the most advanced modeling tools available but their computationally 
intensive nature can limit their application. Because of its relatively low computation cost but 
also reasonable ability to realistically simulate the principle physics of the climate system [18], 
EMICs, like the Planet Simulator (PlaSim), can be a good alternative. The PlaSim has been 
utilized in multiple climate applications, including paleoclimate and future climate [19]. Al-
Timimi et al. [20] examined projected changes in temperature and precipitation across the 
Euphrates–Tigris Basin under four emission scenarios (RCP2.6, RCP4.5, RCP6.0, and RCP8.5) 
for three future periods spanning (2016–2099). Their findings revealed basin-wide 
temperature increases ranging (1.65-4.76 °C), with reduced precipitation in upstream 
highland regions and heightened hydrological risk for downstream countries, particularly 
Iraq. This study aims to project future temperature changes across Iraq under the SSP1-2.6 
low-emissions scenario using the PlaSim climate model across three periods: near-future 
(2026–2050), mid-future (2051–2075), and far-future (2076–2100).  
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The model outputs are validated against ERA5 reanalysis data and bias-corrected to 
ensure reliability, with spatial and seasonal temperature patterns analyzed in detail. 
Ultimately, the results are intended to serve as a scientific basis for informing climate 
adaptation and mitigation strategies tailored to Iraq's policymakers and stakeholders.  

2. Methodology  

2.1. Study Area  

Iraq is situated in the south-western part of Asia, between 29.6 °N and 37.5 °N latitudes 
and 38.45 °E and 48.45 °E longitudes covering an area of 437072 km². Turkey is to the north, 
Iran to the east, Saudi Arabia and Kuwait to the south, and Saudi Arabia, Jordan and Syria to 
the west. Iraq's topography consists of diverse physiographic regions, including a 
mountainous region in the north, an alluvial plain in the central tier (where the Tigris and 
Euphrates rivers run) and desert areas in the south and west. Baghdad, the capital city, lies at 
33.3152 °N, 44.3661°E and approximately 34 m above mean sea level [21]. Iraq is bound 
between the Mediterranean climate (in the tropical zones) and is also an arid to semi-arid 
environment predominately (May- September). Due to its locale in the Middle East, hot 
weather, and fostered desert areas, Iraq is an area in need of immediate attention as it is 
greatly affected by dust storms and desertification procedures. It has been recognized as the 
Middle Eastern one of main source of dust which can directly affect the dust export into its 
neighboring regions and to other parts [22]. Atmospheric dynamics over Iraq are impacted as 
regional wind regimes interact but in dust storm incidences the appropriate wind direction 
to lift dust can be quite strong and rapid to develop maximum local near ground turbulence 
[23, 24]. 

 

Figure 1. Study area (Iraq map). 
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2.2. Data, and Methods and Validation 

