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the Khazar (Caspian) Sea Basin by Evaluating
the Effect of Bias Correction Methods and
Using Ensemble of CMIP6 Climate Models
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Abstract

General Circulation Models (GCMs) are indispensable tools
for understanding future climate change. However, these
models introduce several sources of uncertainty into the
environmental and hydrological models with regards to
climate variables and assessing the effects of climate change.
Moreover, the utilization of GCM output data requires an
evaluation of its accuracy in comparison to observational data.
The aim of this study is to compare the outputs of 13 CMIP6
models with observations using two bias correction methods
called Quantile Mapping and Linear Scaling, along with a
Bayesian model averaging approach. To explore the future
changes in temperature and precipitation variables in the
Khazar (Caspian) Sea basin, climate model simulations in two
scenarios, SSP245 and SSP585, were chosen. The results
showed that the quantile mapping method, despite its better
performance in modifying climate models, is inefficient in
stations where the bias is unstable over time and the correction
is not done properly. Also, using the Multi Models Ensemble
(MME) provides a higher level of accuracy than individual
models. Although model averaging after bias correction
reduces the extreme fluctuations of the time series, it has a
better accuracy and performance than the second method
(model averaging before correction and then applying bias
correction). The findings showed that the average precipitation
on Khazar basin for the two scenarios, SSP585 and SSP245, is
not statistically different from the observational periods and
ranges from 0% to 6% for both the near-future period (2021-
2050) and the far-future period (2051-2080). The average
temperature under the SSP245 (SSP585) scenario will rise 1.67
and 3.14 (1.8 and 3.65) °C more than it did during the
observational periods for the near-future and the far-future,
respectively.
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Fig. 1- Spatial distribution of the studied synoptic stations in Iran's Khazar (Caspian) Sea Basin
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Table 1- Information of studied synoptic stations
axdllao 390 Sy i (SO SleMbl - Jgan

. . . - Mean Mean
Province Station Station Longitude  Latitude Altitude Ienth of precipitation temperature
Name Name Code (m) period .
_ (mm) ()
Azarbayjan- 40703 45.00 38.56 11034  1961-2014 2925 12.61
e-Gharbi
Gilan Bandar- 45718 49.46 3748  -236  1961-2014 1775 16.26
E-Anzali
Gilan Rasht 40719 49.62 37.32 -8.6 1961-2014 13375 16.20
Zanjan Zanjan 40729 48.52 36.66 1640.7 1961-2014 307.5 11.42
Mazandaran Ramsar 40732 50.68 36.90 -20 1961-2014 12175 16.10
Mazandaran Babolsar 40736 52.65 36.72 -21 1961-2014 903 16.90
Golestan Gorgan 40738 54.41 36.91 0.0 1961-2014 574.50 17.71
Table 2- Information on the ARG climate models used in this study
axdllao (! > 03wl 3,90 ARG _soulBl sl Jao OleMb! -Y Joua
ID Model Name Institute Resolution (Lon. x Lat.)
1 ACCESS-CM2 Australian Community Climate and Earth System 1.875x1.25
Simulator (ACCESS)
2 CMCC-ESM2 Centro Euro-Mediterraneo sui Cambiamenti Climatici 1.25%1.875
3 CanESM5 Canadian Earth System Model 2.81x2.81
4  EC-Earth3-Veg-LR The EC-Earth-Consortium team of European institutions 0.7x0.7
and organizations
https://catalogue.ceda.ac.uk/uuid/12bla22e184e4fba8h7ce6f25ff9e58d
5 FGOALS-g3 Chinese Academy of Sciences (CAS) Flexible Global 2x%2.25
Ocean—Atmosphere—Land System
6 GFDL-ESM4 Geophysical Fluid Dynamics Laboratory (GFDL) 1.25x1.00
7 INM-CM4-8 Institute for numerical mathematics, Russian Academy of 2x1.5
Science/Russia
8 INM-CM5-0 Institute for numerical mathematics, Russian Academy of 2x1.5
Science/Russia
9 MIROC-ES2L Japan Agency for Marine-Earth Science and Technology, 2.8x2.8
Atmosphere and Ocean Research Institute, National
10 MIROCG6 Institute for Environmental Studies, RIKEN Center for 14x1.4
Computational Science
11  MPI-ESM1-2-LR Max Planck Institute for Meteorology/Germany 1.875%1.875
12 MRI-ESM2-0 Meteorological Research Institute (MRI) 1.13x1.13
13 NorESM2-MM Norwegian Earth System Model 2.5x1.875
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GCM data: 13 CMIP6 Modes (SSP585-SSP245)

