Regional climate projection based on RCP scenarios in the CORDEX East Asia Domain Using RegCM4

M. S. Suh'*(sms416@kongju.ac.kr), S. G. Oh', D. H. Cha?, and H. S. Kang?
I Dept. of Almospheric Science, Kongju Nain’ |, Univ. Gongju, Korea, ?International Pacific Research Center at Univ. of Hawaii
SClimafe Research Laboratory, National Institute of Meteorological Research Korea Metfeorological Administration, Seoul 166—720, Korea
Email: sms416@kongju.ac.kr

1 . |ntr0duct|0n 2) Inter-annual and seasonal variations of temperature ('C) and precipitation (mm/day) 4 Future C"mate Pro,ectlon

2-1) Inter-annual variation

(o]
. . . . . . . . . @) South Korea b) North China . © South China a) South Korea b) North China .. © South China 1) AT( C) = Future (2021~2050) — Present (1986~2005)
- R e g I O n al Cl I m at e p r O J e Ctl O n d at a IS eSS e ntl al t O th e a d a pt atl On a n d rl Sk m a n a g em ent : P ———— u . | eru = Rescna . +CRU = ReaCM4 %_“ ~GPCP = RezCM4 PR ——————— ;. ~GPCP = RexCM4 ‘ ; PO — : R' P S Seariia
strategy for future climate change. HEDAPIEVIN L A eNsn .. Al Aol ceson [ o Aol | St | Summes [ e | Wit
= In this study, we have simulated the regional climate over CORDEX East Asia for 72 T I N T e el o L ad L an
. . . . . . d) Jaban .8 Mongolia f) India ... d) Japan e w @ Mongolia  f)India [ — South Korea RCP4.5 1.47 111 1.49 1.61 1.67
years from 1979 to 2050 with a 50 km horizontal resolution using the latest regional ' | A b el Ve PR - YT T
climate model version 4, RegCM4, driven by HadGEM2-AO with about 135-km L E AR A A AN N e Mongolis | RcP8s | 212 [ 16 | a6 | ags | 172
. . . ™ r—ar i R R R B i e P e e e e e e M e i e b Chi RCP8.5 1.69 1.65 1.60 2.00 1.51
resolution under the Intergovernmental Panel on Climate Change (IPCC) Representative <Temperature (C)> <Precipitation (mm /day)> Soun @i ncpas | 135 | 122 | i | am | s
. . L. _ _ _ _ T : North China RCP4.5 1.63 115 1.46 2.19 1.72
Concenjcratlon Pathway. (RCP)08.5/4.5. | 2-2) Seasonal variation Ui h, || Springy 4% || Sumwierg® | Autumid 4% | Wintel 4%
= We will present the simulation results of RegCM4 for the present climate (1980-2005). a)SouthKorea b) North China ) South China a) South Korea b) North China ) South China 2) AP(mm/day) Future (2021 2050) — Present (1986 2005)
After that the future climate projection of RegCM4 under RCP8.5 (RCP4.5) scenario will o _RCP 5.5 Scenario_|
. : . . . . . E.’i g £ : | ) D Analysis region | Scenarios | Annual Spring Summer | Autumn Winter
be discussed in terms of spatial and temporal variations of the surface climate variables, P | R coroenen | PS03 | gos | oie | ot | -om
RCP4.5 . -0. . . .
TN . M li f) Indi
temperature and precipitation. R . South Korea | R85 | 043 | 057 | 058 | o16 | ot
. RCP8.5 0.09 0.01 0.25 0.22 -0.12
A L S  H N India RCP4.5 | 0.09 0.02 0.13 0.15 0.06
== X L - s | P e L Mongolia RCP8.5 | 0.08 0.13 0.06 0.10 0.04
2. Models & Experiment Design <Temperature (C)> <Precipitation (mm /day)> soun e | RCPES | 030 ozt oz oz | o
. . . . . . o NANOT AV North China RCP8.5 0.10 -0.01 0.45 -0.09 0.05
 CORDEX —East Asia Table 1 Simulation condition of RegCM4 3) Statistical validation for CORDEX East Asia 4) 850 hPa wind (m/s) and temp. (C) for summer e <o e B N e b e RCP45 | 009 | 006 | 025 | 001 | 002
' ' v ReanaIyS|s (R2) HadGEM?2 - R2 RegCM4 - R2 . L
Satotcal vaie,|_varae | _ponual | _sping_|_sunmer_|_puumn_|_wimer E—— T e 3) Changes in Temporal Variation
- CORDEX East Asia Bias Lee: G0 B 0 L 0.26 097 0.46 PR ne gl | R T
Model domain - 50 km (H. Resolution) Precip. (nm/day)| 0.2 0.06 0.19 0.09 0.72 - O E N SN e o L : _a) South Korea . b) North China _ ) South China _ a) South Korea ~ b) North China ~ ) South China
197 I t . 243 I Temp.(°C) 359 3.74 274 3.15 4.74 — --~RCP8.5 ~~RCP4.5 South Korea , | TPresent --RCP8.S - RCP4.S North China , | TPreset --RCP8.S - RCP4S South China Present -- RCP8.5 - RCP4.5 : —Present -- RCP8.5 --RCP4.5 North China _ —Present -- RCP8.5 ~~-RCP4.5 South China
B ( a ') - ( On.) RMSE Precip. (mm/day) 4.84 3.7 6.47 4.82 4.35 <, s A .’ '22 YA ’ g: PV é b, ., AA A : é ! é 'y o s 20t
Vertical Iaye rsS (tO p) 18 Sig ma (74 hPa) Spatial corr Temp. 0.96 0.97 0.93 0.97 0.97 E M,* fT’” E .. i fM\/\/‘ A ‘ : E ﬂ /\/\/\/\’\ i A ':":{r;“\:"-.-"-\j.-{ 5 4.;.-' J i £ AP A AT g , /\J\_/\/\/\/“»i,"
PBL h Holtsl Precip. 0.42 0.44 0.37 0.42 0.47 t J ) < < “a '
Z; Seme M‘:T SEag | L L L L L L LT e aa s e e Ceaasaenup s s ass Ceasseenins
-Emanue . . . . . . . . . d)J M li f) Indi M li f) Indi
5) Time-latitude cross section of precip. 6) Precip. amount and freq. accordlng to precip. intensity  @Japan . @Mongola - filndia o , & Mongolla . .0nda
250 Land Surface Model NCAR CLM 3.5 o ) I N A ]
200 . . (Zonal mea n. 126_ 130 E) 45 Korea Precipitation amount Summer 1980 - 2005 o, [Korea Preci n frequency Summer 1980 - 2005 ’_%z . '+ J;__:}f‘l'r"j‘f’f"‘:i“ éz . L vf’A' 22 i A ; E ' i A E | _ g ol : N
o150 Radiation NCAR CCM3 —_— _— 7 » 50N — . = 7 : w | :;’f‘giw g‘; . i : w\*’ r - f 'l /V\W"' f | - f 'l \/\/\,‘/\/‘xﬁ” J\ o : ; 0 N A sl i 0 é 0 f\/\/\&/uf\;‘lfw*v‘@f-"'""'x"'i-”i"ff""(;;r-e,q‘liff‘zv;‘lf‘u;:-"éfi{_f":\
100 Boundary Condition HadGEM2-AO mr $ . W o B : ’ : x | ‘| "
50 s ) son 54 " = 20 | - o e T e s e e s R R B s s
1. Jan. 1979 ~ Dec. 2005 £ g N g £
’ Simulation period 2. Jan. 2006 ~ Dec. 2050 E = e ‘ <Temperature (C)> <Precipitation (mm /day)>
O (PR3 | TR 13 118 1 12508 1 10 1 RCPS8.5, RCP4.5 30N o 1 13F1 . . . . .
Fig. 1. Domain of CORDEX and topography. : : 0 . L I. I. - 4) Changes in Seasonal Variation 5) Future Climate Projection- Bias Correction Method

