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Application of entropy weighted TOPSIS method for selection of general circulation models
WANG Jie'"? , LI Zhanling!
(1. School of Water Resources and Environment ,China University of Geosciences (Beijing) ,Beijing 100083 ,China;
2. Shandong Survey and Design Institute o f Water Conservancy s Jinan 250013, China)
Abstract: The Technique for Order Preference by Similarity to an Ideal Solution (TOPSIS) method is widely used in resolving
the multi-objective and multi-indicator decision making problems in published literature. In this study, TOPSIS was applied to e-
valuate the performance of precipitation simulations obtained from 18 General Circulation Models (GCMs) over the upper rea-
ches of the Heihe River basin. Firstly, six indicators, such as mean value, normalized root mean square error, coefficient of varia-
tion, Mann-Kendall trend analysis statistic value, coefficient of inhomogeneity and Pearson correlation coefficient were used in
the evaluation process. Secondly, the weight of each indicator was determined by using the entropy approach,and finally GCMs
were ranked based on the entropy weighted TOPSIS method. The result showed that: CSIRO-Mk3. 6. 0 ranked 1st,and there-
fore was selected as the best alternative selection in precipitation simulation during the period of 1960 to 2005 over the study ar-
ea. BNU-ESM ranked the last and was the worst alternative selection. The result was quite comparable with the traditional
method of the rank score. Compared with the observations during the period of 2006 to 2015,CSIRO-Mk3. 6. 0 model also per-

formed the best and BNU-ESM performed the worst in predicting the precipitation for the same period. Thus,it was concluded
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that the TOPSIS method could be applied in the similar studies since it has a rigorous theoretical basis,no requirement for data

sample size,no loss of information in the calculation process,and easy to calculate.
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Tab. 1 Basic information of 18 GCMs

b= (5N A i) RUBE IIPERC) Hx
1 ACCESSL. 0 A 1.875X 1. 2414 WUKH|W
2 BCC-CSML. 1 A 2.8125X2. 8125 ERTE|
3 BNU-ESM H 2.8125X2. 8125 i
4 CanESM2 H 2.8125%2.8125 gk
5 CCSM4 A 1. 25X0. 9375 FH
6 CNRM-CM5 H 1. 40625X 1. 40625 [
7 CSIRO-Mk3.6.0 A 1.875X1.875  MWAFT.
8 FGOALS-g2 H 2.8125X3 ]
9  GFDL-CM3 A 2.5X2 [
10 GISS-E2-H H 2.5X2 EaE!
11 GISSE2-R A 2.5X2 e
12 HadGEM2-ES H 1.875x 1. 2414 5|
13 INM-CM4 H 2X1.5 2
14 IPSL-CM5A-LR H 3.75%1. 875 |
15 MIROC5 A 1. 40625 X 1. 40625 HZ
16 MPI-ESM-LR H 1. 875X 1. 875 i
17 MRI-CGCM3 A 1.125%1. 125 HZ
18  NorESMI1-M H 2.5X1. 875 5191
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Fig. 1 Locations of meteorological and rainfall stations in the upper reaches of Heihe River basin
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Tab. 2 The original and the normalized indicators for evaluating the performance of 18 GCMs in precipitation
simulation (1960 to 2005) over the study area
fitn
5N Mean/mm Cy CL NRMSE r
JRIRE H—LfE R Bl FIRE BE RRE Al FRE BE RRE Al
ACCESSL. 0 47. 66 0. 37 0.77 0. 39 —0. 96 0. 07 0.32 0.49 0. 94 0. 53 0.73 0.52
BCC-CSML. 1 46. 69 0. 36 0. 65 0.16 0. 68 0.43 0.21 0. 10 0. 96 0. 55 0. 64 0. 36
BNU-ESM 76.62 1. 00 0. 56 0. 00 3.28 1. 00 0.19 0. 00 1.76 1. 00 0. 61 0. 30
CanESM2 50. 68 0. 45 1.02 0. 86 —0.09 0. 26 0. 40 0.79 1.11 0. 63 0. 84 0.71
CCSM4 49. 05 0.41 0. 86 0. 56 —0. 37 0. 20 0. 33 0. 53 0. 99 0. 56 0.78 0. 61
CNRM-CM5 55.17 0. 54 1. 00 0. 81 2. 00 0.72 0. 37 0. 67 1. 27 0.72 0. 82 0. 68
CSIRO-MK3. 6. 0 38. 99 0. 20 1.07 0. 94 —1.29 0. 00 0. 40 0.79 0.77 0. 44 0. 82 0. 68
FGOALS-g2 40. 05 0.22 0.62 0.11 0.76 0. 45 0.22 0.13 0.91 0.52 0. 54 0.18
GFDL-CM3 46. 24 0. 35 0.75 0. 36 —1.21 0.02 0. 26 0. 28 0. 88 0. 50 0.75 0. 55
GISS-E2-H 59.13 0. 63 0.72 0.29 —1.01 0. 06 0. 25 0. 24 1. 27 0.72 0.71 0.48
GISS-E2-R 48.53 0. 40 0. 60 0. 07 0. 98 0. 50 0.19 0.03 1. 14 0. 65 0. 44 0. 00
HadGEM2-ES 46. 03 0. 35 0.82 0. 47 —1.07 0. 05 0. 34 0.57 0.93 0. 53 0.73 0.52
INMCM4 55. 86 0. 56 0. 67 0. 20 2. 00 0.72 0. 26 0. 26 1.25 0.71 0.58 0. 25
IPSL-CM5A-LR 32. 34 0. 05 0.61 0. 10 —0.07 0.27 0. 20 0.07 0. 81 0. 46 0.58 0. 25
MIROC5 58. 00 0. 60 0. 80 0. 45 —0. 39 0. 20 0.32 0. 49 1.21 0. 69 0. 80 0. 64
MPI-ESM-LR 47. 95 0. 39 0. 87 0. 58 —0. 20 0. 24 0. 31 0. 44 0. 99 0. 56 0.76 0. 57
MRI-CGCM3 31. 00 0. 03 0.93 0. 69 —1.25 0. 01 0. 36 0.62 0. 64 0. 36 0. 77 0. 59
NorESM1-M 37.40 0. 16 0. 82 0.48 —0. 39 0. 20 0.28 0. 34 0. 81 0. 46 0. 67 0. 41
S AL 29. 81 0. 00 1. 10 1. 00 0.41 0. 37 0. 46 1. 00 0. 00 0. 00 1. 00 1. 00