Baseline: Observed climate data (1961-2014)-Khazar basin
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Fig. 2- The overall workflow process in this study
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Nash-Sutcliffe Efficiency
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Fig. 3- Ranking of 13 uncorrected precipitation climate model outputs at station gages according to various
criteria
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Fig. 5- Mean ranking of evaluation criteria at station sites based on 13 climate model outputs on
precipitation (a) and temperature (b)
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Fig. 6- Changes in RMSE, MAE, and CC of the corrected outputs using quantile mapping and linear scaling
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o Min 1.74 1.30 136 103 094 0.97
§ Max 3.36 2.38 251 183 097 0.98
5 Max-Min  1.62 1.08 115 080  0.03 0.01

YFoY 5l oF 8 loud p23595 Jw (ol ! O pulio Wl

Vay

Volume 19, No. 4, Fall 2023 (IR-WRR)



conyliw 90 s Cod dod b alayly jd dad o s delSiu] plos
Lgy 3] SSPSBE g3l j> a5 59 o0 odmliie Lod jd _oudul38l Wg,
Pl ilialagy 8,5 5 oo (oo bolKiul jd .l pasads
oSl ¥ ool 0 Lo Lials Wgy boodd (gjlwans glaedly

2 o9Sae §yS s (pen I3 o L |y jogSae gpSCas
Gl dgpiie (83505 b 35 sy 0Kt

o 2ol &S il oo ddlllas oyl 5l ol ol & B |
Bl 4y d gl ddg Sy il (slaolSin] > aslil (cla e
olgie 4 onldl (gl Jao S)las )3 Cglis rizman 5 o] glite
2 ol 28l Sglite Wlgie o)l gonal slagty; 3959
O g0 Slllhae (o pl lisee gblie sl 5 Slads> S5 lide
> g bod g Uiyl Rl g Gl 5l Gglise ol Sl e 48,8
L oS sl gols 4 deldl o S &l ) bl @l ol

4 oyl Gilise gblio g5, peted L3yl (soslil bn o 51 olizl
) 005 o)Lf:‘ uo].))) ) 9 O")L )

» &5 ErshadFath et al. (2022) o8l clo 5,55 i (slaasl
S slmoyed dan p3 0l lis w1038 )8 e ylhen adg (g9
Juad 53 5 ialS Gl ohog 4 5 sl sladuad 3 ()L ias
093 dus 3 )3 digdliy § AineS (SLod ¢pizred b oo SRl e
Eaooxe jd g Cdl dales il J.a:(j Bl g ks dw cod g
SR i 9o dlate sln ) UMk a8 5 )5 (ol
aYlo lod Zareian (2022) adles joluly Sy 168
M)S il sy /F L /Y o calisie glaolKis! jd 55 kil
il sl LilS aops WAV B Y/ o 0 o5k 5 il
wibate cpl )3 (Sl GRS 9 Lo (LaliBl (liee o i pioeen
Zarrin & b xalgd Fy 5ol ad 5 4l Jead 3 e 4
ol 1y b Sleld g s s oy Dadashi (2022)
2 48 Nty xS cpl 4 W3S e olpl Soj el ase
05 5 4es)l 035 Gl supl Ade> a3 ohg 4 ade ae
S0k e 5k b oelyen slajsy Rl i g8
2 Ny &l > Gk e g 5oy 5 53 GBIl 9 oo
a8 39 VLo iyl Gisl58l & gie g 009y HIS ST AVl IS 550
dod yusio ay dlayly )3 (i )b Slgteen wils iagd gls b
dilisee glag b cov san] b il dilise oldlas

