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Evaluatlon of Reglonal Cllmate Model for Trends of Extreme Indices over East Asia.

Yoo-Bln Yhan

APEC Cllmate Center Busan
- Korea -

( ybyhang@apcc21 org)

Introductiaon Experimental Design

To comprehensively investigate the characteristics of climate extremes,

/¥ The climate over East Asia has experienced a gradual warming throughout
\ we select indices that consider frequency, intensity, and duration

the 20th century. The change of the mean climate state could lead to a change /
e

of climate extremes due to a shift in the temperature distribution. Negative Model : GRIMs (Hong et al. 2013)

impacts of climate change on society and ecosystems are mostly expected to A Period: 1 Jan 1979 - 31 Dec 2008 (30 years)

arise from extreme events, which highlights the need to identify climate Table 1. Abbreviation and definition of the indices of extremes based on maximum and
extremes (Sillmann and Roeckner 2008). /¥ Grid : 109x86 (horizontal resolution : 50km) minimum temperature and precipitation used in this study.

properties.

/+Although changes of climate extremes should be considered as critical A BDY : NCEP/DOE Reanalysis || data (R2) Variable Abbreviation (unit) Definition of extreme indices

factors of climate change impact, intensive examination of their characteristics [0S RS FD (days) Number of frost days with Tmin below 0°C
is relatively limited so far. One of the main reason is related to a lack of ‘ ; HD (days) Number of hot days with Tmax above 30°C
reliable and homogeneous long-term daily time series of both observations and TX95 (°C) p 4T bove 95th il
: : veraged Tmax above ercentile

SlmUlathn data. Temperature TN5 OC A g T . b l 5th p tl
¥As climate extremes may have a complex spatial and temporal variation and / (C) , il m,m oW percen ne
East Asia is characterized by complicated mountainous terrain, high resolution ' | @ HW (days) Maximum duration of consecutive hot days
information appropriate for analysis at the regional or local scale is needed to - r FW (days) Maximum duration of consecutive frost days
better understand cl1ma’§e extremes and their application to impact - PN50 (days) Number of days with precipitation above 50mm
assessments over East Asia. e

, g SO PX1D (mm) Greatest 1-day total precipitation

: 3 : : : 1 v recipitation

¥The major objective of this study is to demonstrate that the dynamical P MDRY (days) Maximum duration of consecutive dry days

downscaling is capable of reproducing small-scale detail focusing on , , ,
precipitation and surface temperature in terms of extreme indices. MWET (days) SEDITILIT Gl OF EESElne Wel eay:

temperature extreme indices

To examine the temporal and spatial structure of trend in temperature- and precipitation-based extreme indices, extreme indices of RCM are compared to those of MERRA temperature (Rienecker
et al. 2011) and CPC daily precipitation (Xie et al. 2007).

FD FW TN5 1X95
~ (da y/yr) | (day/yr) __ ()

D

FD (days)
TN5 (C)

OBS OBS
time (year) time (year)
RCM | RCM . .
-e ol R
Fig. 1. Linear trend of minimum temperature-based indices Fig 2. Linear trend of maximum temperature-based indices o e T Mg T T T
from reanalysis (a-c), and the model (d-f). Contour lines indicate from reanalysis (a-c), and the model (d-f). Contour lines indicate cig 3. T s of based indi d East Asi
the 95% confidence levels based on a two-sided Student’s t test. the 95% confidence levels based on a two-sided Student’s t test. 1g. 3. Time-series of temperature-based indices averaged over Last Asia.

« The structure of the temporal evolution depends on the index type. The extreme
indices based on minimum temperature remain constant (FD, FW) or slightly
increase (TN5), whereas the extreme indices based on maximum temperature show
a increasing trend in HD and TX95.

 The observation and model show decreased trend of frost days over East Asia (Figs. 1a and 1d). Also, maximum duration of
consecutive frost days are shortened during 30 years (Figs. 1b and 1e). Minimum temperature shows increased trend with strong
positive signal in high latitudes (Fig. 1c). The RCM reproduces the warming trend, however underestimates the magnitude (Fig. 1f).

* Otherwise, extreme indices related to maximum temperatur sent increasing trend in Fig. 2. Positive signals of HD and HW
are significant over land except in 30N-40N. The RCM simulate similar characteristics to the observation. Although the RCM The
model follows that characteristics.