&3 ET TOPSIS G &1TMER 18 4~ GCMs X R i3l L e b 7k e 5L (1960—2005 £ ) By ANASUAR /1R 5% 46 B

Tab. 3 The entropy weighted indicators for evaluating the performance of Precipitation simulation(1960 to 2005)
obtained from 18 GCMs from (1960 to 2005) over the study area

X Mean/mm  Cv Zc C. NRMSE r (%Y Mean/mm  Cy Zc C.  NRMSE r
ACCESSI. 0 0. 06 0.09 0.02 0.10  0.03 0. 06 GISS-E2-H 0. 10 0.07 0.02 0.05 0.03 0. 05
BCC-CSML. 1 0. 05 0.04 0.11 0.02 0.03 0. 04 GISS-E2-R 0. 06 0.02 0.13 0.01 0.03 0. 00
BNU-ESM 0. 15 0.00 0.26 0.00 0.05 0.03 HadGEM2-ES 0. 05 0.11 0.01 0.11  0.02 0. 06
CanESM?2 0. 07 0.20° 0.07 0.16 0.03 0.08 INMCM4 0. 08 0.05 0.19 0.05 0.03 0.03
CCSM4 0. 06 0.13 0.05 0.11 0.03 0.07 IPSL-CM5A-LR 0.01 0.02 0.07 0.01 0.02 0.03
CNRM-CM5 0. 08 0.19 0.19 0.13 0.03 0.08 MIROC5 0. 09 0.10 0.05 0.10 0.03 0. 07
CSIRO-MK3. 6. 0 0.03 0.22 0.00 0.16  0.02 0. 08 MPI-ESM-LR 0. 06 0.13 0.06 0.09 0.03 0. 06
FGOALS-g2 0.03 0.02 0.12 0.03 0.02 0.02 MRI-CGCM3 0 0.16 0.00 0.12 0.02 0. 07
GFDL-CM3 0. 05 0.08 0.01 0.06 0.02 0. 06 NorESM1-M 0.02 0.11 0.05 0.07 0.02 0. 05
2.5 AT GCMs #9FEKFfE L S K sk NARR A AR, X RCP 4.5 g 5T

