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Assessment of seasonal prediction skill of
new APCC in-house model

Suryun Ham

Climate Research Team
APEC Climate Center

Co-Workers: Dr. Seon Tae Kim, Dr. Hae-In Jeong, Dr. SuChul Kang, and Ms. A-Young Lim
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History of the APEC Climate Center (APCC)

APEC Climate Network PG AU APEC Climate Center Public
endorsed by ISTWG and : - .-
endorsed by ISTWG SOM establishment Organization

APEC Climate Center APEC Climate Center
noted by STMM 10th anniversary

2005 SOM 1 for the 17t
APEC Ministerial Meeting Summary Report

41. SOM concluded that this was an important
decision made by the ISTWG and endorsed the
establishment of the APCC.




Functions of the APEC Climate Center

from 2005/SOM1/003rev1

Functions

* Developing a value-added reliable real-time climate prediction system,
through a state-of-the-art multi-model climate prediction system utilizing
model predictions from member economies

* Acting as a center for climate data and related information with open
access to member economies

* Helping build the capacity of member economies in producing and using
reliable climate predictions

* Developing improved methods of utilizing socio-economic innovation to
mitigate and adapt to climate fluctuations and change and guide member
economies towards optimum utilization of APCC climate prediction
information

* Coordinating research toward the development of an APEC integrated
climate-environment-socio-economic system model (ultimate and long-
term scope)



Structure of the APEC Climate Center

Board of Trustees

Science Advisory
Committee

Executive Director Working Group

Climate Climate Climate Policy External Administration
Prediction Dept. Application Dept. Dept. Affairs Dept. Dept.

Climate Strategic Planning
Prediction Team Team

Climate Research Climate ¢ Total : 77 pax (Including 40 Ph.D.)
Team Application Team
¢ Direct Fund from Korean government (KMA)

— R&D

Information
Service Team






APCC Activities
Climate Prediction

APCC has developed a climate prediction
system based on a Multi-Model Ensemble
(MME) technique, which collects
seasonal forecast data from 17 institutes
in 9 economies

— In order to enhance the reliability of its
MME climate services, APCC
continuously performs forecast
verification against observational data

Meteorological Service of
Canada

f—
| L) s

Meteorological and Hydrological
5enamhr Weather Service of Peru
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APCC Activities
Climate Prediction

MME forecast products include: www.apcc2l.org

Monthly 3-month and 6-month lead climate prediction information based on

multi-model ensemble system

BSISO Forecast: Scaling up from seasonal to intraseasonal forecasting

Temperature at 2m for June-August 2016

| Probability fields are displayed

BSISO Forecast for 5June2016-24June2016
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Time Schedule of Forecast

%
APC

APEC CLIMAT E CENTER

Participating «Guu—]

APEC Climate Center (APCCQC)

H APEC Member

Hindcast/
Forecast

« Historical
Observation

Pre-
processing

Communication
with
model holders

(Previous forecast, Hindcast)

Graphics
(Indi. Models, DMMEs, PMME)

Application
(Index forecast, CLIK,
Statistical downscaling)

Institutions Economies
Dynamic Seasonal Prediction
Data Quality Deterministic Probabilistic
Collection Check Forecasts Forecasts
(4 DMMEs) (PMME) =
*11 (7) models Verification

Outlook
Interpretation/
description of

prediction

[Dissemination}

Date:

1 oth

1 5th

Zoth

(every month)
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Work assignment

s Mission:
Providing high quality climate forecast information
** Purpose:
Operation and Application of the APCC in-house models

1. Operation:

For Seasonal climate forecast system
- Providing the seasonal forecast information to MME system every month
- Improving the forecast skill

2. Application:

For Dynamical/statistical downscaling
- Providing the 6-hourly timescale dataset

For Subseasonal climate forecast system

- Validation of SCoPS prediction data on subseasonal timescale
- Setting up the subseasonal forecast system

- Plan to join to APCC BSISO forecast system

arec cLIMATE CenTER [N 10
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APCC Climate Prediction models

APCC in-house models

*

L)

* The APCC has been provide the seasonal prediction data using the Community Climate System
Model version 3 (CCSM3) with nudging of SST (APCC CCSM3, Collins et al. 2006; Jeong et al. 2008)

)

*

L)

» Recently, the APCC has newly developed the Seamless Coupled Prediction System (SCoPS) with a
research group of the University of Hawaii to improve the seasonal forecast skills.

