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Abstract
Recent droughts have significantly reduced river discharge and increased the vulnerability of water resources, making
reliable precipitation projections under climate change essential for sustainable water resources management.
However, climate simulations are inherently uncertain, and evaluating model performance is a prerequisite for
producing reliable future projections. This study aimed to identify the most accurate climate models for simulating
precipitation and to assess future precipitation changes in the Karkheh River Basin, Iran. Daily precipitation records
from three representative weather stations located in the upstream (Kermanshah), middle (Khorramabad), and
downstream (Bostan) sections of the basin were analyzed for the baseline period (1991-2021) using the LARS-WGS8
weather generator and outputs from multiple CMIP6 global climate models. Model performance was evaluated using
the correlation coefficient (r), Root Mean Square Error (RMSE), and Normalized Root Mean Square Error (NRMSE),
and precipitation was projected for the period 2021-2100 under the SSP1-2.6, SSP2-4.5, and SSP5-8.5 scenarios. The
results showed that ACCESS-ESM1 consistently achieved the highest performance across all stations, while CNRM-
CM6-1, GFDL-ESM4, and MRI-ESM2-0 also demonstrated high predictive accuracy. Future projections indicate
considerable spatial and temporal variability in precipitation, with generally increasing precipitation in parts of the
central basin but declining trends in the upstream and downstream regions under most scenarios. The observed north-
to-south precipitation gradient is expected to persist, while drought frequency and severity are projected to increase,
particularly in the northwestern and southern parts of the basin. These findings provide valuable information for
climate adaptation planning and sustainable water resources management in the Karkheh River Basin.

Introduction
The Karkheh catchment, which includes more than half of the provinces of Lorestan and Kermanshah
and parts of the provinces of Kurdistan, Hamadan, Ilam, and Khuzestan, Its area is 50,768 square
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kilometers, of which 17,094 square kilometers are occupied by plains and foothills, and the rest by
highlands. In this catchment, precipitation is one of the climatic parameters whose spatial and temporal
variability is noteworthy. The average rainfall in the northern part is 300 to 650 millimeters, while the
southern part has an average rainfall of 180 to 300 millimeters; precipitation directly affects water
resources. Under the influence of global warming, two-thirds of the world's population will face water stress
by 2025 (Mahato et al., 2022). Therefore, predicting precipitation changes for future water resource
management in light of climate change is a challenge. The aim of the present study is to evaluate the
accuracy of the best model in estimating precipitation and predicting changes in precipitation in the Karkheh
River catchment. The accuracy of models is one of the most important stages in predicting random data and
the uncertainty of models.The results of the studies indicated that in Sari, the ACCESS-CM2 model has
high accuracy in predicting precipitation and temperature. According to this model, temperature and
precipitation will increase (Roshani and Hamidi, 2021). At the Tangab station in Fars Province, the
NCARCCSM3, GFDLCM2.1, and INMCM3 models have the highest accuracy and weight in modeling
precipitation and temperature (Ajam Zadeh and Mollaeinia, 2016). The results of the studies by Jahangir et
al. (2020) indicated that precipitation in the Hamdideh stations of Islamabad-e Gharb, Bastan, Ravansar,
and Malayer will increase, while in Kangavar it will decrease, and in Khorramabad, it will increase in the
A2 scenario (realistic) and decrease in the A1B (pessimistic) and Al scenarios. The results of researchers'
studies showed that in different regions, a specific GCM model cannot be used uniformly. Furthermore,
climate data simulations always have uncertainties, and ignoring them negatively affects the accuracy of
the results; therefore, the use of models that can accurately forecast the effects of climate change is essential,
as it is experiencing significant changes in precipitation patterns due to climate change. The study aims to
evaluate the accuracy of different models in predicting rainfall changes, which is crucial for effective water
resource management in the region.