This study used the Planet Simulator (PlaSim), a General Circulation Model (GCM) of 
intermediate complexity, which was developed at the Meteorologists Institute, Universität 
Hamburg. PlaSim is a lightweight instrument for climate research, offering the best trade-off 
between computational efficiency and a sufficiently long evolution time scale to account for 
climate evolution. The dynamical core of the model is adapted from PUMA (Portable 
University Model of the Atmosphere) and is based on the moist primitive equations 
conservation of momentum, mass, energy, and moisture. The 'Atmospheric Module' includes 
a parameterization of the land surface with biosphere representation and a mixed-layer ocean 
with sea ice dynamics. The interaction of the atmospheric module includes precipitation and 
evaporation processes, surface sensible heat flux calculations, and radiation schemes [25]. 
PlaSim was set up at a horizontal resolution of T42 (128 × 64 grid boxes) with 10 non-
equidistant vertical levels in sigma-coordinates and with a time step of 45 min. The scenario 
was considered for projecting future air temperature: SSP1-2.6 (Low Emission, consistent 
with Paris Agreement 1.5 °C target) [26]. The simulations are provided for three time periods, 
which are Near-Future (2026–2050), Mid-Future (2051–2075), and Far-Future (2076–2100). To 
validate the models, the ERA5 reanalysis dataset from Copernicus Climate Change Service 
(C3S) was used, which combines satellite observations, in-situ measurements, and model 
forecasts using state-of-the-art data assimilation methods [27]. For the validation period 1995-
2024, daily 2-meter air temperature data are available at 0.25° × 0.25° spatial resolution (~28 
km) from ERA5. Daily 2-meter air temperature data from both ERA5 and PlaSim were 
extracted for the whole Iraq domain (29 °N to 37.5 °N, 38 °E to 49 °E) and then spatially 
averaged into country daily value. Next, daily values were summed within each month and 
year to calculate monthly and annual air temperature means, respectively. A systematic 
model bias correction was performed using the Additive Bias Correction (ABC) method, 
where the Correction Factor (CF) is calculated as: CF = 23.7 °C − 25.4 °C = −1.7 °C (averaged 
over a 30 year validation period), This correction factor was then applied to every daily 
temperature value as T_corrected(t) = T_model(t) + CF. This approach preserves the temporal 
autocorrelation and interannual variability of model temperature and is suitable for the 
additive bias structure of temperature [28]. After applying this importance to have a brief 
temperature data for spatial analysis of future temperature changes over Iraq, the daily 
temperature data were then averaged to a monthly and an annual scale. Annual and seasonal 
temperature means were derived from the corrected daily data. The Mann-Kendall test and 
Sen's slope estimator, both non-parametric trend detection methods, Mann-Kendall Test: 
Calculates statistic S by comparing all data pairs: S = Σ sgn(xⱼ - xᵢ), then converts to Z-statistic 
with variance calculation; the p-value determines trend significance. Sen's Slope: Computes 
slopes for all data pairs Qᵢⱼ = (xⱼ - xᵢ)/(j - i), and the median β = Median (Qᵢⱼ) provides the robust 
annual rate of change (°C/year) [29]. were applied to annual and seasonal temperature 
datasets to quantify long-term temperature trends and their statistical significance (p < 0.05). 
Maps of mean annual temperature (MAT) were produced for each time period under SSP1-
2.6 scenario, with spatial anomalies calculated by subtracting the baseline (1995–2024) from 
future periods [30]. Model performance was evaluated using three statistical indices: 
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2.2.1. Pearson Correlation Coefficient (r): 

𝑟𝑟 =  
∑[(𝑥𝑥𝑖𝑖  −  𝑥𝑥𝑥)(𝑦𝑦𝑖𝑖  −  𝑦𝑦𝑦)]

�∑(𝑥𝑥𝑖𝑖  −  𝑥𝑥𝑥)2  ×  ∑(𝑦𝑦𝑖𝑖  −  𝑦𝑦𝑦)2
                                                                (1) 

Ranges from −1 to +1, with r > 0.8 indicating strong agreement between observed and 
simulated values. 

2.2.2. Root Mean Square Error (RMSE): 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =  �
∑�𝑦𝑦𝑖𝑖  −  𝑦𝑦𝑦𝑖𝑖�

2

𝑛𝑛
                                                                            (2) 

2.2.3. Mean Absolute Error (MAE): 

𝑀𝑀𝑀𝑀𝑀𝑀 =  
∑|𝑦𝑦𝑖𝑖  −  𝑦𝑦𝑦𝑖𝑖|

𝑛𝑛
                                                                            (3) 

Both RMSE and MAE quantify prediction errors in °C, with lower values indicating better 
model performance [31]. and bias over the validation period (1995–2024), resulting in 
significant improvements after correction:  RMSE reductions of 80.9% (4.35-0.82 °C), MAE 
reduction of 80.1% (from 3.67 °C to 0.73 °C), and bias reduction of 98.8% (from +1.69 °C to -
0.02 °C) using ABC method. Temperature anomaly (A) represents the deviation of each 
period's mean temperature from the historical baseline (1995–2024), calculated as: A = 
T_period − T ̄_baseline. The cumulative anomaly (CA) is the accumulated sum of these 
deviations over time: CA = Σᵢ(Tᵢ − T ̄_baseline), which highlights long-term warming or cooling 
trends.  

