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1. &L #Z 408 XELL1TX (EH)
(CCSM, 2001-2005, NCAR; NSFHIDOE % %)

2 W 4 gt ddE ot X (EE, 194BALE)
(ESMF, 2001-2010; NASA, DoDRAINSF3Z %)

3v WK 4 St AR (BREE, 224 Shn)
(PRISM, 2001-; %§xi: #EHLOMEF ISR PE

BT BRI )

4, Wt Btx (HAR)

(Earth Simulator , 1997-; HARFS: T~ JFEFEEPT-
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(2010, RHEEHE)
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xanimi X, (AGCM)

e &y 424 X, (LSM)

&% Rk X (OGCM)

oKt X, (SIM)
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FAKXE S Gk

GCM: General Circulation Model
AGCM: Atmospheric GCM

OGCM: Oceanic GCM

CGCM: Coupled GCM

AOGCM: Atmosphere-Ocean GCM
LSM: Land Surface Model

SIM: Sea Ice Model

CSM: Climate System Model

ESM: Earth System Model

NWP: Numerical Weather Prediction
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"~ Solid precipitation

Sea surface temperature
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FGOALS2 &#F

(Flexible Global Ocean-Atmosphere-Land System Model Version 2)

EFET KSR
\ SAMIL2

CPL 6.0
(NCAR)

/N

FBIKER BEEAER

CICE4-LASG

CLM3
(NCAR)
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Lack of direct flux exchange in available couplers

OASIS Coupler

NCAR Coupler

Atmosphere ﬁ <#> Land Model
Ocean Model

Decentralized
Centralized flux coupler non-flux coupler
without direct flux exchange  without direct

flux exchange

30

(Liu et al, 2011)



C-Coupler: to overcome the imperfection
(the first coupler developed by Chinese scientists)

‘“ - °
- Centralized flux coupler

<4 for modularization

and standardization
¥4 ~
Land Model
Atmosphere
Ice Model

— T _— e

N~ T Direct flux exchange for
N )@ | mmmmm hetter parallel efficiency

j —\_ of high-resolution models

Ocean Model (Liu et al, 2011) 3




Ensemble coupling
software framework

Online ensemble tool for
coupled climate model

A1 armz_

| M

Ensemble + Coupling

J

V

Motivation
How weather noise / atmospheric model
uncertainty impacts the climate response?

(Xue et al, 2011)

Different scenarios for online ensembles

Ensemble

Ensemble

Multi Model Ensemble
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correlation Ibelween rlllno 3 index and sst anomalies
L 1

(Xue et al, 2012)

Online Multi-initial condition
ensemble

Single initial condition

1 1 1 1 1 oc:rrel tion Ibelwee irmlﬂlnd arlld t
v =

= e "y

Online

MMMM"WWL MME .

Online Multi-model
ensemble

Offline Multi-model
ensemble

Traditional

s Ayt | MME

(Xue et al, 2011) ==
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KSENGAMILRYEZ it (MAR4S E AR5)

_ AR4 (GAMIL1.0) AR5 (GAMIL2.0)

) Zhang and
Convective Zhang and Mu
McF
Scheme ¢ ar'a("lesng)’s)/ Hack — >005)/Hack(1994)
Convective cloud Rasch and Kristjansson
fraction (1998) Xu and Krueger (1991)
Cloud . .. :
microohvsical Rasch and Kristjansson Morrison and Gettelman
PRy (1998) (2008)
scheme

In addition, some parameters in shallow, deep convection and
boundary layer schemes are tuned in GAMIL2.0 comparing with

GAMIL1.0
GAMIL: Grid-point Atmospheric Model of IAP LASG 44
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1 cmftau characteristic adjustment time scale of moistconvection.F90
shallow cape
2 cO rain water autoconversion coefficient for moistconvection.F90
shallow convection
3 capelmt threshold value for cape for deep zm_conv.F90
convection
4 ke evaporation efficiency for deep convection zm_conv.F90
5 cO rain water autoconversion coefficient for zm_conv.F90

deep convection

6 rhcrit threshold value for rh for deep convection clousure.F90

7 alfa Initial downdraft mass flux zm_conv.F90

8 rhminl minimum rh for low stable clouds cloud_fraction_MG.
F90

9 rhminh minimum rh for high stable clouds cloud_fraction  MG.
F90

10 kvm diffusion coefficient for momentum vertical_diffusion.F
920

11 kvh diffusion coefficient for heat vertical _diffusion.F
90

12 wsub sub-grid vertical velocity for aerosol cldwat2m.F90

activation
13 conke rate of evaporation of stratiform cldwat.F90

precipitation
14 icritc threshold for autoconversion of cold ice cldwat.F90

15 icritw threshold for autoconversion of warm ice cldwat.F90
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A)ICE Cloud Ice (mg kg™)
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B Pressure
‘R EEEEEEEE

(a) NCAR/CAM3

|m(d} fvMMF

&0 EQ

(b) NASA/GEOS

05

G0N

[ 305 £d

c) ECMWF/R30

BN

EQ N
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E0S &0M

ressure
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Waliser et al., 2009,
JGR

