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Abstract

The goal of this study is to demonstrate the diversity of model performance for various climatic elements and indicators.
We evaluated the skills of the most advanced 17 General Circulation Models (GCMs) i.e., CMIP5 (Climate Model
Inter-comparison project, phase 5) climate models in reproducing retrospective climatology from 1950 to 2000 over
the Southeast US for the key climatic elements important in the hydrological and agricultural perspectives (i.e.,
precipitation, maximum and minimum temperature, and wind speed). The biases of raw CMIP5 GCMs were estimated
for 16 different climatic indicators that imply mean climatology, temporal variability, extreme frequency, etc. using
a grid-based observational dataset as reference. Based on the error (RMSE) and correlation (R) of GCM outputs, the
error—based GCM ranks were assigned on average over the indicators. Overall, the GCMs showed much better accuracy
in representing mean climatology of temperature comparing to other elements whereas few GCM showed acceptable
skills for precipitation. It was also found that the model skills and ranks would be substantially different by the climatic
elements, error statistics applied for evaluation, and indicators as well. This study presents significance of GCM
uncertainty and the needs of considering rational strategies for climate model evaluation and selection.
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Fig. 1. Target Domain Chosen for GCM Evaluation
over the Southeast US

g e ool ol /1% E4S A Aol
[e=]

FE olFH EF=Ev W ]Sl &= A9
2 P 7S E 2@l Fr o RE s 9]
o} 715 7HE E71F SAS HolH e thsd ¢
71(6~99)oll= F3r7d-9-2o] 160mm o= A7
o] oF 50%7F FTE L FA ZF-$(convective storm)
Aol ZHA| WA Sl 5Ao] Stk §-71¢} 7)o s+t
718 74z} 2k 27, 16° (1950~2000 Hh) = o=
AT 2k A o] g Ak gt) 53] 2t} A
AL A7 AE=Z 7 Fof kst XA 548 7K gk
HE 9} Zho] 3] el Eenl A2ld B4 73
nom FElg AFA =27 A= WEA A vls) 1
FGE 719 Bof7t dafigk 2| 9fo]tHHwang et al. 2011).

A= S A el A= o] 719 AHET AR W
71, 2171 71 2 A S7h dlgd Aol B
A 71 5m st gk X944 5433 3 1E]ar A3 ik
S AAH oz RG] 93 E5o] st Az A
A= B8 A9 AR 7|, ol s TAI7 |, T AT
# THE] TS B mY 715 AR AAARS B RSt
SHael BAo] glo] 7| wist Aol HEgAS ol
W2 wHE 7]go)a = A Yot ¢ SECC (Southeast

Climate Consortium): http://www.seclimate.org/, FWCA
(Florida water—climate alliance): http://floridawca.org/).

22 #& 3 GCM A=

PCMDI (Program For Climate Model Diagnosis and
Intercomparison)+= IPCC ¢37-8H52] vlero] ¥+ GCM
2 2gk val-grhs 9k Bd AREE(H R R o)
|5 tleol8)S Agatal mjEete TS sk 7]ake]
t}h Z 2871 7173715 AT-713e] vhekek 7%

T)AIE0] 27iEo] o, o T AEE

O

fxor

(601

[e}
874

Lo

FATE B115% 20144 114

2 Ao Qg Fo] AR A5 FHIF ooX] 2
ZBRdEr ¥t 9ok AdedlAE GCM A%s
7 913 PCMDI A =5H 50d 71971711950~
200000l gk GCM X4 #H(historical simulation) & &
T717ke ois] SAE A &9 AE FRot e 17
o) djs)] o o] A T4 AEES vESH

