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ABSTRACT

This study implemented the prediction of drought properties (number of drought events, intensity, duration)
using the user-oriented systematical procedures of downscaling climate change scenarios based the multiple global
climate models (GCMs), AIMS (APCC Integrated Modeling Solution) program. The drought properties were defined
and estimated with Effective Drought Index (EDI). The optimal 10 models among 29 GCMs were selected, by the
estimation of the spatial and temporal reproducibility about the five climate change indices related with
precipitation. In addition, Simple Quantile Mapping (SQM) as the downscaling technique is much better in
describing the observed precipitation events than Spatial Disaggregation Quantile Delta Mapping (SDQDM). Even
though the procedure was systematically applied, there are still limitations in describing the observed spatial
precipitation properties well due to the offset of spatial variability in multi-model ensemble (MME) analysis. As
a result, the farther into the future, the duration and the number of drought generation will be decreased, while
the intensity of drought will be increased. Regionally, the drought at the central regions of the Korean Peninsula
is expected to be mitigated, while that at the southern regions are expected to be severe.
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Fig. 1. The location of stduy area. Black circles show
locations of ASOS (Automated Synoptic
Observing System).
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Table 13} Zro] &9 FAd4=E 71Eo| 7HgHe oujstc). Table 2. Lists of ETCCDI Climate Extreme Indices
Table 1. The drought criterion of EDI with the drought D Description Unit
severity (Kim, 2009) Maximum number of consecutive days
DD lith daily PRCP < 1mm Days
EDI Val Cati
ue Alegory Maximum number of consecutive days
2.00 or more Extremely wet CWD with daily PRCP = 1mm Days
1.50 to 1.99 Severely wet ; ;
PRCPTOT Annual total PRCP in wet days (daily mm
1.00 to 1.49 Moderately wet PRCP = 1mm)
to 0. Mildl ipitati ivi
0 to 0.99 ildly wet SDIL Annual precipitation divided by the mm/day
0 to -0.99 Mildly drought number of wet days
-1.00 to -1.49 Moderately drought Riomm Anual count of days when PRCP= ) =
-1.50 to -1.99 Severe drought 10mm
-2 1 Ext t .
Oof o8 xtreme drough Extreme Indices) (Karl et al. 1999; Peterson et al. 2001) <=0
Al 7k Aol Fasithar wetE = A% B 713
3. ZI=Hslof| UE 7k e Gt (CDD) 2 %12 7% 7|7t (CWD), 1 7442 (PRCPTOT),
Aol 10mh g A5 (0mm), 9 44415
3.1 GCM & HAMigt 7|'H MH (SDI) 5 57 3715 A4S oA AEA 24 Ao

EDIE ©o]&-3to] 7|5 gto] whE vl 7 A= 24
3}7] 934 HOR A (Bias Correction) ©]7Z 2] 2971 A
GOMe.ZRE 4thgl Al E7H42] ARlA 248 59
oA o GCM2 A AT &, AR}l of3f A7
9715459 A AAY D B5e] BEAT 7he)

€ 4.
SRl iRt AdAY 7 s Sl AR 7IHE
zFH o2 s Hrk GCM 3 AA|S} 7 o] A2

AIMS W-S&L Qs Ax=E AANS A W BEA Axt
(https://doi.org/10.8888/EPOPS 201711301YK)E ©]-&3} it}

UA GCM B ZHaahe seishlnt Axbel A
e YA GOMS] g3tk ) BEgEOR e £5919] 304
BatE AARSE 5 Pearson’d A4 (Pearson Correlation
Coefficient) & FTZAHEZ AALSITE 0] 5% 80420
A AAEE= A A 4] A7) vaE EajA AA)
607 TEolA W Y pEold YA Bk e

FEATE HoleAE uishs SHES A
HgEA B AR SRR 309 RS AN
T 607 TZaol o3t ATALE LWT AL T 5%

FolollAl A=l A dAE Hags §
3l AA] 3671 oA E Aje] $=o] AAIGE By =2 3k
Hol=2& 9u|sh= SIS A4t (Cho et al,
2018b). ZF20 GCM AL A7+ F3&y T3
TE TS VE0 R +HE ALl

AHA| 3} 718 o] AL 277K 23H7] S 3HA] 4 (Climate
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o]- 851t} (Table 2).
A ke 5 A 5
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e &= Variogram2: ©]-83}%1t} Variogram =