SCHE A GCMs B4t 4 D7 58 B 7K AR 40 2]
2005.,2006 4F K LLJ5 ¥ )@ F AR R W E G, i
— i GCMs fff 3% 45 5 0 vl 58 ML i S0+
18 NGCMs X} 2006—2015 4ERF 5% X 1 K& 7K k47
A, I 5 5200 R KA E AT L # . DT T E Hh X
2006—2015 4F fE /K W4k 2 3 R 47 PERE A GCMs,
FE 2020 4FLAFT s BT AS [ S5 T i 28 A B 2
A, % B B o SR B HE O 2 RCP 4.5 4
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Tab. 4 Ranking pattern of 18 GCMs (1960 to 2005 and 2006 to 2015) over the study area based on the entropy weighted TOPSIS method
19602005 4F 20062015 4F
Fls &N
Dy Do Ca HE# Dy D Ca HE#
1 ACCESSI. 0 0. 21 0. 30 0.591 8 0. 28 0.17 0. 375 9
2 BCC—CSML. 1 0. 28 0.19 0.401 14 0. 34 0. 18 0. 349 11
3 BNU—ESM 0. 39 0.03 0. 080 18 0. 38 0. 08 0. 166 18
4 CanESM2 0. 10 0. 34 0.771 2 0.18 0. 27 0. 597 4
5 CCSM4 0. 17 0. 29 0. 638 4 0.18 0. 22 0. 556 5
6 CNRM-CM5 0. 15 0. 26 0. 630 5 0.15 0. 26 0. 630 2
7 CSIRO-MK3. 6. 0 0.12 0. 40 0.773 1 0.11 0. 29 0. 721 1
8 FGOALS-g2 0. 29 0.19 0. 401 15 0. 35 0.12 0. 246 16
9 GFDL-CM3 0. 24 0. 30 0. 556 11 0. 26 0.13 0. 338 12
10 GISS-E2-H 0. 26 0. 27 0. 505 12 0. 28 0.11 0.278 13
11 GISS-E2-R 0.32 0. 16 0. 337 16 0. 34 0. 07 0.175 17
12 HadGEM2-ES 0.19 0.32 0. 627 6 0.23 0. 21 0. 477 7
13 INMCM4 0. 28 0.13 0. 308 17 0.31 0.11 0. 257 14
14 IPSL-CM5A-LR 0.29 0. 24 0. 454 13 0. 33 0. 11 0.252 15
15 MIROC5 0. 20 0. 27 0.577 10 0.21 0. 21 0. 502 6
16 MPI-ESM-LR 0.17 0. 28 0. 620 7 0.23 0.15 0. 403 8
17 MRI-CGCM3 0. 15 0. 37 0.711 3 0. 14 0. 23 0.612 3
18 NorESM1-M 0. 20 0. 28 0. 586 9 0. 25 0.14 0. 361 10
%5 18 4 GCMs 1 B _EeResk fF BRI (19602005 £ ) By RS HEFF 45 2
Tab. 5 Ranking pattern of 18 GCMs Precipitation simulation(1960 to 2005) over the study area based on the RS method
[ 5y Mean/mm Cy Zc Cr NRMSE r RS 134 RSHE4  TOPSIS Hi4%
ACCESSL. 0 47. 66 0. 77 —0. 96 0.32 0. 94 0.73 4. 00 10 8
BCC-CSML. 1 46. 69 0. 65 0. 68 0.21 0. 96 0. 64 4. 17 11 14
BNU-ESM 76. 62 0. 56 3.28 0.19 1.76 0.61 9. 00 18 18
CanESM2 50. 68 1. 02 —0.09 0. 40 1.11 0. 84 3.00 3 2
CCSM4 49. 05 0. 86 —0. 37 0. 33 0.99 0.78 3. 67 8 4
CNRM-CM5 55. 17 1.00 2.00 0. 37 1.27 0. 82 4. 33 12 5
CSIRO-MK3. 6. 0 38. 99 1. 07 —1.29 0. 40 0. 77 0. 82 2.67 1 1
FGOALS-g2 40. 05 0. 62 0.76 0.22 0. 91 0. 54 3. 50 5 15
GFDL-CM3 46. 24 0.75 —1.21 0. 26 0. 88 0. 75 4. 83 14 11
GISS-E2-H 59.13 0.72 —1.01 0. 25 1.27 0.71 5.50 17 12
SISS-E2-R 48.53 0. 60 0.98 0.19 1. 14 0. 44 4. 33 13 16
HadGEM2-ES 46.03 0. 82 —1.07 0. 34 0. 93 0.73 3. 67 9 6
INMCM4 55. 86 0. 67 2.00 0. 26 1.25 0. 58 5. 17 16 17
IPSL-CM5A-LR 32. 34 0. 61 —0.07 0. 20 0. 81 0. 58 3. 50 6 13
MIROCS 58. 00 0. 80 —0. 39 0.32 1.21 0. 80 4. 83 15 10
MPI-ESM-LR 47.95 0. 87 —0. 20 0. 31 0.99 0. 76 3. 50 7 7
MRI-CGCM3 31. 00 0.93 —1.25 0. 36 0. 64 0.77 2.83 2 3
NorESM1-M 37.40 0. 82 —0. 39 0.28 0. 81 0. 67 3. 00 4 9
pURIIELER 29.81 1.10 0.41 0. 46 0. 00 1..00
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CSIRO-MK3. 6. 0 5 28 % #F 98 X f& 7K 1960—2005
AEREHL Y 35 P M o, BNU-ESM 485 X 3500 B 2%
TOPSIS ZE G 1PN R0 TR RE L R AR fig
B2EM GCMs HEF 45 R 51548 RS Jrikis 81145
FEA—F, M 2006—2015 AF K SEE 5
RCP 4. 5 5 filE 5 GCMs [m]— ] B i B 7K A
R 2006—2015 AE B PERE L R Fag 21 GC-
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