3. Results and Discussion 

Combined Temperature Changes of Iraq in the SSP1-2 Scenarios using near-, mid-, and 
far-future periods: (2026–2050), (2051–2075), and (2076–2100) describing temporal dynamics, 
spatial patterns, and seasonality in a SSP1-2.6 (low emissions) climate scenario. The analysis 
uses the PlaSim intermediate complexity climate model with additive bias correction (ABC), 
and is validated against ERA5 data (1995–2024). Figure 2 Annual temperature time series and 
main temporal characteristics. Figure 2a identifies a more startling characteristic, non-
significant annual temperature trend (0.00 °C/year, p = 0.8981), degree of climate stability 
with the SSP1-2.6 mitigation pathways. Long-term the 5-year running mean (blue line) varies 
around 24.1 °C and drifts only very slightly. Figure 2b shows the 12-month running mean, 
which fluctuates around 24.1 °C with minimal long-term drift. Specifically, Figure 2c-d offer 
complementary views of this, with annual anomalies with respect to the historical baseline 
(1995–2024), mean = 21 °C defined by cluster of +3.0 °C (±0.5 °C interannual variability), and 
a linear increase in cumulative anomaly to show how one would think under strong 
mitigation, the future temperature stabilizes ~3 °C above the historical mean with little 
additional warming. 
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Figure 2. Annual and monthly temperature time series (SSP1-2.6). (a) Annual temperature with 5-year 
running mean and trend line. (b) 12-month running mean. (c) Annual anomalies relative to historical 
baseline (1995-2024). (d) Cumulative anomaly. 

Boxplot comparisons across the periods and seasons are provided in Figure 3a indicates 
that the annual temperature distributions are remarkably similar: Near-Future 24.0 °C, Mid-
Future 24.1 °C, and Far-Future 24.0 °C with standard deviations of (0.4-0.5 °C). Figure 3b 
reflects the strong seasonality: winter (DJF) mean temp of 7.5 °C, spring (MAM) 23.5 °C, 
summer (JJA) 40.5 °C, and autumn (SON) 27.0 °C, whereas Figure 3c showcases monthly 
climatology with the highest temperatures in July-Augustus 41 °C, and the lowest in January 
5 °C. Anomaly distributions shown in Figure 3d illustrate that the shape of the distribution 
does not change across periods. 
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Figure 3. Temperature distributions and seasonal characteristics. (a) Annual temperature by period. (b) 
Seasonal temperature by period. (c) Monthly climatology by period. (d) Anomaly distribution by period. 

The geographic domain of Iraq and the variation of spatial temperature distributions are 
shown in Figure 4. Mean annual temperature for Near-Future (a), Mid-Future (b) and Far-
Future (c) periods in Figure 4a-c, respectively. This north-south temperature pattern is clear 
and remains constant across all three periods, with orographic and elevation effects yielding 
(16.8-20.0 °C), in northern mountainous regions and relatively high temperatures of (28.0-
29.6 °C), in the southern lowlands. The difference from Far-Future to Near-Future and its 
spatial pattern are shown in Figure 4d where the weak regional climate feedbacks under SSP1-
2.6 are evident (only ±0.18 °C). However, a critical observation emerges when examining the 
spatial patterns more closely: while the mean spatial gradient is preserved, the color intensity 
gradations within each map become more pronounced across periods, indicating that extreme 
temperature anomalies both warm and cold become more spatially variable and frequent. 
Although the overall spatial structure remains anchored by topographic controls, the spatial 
heterogeneity of temperature extremes increases, suggesting that while large-scale spatial 
patterns are robust, and distribution of extreme events becomes more complex. This indicates 
that the spatial balance between positive and negative anomalies is maintained at the domain 
level, but their frequency and intensity increase regionally. 
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Figure 4. Spatial temperature patterns. (a) Near-Future (2026-2050). (b) Mid-Future (2051-2075). (c) Far-
Future (2076-2100). (d) Change from Far-Future to Near-Future. 