23)S 6

codll (gL yaiho (5N pby —F-F
sosl8l Jao WY (g9) 008 plosl sl Jilow bl (imggy ol
Sly yn gladie bl o CMIPE i SIS 6y
P9y ool ab 485 a ¢ Sl adgx (g5 oK) 2
Sy canlin 5] s (S ol & s Sz SIS
dloa jloslatul ol lis guls ymisres (sl b Jdo o)) uzuai
o) rie xS onSlbe g I edlatul b (edldl sla e
3 odal Candy Sloj gy (Simsed Juoyd (b Jre o)) 2!
ol 53w il ) las glalas g EI381 1) ()l (g0 )90
S oy 4 035 ol sla bl ) (spSente b i
Al ¥r 03l 50 9 addS dlw YV (gojl 90 0 bod 5 (o)L &lyuss
Db Gl ey 4 oY Jodo 50 zols ol odd adlyy ois]
P bd g il s Ske uised sl sdd &)l Ld
dwles IDW (g 4 adlllan 3,90 adg> (g9 cilisen (slrolSins|
()b gl )93 )3 9950 dlax Mo ¥ 5 ¥ oo Bl o anl 05
P95 039 )3 9 yube 08 g0l (sla gl I Slaalio (S0l
Sle wainl 0)93 5 el juy Slualie ) (giluand ( Su,b
4 Cans g RalS Jol (Fuyleyed > clialie 4y cond (51
ool a8l (158l pad (Zu )l 0yed 50 (gilwandd ¢ wlialin
Cound SSP585 g3 )l s 5L ¢ Jgl oail jd 48 el 5y 4
lboygs b dod yuite ol Al (gt Liol33) SSP245
53,05 (ol Bl Ligy g2l 93 0 13 g ol 4 b axslS ) il
el by SSP2A5 &) s SSP5B5 g liws s il oyl
i A 5 WY (oSS ) ()Rt S e e cax
L ol yo SSP585 4 SSP245 ¢ i 45 o od g byl oy
Gl 0l ) Shalie g (Su,b el (gilwands Lo/ 5L
el oo | s 6 Slo Lol 09 (el 6,8
S alS o (gl ssds ponl Bl sla Jao ond ()
a2 Mo o polailon . Cunl 048 (s 5 dbgyjo g ¢ Sloj Slas
Sl gl 9> o i)k wly N @ dede
oy M eou 5 B o psbplen Bk )5 5pSeis
Sjlme Sl a8 ub cottie (on)l el e 5 (S
o bciand Joaad el bl adisy o 20 1) guls cds walizes
Ml polis ¢ Slaalie o)l b duglis 3 1 25 o (Sloj (s
ol b e e b (ol s lyemi (Su )l g ()0 ke ol
31y gl LinlEl K YodA Lo y> SSP245 gy s o o

YFoY 5l oF 8 loud p23595 Jw (ol ! O pulio Wl
Volume 19, No. 4, Fall 2023 (IR-WRR)

