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Climate models are primary tools for projecting precipitation changes and
assessing the impacts of climate change in various fields. This study aims to
evaluate the simulation performance of the CMIP6 and CMIP5 models and
to detail the efficacy of each climate model in estimating precipitation
patterns in Iran. Accordingly, the precipitation simulation performance of|
30 climate models from CMIP6 and CMIP5, as well as their multi-model
ensemble for Iran, was evaluated against observational data. After bias
correction of the simulated precipitation values using the quantile mapping
method, the performance of each General Circulation Model (GCM) will be
assessed using the Taylor skill score (TSS) and Taylor diagram, which
includes correlation, standard deviation, root mean square deviation. In the
following, the spatial and temporal patterns of simulated precipitation in Iran
by the CMIP6 and CMIP5 models were compared using the relative bias
criterion. The findings from the Taylor diagram and the TSS metric reveal
that while most CMIP5 models display a standard deviation closer to
observational data than CMIP6 models, overall, the majority of CMIP6
models exhibit superior performance in simulating precipitation in Iran. In
terms of spatial and temporal variations, there exist relative bias between the
observed and simulated precipitation values by the CMIP5 and CMIP6
models, with the CMIP6-MME exhibiting a lower relative bias compared to
the CMIP5-MME. By evaluating simulated precipitation changes, it can be
inferred that, alongside CMIP5-MME and CMIP6-MME, models such as
BCC-CSM1-1-m, CMCC-CM, MPI-ESM-LR, and MPI-ESM-MR from
CMIP5, as well as BCC-CSM2-MR, MPI-ESM1-2-HR, and MPI-ESM 1-2-
MR from CMIP6, exhibit superior capabilities in simulating precipitation in
Iran compared to other models.
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EXTENDED ABSTRACT

Introduction: Climate change has become a significant issue in recent decades, impacting the hydrological cycle
and causing notable hydrological effects globally. This phenomenon has altered climate variables across different
temporal and spatial scales. Climate models often face high levels of uncertainty due to the lack of a precise
depiction of Earth's physical processes and their responses to climate change. Using multiple General Circulation
Models (GCMs) helps reduce these uncertainties. CMIP models have evolved from CMIP1 to CMIP6, with the
new generations (CMIP5 and CMIP6) addressing more scientific issues and accurately representing Earth's
physical processes. CMIP6 models, featuring enhanced climate scenarios and updates, show improved
performance over previous versions. Numerous studies have compared the capabilities of CMIP5 and CMIP6
models in simulating climate variables. While CMIP6 models have shown improvements, considerable
performance disparities still exist in certain regions and periods. In some cases, CMIP6 outperforms CMIPS5, while
in others, the differences are negligible. Iran, located in the arid belt of the Earth, is highly vulnerable to climate
change impacts. Many studies have examined these effects on Iran using GCM outputs, focusing on variables
such as temperature, precipitation, runoff, groundwater levels, drought, flooding, and crop yield. In the absence
of dedicated GCMs, Iranian researchers rely on models from other countries. Therefore, evaluating the efficiency
of CMIP5 and CMIP6 models is essential to reduce uncertainties in climate variable estimation. This study aims
to assess the efficiency of CMIP5 and CMIP6 models in estimating precipitation to provide accurate evaluation
and valuable information for effective policymaking and water resource management in Iran.

Materials and Methods: In this research, to assess precipitation changes in Iran, we utilized outputs from 15
general circulation models (GCMs) presented in both the Sixth and Fifth Assessment Reports of the
Intergovernmental Panel on Climate Change. Monthly outputs for the baseline period (1976-2005) were extracted
from the MetaGrid database under consistent conditions, and the simulated precipitation values were downscaled
for each station. Given the systematic bias in GCM outputs (such as maximum temperature, minimum
temperature, and precipitation), it was necessary to apply a bias correction method to obtain reliable estimates at
regional and local scales for climate change impact assessments. Therefore, a method called quantile mapping
was employed to achieve this goal. After correcting the simulated values by climate models, we evaluated both
individual climate models and multi-model ensembles (CMIP6-MME and CMIP5-MME) made by weighted
averaging method. The performance of each GCM was assessed through the Taylor diagram (including
correlation, standard deviation, and root mean square error deviation) and Taylor skill score. The spatial and
temporal patterns of simulated precipitation in Iran were compared between the CMIP6 and CMIPS models using
the relative bias criterion. Lastly, temporal changes in simulated precipitation were presented as monthly averages
by CMIP6-MME for the projection periods 2026-2050 and 2075-2099 under two scenarios, SSP1.26 and SSP5.85.
Results and Discussion: The evaluation results and comparison of GCMs' rainfall simulation performance in the
baseline period indicate that most CMIP6 models have better rainfall simulation performance compared to CMIP5
models in Iran, and a few CMIP5 models have more capability in simulating rainfall climate variables than their
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CMIP6 counterparts. Spatial evaluations of the CMIP5 Multi-Model Ensemble (MME) and CMIP6-MME
indicate that the latest generation of climate models performs better at simulating precipitation relative to observed
values, and it shows less variability in the precipitation pattern. Temporal analysis of simulated rainfall shows that
along with CMIP5-MME and CMIP6-MME, individual models such as BCC-CSM1-1-m, CMCC-CM, MPI-
ESM-LR, and MPI-ESM-MR from CMIP5, and BCC-CSM2-MR, MPI-ESM1-2-HR, and MPI-ESM1-2-MR
from CMIP6, possess a higher aptitude for accurately simulating precipitation in Iran. Furthermore, the ensemble
evaluation results of CMIPS and CMIP6 models suggest that CMIP6-MME provides more accurate estimates of
precipitation during the baseline period in Iran. It is worth noting that the analyzed GCMs have larger precipitation
biases when simulating the areas and seasons with less precipitation in the Iran, while the biases are smaller in the
areas and seasons with more precipitation. Beyond the aforementioned points, the evaluation results of the selected
models in this study reveal that all of the individual CMIP6 models do not conclusively surpass their CMIP5
counterparts in simulating precipitation, and each possesses unique advantages. In this study, most CMIP5 models
exhibit a closer standard deviation to observational data compared to CMIP6 models, but they have a lower
correlation than the CMIP6 models.