« The model is able to realistically capturée this asymmetric characteristic shown by
observed climatological patterns despite systematic biases. The RCM tends to
simulate more frost days (Figs. 3a, 3b), and less hot days (Fig. 3d), which indicates

 Regarding the change of the temperature magnitude, there are mostly significant positive trends in both simulations and that GRIMs underestimates surface temperature. However, the qualitative aspects,
observations throughout the entire region. The model successfully captures the general pattern of the trend, but it shows less in terms of the direction and slope of the trend are in good agreement with the
significance in high latitudes. observed estimate

precipitation extreme indices Summary & Conclusion
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e e MWET MDRY 00 FW TN5 HD HW TX95 PN50 PX1D MWET MDRY
S s g Jc — e ;Z d — Gris Extreme indices
RCM f- 5 N ;if/\/\/\ /\/\/\/\'\N v' We examined temporal and spatial structure of trends in
© ¥ 0 — ] A o 0oy > 247 . . . . .
R 5 a 2 pAvE e B Y. Y AN © Y precipitation-based and temperature-based extreme indices
"I o y q simulated by the Regional Model Program of Global/Regional

Integrated Model System (GRIMs-RMP).

time (yeor) time (yeor)

El%d:i (Le’?he)(.JrCctnﬁgzrol]icnpersei%’gi’ct:t?tﬁ-ebg;;i;Z?ilggrfcfgol?vcr;lesa Eiiffo(r? fl@fﬁgg E\is%é 5. Time-series of precipitation-based indices averaged over East v Duri.ng the Last 30 years from 1979 ’Fo 2008, the model reasonably
Student’s t test. ' have simulated the temporal and spatial pattern of the trend.
Although overestimation of minimum temperature and
* To show the trend of extreme indies in spatial, linear trend during 30 years » The extreme indices based on precipitation remain underestimation of maximum temperature occured, the regional
Is presented in Fig. 4. The increasing trend is apparent over South China in constant or slightly increase. Although the model tends climate model captured observed direction and magnitude well in the
indices related to intensity (Figs. 4a and 4b). Although the model to overestimate the indices related to intensity and - dices based on temperature
quantitatively overestimates in the region, the increasing trend is well frequency (PN50 and PX1D), simulated peaks follows P '
captured in the simulation (Figs. 4e and 4f). However, the simulation still well observation in 1983, 1990, and 1998 (Figs. 5a and v’ The indices related to rainfall tended to be overestimated over East
shows deticiency OxEI . ob). , Asia except for Korea and Japan. However, the trend showed
* According to increased trend of rainfatl intensity, duration of wet days are + In the case of MWET, GRIMs shows a good agreement agreement with observation.
also longer (Fig. 4c). In spite of deficiency in intensity, the model can with the observation both in quantity and trend (Fig.
simulate increased wet days (Fig. 4g). This is due to the model deficiency of 5¢). However, simulated dry days are much less than v' The results allow us to be optimistic about the RCM ability in the
producing excessive occurrences of very weak precipitation intensity, which observation. This is due to the model deficiency of simulation of important extreme event of precipitation and surface
:S a comrr;o,r\\/\l[y)/Rn}otter? prgblem cijntprecc:jipiﬁation prodgtced Dy Cl“","atﬁ ";ﬁdelsd producing excessive occurrences of very weak temperature in East Asia. This type of study can also provide
n case o , the observed trend shows opposite signals in North an recipitation intensitv. which is a commonly noted . . . o . .
South area (Fig. 4d). The model agrees this trend, but simulates weaker Eroblgm - precipitat?én sroduced by climaie dele. meaningful climate statistics and insight into climate change impact

signals than observation (Fig. 4h). study.
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Seamless coupled prediction system (SCoPS)

Assessment of the APCC model restropective seasonal forecast (1982-2013)
Suryun Ham and A-Young L

Climate Research Team, APEC Climate Center, Busan, Korea

Time Schedule of MME Forecast
Participating s APEC Climate Center (APCC) e APEC Member Pu rpose

Institutions Economies

Background

* APCC had produced 3-month-leading seasonal ‘ e Dymarrc Seasonal Pediction = The APCC has developed the in-house global climate prediction system
prediction data by multi-model-ensemble (MME) Caliectio e Pirieved T with a research group of the University of Hawaii to improve the

skill since 2005.