Aui71e, A AA71e ARE FPeArh Table 1

¢

R

r
i)
02
e
N
o
E
4
2,

(Hwang, 2012). ool & Aol A=
3t 713 mdd Azl npgko g A B3 25 AR
3} 7% (data assimilation)& &3 W= A A 9S gigo
2 Ak AxF 49 #S5 A= (Maurer et al, 2002)& 5
Fate] ARESFAATE o] Apme] 7|5 Rd Ad HA | tigh
284l tisl| A= Hwang (2012)@ Hwang et al. (2013)
o] Aol A ASH vtk 2 Aol A= A 50 7]
7H1950~1999)0l st o A9 A FHo - HA 72,

APT F% AR7} AEHY 0P B AR A4 2]
= 0125 % 0125 (2F 12 x 12km)elth. Jej=el W ¢
o] GCMSE] 9 AEES B/ A3l #E AAARE
g% BFstel 2 GCM A% B9(Table D2 7233

(scaling—up) &+ - #AJol 2-8-3}5]
23 Myl X|E U db

7 GCMell sl thefst deje] 714 &
o] A& Hrketr] Slal 715 54 diE A
g AEE Aoste] B3 2wt GCMOZTEH k&
AR E ¥ ws i Table 2). & 16712] A= =7
A 2m, e AV A3, BtA 7S SAR, ARE
gl thgk #|
9] 79 A7t Y(monthly) B A& (seasonal) 5] A
wolol] met AliEste] A&kl

5 2kE op] 2 AREEe] oA 9 AldAdS ksl

K}

>

°
e
AR ot xR o o

1041



Table 1. Description of CMIP5 Models Used in This Study

Grid resol. (°) L Data availability
No. GCMs Institution : =
Lat. Lon. P | Tmax | Tmin | Wind

CSIRO (Commonwealth Scientific and Industrial

1 ACCESS1-0 15 1.875 | Research Organisation, Australia), and BOM (0] (0] O O
(Bureau of Meteorology, Australia)

2 BCC-CSM 2.7906 | 2.8125 | Beijing Climate Center, China Meteorological Administration

3 BNU-ESM 27906 | 2.8125 Co@ege of Global Qhange and Earth System Science,
Beijing Normal University

4 | CMCC-CESM | 2.7906 | 2.8125 | Centro Euro-Mediterraneo per I Cambiamenti Climatici | O O O O
Commonwealth Scientific and Industrial Research

5 CSIRO-mk3 37111 | 375 | Organization in collaboration with the Queensland O O O O
Climate Change Centre of Excellence

6 CanESM?2 1.8653 | 1.875 | Canadian Centre for Climate Modelling and Analysis (0] (0] O O

. B -= | LASG, Institute of Atmospheric Physics, Chinese

7 FGOAL-g2 2.7906 | 28125 Academy of Sciences; and CESS, Tsinghua University 0 o 0 X

8 | GFDL-CM3-1 2 25 Geophysical Fluid Dynamics Laboratory (0] (0] (0] O

9 | GFDL-ESM2G | 2.0225 | 25 Geophysical Fluid Dynamics Laboratory (0] (0] (0] O

10 | GFDL-ESM2M | 2.0225 | 25 Geophysical Fluid Dynamics Laboratory (0] (0] O O
Met Office Hadley Centre (additional HadGEM2-ES

11 | HadGEM2-CC 1.25 1.875 | realizations contributed by Instituto Nacional de (0] (0] O O
Pesquisas Espaciais)

12 INM-CM4 15 2 Institute for Numerical Mathematics (0] (0] O O

13 | IPSL-CM5A | 1.8947 | 3.75 | Institute Pierre-Simon Laplace (0] (0] O O
Japan Agency for Marine-Earth Science and Technology,

14 | MIROC-ESM | 2.7906 | 2.8125 | Atmosphere and Ocean Research Institute (The University| O (0] (0] O
of Tokyo), and National Institute for Environmental Studies

15 | MPI-ESM-LR | 1.8653 | 1.875 | Max Planck Institute for Meteorology (MPI-M) (0] (0] (0] O

16 | MRI-CGCM3 | 1.1215| 1.125 | Meteorological Research Institute (0] (0] O X

17 | NorESM1-M | 1.8947 | 25 Norwegian Climate Centre (0] (0] O X

More information is available at http://cmip—pcmdi.linl.gov/cmip5/availability.html