Conclusion: In studies assessing uncertainties in climate projections that affect the prediction of hydrological
changes and future water resource conditions, a significant portion of these uncertainties arises from the selection
and application of climate models. It is crucial to recognize that this issue persists even with the current generation
of climate models. As mentioned above, GCMs exhibit larger biases when simulating precipitation in Iran's arid
regions and dry seasons, whereas the biases are smaller in the regions and seasons with higher precipitation. Not
all individual CMIP6 models conclusively outperform their CMIP5 counterparts in simulating precipitation, each
model exhibits unique advantages. Furthermore, the simulations of Iran's precipitation for the future periods 2026-
2050 and 2076-2090 under the SSP1.26 and SSP5.85 scenarios using CMIP6 models due to their better
performance in comparison with CMIP5 models, which show a decrease in precipitation during December,
January, February, and March, followed by a sudden increase in simulated rainfall in April and May compared to
observed amounts, it can be argued that systematic biases in CMIP6 models' precipitation simulations for Iran
persist. These biases can vary depending on the downscaling method or the correction applied to the evaluated
climate variable. Overall, this study found that CMIP6 models generally perform better than CMIPS models in
simulating precipitation in Iran, and that multi-model ensembles of GCMs outperform individual models.
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Figure 2- Taylor diagram of simulated monthly precipitation over the period 1976-2005 for CMIPS (left) and CMIP6 (right) model

CMIP5 4y Capnd CMIPO (sl Jso otos Olry o (ko jdo Blyonil g Sissod (50 g 0 0dnliie ¥ S5 ) 4 j5bo Lo

sodly jlxe Cilyoul 4 CMIP6 (gla Jos b dulio ;0 CMIPS o395 5l o odlais] (sla Joo ST jlme Bzl caS' Jlsyd sl 508
il 1> Hlxe CBlyuil o,lel 5o CMIP6 &y s CMIPS (gla Jio (Vb il Sibo gguig0 ol &8 canl 5o Slanliie
Ca 33bo CMIPS (6l Jao sl ©lasyo (3650ke pdo SBlioil g (Sten Glise (slojbmo b dlasly ) 435 (] &5 0392 ()1 st
gl Olise 9 Olaye (ko Hio j3 2l 5 BB 3959 CMIPO (sl Jto &y o 00 031> Lyisles CMIPS gl Juo SuiSTy o

! Relative Bias


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.1.6.6
http://jircsa.ir/article-1-573-fa.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1404.13.1.6.6 ]

9 <. CMIP6 g CMIP5 (sldJdo dulio g (2b 5!