Methodology

For the research, daily precipitation data from 1991-2021 was used as the observational period, and the
output of the LARSWGS estimator based on the scenarios of the Sixth Assessment Report in the SSP1-2.6,
SSP2-4.5, and SSP5-8.5 scenarios for the years 2021-2040 was used as the future period. Based on
observational data from 1991-2021, at each station representing the upstream, midstream, and downstream
of the catchment, precipitation changes on monthly, seasonal, and annual scales were projected for the
future period of 2021-2040. Finally, the frequency and probability of drought occurrence in the future were
calculated based on the Standardized Precipitation Index (SPI). To determine the uncertainty and accuracy
of the models, the indices R, RMSE, and NRMSE were used.

LARS-WGS

A micro-scale weather generator known for its high resolution and ability to simulate daily precipitation
and temperature. LARS-WGS is designed to generate weather data at a local scale, making it suitable for
regional climate studies. The specifications of the models of this converter are listed in Table (1).

Table 1- Specifications of the models LarsWG8

Model name Separation Institute Country
ACCESS-ESM1-5 1.875%1.25 Simulator of the Australian Community Australia
Climate and Earth System
CNRM-CM6-1 2.8x2.8 National Center for Meteorological Research France
GFDL-ESM4 1.25 x1.00 Geophysical Fluid Dynamics Laboratory America

Hadley Centre for Climate Prediction and

HadGEM3-GC31-LL 1.88 > 1.25 Research, Exeter, Devon, United Kingdom England
MRI-ESM2-0 113% 1.12 Institute of Meteorological Research for Earth Japan
System Models
MPI-ESM1-2-LR ~1.8 x 1.8 Max Planck Institute for Meteor Japan, Germany,

and South Korea

Source: (Nguyen-Duy et al., 2023)
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Results and Discussion
1. The models predict varying trends in rainfall for the period 2021-2040:

1-1- Kermanshah: Expected to see a decrease in rainfall under optimistic and pessimistic scenarios, with
an increase in the realistic scenario.

1-2- Khorramabad: Predicted increases in rainfall under optimistic and realistic scenarios, with a
decrease in the pessimistic scenario.

1-3- Bostan: Forecasts indicate a decrease in rainfall across all scenarios, highlighting the potential for
increased drought conditions.

According to the findings, the probability of drought occurrence during the observational period in

Kermanshah was 54.8%, in Khorramabad 64.5%, and in Bastan 48.4%. The probability of drought
occurrence during the 2021-2040 period in Kermanshah will be 55-60%, in Khorramabad 35-40%, and in
Bastan 35-45%. The probability of drought occurring is higher at Kermanshah station.

2. Assessing the accuracy of the best model:

2-1- ACCESS-ESM1: This model demonstrated high accuracy in predicting future rainfall at
Kermanshah and Bostan stations. It achieved excellent RMSE values (less than 10) in various scenarios,
indicating its reliability for future rainfall predictions.

2-2- GFDL-ESM4: GFDL-ESM4 was particularly effective at Khorramabad, showing good predictive
capabilities across different scenarios. The model's RMSE values were categorized as good (10-20) in
realistic and pessimistic scenarios, making it a viable option for rainfall forecasting.

2-3- CNRM-CM6-1: Best for Bostan: This model was identified as the most accurate for predicting
rainfall at Bostan station, with strong correlations to observed data.

2-4- HadGEM3-GC31-LL: Generally performed poorly across all stations, often overestimating rainfall.
The accuracy of this model is poor with RMSE (16-22).

The results of this research are in line with the findings of the studies by Roshani and Hamidi (2021),
Ajam Zadeh and Mollaeinia (2024), and Jahangir et al. (2020).

Conclusions

The evaluation of rainfall forecasting models in the Karkheh catchment reveals that in the observational
period, the northern part of the Karkheh catchment is rainy, while the southern part is less rainy. In the
future period, the occurrence of drought in the northwestern and southern regions of the catchment will
increase and ACCESS-ESM1, CNRM-CM6-1, and GFDL-ESM4 are the most reliable for predicting future
rainfall at the Kermanshah, Khorramabad, and Bostan stations. Based on the realistic scenario (SSP2-4.5)
and according to the RMSE index, the accuracy of the models at the Kermanshah station is 8.5, 11.7, and
13.3, respectively; at the Khorramabad station, 12.5, 10.2, and 12, respectively; and at the Bastan station,
5.9, 4.6, and 5.6, respectively. Each model exhibits unique strengths, with LARS-WGS being particularly
effective in local-scale predictions. The findings underscore the importance of using multiple models to
account for uncertainties in climate data and improve the accuracy of future rainfall forecasts.
There is no long-term, common statistical data to select a larger number of stations, faced with site access
restrictions.