L)

*

D)

* SCoPS consists of high-resolution atmosphere-ocean-land-sea ice coupled model with improved
initialization schemes for predicting subseasonal to seasonal climate.

L)

*

D)

» For operational providing seasonal climate prediction, the capabilities of this system should
analyze for various target seasons, different regions and time periods with a wide range of
variables.

)

arec cLIMATE CenTER [N 11



APCC Climate Prediction models

Evaluation of prediction skill of the CCSM3, SCoPS hindcasts

* Evaluation and the identification of the systematic biases in the global prediction, judged from
long-term averaged states with many ensembles

* Global divergent field at the upper troposphere in contributions from the Hadley, Walker and
monsoon circulation using a seasonal mean velocity potential field

* Prediction skill of ENSO, East Asian summer and winter monsoon, which are major drivers of
weather and clilmate variability in East Asia

arec cLIMATE CenTER [N 12



CCSM3 Framework PCC
Atmosphere
(CAM3)
Land < | Coupler | Sea-lce

(CLM3) — (CPLO) — 1 (CSIM4)

\” Atmosphere Ocean
Ocean Horizontal T85 (1.4°x1.4°) gx1v3(0.3°-1°)
FolFas) Vertical L26 L40

« NCARin USA

»  Coupling frequency : 1/day

« 78 CPUs in APCC HPC (ATM:32, LSM:12, OCN:24, CSIM:8, Coupler:2)
» Integration time : approx. 5hr/7month

+ Reference : Collins WD, Bitz CM, Blackmon ML, Bonan GB, Bretherton CS, Carton JA, Chang P, Doney SC,
Hack JJ, Henderson TB et al (2006) The community climate system model version 3 (CCSM3). J Clim
19(11):2122-2143

APEC CLIMATE CENTER B



Initialization method: Ocean Temp. 3D nudging

CCSM3

e CCSM3POP1.4.3

* Ocean Temp. nudging
* Global/40 levels

e 5 days relaxation time
* Jan 1, 1982 ~ recent

L

Pentad 3D Ocean Temp. = Daily 3D Ocean Temp.
(Linear Interpolation)

)

= Hindcast Simulation with ICs from Ocean Temp. Nudging

e Ensemble members: 10

Initial condition of CCSM3 Hindcast
simulation
Restart files of ATM, LSM, OCN, ICE

* Ensemble generation methods: Time lagged forecasting method [Brankovic et al. 1990]
- ATM/LSM/ICE ICs: the 15t, 6%, 11th, 16th, 215t , and the last 5 days of every month

- Ocean IC: 22 ~ 26t every month
* Hindcast period: 1982~2013 (32 years)
e 7month integration

APEC CLIMATE CENTER




SCoPS Framework

* LH, SH

« SST

 Radiation fluxes
 Total water fluxes

» Surface current

ai5e

APCC

APEC CLIMATE CENTER

s
X \!*?—"
o

OASIS3-MCT

« Tau over water ECHAM v5.3

T159, L31

POP v2.0.1 S
0.3 - 1.0 deg, L40 <

SST, SSS

Surface current

SSH gradient

Ice freeze/melt heat fluxes

Once a day (36 variables)