Sy Bl jlade a8 CMIPS 3800 (gla Jde pole ol 1)) JS5 @ da 5 b ol Slaaliie yolae b duglie jo o Jue 5l Jus 0y
Jae cunl yusia <18V J1IYA 5 55 bl (Stased (lje 9 A8 o pusd Yo JIVO 5ICanESM2 i s 4 by Glayyo 055ke
o3zl o Jso J 4505 3l sl (b 31 ) (Shran e e 5 Slatye 56k i Bl 3508 (515 CMCC-CM
EC- sl Jas 4 Glxio cudyiay CMIPS-MME | ye o Slaalis polis jlxe Glyoal b GMS! 5o p 5 i 5 oy 50S 0l
OSSbe Hda Ulzdl Hlade CMIPS (la Jie odes dilon 5 CMIP6 5000 (sla Jio b alayly 4o .aiws CanESM2 4 EARTH
Sl xSl i By e (505 4 izt +IPY J)oIFY (Ko iz sl g 033 ekia Yo JIN sl Lol Sl
Hhzo Blyzsl b BMS! oy 5 iy 5 50S .l BCC-CSM2-MR. o & (slsiio b Joo | aoeas (ol 10 (Sised (p 5 b0 9
GFDL-ESM4 3 ACCESS-CM2 ¢l Jio &) by o e i b oo j1 s 03] )yt CMIPE-MME 1 16 &y slanlise yslie
SFnS Slaye 5655ke Hla Blyail g jline Slosl Vb (Siod (50 155800 lase & Cos s 1 s 93 o (oolos s
Nod (50 05 e Joleo sl S5 (LU 850 Gll 53 ()b e giloansd 3 o Jse cnl (YL CeliB p Y3 5 550,08
Shalie gosd (gilwdud polie obj)l cde 4 CMIP 55 12 (gly oai ookl (sla o Slaypo (1 Sibo Jda Gl odl jlade 39 0L 5
Lol Slale Sloj wlie 4
ol alale o)l (gilwand )5 b Jao TSS jlao jols pl,Sho LS 5o cdd o)Ll (i} (awlics hgy isw )0 4 jsbjlen
s (o (ol 00 031> eles ¥ S 53 55k e € n Jaa 51 S 5 3,Skes b)) ol s o 5 )
oS yob ylon .l 3L yuiio (6l GCM jloanns (YU cubls Sl wil G 4 S5 03kl 5y90 (sla Jso (gl ool Canmndey o
5 INM-CM4-8 .CMCC-ESM2 (ACCESS-ESM1-5 Jis ;> ja4y CMIP6 (sla Jio odos g o odalin ¥ S5
CMIPS (slo Jao (clp TSS jlixe lawgio a5 (g sbds cliwd (55 5k TSS (gl A8 aseus o 25 sliad 4 Cuws MIROC6
45 039 gusio +[AA JI /Y5 I TSS lyuss o5L CMIPS sla Jdo (sly sl «/0A L 3l CMIP6 sla Jido (gly lade oyl 5 «/0F
ool gilwans > (/AA) TSS Jluds oy 5 i glyls CMIPS-MME  Jao ¢ (+/¥Y) TSS jlade (508 lyl> CanESM2 Jus
CMIP6- Jas o Jdo (pl o 5l &S 039 o </AF I +/+Y JITSS @l 50 CMIP6 (slaJio b alaly o s olpl (gl
oled o j o IS ysbbds i TSS jlude oy 530S sy (+/+Y) INM-CM4-8 Juo o (+/2F) TSS jlde oy i sl MME
5 ot L cui 4 CMIP6 I INM-CM4-8 Jae s CMIP6 (sla Jas (s3las CMIP 0jgys 95y 5l o oslil (sla o

CMCC- yoopp oo daJio jl Jus o (golon 8,5 Ja5 10 (el cdiiads ol (gl ()b juxite (il 3 Cubil oy 508
a2l 1 it ol 45 35,0085 1 650 8o CublB 1 eyl 4 Cumi CMIP6 5 BCC-CSM2-MR 3 CMIPS ;I CM
.Cuol Zabihi and Ahmadi (2024) 4 Abbasian et al. (2018) lewgs o plodl Glalllas b gollao oy

ACCESS-CM2
ACCESS1-0
ACCESS-ESM5-1
ACCESS1-3
BCC-CSM2-MR
BCC-CSM1-1-m
CanESM5
CanESM2
CMCC-ESM2
CMCC-CM
EC-Earth3
EC-EARTH
FGOALS-g3
FGOALS-g2
GFDL-ESM4
GFDL-ESM2G
INM-CM4-8
INMCM4.0
IPSL-CM6A-LR
IPSL-CM5A-LR
MIROC6
MIROCS
MPI-ESM1-2-HR
MPI-ESM-LR
MPI-ESM1-2-LR
MPI-ESM-MR
MRI-ESM2-0
MRI-CGCM3
NorESM2-LM
NorESM1-M
CMIP6-MME
CMIP5-MME

T T
00 01 02 03 04 05 06 07 08 09 1.0 11 1.2

(30,8) CMIP5 4 ( ) CMIP6 (glaJuo i oyl 3! ;3 YAYT-Y ¢+ 0 2,93 (b o (5 lwdunsd dildlo (5L TSS Lo .V IS5

Figure 3. Taylor skill scores of simulated monthly precipitation during the period 1976-2005 in Iran under CMIP6 (blue) and
CMIP5 (red) models
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Figure 6- Time series of annual average precipitation of observational and simulated values by CMIP5 and CMIP6 models along
with their relative bias
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Figure 7- Observed and simulated monthly average precipitation by climate models along with their relative bias
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Figure 9- Monthly average simulated precipitation for the periods 2026-2050 (left) and 2075-2099 (right), under the SSP1.26 and
SSP5.85 scenarios, compared to baseline observed precipitation
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