Figure 5 provides detailed examination of linear trends and variability. Figure 5a shows 
the overall trend is 0.00 °C/year with a 95% confidence interval spanning approximately ±0.15 
°C/year. The non-significant p-value 0.8981 confirms the absence of a systematic long-term 
trend, indicating that under strong mitigation SSP1-2.6, temperature stabilizes without 
directional drift. This remarkable stability suggests that the climate system reaches an 
equilibrium state where warming is arrested and balanced. Figure 5b displays decadal mean 
temperatures, which remain stable at approximately (24.3-25.0 °C), across all decades, 
confirming the long-term equilibrium. Figure 5c reveals only January and December exhibit 
statistically significant trends (red bars, p < 0.05), suggesting that seasonal extremes 
experience subtle shifts while the annual mean remains anchored. This indicates that while 
overall warming is mitigated, seasonal dynamics may still respond to climate forcing. Figure 
5d presents the 10-year rolling standard deviation, oscillating between (0.3-0.6 °C), 
demonstrating that interannual variability remains relatively constant throughout the 
projection period. This constancy of variability, despite the long projection horizon, indicates 
that the climate system maintains stable internal variability under SSP1-2.6, with no 
amplification of year-to-year fluctuations. Together, these findings demonstrate that 
aggressive mitigation not only stabilizes the mean temperature but also preserves the 
predictability of climate variability, which is crucial for long-term adaptation planning. 
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Figure 5. Trend analysis and temporal variability. (a) Linear trend analysis with 95% CI. (b) Decadal 
mean temperature. (c) Monthly trends (red = significant). (d) 10-year rolling standard deviation. 

Figure 6 presents seasonal temperature dynamics for DJF (December–January–February, 
winter), MAM (March–April–May, spring), JJA (June–July–August, summer), and SON 
(September–October–November, autumn). Each panel displays annual values, 5-year running 
mean, min/max envelope, and linear trend. Winter (DJF) exhibits the greatest interannual 
variability ~60% coefficient of variation, reflecting episodic intrusions of cold air from higher 
latitudes. This high variability indicates that winter temperatures are sensitive to atmospheric 
circulation patterns, making winter the most unpredictable season. Despite this variability, 
the linear trend remains negligible, suggesting that even with climate forcing, the frequency 
of cold air intrusions is not systematically changing. Spring (MAM) displays moderate 
variability ~3.2 °C around the mean, indicating a transitional season with intermediate 
predictability. The stable trend suggests that spring warming patterns are preserved under 
SSP1-2.6. Summer (JJA) and Autumn (SON) show relatively stable behavior with moderate 
variability, indicating these seasons are less sensitive to atmospheric perturbations. The lack 
of significant trends across all seasons indicates that the seasonal cycle structure is conserved 
under SSP1-2.6, meaning that the fundamental timing and amplitude of seasonal transitions 
remain unchanged despite climate forcing. This preservation of seasonal structure is critical 
for agricultural and water resource management, as it ensures that seasonal predictability is 
maintained for adaptation planning. However, the increasing frequency of extreme events 
within each season (as evidenced by expanding min/max envelopes) suggests that while 
seasonal structure is preserved, the intensity of seasonal extremes may intensify, requiring 
adaptive management strategies that account for both seasonal stability and extreme event 
frequency. 
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Figure 6. Seasonal temperature dynamics. DJF (winter), MAM (spring), JJA (summer), and SON 
(autumn) time series with 5-year running means and linear trends. 