* Height, Wind

* Humidity, Temperature
* Radiation fluxes

« Rainfall, Snowfall

* lce fraction
* Ice surface temperature
 Albedo

CICE v4 1

Ice fraction

Stress between ocean and ice
Melting fresh water flux

Salt flux

Net ocean-ice heat flux
Shortwave ice to ocean

arec cLiMaTe CenTer [ 15



SCoPS

Integrated Atmosphere-Ocean Initialization
: combining 3-D atmospheric initialization
and the advanced Ensemble Adjustment
Kalman Filter (EAKF) methods

Jan 1, 1982 ~ recent

50S — 50N, till 400meter

L)

CFSR atmosphere variable, XBT & ARGO ocean
variable (Forecast: ARGO only)

Hindcast Simulation

Total Ensemble members : 10

)

R

Initialization method: Integrated Atm.-Ocn. initialization ipcc

CLIMATE CENTER

Initial condition of SCoPS Hindcast
simulation
Restart files of ATM, OCN, ICE

Time lagged forecasting with perturbation ensemble spread by ENKF

- ATM/OCN/ICE ICs: the 1%, 5t of every month
- 5 perturbation initial data

Hindcast period: 1982~2013 (32 years)
7month integration

APEC CLIMATE CENTER




¢ Seasonal-mean biases of Temperature and Precipitation /;p

APEC CLIMATE CENTER

Surface Temperature Precipitation
JJA (Imon lead) DJF (Imon lead) JJA (Imon lead) DJF (Imon lead)

(a) JJA: CCSM3 - OBS (c) DJF : CCSM3 - OBS (a) JUA: CCSM3 - OBS
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(d) DJF : SCoPS - OBS (b) JJA : SCoPS - OBS (d) DJF : SCoPS - OBS
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¢ Prediction skill map in May hindcast (JJA; May Start)

AP

APEC CLIMATE CENTER

(a) JUN : CCSM3 T2M TCC

Surface Temperature
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(e) JUL : SCoPS T2M TCC

<~
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EQ
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80S -
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(f) AUG : SCoPS T2M TCC
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¢ Prediction skill map in Nov hindcast (DJF; Nov Start)
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(b) JAN : CCSM3 T2M TCC
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(c) FEB : CCSM3 T2M TCC
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(d) DEC : SCoPS T2M TCC

0 60E 120E 180 120W 60W 0

0 60E 120E 180 120W 60W 0
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Surface Temperature
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<+ ENSO prediction: Index o (2o .
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“* ENSO prediction: Seasonal dependence

60 OISST, NINO3.4 CCSM3
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> 200hPa Velocity Potential

JJA (MAY start)

(a) JJA: OBS Velocity Potential (200hPa)
., e 5 By
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(b) JJA: CCSM Velocity Potential (200hPa)
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Hadley circulation intensity

Velocity Potential

Velocity Potential
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¢ Deviation from Zonal mean (Walker) and Annual Mean (Monsoon)
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Walker Circulation Monsoon Circulation
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s East Asia (JJA)

APC

APEC CLIMATE CENTER

JJA(May start) Precipitation

(a) JUA : GPCP precipitation (c) JJA : CCSMS3 Precipitation
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(b) JJUA : APHRODITE PRCP (1982-2007)
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> East Asia (JJA) JJA(May start) Precipitation

APEC CLIMATE CENTER

(g) JJA : POAMA Precipitation

60N 60N

(d) JUA : MSC_CANCMS3 Precipitation
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(c) JJA : CWB Precipitation (f) JJA : NCEP Precipitation
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s East Asia (JJA)

Latitude-time cross-section (Feb, May, Aug, Nov start)

APEC CLIMATE CENTER

(a) JUA : GPCP Precipitation (70-80E)

d) JUA : GPCP Precipitation (120-130E
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s East Asia (JJA ; May start)

JJA : NCEP2 HGT850 STD JJA : SCoPS HGT850 STD
-
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1980 1985 1990 1995 2000 2005 2010 2015