Figure 9. Annual and zonal mean values of cloud ice water content (IWC; mg m ) from (a) NCAR
CAM3 (1979-1999), (b) NASA GEOSS (January 1999 to December 2002), (c) ECMWF R30 analysis
{August 2005 to July 2006), (d) MMF (July 1998 and January 1999), and (e) RAVE GCM (1998).
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GAMIL 2.0 B E R faEH

Horizontal Time Step Scheme for

Resolution (unit: s) DC
2.8° %28 240  Analytica
solution to zonal
1.0° x1.0° 060 surface gravity
- - waves, implicit
0.5 XO0.5 015 solution to zonal
o o Internal gravity
0.25 X 0.25 004 waves. and
0.125° X 0.125° 001 explicit solution to

other terms.
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TWPICE

(Tropical Warm Pool
International Cloud Experiment )

30E 60E 90€

0.2051 2 3 4 5 6 7 8 9

JTotal Frecipiaton (mmyaay) GAMIL 2. Bx2.8 20080118-20080214

4] J0E  BOE  9E  120E 150E 180 150W 120W  90W  G60W  30W 0

MED (GAMIL 2.0)
(2.8° %x2.8° )

60w

10121417

HIGH (GAMIL 2.0)
(1.0° x1.0° )

Total Precipitation (mm/day) GAMIL 1x1 20060118-20060214

0 B30E BOE SOE 120E 150E 180 150W 120W 9QO0W 60W 30w 0

Soh=NusrONR®

o

n
o1
[N


http://acrf-campaign.arm.gov/twpice/
http://acrf-campaign.arm.gov/twpice/
http://acrf-campaign.arm.gov/twpice/
http://acrf-campaign.arm.gov/twpice/
http://acrf-campaign.arm.gov/twpice/
http://acrf-campaign.arm.gov/twpice/
http://acrf-campaign.arm.gov/twpice/
http://acrf-campaign.arm.gov/twpice/
http://acrf-campaign.arm.gov/twpice/
http://acrf-campaign.arm.gov/twpice/
http://acrf-campaign.arm.gov/twpice/
http://acrf-campaign.arm.gov/twpice/
http://acrf-campaign.arm.gov/twpice/

GAMIL 2572 53R AY7KISIRI &

SERE - BEES R

N
o
S
AN

g
5

an
=
N
o

I
Q

NI

W r

il

NI




TERIN

> /o
> KR X
> & & A2 4 X
> & IR AR X
' TS XV

53



o 2fEEEIERE?

Ik & i A2 AR A

- KA TAREH
© RAAFEAEN
o RAEAR I
- AR AMR
* 4-D FTTH R

— RIEA Y bl R4t
« K RSEH
- et A K
o BRIRAZEP

- RA/ AR/ EASBEBNF &




PACoL M4l

MBEESTARGIE

T b J2 - THT P33 B (K)

Woew  TEEBK (Mm)

T, THEAFERE (K)

Wq;  TEMFREBEIZKEE (kg m?)
Wice;  TEMFEBEZKESE (kg m?)
Az FEEEE (j =snl+1, ...,-1, 0)

I




PACoLMK 44

) ey

U,h, dS+jWT dS+deV

Rate of change Convection Conduction Radiation
In stored heat

where

P K Intrinsic density of constituent,

0, Partial volume of constituent,

h, Specific enthalpy for three water phases and dry soill,
U, Mass flux,

A Thermal conductivity,

R Radiation,

d, 1, |, v (fordry soll, ice, liquid and vapor)



KEERIE

jpkedv —jU dS+Y" [Myy (1-384) dV+js dv

k" AV

Time rate Mass flow Phase change  Sources or
sinks

of mass change

where

Pk Intrinsic density of constituent

0, Partial volume of constituent

U, Mass flux

M i Phase change from phase k’ to phase k
O 1k Kronecker delta

S\ Source or sink term
d,i,l,v (fordrysoil,ice, liquid and vapor)
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¢ HHER, (lmBucket model)

¢ T EHERBREERKX (JUKMO, ISBA)

& 524BiRX, (WBATS, SiB, SSiB,
CoLM)




SEHEHESINFEERN

(Dynamic Global Vegetation Model —DGVM)
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DGVM# £ 248 p3 35

| ATMOSPHERE | EAHDE / o  CLM-DGVM |

Sk ¥} S : B4 #E?.E?T?ﬁ
. (Levis et al. 2004)

| [ sminimum monthiy temperature (20-year mean)
~growing degree-days above 5°C (20-year mean)
«precipitation

~growing degree-days above heat stress




BHajEprLt—XFERNDGVM

» LPJ — Germany, Sweden

» VECODE — Germany

» HYBRID — U.K.

» SDGVM — U.K.

» TRIFFID — U.K.

» CLM-DVGM — U.S.

> IBIS — U.S.

» MC1 — U.S.