10~25 z.:;—li:’d:;;luﬂ 100~150 150~200 200< (mm ) 0150~200 200< a) South Korea b) North China C) South China

' : ' " : C A~ . . . Assumption:

" The RegCM4, used in this work, is the updated version of RegCM3 in the prescription 7) Comparison of simulations skills of RegCM4 for temp. and precip. driven by reanalysis data (ERA, R2) 5 - Stationarity of simulation skills of RCM for a changing climate
of SST, sea ice, and Community Land Model coupling etc. (ICTP, 2010) and HadGEM2-AO over CORDEX-East Asia for 17 years (1989-2005) - Rl et Annual 59 South K

. . . . . .. -~ d) J ) M li f) Indi t t C) at tati i t
= Fig. 1 and Table 1 show the CORDEX East Asia domain and simulation condition of - e [ E—— | e £ SO R . _ Annual mean temperature (C) at 53 stations in South Korea

Q |. } Iv —OBS —RegCMN4 —RCPS8.5 —RCP4.5

Reg C M4. 5 ] o Py E osof d|> C’ 3  +---ACM_RCM ----ACM_rep85 ---- ACM_rcp45
= To produce 72 years of regional climate over CRODEX East Asia by using RegCM4 - [SE. B O1E= T EE ® A gSouthChina S | B SN AT
from 1979 to 2050, HadGEM2-AO data (from KMA) under IPCC RCP8.5/4.5 were used. N R i L = A TR A J"

: : : . . . S W e | < E o ,_ A\
= Simulation skills of RegCM4 for the present climate (1980-2005, spin up time: 1979) T ce | ® - *® SR : RN ’ "“,, V~
over CORDEX East Asia were evaluated with CRU TS 3.0 and GPCP. And KMA ground S ¢| - = = \ 7'
observation data was also used for the detailed assessment of RegCM4 over South R e - L 8 } South Korea

<Temperature (oC) S < PreCipitation (mm /day) S e/' 80 84 88 92 926 00 04 08 12 16 20 24 28 32 36 40 44 48

Year

: _ _ _ -RegCM4 driven by HadGEMZ2-AO reasonably simulated the spatial distribution, inter-
3. Simulation Skills for Present Climate annual and seasonal variations of surface air temperature and precipitation.

1) Spatial distribution of seasonal mean temperature (C) and precipitation (mm/day) - However, the simulation skills of RegCM4 for temp. and precip. are strongly
dependent on the seasons and geographic locations.

- RegCM4 strongly overestimates and underestimates the winter mean temp. Iin the
northern region and southern region, respectively.

- The failure in reproducing the seasonal march of East Asian summer monsoons
resulted In strong overestimation and underestimation of precip. in the southern
oceanic region and in South Korea, respectively.

- Simulation skills of RegCM4 for temp. driven by the HadGEM2-AO was comparable
to that of two re-analyses. However, that for precip. is relatively low, especially in Ceerence.
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- In general, temp. increases in the future climate simulations are very consistent
and stronger in RCP85 than RCP4.5 scenarios (Northern region than southern
region, autumn than other seasons).

RegcM4-CRU 4 e P Precip. changes in the future climate simulations under RCP8.5 and RCP4.5 are

clearly dependent on the seasons and geographic locations. Increases are dominant
In the mid-to-northern land region especially during summer, whereas, strong
deceases are concentrated in the southern oceanic region, irrespective of the RCP
scenarios. In the case of South Korea, summer precipitation is expected to increase
with +0.98 (+1.56) mm/day.
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