[ T T T T T
2 3456 7 8 910 111213 14 15

WNPSH index, Wang et al. (2013)
- Defined as the normalized anomaly of JJA GPH850 over the region of maximum variability (115-150E, 15-25N).
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s East Asia (JJA ; May start)

APEC CLIMATE CENTER

EASM index
30 P Y TN R TSN TN UM U (NN T SN TN Y SN TN S T NN SN T U
a POAMA 0.820 [
e CANCM4 0.752 +
2.0 — CANCMS3 0.691 [~
] —IRI_CA 0542 |
g —PNU 0.619 -
1.0 il —NCEP 0.715 [
' E CMCC 0.758 |
7 NASA 0.808 [
] CWB 0.355
0.0 — SCoPS 0.824 [~
il — CCSM0.654 [
. — NCEP RA2 -
1.0 - -
=20 n
'30 rr | T 1T [rrrrrJrrrrrrrrrrJrrrrJrrr1

1985 1990 1995 2000 2005 2010 2015
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.
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> East Asia (DJF ; NOV start)

APC
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EAWM index, Li and Yang (2010)
Defined as the 200hPa zonal wind anomaly,
(U1-U2+U1-U3)/2

233, | : o e U1 =U200(30-35°N/90-160°E)
* - - - o . " " * U2 =U200(50-60°N/70-170°E)
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> East Asia (DJF ; NOV start)

1 1 I 1 Il 1 1 ]

AQO index (NOV start: DJF mean)
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AQO index, Thompson and Wallace (1998)
Defined as principal component of the 1t EOF mode from monthly mean sea level pressure anomalies
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Summary

Evaluation of prediction skill of the CCSM, SCoPS hindcasts

* Overall both CCSM3 and SCoPS system exhibits realistic representations of the basic climate
although systematic biases are found from surface temperature and precipitation.

* SCoPS shows more realistic representation than CCSM3 for Walker and monsoon circulation from
analysis using upper tropospheric velocity potential, although intensity of Hadley circulation tends
to quite overestimated.

* Oneremarkable thing is that northward migrated rainband related to the Changma during May to
August is also captured by SCoPS. In case of East Asian monsoon index prediction, the SCoPS show a
higher correlation coefficient between the observed and predicted indices than the CCSM3 for both
summer and winter season.

* Based on results, SCoPS is more skillful than CCSM3 in prediction of seasonal climate variability
including the East Asian summer and winter monsoon.
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Improvement:
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= Bugs fixed ORG_PGl — OBS (over Global)

(a) SST (b) PREC 3

Nino3.4 index
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= |mprovement: Ensemble member, Vertical resolution, Physics, Land initialization...
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Thank you for your attention!
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Physics (Atmos.) status: CCSM3 vs. SCoPS )\bcc

L
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CCSM3 (CAM3)

SCoPS (ECHAMS.3)

Resolution
Convection
Microphysics

Cloudiness

Radiation

Surface

T85L26

Boville et al. 2006 (Based on Zhang and
McFarlane 1995; plume ensemble approach)

Boville et al. 2006 (Based on Zhang et al. 2003,
but liquid + ice cloud condensation)

diagnostic from conv. & strat. clouds

Collines et al. 2001 (longwave: interactions
with water vapor, maximum/random
overapping)

Oleson et al. 2004; Dickinson et al. 2006(CLM3,
10layer soil)

T159L31

Nordeng 1994 (Based on Tiedtke 1989; mass flux
scheme)

Lohmann and Roeckner 1996 (liquid + ice cloud
condensation)

Sundqvist et al. 1989 (diagnostic from RH)

Fouquart and Bonnel 1980 & RRTM LW; Mlawer et
al. 1997, maximum/random overapping

Roeckner et al. 2003(5layer soil)
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> East Asia (DJF ; NOV start)

DJF : ERAInt T2m
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DJF : GPCP precipitation
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+* Seasonal-mean SST
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Biases (MODEL — OBS)
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¢ Seasonal-mean 2m Temperature

APEC CLIMATE CENTER

JJA (MAY start) DJF (NOV start)
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¢ Seasonal-mean Precipitation

JJA (MAY start)

JJA : GPCP precipitation
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s East Asia (JJA ; May start)
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JJA : CCSM3 HGT850 STD JJA : NCEP2 HGT850 STD
40N 53 65{,{/ 40N

20N A

20N

; o ’%
' _‘ w’ﬁ:& n- -;) S - wﬁg}gﬂ; ’. ‘J\\
ezt YN ezt ’ Sy,
n__W—_. 2 .7 A .