This literature review highlights the critical role of model selection in climate studies, particularly in
regions vulnerable to climate change impacts. Further research is recommended to enhance model accuracy
and adapt water resource management strategies accordingly.
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Fig. 1- Geographical location of the Karkheh watershed in Iran
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Table 1- Geographical location of synoptic stations in the Karkheh watershed

Nam_e Ofthe latitude Longitude Height above the study period
synoptic stations sea
Kermanshah 34.352 47.15 1318.5 1991-2021
Khorram Abad 33.438 47.28 1147.8 1991-2021
Bostan 31.707 48.01 7.8 1991-2021

LarsWG8 sy Jow Olasin - Jou>
Table 2- Specifications of LarsWGS8 models

Model name Separation Institute Country
ACCESS-ESM1-5 1.875%1.25 Simulator of the Australian Community .
. Australia
Climate and Earth System
CNRM-CM6-1 2.8x28 National Center for Meteorological Research France
GFDL-ESM4 1.25 x 1.00 Geophysical Fluid Dynamics Laboratory America
Hadley Centre for Climate Prediction and
HadGEM3-GC31-LL 1.88 125 Research, Exeter, Devon, United Kingdom England
MRI-ESM2-0 113 % 1.12 Institute of Meteorological Research for Earth Japan
System Models
MPI-ESM1-2-LR ~1.8x 18 Max Planck Institute for Meteor Japan, Germany,

and South Korea

Ref: (Nguyen-Duy et al., 2023)
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Fig. 2- Forecast of long-term yearly changes in precipitation in the Kermanshah station in the future

period (2021-2100), based on the ACCESS-ESM1 model
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Fig. 3- Forecast of long-term yearly changes in precipitation in the Khorramabad station in the
future period (2021-2100), based on the GFDL-ESM4 model
GFDL- Jow bl 3 (F-Y1-Y1++) 0T 0398 33 TP 5 ol bl 4¥ s Seiidy Oy (5,55 gy - S5

ESM4



4l

BV-VY Lo NF0 JLa Y o,las ¥4 o5

ST ign s p5ke

Wi
o O O
(=] (=]

S
S

(mm) rain
—_— N W BN
S
[

—

@O\N
o on
OOO
AN AN A

~
N
S
N

(=

m

v o0
< <
S O
(o \ BN\l

2021
2024
2030

2033

mSSP1 2.6

< > O o0 @ O\ NV O — < > O N

v v \O O - - > 0 0 X© @ @ D D

oSO O O O O S OO OO OO O OO

o\l o\l o\ lie e\ Nie Iie e Ne\Nie Nie\ Nie N o\ le N e\ Ne\l
year

SSP2 4.5 mSSP5 8.5

Fig. 4- Forecast of long-term yearly changes in precipitation in the Bostan station in the future
period (2021-2100), based on the ACCESS-ESM1 model
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Table 3- Forecast of changes in precipitation in the Karkheh Basin in the future period (2021-2100)
in the LarsWGS climate generator

;‘:r‘l’;z Kermanshah (ACCESS-ESM1) Khorramabad (GFDL-ESM4) ACCESS-ESM1 (Bostan)
SSP1.2.6 SSP2 45 SSP585 SSPI 2.6 SSP2.4.5 SSP5 85 SSPI 2.6 SSP2 45 SSPS5 8.5

2021-
Sod0 349 4.1 -6.5 3.8 425 -35.5 -17.07 -4.04 0.3
2041-

-33.5 593 673 729 352 -25.9 9.7 48.96 -26.5
2060
2001- 303 3738 47.96 3.5 16.4 395 5.9 14.3 25.6
2080 ' ' ' > ' ' > ' o
2081-
S0 474 513 322 -4.0 -35.2 23 292 38.65 -123

o9 i SRolKul 33 (Yer1-Y1ev) 5T 0,009 (VA=Y Y1) 4l 095 30 b Sl o o —¢ 9z

© 5l
Table 4- Precipitation change coefficient in the observation period (1991-2021) and the future period
(2021-2100) at selected stations in the Karkheh watershed