I I I ) J—L Jl \ l l seasonal forecast skills.

= Atpresent, 16 agencies from the world are (no r;od:/ls\ N ‘ Verfication l LA S A = SCoPS consists of high-resolution atmosphere-ocean-land-sea ice
Lo N et ; " Outlook
participating for monthly-rolling 3-month seasonal e Gl {Erevious forecast, Hindcast .,.ﬂ.p.'m‘.a../ coupled model with improved Integrated AO initialization schemes for
prediction. APCC-MME has various model set. - Historical model holders ‘ | “desen” predicting subseasonal to seasonal climate.

Observation

l J \ ‘ (i, Models, DM, PAIME) \ ' \

Monthly-rolling 6-month-leading seasonal

For operational providing seasonal climate prediction, the capabilities

Reference : Collins WD, Bitz CM, Blackmon ML, Bonan GB, Bretherton CS, Carton JA, S A Ciy I .
Hindcast period: 1982~2014 (33 years)
7month integration

Net ocean-ice heat flux
Shortwave ice to ocean

prediction has established since Sep.2013; 7 of this system should be analyzed for various target seasons, different
agencies are participating. — i ‘application regions and time periods with a wide range of variables
[ processing l (index forecast, CLIK, ‘ Dissemination |
) Statistical downscaling) o =» Evaluation of forecast skills from the SCoPS hindcast (compare to the
APCC in-house models oate o 5 200 (every month) €CSM3 hindcast)
1. Community Climate System Model version 3 (CCSM3) 2. Seamless Coupled Prediction System (SCoPS)
- APCC MME participant model itialization method: Integ Atm.-Ocn. initi
fiEin Initialization method: Ocean Temp. 3D nudging prs
() OASIS3-MCT
ccsm3 ntegrated Atmosphere-Ocean Initialization
- < combining 3-D atmospheric initialization
” BCSWTP”” 4. Z Heioht wind and the advanced Ensemble Adjustment
* Ocean Temp. nudging + Tau over water ECHAM *  Height, Win Kalman Filter (EAKF) methods
. v5.3
land < Coupler < Sea-lce Global/a0 levels « Initi it + LH,SH + Humidity, Temperature « Jan1,1982 recent
(€M3) = (©Ple /=1 (CSIM4) + 5 days relaxation time ',7,';';:;;"",‘,‘,‘;’,2{,’5:““"3 + Radiation fluxes WES (5] + Radiation fluxes 505 50N, till 400meter *  Initial condition of SCoPS
+ Jan1,1982~ recent ) + Total water fluxes + Rainfall, Snowfall 1 Hindcast simulation
lT ooN, ICE . ser . lca fraction « Restart fles of ATM, OCN, ICE
Atmosphere Ocean Pentad 3D Ocean Temp. = Daily 3D Ocean Temp. . Suf t + Ice surface temperature CFSR atmosphere variable, XBT & ARGO ocean
(tinear Interpolation) riace curren . Albedo variable (Forecast: ARGO only)
Ocean Horizontal ~ T85 (1.4°x1.4") gx1v3(0.3°-1%)
(POP1.4.3)
Vertical L6 1o = Hindcast Simulation with ICs from Ocean Temp. Nudging POP v2.0.1 CICE v4.1 = Hindcast Simulation
- —
Q3= HBCED LD + Total Ensemble members : 10
- NCARInUSA + Ensemble members: 10 « lce fraction + Time lagged forecasting with perturbation ensemble spread by
+ Coupling frequency : 1iday « Ensemble generation methods: Time lagged forecasting method [Brankovicet al. - ssT,sss « Stress between ocean and ice ENKF
- 78CPUS inAPCC HPC (ATM32, LSW:12, OCN:24, CSIWS, Couplr) 1990) Surface current -+ Meling fresh waer fux - Ao e s v 1,39t ey o
Integration time : approx. on - ATM/LSM/ICE ICs: the 1%, 6, 11*", 16", 21*, and the last 5 days of every month « SSH qmmsm + Saltflux -5 perturbation

Hindcast period: 982'2014133vear$)/Forecas!venod 2015~
7month integration

Chang P, Doney SC, Hack JJ, Henderson T et al (2006) The community ciimate system
model version 3 (CCSM3). J Clim 19(11):2122-2143

