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Given the complexity of the climate system and the non-linear relationships
between the ocean and atmosphere within this system, it is imperative to
comprehend and consider the uncertainties that stem from different sources.
Understanding and accounting for uncertainties play a crucial role in
predicting climatic variables and facilitating a comprehensive evaluation of
greenhouse gas mitigation and adaptation policies. The objective of this study
is to quantify the uncertainties in historical and future average monthly
precipitation by employing various General Circulation Models (GCMs), bias
correction methods, Shared Socioeconomic Pathways (SSPs) scenarios, and
seven projection periods. To achieve this, the outputs of ten GCMs were
adjusted using nine quantile mapping bias correction methods for the
Rafsanjan study area, and a suitable method was chosen to analyze the
uncertainties of SSPs and projection periods. Two statistical criteria, namely
the standard deviation and interquartile range, were utilized to measure the
uncertainties. The results revealed that the standard deviation and interquartile
range of average monthly precipitation were lower during the historical period
compared to the projection period. This difference was determined based on
the selection of bias correction methods and GCMs. Furthermore, for both the
historical and future periods, the STDEVs and IQRs of average monthly
precipitation were lower depending on the type of bias correction methods
rather than the type of GCMs. In general, the uncertainties associated with
projection periods and the type of GCMs are higher during future periods
compared to other sources of uncertainties such as bias correction methods and
SSP scenarios. This highlights the necessity for a more accurate analysis. This
study contributes to an enhanced understanding of the inherent uncertainties in
climate change projections that arise from various sources.
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Figure 1. A framework for methodology
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Figure 2. Location of Rafsanjan study area
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Table 1. Characteristics of general circulation models (Shishehgaran et al., 2024)
Models Resolution (lonxlat) Institution/Country
ACCESS-CM2 1.87°X1.25° Commonwealth Scientific and Industrial Research Organization, Australia
BCC-CSM2-MR 1.12°X1.12° Beijing Climate Center China Meteorological Administration, China
o o Centre National de Recherches Météorologiques- Centre Européen de
CNRM-ESM2-1 Larrxlal Recherche et de Formation Avancée en Calcul Scientifique, France
EC-EARTH3 0.35°%0.35° EC-Earth Consortium, Europe
GEDL-ESM4 1.95°%1.00° Nationa}l Oceanic and Atmospheric Administration, Geophysical Fluid
Dynamics Laboratory, USA
IPSL-CMBA-LR 2.5°X%1.3° Institut Pierre- Simon Laplace, France
Atmosphere and Ocean Research Institute National Institute for
MIROC6 1.41°X1.41° Environmental Studies (The University of Tokyo), and Japan Agency
for Marine-Earth Science and Technology, Japan
MPI-ESM1-2-LR 0.94°Xx0.94° Max Planck Institute for Meteorology, Germany
MRI-ESM2-0 1.12°x1.12° Meteorological Research Institute, Japan
NorESM2-MM 2.50°%1.89° Norwegian Climate Centre, Norway
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Table 2. List of quantile mapping methods used in this study

Statistical Transformation Method Formula
Scale Pn- — me
linear P,=a +bP,
power _ ppt
Parametric Transformation Po =bPy
power.x0 P, =b(P, — x0)°
—
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expasympt.x0 Py=(a+bP)(1—e T )
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Table 3. The evaluation metrics used in this study

Name

Formula

Notes

Nash-Sutcliffe (NSE)

Mean Absolute Error
(MAE)

Root Mean Square Error
(RMSE)

Percent Bias (PBIAS)

Y X)) ~ T X))
T (Zo(K,) — Zo(K )2

N

1

D 12w (X,) ~Zy(X))
1=1

[ %
1
3 2. B %0~ Zo(x)”
i=1
Y21 (ZolX,)~Zn X,)
T Zo(X)

Range: -co <NSE < 1, unitless, larger is
better, does not indicate bias.
Range: 0 < MAE < oo, data units, smaller
is

better, does not indicate bias.

Range: 0 < RMSE < o, log data units,
smaller is better, does not indicate bias

Range: -oo < PBIAS < oo, Percent, near to
zero is better, indicate relative bias.