Vay



n

>

=}
1

Bandar-E-Anzali

E E 2500 -
E 400 E
£ £ 2000},
£ 300 5
= =2 g
2 = |
-g 200 E 1500
o S
=% =%
100 1000 : - . : - !
19 1960 1980 2000 2020 2040 2060 2080
~ 2000 ~ 500 r
£ £
E E 400
= =
S 1500 - 2
5 \ £ 300
=2 =
=) R=) 200
9 >3
£ 1000 o
=% =%
: : - - : ! 100 - ' - - ' '
1960 1980 2000 2020 2040 2060 2080 1960 1980 2000 2020 2040 2060 2080
Year Year
Ramsar Babolsar
~ 2000 | ~ 15001
£ £
g g
g s :
< < 1000 |
= = o
241000 | Ry
9 9
3] (3]
S S
=% =%
500 . : - : - ! 500 - - : : : !
1960 1980 2000 2020 2040 2060 2080 1960 1980 2000 2020 2040 2060 2080
Year
~ 800 r
£
E 700}
g | Observational data
Z 600 — — — — Historical data
g p — = = = Scenario data/SSP245
% 500 - Scenario data/SSP585
P
& 400

1960 1980 2000
Year

2020 2040 2060 2080
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using Bayesian averaging method
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using Bayesian averaging method
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Table 3- Cumulative annually precipitation (mm) changes for 2 historical periods and 2 future periods
00512593 ¥ g (S 090 ¥ (gl (202 (o suo) AWl (i )b Ol ptd Y Jou>

1961-1987 1988-2014 2021-2050 2051-2080

PR (mm) Observation Historical Observation  Historical ~ SSP245  SSP585 SSP245  SSP585
Khoy 327 291 258 293 297 297 299 291
Bandar-E-Anzali 1832 1786 1718 1768 1804 1817 1816 1827
Rasht 1349 1343 1326 1331 1355 1372 1372 1380
Zanjan 326 310 289 306 315 318 319 317
Ramsar 1223 1217 1212 1219 1239 1247 1253 1241
Babolsar 885 901 921 908 921 943 935 940
Gorgan 629 570 520 581 590 598 599 598
Weighted Mean 843 819 792 818 833 842 842 842

YFoY 5l oF 8 loud p23595 Jw (ol ! O pulio Wl
Volume 19, No. 4, Fall 2023 (IR-WRR)
ARYA



Table 4- Average temperature (°C) changes for 2 historical periods and 2 future periods
031 2,95 ¥ g (Bu,U 0,95 ¥ (g (51,5 cilw an 53) Lod (paSilue ol gty —F Jou

) 1961-1987 1988-2014 2021-2050 2051-2080

Tem (°0) Observation Historical Observation  Historical SSP245  SSP585 SSP245 SSP585

Khoy 12.61 12.12 12.61 13.10 14.91 15.02 16.76 17.35
Bandar-g- 16.01 15.92 16.50 16.59 1771 1781 1893 19.30

Anzali

Rasht 16.39 15.83 16.00 16.56 17.80 17.91 19.14 19.55
Zanjan 11.91 10.95 10.93 11.89 13.58 13.70 15.40 16.01
Ramsar 15.77 15.78 16.42 16.41 17.49 17.60 18.69 19.07
Babolsar 16.42 16.59 17.37 17.20 18.21 18.34 19.35 19.78
Gorgan 18.04 17.35 17.37 18.06 19.29 19.45 20.68 21.24
W'(\a/ilgg;];ed 15.09 14.64 14.96 1541 16.76 16.89 18.23 18.74

135 5 Sl —F
el 65,5 o] Y]+ 18] L oslesd 313,15 51 (WRM) ),

1- Global Climate Model (GCM)

2- LARS_WG

3- Bayesian Model Averaging (BMA)

4- The sixth phase of Coupled Model Intercomparison
Project (CMIP6)

5- Precipitation (Pr)

6- Maximum and Minimum Temperature (Tmax and
Tmin)

7- Mean Bias

8- Root Mean Square Error (RMSE)

9- Nash-Sutcliffe Efficiency (NSE)

10- Coefficient of Correlation

11- Sen's Slope Estimators

12- Mann-Kendall Statistic

13- Mean Absolute Error (MAE)

14- Linear Scaling (LS)

15- Quantile Mapping (QM)

16- Posterior Probability

17- Multiple Model Ensemble (MME)
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