Station 0bs§wati0n future period
period (%) SSP1-2.6 (%) SSP2-4.5 (%)  SSP5-8.5 (%)
Kermanshah 26.3 27.7 26.4 26.98
Khorramabad 30.3 27.03 28.3 27.2
Bostan 41.6 41.9 41.05 38.7
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Table 5- Long-term average annual precipitation forecast for the Karkheh watershed using the
multi-model model in 2021-2100 (World Bank, 2022)

observation  SSP1-2.6 SSP2-4.5 SSP5-8.5
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Fig. 7- SPI chart of selected stations in the Karkheh watershed the future period
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Table 6- Kermanshah precipitation validation in 2021-2100 emission scenarios

model SSP1-2.6 SSP2-4.5 SSP5-8.5

year NRMSE | RMSE| r | NRMSE |RMSE| r | NRMSE | RMSE | R
2021-2040 12 83  0.96 12 85  0.95 9 6.7  0.97
- 10.7 14 0.94 9 6.9  0.98 10 7.5 098

ACCESS-EsM]  2041-2060
2061-2080 10 75 0.96 6 0.98 9 6.7  0.98
2081-2100 9 69 097 10 73 097 14 10.6  0.94
2021-2040 14 102 094 16 11.7 091 14 9.7  0.94
2041-2060 13 94 094 9 63 097 11 84 095
CNRM-CM6-1 2061-2080 14 104 092 13 9.76  0.95 13 99 093
2081-2100 11 83  0.95 12 85  0.95 15 109 092
2021-2040 12 8.7  0.95 19 133 0.89 14 102 0.93
GFDL-ESM4 2041-2060 12 9.05 094 10 7.6 0.96 15 109 0.94
2061-2080 14 10.1  0.95 12 8.8  0.95 10 7.6  0.96
2081-2100 14 997  0.96 17 127 094 16 11.6 092
2021-2040 24 169  0.88 30 211 0.86 30 21.1  0.90
HadGEM3- 2041-2060 26 193  0.93 21 155  0.90 23 1695 0.94
GC31-LL 2061-2080 27 19.6  0.89 19 13.96 0.92 35 254  0.86
2081-2100 28 202 0.96 21 152 0.95 34 248  0.95
2021-2040 13 92 094 14 97 094 14 98  0.94
MPLESM1-2-  2041-2060 14 996  0.95 18 133 093 14 104 097
LR 2061-2080 12 8.7  0.95 11 8.03 096 21 151 094
2081-2100 15 114 096 17 123 094 18 13.06  0.92
2021-2040 13 94 093 14 97 093 9 63 097
MRI-ESM2-0 2041-2060 9 6.8 0.97 8 5.8 0.98 10 7.2 0.97
2061-2080 10 77 0.96 12 86  0.95 10 7.7 0.96
2081-2100 16 114 091 11 84 096 11 84  0.97
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Table 7- Validation of Khorramabad precipitation in 2021-2100 emission scenarios

model SSP1-2.6 SSP2-4.5 SSP5-8.5
year NRMSE | RMSE | r | NRMSE | RMSE | r | NRMSE | RMSE | R
2021-2040 12 9.7  0.96 15 125 095 14 114 095
. 11 93  0.96 21 18.05  0.96 18 155 096

