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User-Centered Climate Change Scenarios Technique Development and
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**Dept. of Agricultural Engineering(Institute of Agriculture and Life Science), Gyeonsang National University, Chinju

ABSTRACT

This study presented evaluation procedure for selecting appropriate GCMs and downscaling method by focusing
on the climate extreme indices suitable for climate change adaptation. The procedure includes six stages of
processes as follows: 1) exclusion of unsuitable GCM through raw GCM analysis before bias correction; 2)
calculation of the climate extreme indices and selection of downscaling method by evaluating reproducibility for
the past and distortion rate for the future period; 3) selection of downscaling method based on evaluation of
reproducibility of spatial correlation among weather stations; and 4) MME calculation using weight factors and
evaluation of uncertainty range depending on number of GCMs. The presented procedure was applied to 60
weather stations where there are observed data for the past 30 year period on Korea Peninsula. First, 22 GCMs
were selected through the evaluation of the spatio-temporal reproducibility of 29 GCMs. Between Simple Quantile
Mapping (SQM) and Spatial Disaggregation Quantile Delta Mapping (SDQDM) methods, SOM was selected based
on the reproducibility of 27 climate extreme indices for the past and reproducibility evaluation of spatial correlation
in precipitation and temperature. Total precipitation (prcptot) and annual 1-day maximum precipitation (rx1day),
which is respectively related to water supply and floods, were selected and MME-based future projections were
estimated for near-future (2010-2039), the mid-future (2040-2069), and the far-future (2070-2099) based on the weight
factors by GCM. The prcptot and rxlday increased as time goes farther from the near-future to the far-future and
RCP 8.5 showed a higher rate of increase in both indices compared to RCP 4.5 scenario. It was also found that
use of 20 GCM out of 22 explains 80% of the overall variation in all combinations of RCP scenarios and future
periods. The result of this study is an example of an application in Korea Peninsula and APCC Integrated Modeling
Solution (AIMS) can be utilized in various areas and fields if users want to apply the proposed procedure directly
to a target area.
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Fig. 1. Weather stations used for

downscaling.
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AZXE SHQ| J7|SHE AL HME 7' JHY H it ME 17
= 719 ARS] EAS ofg] wolA A & Bavt Sk 2 £ ARESHATE 2771 71 A At wd Qe 1
AT AL Table 20)419} o] 7| 5Mst Ao WEHOR Ao 7L} B QU= 167 A LA ik,
AREE]31 Ql+= Expert Team on Climate Change Detection
and Indices (ETCCDI) =3%F7|%X]4> (Climate Extremes
Indices) (http:/etccdi.pacificclimate.org/list 27 indices.shtml)
Table 2. Lists of ETCCDI Climate Extreme Indices
ID Variable Description Unit
SU Annual count of days when TMAX > 25°C days
ID Annual count of days when TMAX < 0°C days
TXn Annual minimum value of TMAX °C
TXx TMAX Annual maximum value of TMAX C
TX10p Percentage of days when TMAX < 10th percentile %
TX90p Percentage of days when TMAX > 90th percentile %
Annual t of ith at least ti hen TMAX > 90th
WSDI ual 'coun of days with at least 6 consecutive days when 90 days
percentile
FD Annual count of days when TMIN < 0°C days
TR Annual count of days when TMIN > 20°C days
TNn Annual minimum value of TMIN °C
TNx TMIN Annual maximum value of TMIN °C
TN10p Percentage of days when TMIN < 10th percentile %
TN9Op Percentage of days when TMIN > 90th percentile %
. . P
CSDI Annual. count of days with at least 6 consecutive days when TMIN < 10th days
percentile
DTR TMAX & TMIN Annual mean difference between daily maximum temperature TMAX and o
TMIN
Annual (Ist Jan to 31st Dec in Northern Hemisphere (NH), 1st July to 30th
June in Southern Hemisphere (SH)) count between first span of at least
GSL TAVG 6 days with daily mean temperature TG > 5°C and first span after July Ist days
(Jan 1st in SH) of 6 days with TG < 5°C.
CDD Maximum number of consecutive days with daily PRCP < 1mm days
CWD Maximum number of consecutive days with daily PRCP > Imm days
PRCPTOT Annual total PRCP in wet days (daily PRCP > 1mm) mm
Rxlday Annual maximum 1-day precipitation mm
Rx5day PRCP Annual maximum 5-day precipitation (PRCP) mm
R95pTOT Annual total PRCP when daily PRCP > 95 percentile mm
R99pTOT Annual total PRCP when daily PRCP > 99 percentile mm
SDII Annual precipitation divided by the number of wet days mm/day
R10mm Annual count of days when PRCP = 10mm days
R20mm Annual count of days when PRCP > 20mm days
- .
Annual count of days when PRCP > nnmm, nn is a user defined threshold as