T T T
60E 90E 120E 150E 180 60E 90E 120E 150E 180

WNPSH index (MAY start: JJA mean)
| A SCoPS HGTB50 STD T S S U
40 - ]

20N A

¥

o

o
|

1 SCoPS: 0.81 a
| ccsmo46 |

1980 1985 1990 1995 2000 2005 2010 2015

60E 90E 120E 150E 180-3-0

«© —

[ | [ S
2 3456 7 8 9101112131415

WNPSH index, Wang et al. (2013)
- Defined as the nomalized anomaly of JJA GPH850 over the region of maximum variability (115-150E, 15-25N).
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s East Asia (JJA ; May start)

APC
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Correlation between WNPSH index and Precip (CCSM3) Correlation between WNPSH index (NCEP) and Precip (GPCP)
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Correlation between WNPSH index and Precip (SCOPS)
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WNPSH index, Wang et al. (2013)
- Defined as the nomalized anomaly of JJA GPH850 over the region of maximum variability (115-150E, 15-25N).

arec cLIMATE CenTER [N 40




Background
APCC-MME participants

« For 3-month seasonal forecast, 12 agencies are in use.

Institute Institute
1. BoM 9. PNU
2. MSC 10. HMC
3. BCC 11. MGO AMIP-type hindcast (not in use)
4. CWB 12. Met Office Insufficient hindcast (not in use)
5. CMCC New member since 2014 13.IRI
6. JMA 14. COLA AMIP-type hindcast (not in use)
7. APCC 15. NCEP/NOAA
8. KMA Insufficient hindcast (not in use) 16. NASA
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Background o
APCC-MME participants ARES

For 6-month seasonal forecast, 7 agencies are in use.

1. APCC APCC (CCSM3) CAM3/T85L26 POP1.3/GxIv3_L40 10
2. NCEP NCEP CFSV2 GFS/T126L64 MOM4/L40 20
3. BOM POAMA BAM v3.0d/T57L17 ACOM2/0.5-1.5lat x 2lon L25 30
4. NASA NASA GEOS-5AGCM/L72 MOM4/L40 11
5. MSC CANCM3 AGCM3/T63L35 0GCM4/L40 10
5. MSC CANCM4 AGCM4/T63L35 0GCM4/L40 10
6. CMCC CMCC_SPS ECHAMS5.3/T63L19 OPAS8.2/L31 9

7. PNU PNU CCM3/T42L18 MOM3/L29 10

Total = 110
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FY2016 1° Joint Workshop for Regional Climate Projection, Next
Generation Land Surface Model Development, and Model
Application and Implementation (Draft)

Oth version (7 Dec 2016)

Monday 16 to Tuesday 17 January, 2017
at Morinouta Hotel, Jozankei, Sapporo

Agenda

Monday January 16

9:00-9:10 Opening

9:10-12:10 1°*' Session on Regional Climate Projection

12:10-13:30 Lunch Break

13:30-14:00 Invited speech (Dr. Suryun Ham)

14:00-16:00 2™ Session on Next Generation Land Surface Model Development
16:00-16:10 Coffee Break

16:10-18:10 3™ Session on Model Application and Implementation
18:10-20:00 Reception

20:00-22:00 General Discussion

Tuesday January 17
9:00-10:00 General Discussion (continued)
10:00-10:10 Closing
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