Figure 7 presents the overall magnitude of temperature changes across all three future 
periods relative to the historical baseline. Figure 7a shows annual changes of +3.0 (Near-
Future), +3.1 (Mid-Future), and +2.9 °C (Far-Future), demonstrating the similarity of the 
warming signal across periods and confirming the stability of the mean warming under SSP1-
2.6. Figure 7b-d reveal pronounced seasonal amplification with critical implications. Summer 
months (JJA) experience dramatic warming of (+6–8 °C), significantly exceeding the annual 
average. This amplified summer warming reflects enhanced solar forcing and reduced cloud 
cover in arid regions, creating positive feedback that intensifies heat stress. The implications 
are severe: increased evapotranspiration will stress water resources, agricultural productivity 
will decline due to heat stress on crops, and energy demand for cooling will surge. Winter 
months (DJF) show slight cooling of (−1–2 °C), a counterintuitive result that reflects changes 
in atmospheric circulation patterns and reduced cold air intrusions under SSP1-2.6. This 
winter cooling partially offsets annual warming but does not mitigate the summer 
amplification. Spring (MAM) and Autumn (SON) experience intermediate warming (+3–5 °C), 
maintaining their transitional character. This fundamental restructuring of the seasonal cycle 
with dramatic summer amplification and modest winter cooling has severe consequences for 
agriculture, energy demand, and human health in Iraq. The enhanced summer heat will 
exacerbate water stress, reduce agricultural yields, and increase heat-related mortality, while 
the preservation of seasonal structure (despite amplified extremes) suggests that adaptation 
strategies must target seasonal extremes rather than attempting to mitigate annual means. 
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Figure 7. Monthly temperature changes. (a) Annual change by period. (b) Monthly change: Near-Future 
vs Historical. (c) Monthly change: Mid-Future vs Historical. (d) Monthly change: Far-Future vs 
Historical. 

Key statistics for the three projection periods are summarized in Table 1. However, all 
three periods show extremely low uncertainty ~2%, with 95% confidence intervals ranging 
only from 1.7 to 2.1 °C, and the trend analysis (Kendall's tau = −0.0105, p-value = 0.8981, Sen's 
slope = −0.000 °C/year) reveals no nonrandom warming or cooling over the long term. The 
reason for the stable temperature over the 75-year projection period is the strength of the 
SSP1-2.6 pathways of mitigation stabilization of climate forcing for the global terrestrial 
system. 

Table 1. Summary of projected temperature statistics for Iraq under SSP1-2.6. 

Period Years Mean (°C) Std Dev (°C) Change vs. 
Historical (%) 

Trend (°C/yr) p-value 

Near-Future 2026-2050 24.0 0.4 +14.4 0.00 0.898 

Mid-Future 2051-2075 24.1 0.5 +14.8 +0.03 0.068 

Far-Future 2076-2100 24.0 0.5 +14.1 0.00 0.874 
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Temperature projections under SSP1-2.6 exhibit exceptionally low uncertainty ~2%, 
derived from rigorous statistical analysis. All three time periods (Near-Future, Mid-Future, 
Far-Future) pass normality tests with high confidence (Shapiro-Wilk p > 0.6), with minimal 
skewness (|skew| < 0.2) and near-zero kurtosis, the data confirm a near-normal distribution, 
supporting the use of classical confidence intervals. The 68% range (µ ± σ) spans (0.8–1.0 °C), 
while the 95% range (µ ± 2σ) spans (1.7–2.1 °C). The low uncertainty reflects temperature's 
physical basis in large-scale atmospheric circulation and radiation balance, which are 
continuous and stable processes governed by the Central Limit Theorem [32]. 

4. Conclusions 

Based on the future temperature projections for Iraq, using the shared socio-economic 
pathways SSP1-2.6 shows significant warming compared with the historical baseline (1995–
2024), but exceptional stability over the subsequent 75 year projection period (2026–2100) The 
stabilization temperature of Iraq is (~ 24.0–24.1 °C) or (+ 3.0–3.1 °C) warmer than baseline level 
North-south gradients, reflecting topographic influences, are persistent spatial patterns and 
remain robust. The changes in seasonal temperatures are marked (summer +6–8 °C; winter 
−1–2 °C), and these have major consequences for agricultural yields and energy consumption. 
These high statistical confidence levels translate into a robust basis for planning climate 
adaptation in Iraq's water resources and agricultural sectors 95% confidence interval (1.7–2.1 
°C). This analysis, however, refers to a single model and SSP1-2.6 scenario. This approach 
should be replicated in future research and combined with modelling of hydrological and 
agronomic impacts, to the mainstream these projections within multi-sector national 
adaptation frameworks that are consistent with the goals of the Paris Agreement. 
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