Global / Large-scale fields Regional / East Asia Summer Monsoon APCC MME participant models
Monsoon Precipitation o LA LG Procosaion o (D ERINSC Prec»mmx:« P Pcwﬂrwnu\m
Climatological summer and winter biases s {2108 £ GPCP prciptation on (51 4R £ 0OSNS Procpiaton o 7
2m temperature Precipitation ==

(a) A : COSM3 - 0BS 098 (c) DJF : CCSM3 - 0BS 089 (@)4JA: CCSM3-OBS

(0) WA MSC_CANGMA Precpiaian 1) JIA: NASA Procipition
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{b) JJA - SCoPS - OBS 088 {d) DUF : SCOPS - 0BS 090
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Latitude-time cross-section (Feb, May, Aug, Nov start)

Prediction skill map in Summer hindcast Prediction skill map in Winter hindcast 70-80E (Indian region) ‘ZD“SYEJ“E;S‘G’:;':"F ’99“’7) S
(s) JUN : COSM3 T2M TCC (GJUN: SCoPS T2MTCC (@) DEG : GOSMS T2M T6G (6) DEG : SCOPS T2M TCG 121,400 GRCP Preepitaton [70:008 . etlis
; oo
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{b) JAN : CCSM3 T2M TCC

ieS 103 195 00 205 M0 25 WS 190 195 200 205 10 215
EASM index, Lee et al. (2014)
- Defined as the 850hPa zonal wind anomaly difference between the average of 5-10N and
130-150E and that of 25-30N and 110-130E.

0 BOE 10E 1B 12W SW D

{c) FEB : COSMA T2M TCG

SCoPs exhibits a realistic simulation of the summer monsoon in East
Asia, as well as its seasonal evolution.

Seasonal cycle of precipitation and 850 hPa zonal wind at two
longitude bands (70-80E and 120-130E) are shown in these figures.
As the SCoPS and CCSM3 hindcast runs are available up to 7 months
from the initial time, 4 hindcast data from the Feb., May, Aug., Nov.
initialized runs were synthesized to examine the complete annual
O TSR T TSNS mmEm | OYCle of precipitation and wind.

6 8101214161820 1 2 3 4 6 8 101214161820

0 ®E 1mE 10 W W O o e e w0 W eW 0

! EE T T T .
08-07-05-03 0.1 0.1 0.3 05 0.7 09 0.9-0.7-05-03-0.1 0.1 0.3 05 0.7 09

12
Anomaly correlation coefficient on Nino indices Anomaly Regressed T2m and Precipitation onto EASM index
fop R e oge ) oty 200hPa Velocity Potential & Monsoon circulation i 8 088 Regeisad T2 (0) OBS Regressed Precipiaiion
R ey G n s b oson

{a) JJA: OBS Velocily Potential (200hPa) (d) JJA: OBS Monsoon

0 GE 12E 180 120W BOW 0 0  BE 120E 180 120W €W 0
{b) JJA: CCSM Velecity Potential (200nPa) (8) JJA; CCSM Monsoon

Development of Subseasonal to Seasonal
(S2S) Prediction system

. 3
Lead Morin Lead Manth

- The velocity potential at the 200 hPa level contains information
concerning the overall intensity of the tropical circulations of
Hadley, Walker and monsoon. These tropical circulations are
driven by different dynamical causes. They assume that

“ Bridging the gap between weather and
climate”

= To improve forecast skill and
understanding on the subseasonal to
seasonal timescale with special
emphasis on high-impact weather
events

On the time range between two weeks
and a season (e.g. 15-60 days)

0 SIE 1€ 180 120W BW 0 0 GOE 120E 180 120W 60W O
information is contained in the zonal mean field of the velocity (c) JJA: SCoPS Velocity Potential (200hPa)

potential. Also, they assume that information on Walker and
monsoon circulation is contained in the deviation field from the
z0nal mean. Secondly, they define the monsoon circulation as
part of the seasonal change of the deviation field. Finally, they
define Walker circulation as the remainder which is the annual
mean of the zonal deviation field. All seasonal cycles were %
deposited in the monsoon. However, they expect that the 0 GE 120E 180 120W BOW O
present definition retrieves a large fraction of the tropical

circulation.

0 B0E 1206 180 120W €W 0

zs!snsuvozw 2 3
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