Table 2. Definition of indicators used for GCM evaluation

No. Indicator Acronym Definition

1 d10TS Time series of 10 days mean

2 monthlyTS | Time series of monthly mean

3 4seasonalTS | Time series of seasonal mean (3 months average)

4 . . annual TS Time series of annual mean

Time series - - _ — - -

5 annualCVTS Time series of annual ratio of standard deviation of daily data to the daily
mean for each year

6 annualQ95TS | Time series of 95th percentile of daily data for each year

7 annualQ99TS | Time series of 99th percentile of daily data for each year

8 |Strength of extreme| MonthlyQ95 | 95th percentile of daily data for each calendar month over the study period

9 high event MonthlyQ99 | 99th percentile of daily data for each calendar month over the study period

10 . D10mean Annual cycle of averaged 10 days mean over the study period

Mean climatology -

11 monthlymean | Annual cycle of monthly mean over the study period

12 monthlyCV_d | Monthly ratio of standard deviation of daily data to the daily mean

13 monthlyCV_m | Monthly ratio of standard deviation of monthly data to the monthly mean

14 N . d10std Temporal standard deviation of daily data on 10 day basis

Temporal variance

15 monthlystd_d | Temporal standard deviation of daily data on monthly basis
Temporal standard deviation of monthly data for each calendar month

16 monthlystd_m R
(Inter-annual variability of monthly mean)
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Minimum Temperature (third column), and Wind Speed (last column)
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Table 3. Mean and Standard Deviation (parentheses) of NRMSE and R over Indicators for each GCM. The
3 Top-ranked and 3 Bottom-ranked Models were Chosen for each Climatic Element Based on Averaged
Error Statistics and Presented Bold and Italic in the Table, Respectively

GCM NRMSE R coeff.

Precip. Tmin Tmax Wind Precip. Tmin Tmax Wind
U|oAccEsSIO | 08 | o | w068 | o | c0us | <osh | @019) | 0o
2| BCCSM wosn | wom | iy | com | eowe | com | @0 | eom
3 | BNUESM (136?591) w03n | ooy | «om | o1 (36.7267) w019 | oz
4| OMCCCBSM | ihe | woe | 080 | 036 | c02 | hm | @016 | 000
5| csmomks | ok | At | G | como | soa® | eom | eooh | o
6 CanESM?2 1.49 0.85 1.17 1.09 0.19 062 0.66 0.48

(+0.41) (+0.30) (#1.12) (+0.39) (+0.17) (+0.31) (+0.24) (+0.17)
7| FGOAL-g2 <ild.5§7) <fd.7332> (ild(.)986> (f]b{saje) (f‘o% <i()(5.7§0> (36.7281> (fbi)Z‘)
8 | GFDL-CM3-1 (il(')fo’zls) (roz'.ggw (i06§577) <r()é?;5 ) <ioé.1253> (36.7370) (i06§230) <ro(')é.lfz>
9 | GFDLESMXG | oo | oap | o | @0 | et | oz | g | oo
10| GFDL-ESM2M (1}6%358) 036 | (07 (j(')?s?n <i0<5(.)1sa9) <¢0<5.7354) (2).755) <f(5:.g185>
| macevzee | 571 G0 (T | eosn | soam | 0w | com | eote
2] INM-CMd wome) | o | oim | com | eom | eom | wom | o
13| BSLOMSA | ot | dig | comy | com | com | com | com | com
4| MIROCESM | | oo | eion | com | com | com | com | oz
15| MPEESMALR ) 36%4174) 0% | (05 (fd?;& (36.2213) ( 36?4) (féé.gzon (010
16 | MRICGOMS | (0% | womm | s08) | @om) | couh | Gosn | @o1n | com
17| NerESMIM | ST | s | coan | eom | o | ooy | com

bold and italic indicate the three top-ranked and bottom-ranked models, respectively
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