Apole] Aelet gre] Z7b7t 7l Fse] fabgol 2t

ofulahis gamma 3 AHg 3] ARE HT A2

12z o]t} (Cho et al, 2018b).
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Fig. 2. The schematic concept of drought properties (Intensity, duration) with EDI time series.
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Fig. 3. The spatial (a) and temporal (b) distribution of Person’s correlation coefficients and pass rate between
observed precipitation data and those of the 29 GCMs, respectively.
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Table 3. The 10 upper ranks of GCMs selected by the pearson correlation coefficients of spatial and temporal
distribution to the monitoring data at ASOS 60 stations.

i Spatial T ral
GCMs Resolution Institution patial ‘empo!
(Degree) Avg. CC Pass rate Avg. CC Pass rate
1 HadGEM2-ES  1.875%x1.250 Met Office Hadley Centre 0.49 0.86 0.70 0.98
2 CMCC-CM  0.750x0.748 Centro Euro-Mediterranco per I 044 083 066 100
Cambiamenti Climatici
3 HadGEM2-CC  1.875x1.250 Met Office Hadley Centre 0.47 0.83 0.73 0.98
4 CNRM-CMS5 1.406x1.401  Centre National de Recherches Meteorologiques — 0.44 0.75 0.80 1.00
5 MPI-ESM-LR  1.875x1.865 Max Planck Institute for Meteorology 0.42 0.78 0.66 0.97
6 MPI-ESM-MR  1.875x%1.865 Max Planck Institute for Meteorology 0.49 0.81 0.62 0.92
7 HadGEM2-AO  1.875x1.250 Met Office Hadley Centre 0.36 0.67 0.72 0.98
8 MRI-CGCM3 1.125x1.122 Meteorological Research Institute 0.36 0.64 0.85 1.00
9 CMCC-CMS  1.875x1.865 Centro Euro-Mediterranco per I 049 083 050 080
Cambiamenti Climatici
Japan Agency for Marine-Earth Science and
10 MIROCS 1.406x1.401  Lechnology, Atmosphere and Ocean Rescarch 5 ¢ o599
Institute and National Institute for
Environmental Studies
AR B Aol wLe o) ZhAe BERcks A7E  Be) B Bt ol 100km~300km H$9] GCM
ol WA AdAdol 55 Auisith &, HHAS Axp=7)9f gt o] F7HA =715 arefe o SDQDM 7]
AXA| e GOMEBo] B3 440 2 BAS & E  WE 59 GOM AX50) b ol 8 vhat mgoll A shit
HAox] Fols S 27 PSS oujFTh Table 3& & O] GCM A7 gEo] thrEe] B st} £
HAl GCM B Fall AR E AF9] 107] GCMo]| tfgt A UsHA| AHE-E7] wizolth (Cho et al, 2018b). wfahA] 2
gk Al - A1 Bt Person AHHAlg LP]al S AFtelds A7 w5 Aret BluE F3F AEA 0
ATE molzr) 2o SQM A3 71Ee Agsksich
ol 7hs A2 fleliAe FAo A7t AAE 7S
AAsk= Zlo] Basitt & AolA= 7| FHIR| =] 1} 4.2 7tg 549 A xidd "ot
A o 1] 371 3 5 7= 5
n s 7:3;5 GRS AYS WIS NN et ael ool we sk B42) ule) 2 pael
st 712 Ad7gskict A, 7Ha A=) Sl gt BAZIE BSe] v s

Fig 4= #=212.2} 297) GCMol| tisf SQM, SDQDM<]
FAsE el whe 57HA] ek Se]$ 2420 St
T HA AR W elE BolFar ok BA AT, A 77
9= (CDD)o|| 3l Ali= SQM}+ SDQDM = “FA3} 7]
2 AT fARRE Aew e, dd 4ed

o|7F ik kAR Y #] & 7-9-7F (PRCPTOT), 10mm
oJ4F9] i (rl0mm), & 797 = (SDID) A= SQM
o] SDQDMXECT} #=7ES 2 HAsH= Ao 2 Uehyith
B3 Fig 52 744eo) tiste] 607 714 W34 Abolo] =
9 F 71R] A3 W ol o3t Variogram AIE Ho| £
t}. Variogrami-Alo A= SQM  HHol o ot
Variogram¥} |23t ¢S o] SDQDMM T} 45 F7HA)
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Fig. 4. The comparison of reproducibility between SQM and SDQDM downscaling techniques for the precipitation
related climate indices.

Fig. 5. Variogram of precipitation
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