(Default threshold is 1)
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Fig. 2. Comparison of the provider-centered and user-centered climate services.
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Fig. 3. Procedures for user-centered application of climate change scenario in impact assessment modeling.
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Table 3. Median values of ETCCDI climate extreme indices according to downscaling methods

23

Indices OBS SQM SDQDM
Preptot 1310.17 1304.57(-0.43%) 966.64(-26.22%)
Cdd 29.23 31.28(7.04%) 30.38(3.96%)
Cwd 591 7(18.48%) 7.45(26.09%)
R95ptot 402.22 326.5(-18.82%) 205.88(-48.81%)
R99ptot 115.09 71.01(-38.3%) 42.57(-63.01%)
Rx1day 135.92 132.32(-2.65%) 81.07(-40.35%)
Rx5day 222.23 232.42(4.59%) 148.87(-33.01%)
Sdii 16.45 16.38(-0.43%) 11.65(-29.18%)
Rnnmm 81.6 80.3(-1.59%) 83.23(2%)
R10mm 33.95 33.34(-1.79%) 28.67(-15.54%)
R20mm 19.54 19.34(-1.02%) 14.36(-26.52%)
Su 107.52 109.29(1.65%) 87.86(-18.28%)
Id 8.68 10.03(15.66%) 11.82(36.22%)
Txn -3.99 -3.98(0.13%) -4.51(-13.11%)
Txx 34.73 34.54(-0.56%) 32.38(-6.78%)
Tx10p 10.33 21.18(105.02%) 21.01(103.4%)
Tx90p 9.66 1.09(-88.75%) 0.91(-90.59%)
Wsdi 1.54 NA(median is 0) NA(median is 0)
Fd 100.13 99.63(-0.5%) 104.5(4.36%)
Tr 50.38 51.07(1.36%) 36.79(-26.98%)
Tnn -13.44 -13.58(-1.1%) -13.67(-1.75%)
Tnx 25.33 25.1(-0.9%) 24(-5.26%)
Tnl0p 9.93 21.57(117.14%) 22.47(126.28%)
Tn90p 10.78 1.48(-86.29%) 1.18(-89.04%)
Csdi 0.63 13.23(1989.47%) 18.12(2761.84%)
Dtr 10.3 10.35(0.52%) 10.15(-1.44%)
Gsl 271.12 272.64(0.56%) 265.21(-2.18%)
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Fig. 9. Signal difference of (a) annual total precipitation (prcptot) and (b) annual maximum 1-day precipitation

(rx1day) on Korea peninsula according to different downscaling methods.

Table 4. Median values of signal difference in climate extreme indices before and after the downscaling for the

future period (RCP 4.5 and S1: 2010~2039)

Indices Raw GCM Signal SQM Signal SDQDM Signal
Preptot 333 112.93(239.16%) 46.04(38.28%)
Cdd -0.17 0.4(338.91%) 0.53(420.33%)
Cwd 0.13 0.42(217.74%) 0.21(58.25%)
R95ptot 30.63 83.17(171.5%) 44.44(45.06%)
R99ptot 18.6 55.34(197.61%) 28.75(54.59%)
Rxlday 429 15.67(265.34%) 8.2(91.21%)
Rx5day 9.52 35.6(273.96%) 16.61(74.43%)
Sdii 0.31 1.33(327.25%) 0.59(90.31%)
Rnnmm -0.55 0.13(123.39%) -0.07(88.08%)
R10mm 0.34 1.03(206.5%) 0.61(80.23%)
R20mm 0.3 0.91(202.88%) 0.63(111.7%)
Su 15.84 20.53(29.67%) 17.43(10.06%)
Id 372 -3.38(9.3%) -2.96(20.55%)
Txn 0.9 1.08(19.94%) 0.89(-1.11%)
Txx 0.89 1.27(42.66%) 0.87(-2.54%)
Tx10p -8.74 -8.67(0.75%) -8.87(-1.52%)
Tx90p 3.12 3.12(0.06%) 2.98(-4.47%)
Wsdi 0.97 0.99(1.95%) 1.35(39.35%)
Fd -8.31 -11.52(-38.69%) -14.63(76.11%)
Tr 12.34 14.57(18%) 11.17(-9.52%)
Tnn 1.05 1.39(32.23%) 1(-4.17%)
Tnx 0.77 1.15(50.12%) 0.79(2.54%)
Tnl0p 9.79 -9.76(0.32%) -10.54(-7.63%)
Tn90p 322 3.23(0.24%) 3.22(0.02%)
Csdi -11.96 -11.84(1.03%) -15.25(-27.49%)
Dtr -0.01 0.08(1332.14%) -0.03(-389.9%)
Gsl 12.52 12.92(3.19%) 17.33(38.45%)
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Fig. 11. Weight factor for each GCM for calculating multi-model ensemble.
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Fig. 13. Evaluation result of uncertainty explanation power due to increase of GCM number by SQM downscaling

method (Overall).
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