ACCESS-EsM|  2041-2060
2061-2080 17 145 0.96 17 146  0.96 19 164 096
2081-2100 23 194 095 20 172 0.96 23 195 0.92
2021-2040 17 139 095 12 102 0.96 14 117 096
2041-2060 15 129 095 16 135 095 18 151 094
CNRM-CMeé-1 2061-2080 18 15.03  0.93 17 143 095 22 188  0.92
2081-2100 16 135 0.95 17 142 094 16 13.5  0.94
2021-2040 12 9.6  0.96 14 12 095 12 103 096
GFDL.ESM4  2041-2060 18 154 093 16 138 0.93 19 16.09  0.89
2061-2080 17 15 091 17 146 092 18 153 091
2081-2100 15 133 0.93 19 161 0.93 17 142 092
2021-2040 19 16 0.96 28 24 095 31 26 0.96
HadGEM3- 2041-2060 25 213 092 24 205 0.89 34 289  0.90
GC31-LL 2061-2080 27 235 091 29 246  0.90 42 358 0.86
2081-2100 34 29.07  0.95 26 2197  0.93 45 386  0.94
2021-2040 13 112 095 12 101 0.96 15 125 094
MPL-ESM1-2-  2041-2060 15 129 095 17 148 093 17 146 093
LR 2061-2080 15 129 093 16 135 0.93 22 185 0.92
2081-2100 17 142 094 18 151 092 22 19.05  0.86
2021-2040 12 9.9  0.96 11 9.4  0.96 17 143 096
MRLESM.0 20412060 14 1.7 095 11 92  0.96 13 11.03 095
2061-2080 13 11 095 13 108 0.95 13 109  0.95
2081-2100 13 113 095 17 143 092 16 133 093
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Table 8- Validation of Bostan precipitation in 2021-2100 emission scenarios

(YW’\—”N)@'T 50599 o HL! @lh,g)b.w)b Ol il (T Como —A J 9o

SSP1-2.6 SSP2-4.5 SSP5-8.5
model
year NRMSE | RMSE r NRMSE | RMSE r NRMSE | RMSE R
2021-2040 14 5.8 0.94 14 59 0.93 13 52 0.94
2041-2060 13 5.8 0.93 15 6.4 0.96 17 73 0.94
ACCESS-ESMI 2061-2080 20 8.6 0.85 16 6.9 0.91 16 6.7 0.92
2081-2100 19 8.1 0.90 18 7.8 0.91 23 102 0.81
2021-2040 13 5.7 0.94 11 4.6 0.96 12 4.9 0.95
2041-2060 14 6.2 0.93 14 6.04 0.93 12 53 0.95
CNRM-CM6-1 2061-2080 13 5.8 0.94 11 4.8 0.96 16 7.03 0.92
2081-2100 12 4.99 0.95 16 6.8 0.93 18 7.7 0.93
2021-2040 15 6.4 0.92 13 5.6 0.94 17 7 0.92
2041-2060 16 6.8 0.91 18 7.6 0.88 17 7.3 0.91
GFDL-ESM4 2061-2080 16 7.01 0.91 16 7.001  0.92 14 5.9 0.93
20812100 18 7.8 0.90 16 71 0.94 19 8.03 0.8
2021-2040 14 5.8 0.94 19 7.8 0.93 19 7.8 0.95
HadGEM3 2041-2060 17 72 093 14 63 094 22 94 095
a -

GC31-LL 2061-2080 15 6.5 0.92 18 8.02 0.95 25 10.8  0.96
2081-2100 24 10.5 0.92 19 8.3 0.95 29 126  0.95
2021-2040 16 6.7 0.92 18 7.5 0.92 20 8.3 0.88
21 9.21 0.86 17 7.2 0.92 19 8.05 0.94

MPI-ESM1-2- 2041-2060
LR 20612080 17 74 091 20 85 092 22 9.6  0.89
20812100 19 83 091 17 72 092 16 7.03 092
2021-2040 14 5.8 0.93 17 7 0.91 13 5.4 0.94
2041-2060 13 5.7 0.95 12 5.4 0.95 18 7.8 0.90
MRI-ESM2-0 2061-2080 15 6.7 0.92 12 53 0.96 13 5.8 0.94
17 7.3 0.95 14 5.96 0.95 13 5.6 0.95

2081-2100
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Fig. 8- Comparison of LarsWG8 models in the observation period and the future period in the long-term
mean annual precipitation estimate of the Kermanshah synoptic station
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Fig. 9- Comparison of LarsWG8 models in the observation period and the future period in the long-term
mean annual precipitation estimate of the Khorramabad synoptic station
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Fig. 10- Comparison of LarsWGS8 models in the observation period and the future period in the long-
term mean annual precipitation estimate of the Bostan synoptic station
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