. - Range: -oo < KGE < 1, unitless, larger is
- =]
Kling Gulp()téEEffluency 1- [(r—17+ (ﬂ -17 + (M -1 better, merge correlation, bias and
(KGE) \ Href Ore  Hret variability.
6.y
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Figure 3. Bias corrected average monthly precipitations from different bias correction methods for all GCMs at
Rafsanjan study area for the historical period
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Figure 4. (Left) Standard deviations (STDEVs) and (Right) interquartile ranges (IQRs) of bias-corrected average
monthly precipitations of nine bias correction methods for the historical period at Rafsanjan study area
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Figure 5. Bias corrected average monthly precipitations from different bias correction methods for all GCMs under
SSP scenarios at Rafsanjan study area for the projection period
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Figure 6. Mean STDEVs (Left) and IQRs (Right) of bias-corrected average precipitations of 9 bias correction
methods for the projection period under SSP scenarios at Rafsanjan study area
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area for the historical period
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Figure 8. STDEVs (Left) and IQRs (Right) of the bias-corrected average precipitations of 10 GCMs for the historical
period at Rafsanjan study area
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Figure 11. Evaluation metrics of simulated historical precipitation by GCMs for every bias correction method
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Figure 12. Average monthly precipitations of GCMs for the projection period under SSPs 1.26, 2.45, 3.70 and 5.85 at
Rafsanjan study area
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Figure 13. STDEVs (Left) and IQRs (Right) of the bias-corrected average precipitations of four SSPs for the
projection period at Rafsanjan study area
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Figure 14. Monthly precipitations of 10 GCMs under SSP scenarios for six 10-year and one 9-year periods at
Rafsanjan study area
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Figure 15. Mean STDEVs (Left) and IQRs (Right) of the bias-corrected average precipitations of six 10-year and one
9-year periods under SSP scenarios at Rafsanjan study area
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Table 4. STDEV and IQR analysis results of GCMs and bias correction methods for the historical and projection period

Uncertainty in GCMs Uncertainty in Bias Correction Methods
Model Historical Future Method Historical Future

ode STDEV ___IOR __ STDEV __IOR etho STDEV __IOR __ STDEV __IOR
ACCESS 2.8 3.0 55 41 expasympt 2.9 35 3.2 25
BCC 74 2.6 6.1 5.5 expasympt.x0 25 34 3.3 4.2
CNRM 8.0 43 11.0 4.2 linear 14 1.9 34 3.3
EC-Earth 6.8 125 5.2 5.8 power 4.2 3.9 8.7 5.9
GFDL 6.4 3.8 7.6 6.5 power.x0 2.7 2.2 4.6 6.0
IPSL 10.5 4.8 8.0 8.8 QUANT 0.3 0.3 0.4 04
MIROC 9.1 5.0 9.7 10.0 RQUANT 0.2 0.3 0.5 05
MPI 2.6 0.8 4.7 3.0 scale 14.8 114 12.9 115
MRI 75 6.0 74 11.3 SSPLIN 2.1 2.1 3.3 24
NorESM 4.0 4.3 6.3 9.0 - - - - -
Average 6.5 4.7 7.1 6.8 Average 3.4 3.2 4.4 4.1

Table 5. STDEV and IQR analysis results of SSP scenarios and different projection periods

Model SSPs Periods

STDEV 1QR STDEV IQR
ACCESS 0.8 11 15.0 20.3
BCC 0.4 0.3 10.2 13.3
CNRM 05 05 12.1 12.4
EC-Earth 0.7 0.8 11.3 15.7
GFDL 0.6 0.4 12.2 15.3
IPSL 05 0.6 13.0 135
MIROC 05 0.4 10.1 11.8
MPI 0.8 1.2 12.9 17.0
MRI 0.4 0.4 11.0 11.7
NorESM 0.3 0.2 8.1 10.8
Average 0.6 0.6 11.6 14.2

pae %03 Uiie 4wl e )Souin oy sl odbdmle (Sily e deld g lae Sldl (S5
5 ol geoeal gl hy) GCM Q! &) Cond (@Y Cudal pis e Sl (S)lisr g 0350 (o0l slocualad
C g (S i (slboygd (gly sdalcwnddy Sl le diels g jlae Clysul Hlade 505,95 5 SSP clavg
ot Gl (6t oy 5l w45 GCM Clbsesl 515,90 ¢l polie ol g 030 VE/IY g VV/E L il
Obrad)y Slllas bdga0me > a5 0,8 bl s e o ( LS ysbds sl FIA 9 VIV L ply s Cuslad pas
ol pte )Rk plateds cawlio GEM Q] l I aw g adlllae (51895 QL sl (A)b 359l 0 cax
@YU ol sl gllas gl g Babigjloand sloodls Pl Can o)) guonal by Gl 4 s
el S oy 9 C83 Majls g 0392 513,95
8y90 )0 Cushdpae e VLl sladles b 50 (2015) Zhao et al. « Jxb ddllas | ol zols silen
Mandal and Simonovic ddllae (claasl bl xS o 5)55 CMIPS odlél cla Jao (sl (ol 8,95 4y Casnd S
4 S (o)l el slaby) Ll Cualad i line (199:VL 0L ol ddlllas (slaaidl SMS , (2017)
s M, 55 (2020) Song et al. iash 5l Jobs zuls o pd .l RCP (slag )l o WGCM sl
ol By byg > BOCM & s o)) g slosbyy Comlad pie VL S cypils dalllas
P S Ghe 0k 890 lp sl pile gl laall L Billae & gedge (pl pSep &S Jp