» ED (Ecosystem Demography Model) — U.S.
» SEIB-DGVM—Japan
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BRUFERGEBURR
>EEk (Bulk) BABHR: BARHE.
WIS, R AR — Rl

Kraus and Turner, 1967

Price, Weller, and Prinkel, 1986 , (PWP)
Chen et al., 1994

PESHTFR: —WrelmE A A A KA Y
EHIRS

Pacanowski and Philander, 1981, PP (1F &)
Large et al., 1994, KPP (1Ki&, dE)mHL)
Mellor and Yamada, 1982

Canoto et al., 2001
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HEFEERLICOMBY T E i3

LICOM 1.0

o o

Horizontal Resolution 1 X1

. . 30 levels
Vertical Resolution

(25m in upper 300m)

Vertical Mixing

Meoscale eddy
parameterization
Horizontal Diffusion 2X10% m2/s

. . . Constant
SW Radiation Penetration

(Paulson & Simpson, 1977)

Pacanowski & Philander (1981)

Gent & McWilliams (1990)

£ (MAR4 #| ARDS)

LICOM 2.0

1° X(0.5° ~1°
0.1° X0.1°

)

30 levels
(10m in upper 150m)

Canuto et al. (2001)

Gent & McWilliams (1990)
Large et al. (1997)

3X103 m?2/s

Chlorophyll dependent
(Ohlmann, 2003)

LICOM: LASG/IAP Climate Ocean Model
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(a) RMS of SSH onomaly (T/P, ERS)

R
12 15 18 21

RMS of SSH anomoly (year 46— 50)

(0.1° X0.1° ) -
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CICE: Los Alamos Sea Ice Model

An elastic-viscous-plastic (EVP) ice dynamics (Hunke and Dukowicz, 1997, 2002)

An energy-based ridging scheme (Thorndike et al., 1975) and an ice strength
parameterization (Rothrock, 1975)

Horizontal advection via an incremental remapping scheme (Lipscomb and
Hunke, 2004)

An energy conserving thermodynamics model (Bitz and Lipscomb, 1999)



Changes of sea ice model (AR4 to ARS)

AR4 AR5

Model CSIM4 CICE4_LASG

Major improvements in physical parameterizations:

- Spatiotemporal varying sea ice salinity

* More realistic disposition of solar radiation in snow and ice



Sea ice concentrations
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CMIP5 models in China

Group Name

Institution

Model Name

Institute of Atmospheric Physics,

LASG-CESS Chinese Academy of Sciences; FGOALS-g2
Tsinghua University

LASG Ins.tltute of Atmospherl.c Physics, FGOALS-s2
Chinese Academy of Sciences

BNU Beijing Normal University BNU-ESM

BCC Beijing Climate Center BCC-CSM 1.1

FIO First Institute of Oceanography | FIO-ESM1.0
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Main Variables Evaluated

Variable name

Component

Evaluation Method

Precipitation

Globe

Root Mean Square Error

Global mean SAT
anomaly (SATA)

Detrend of SATA

Taylor skill (Taylor, 2001)

Tropic SSTA
annual cycle

Pacific

Pattern Correlation

Warm extremes

1980-1999, 21 regions

Relative RMS

Asian Monsoon

JJAS mean, annual
cycle index

Pattern Correlation

ENSO

SD, variance annual
cycle, amplitude,
zonal wind stress

Direct comparison or
correlation with
observation
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Global area-weighted mean RMSE of Precipitation
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20th Century SAT Variation (1870-2005)
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Tropic Pacific Annual Cycle

(2°S-2°N, 120°E-80°W)
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CRU CPC
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Skills of CMIP Models on JJAS Asian Precipitation and Wind

(OBS: GPCP)
Predpitation JJAS Pattern Correlation
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(Zhou et al. 2012;
Sperber et al. 2012)
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(Sperber et al.
2012)
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Asian summer monsoon

0.9

0.8 f--e CMIPS MMM @
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E 05 4+ ‘ ‘FGOALS-gZQ _____________
£ 04 {-China MMM
S 03| o reeAlee
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04 045 05 055 06 065 0.7 0.75 0.8
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(Zhou et al. 2012; Sperber et al. 2012)

1) Comparing with CMIP3
models, CMIP5 models
Improve the Asian summer
monsoon significantly;

2) China MMM performs better
than CMIP3 MMM on onset
and duration, but worse on
withdraw and peak;

3) FGOALS-g2 presents
better onset and duration
but worse withdraw and
peak than both CMIP3
MMM and CMIP5 MMM;

4) FGOALS-g2 presents better
onset, withdraw and
duration but worse peak
than China MMM.

(OBS: GPCP) *



Nino 3.4 region
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Other models: CNRM-CM5, INMCM4.0, MIROC5, MIROC-ESM, MPI-ESM-LR,

NorESM1-M
(Huang et al, 2012) «



Nino 3.4 region
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MIROC-ESM, MPI-ESM-LR

(Huang et al, 2012)
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http://www.sciencemag.org/content/vol309/issue5734/images/large/309_600_F3.jpeg
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Surface Air Temperature Anomalies by FGOALS-g2

(29 sample of historical run)

Surface air temperature anomalies (SATA)
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30-year predictions of SATA by FGOALS-g2
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