VFF 090 o lass ot ylg 0,490 o sylol 9 of o pto EAY

WBGCM & (3lxie Cosbad pie (30505 b cn ol j e fa )5 8)90 (sl 42020) Song et al. axllas
adlas 5| Jols zuli a8 Jbjs ol RCP (slagy )l 5 5T (slooyod ¢ lllan 83games « o)l gumead (sl s,
gl 5 03 ol pic slaliie plo & Cons ST laoygd Cuslad pae 39V Sibles (b

Ak Cuslad pas i 508 gl sadeslail

S O
1950 (565 Dol (lomidy Slallas 83g1ome (dlyy Gl (5Lt 2 Carlad pis L oy b Al b
slioygd —F 5 SSP ¥ daGCM —Y ¢ guonass (slaisbgy — J 45 )he ol sy slnciaebsd pte S 3
Gl o3 st polie 3ol (o) gl gy & J) 038,53 Slge Cuskad pas iy St 5
5,99 Lid , SSP5.85 5 SSP3.70 SSP2.45 SSP126 (o)l Jon Cov s> oges (30,5 Jdo Ve lawg
Ol &l g jlxe GBlal jlze 93 4 dngi b 3j90 o Cuslad pas 1 odlaiw] allw & 8y S5 g Al Vo (6, i
gl Cusbd pas )y livl) 1 )l oral qulie (hg) Sl polatedy (Bib Al (gilueS (Sl
s 43,5 odliil RMSE 5 NSE MAE PBIAS KGE _ibj)l clojbms ) syt slooygs 5 e
88 ) jlage Curlad pae Lie 4y bgypo (sl 15y 5te (SBGCM oles  wlale (o)l bauwgie (60 eis

Tl B9y €95 bl )k SOl e Al g jlixe Blyoal ()b 0)93 (sl a5 ol i b ol s
S Olee &eld g 5lne Bl 0ai] 5 (ol glooygd )3 (pizes il FoS (51890 4 Cuns GEM g (o)
)l Al gy £ s odddslne (Sl e Al g jlas Sliodl I St GEM g eluly ()L
sl (6Kt S0y 4 bgrpe 55 ol (v Sk 9 SSP slagy b OBl 4 3late Cuabad e (o 5S
b pie (505 Uik 9 & Cos GOM sl 5 (6,550 slooygd Conbad pie ¢ 51 8,90 (gl IS poboe,
SRk 9> Ll cplpll s (65383 2Ly dejls g 03 Fiten (WSSP 5 (o)l moval clasby))
Oy 83940 )3 ol Kgy e oy Slisly 13 Bk (ol e (gludend Can cuslie GEM 5 Csllas
sl 52500 SSP (g1l g (o) g gy B ) St s ol sl

5 S5l &y bgrye saslil clacuslad pis I clodas pges ckibde i oyl il s &S joblan
s 58 Csbly (5l 58 (ol lare (b Jus 4538 (hgel ) s g sl (ol sl Jre (55554
> Cugb) bwgie gdaw o (Shen et al., 2018) o> 5 ()b 6K 2 e (nl 25 LB pali 4 &5 g psboa;
9 o90s D)5 sla e I (edgame Dlust 4y g b U Ll o o)Ll (Liepert and Previdi, 2012) sl
5 Dygoty aalla pl > Cuabad pis ) (o390 350 (il dalllas > eudoslitul o)l sl (sla by,
a5 @dlon Jao I ool (o8l clog, Sk b ladye lacualsd pas 53505 25l Car g Cusl oas 1))
Oladllas (o il 0065 S8 Wilg o (o)l pusnal sl by ple g e (LGCM I xowg dlasi (6,5,
pis dox |55 (6500 slacabd pis (l wlie p S (edlll o, Kinte Curkd pae L) 4 by
035 (5 )lel leipsliiofs; (slosbgy b (sl ol late ( Sifglsytm Juo 4 (395 sloodly Conlad
Joe syl o (Soiglornm Juo jldlo Glaise dilaie (gl orldl (slo Juo (0g5) b 2biigy 5 &l
G J L5y pypai90 s ool (slacalad pac Lt S twd ol Col Sl g it S5 (S5lg
oS ot pus 3y g 039 Cglite Slllae (slaodgume o> ol Sl ik il ) Jobs @l



AV e g o)y o i/ e o)) e (5l ydgy 9 BGCM (55,54 b ailblo )b b ote b))

B gt oF
. General Circulation Models (GCM)
. Coupled Model Intercomparison Project (CMIP)
. Working Group on Coupled Modeling (WGCM)
. Emission Scenario
. Concentration Scenario
. Parameterization
. Reliability Ensemble Averaging
. Extent
. Reliability
10. Han River Basin
11. Square Root Error Variance
12. Bernoulli-Lognormal (BL)
13. Distribution Derived Transformation (DDT)
14. Parametric Transformation (PT)
15. Non-Parametric Transformation (NPT)
16. https://climate.copernic us.eu/
17. Quantile Mapping (QM)
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