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(CCSM, 2001-2005, NCAR; NSFHIDOE 3% %)
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RKana# X (AGCM)
& d 42 4% X, (LSM)

i % 7k 3y (OGCM)

gk N (SIM)

g% Mme# N\ (CGCMsxAOGCM)
% & stk (CSM)

Wik % ot X (ESM)
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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



180°W

120°W

Sea surface temperature

Meridional surface stress
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FGOALS? &#E

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

TFRI KSRt
\

GAMIL2
SAMIL2

FBIKER BEEAER

CICE4-LASG
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Lack of direct flux exchange in available couplers

OASIS Coupler

NCAR Coupler

Atmosphere : & <L|:|1> 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

<= for modularization

and standardization
4 ~
Land Model
Atmosphere
Ice Model

— e

N Direct flux exchange for
L )@ ) 4= hetter parallel efficiency
~_ & - of high-resolution models

ﬁ T

Ocean Nodel (Liu et al, 2011) 3




Ensemble coupling
software framework

Online ensemble tool for
coupled climate model

AT arvz_ [

| M

Ensemble + Coupling

|

Vv

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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(Xue et al, 2012)

Online Multi-initial condition
ensemble

Single initial condition

ocfnelaltlan Ibelwee ino IS i dlex ll"ld

ot
T e
2.0 = ‘ 3
"] 1
0 T T T T T s ey
) \ X | correlation between nino 3 index and sst anomalies
I - (] [ ]
| (gaCzlineny - Online Multi-model
. Mﬁwww MME :

ensemble

Offline Multi-model
ensemble

Traditional

s A4t | MME

(Xue et al, 2011) =



TERIN

> BA TR
) &N YR EN
> B & A2 4 X
- Y- Y RN
> KA X

34



ASHR

=1\

¢ N FEHBRARETER

Z 7%

RS

¢ BEHAARREILRS

¢ HuE

Wik 5]

o e e

L 2R 2B 2B 2% 2R 2R 2

)

R PR
AP B UK
9N I QUL
S
WA RS
R PHER,
CTBUE




FHE NSRRI P55 R4

ou u ou Vv aou ou 1 op
+ +——4+W—+
ot acosfd oL a ol 0z @apcosd oA

oV u ov VQ+W8V+1ap+fu:F

+ + —
ot acos@d o4 a od 0z ap 00 ’
8W+ u 8W v 8W 8W 1 op 9 =
ot acosd 8/1 a 86’ 6p O OZ
oT u or LV oT oT 1 dp 1

+ + W +
ot acoséd 8/1 a 00 oz C pdt
g, U a4 . va, ,A_g +Q
ot acosd o4 a ol 0z ) )
op N 1 oup N OV COS@p N OWp _0

ot acosf\ oA oo oz

~

— fv+ fw= F,




%HEEﬂt'-eu%ﬁ ?/@Iiﬁizﬂ

(ou ou LV 8u
ot acos@ 8/1 a 89
8v u ov v 8v

ot acoseaﬂ a6¢9
8T u ol vaT

ot acos@ c’M a 8«9

ot acosd oA a ol
1 ou 18v aw

acosd 6/1 a 86’ oz

ou

6q+ u_a +X@+

+ - fv=F,
82 apcosé'@/l
W8V+ L alo+fu=FV
oz ap 00
WaT_ 1 dp:FT+iH
582 C,p dt C,
q .
E—quth

where f :ZQsin9+Etan¢9

dp 8p u op v@p
dt ot acoseaxi a@@

wP
82

37



ou,
ot
8V

IEJE XK EFIEH

u

ou v@u 1

09 — fv=0

acosﬁa/l aae acosd oA
oV vav 1a¢

u

(’9t acoseaxl a@&’ a ol

op

1

8u¢+ OV CcoS Oy |

ot

acose@

oA o0

+ fu=0

=0

38



39




25 25 & WY o SR BRI A




41



42



AGCM-3h 2 18 &

1. BB
2+ i B H B

3v ARELSBER
4y F R



Different versions of GAMIL

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

Resoltior 28° X2.8 05+ X05 J025° X025°
Vertical Layers 26 levels 26 levels
gl wangeral ooy L0000 N
Cumulus Zhang and Zhang and Mu (2005)
Convection  McFarlane(1995)/Hack(1994) /Hack(1994)
Convective

Cloud Fraction Rasch and Kristjansson (1998) Xu and Krueger (1991)

Cloud Rasch and Kristjansson Morrison and Gettelman
microphysics  (1998) / Zhang et al. (2003) (2008)

IPCC AR4 wm)p |PCC AR5



Cloud ice simulations vs observation

(a) NCAR/CAM3 m(d) fvMMF

Waliser et al.; 2009, JGR

805 308 EQ EQ 3 BN

(b) NASA/GEOS (e) RAVE

lu.'il:l:l

=400 v
v =
(7))

B0 n
[ e
f Mg L

EES88EEEE8

—_

(13 305 EQ BO% s i) 3 BOM
{c) ECMWEF/R30 O(f) Observation
200:— A8 @@ O,[__:-

- ﬂ"-*’ s
i c}' Gettelman et al., 2010, JGR ]
[ele18] L L L 1 L

=90 G0 =30 (e} 30 60 o

—

£Q 3N
La ti tude Latitude

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), (¢) ECMWF R30 analysis
(August 2005 to July 2006), (d) fvMMF (July 1998 and January 1999), and (e) RAVE GCM (1998).
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Cloud ice simulation vs observation

A)ICE Cloud Ice (mg kg™)

Observationﬂtfwf—:

%(Gettelman et al., 2010, JGR) |

CLDICE mg,/ kg
| | | | I I | | I | I | |
| Or
20004 @ \ ~p0op
/k\”\ \Aj_ :
400.0 - [ 400f
// v\/\ i
600.0 —_ \[ \//- 600 -
800.0 - L 800
j GAMIL 2 ]
1 | | I | | I | | I | | I | | I | | _1{]0{3’9”
905 60S  30S 0 30N 60N 9ON
C T T T T T T T

0.0115225535445535566577.5

-60) -30 0 30 60 O(
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Total cloud fraction distribution

GAMIL finished the

: Observation
experiments of ] . CALIPSO
CEMIPZ, GAMIL2.0 ;& %3 0.67
better simulated -
total cloud fraction. CAM4

CALI PSO

(Kay et al., 2012, J Climate)
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Research Highlight-2

Cloud Fraction by GAMIL 2.0 in CFMIP

OBSERVATION
(CALIPSO-GOCCP)

CALIPSO Total Cloud Fraction mm 0. 20 ‘max: 0.99 avg: 0. 69
1

GAMIL 2.0

Lidar and Radar Total Cloud Fraction | | min: 0.25 max: 0.97 ave: 0.61
N

Total

308 o
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CALIPSO Low-level Cloud Fraction min: 0.00 max: 0.89 avg: 0.40 acti min: 0.00 max: 0.66 avg: 0.27
N h ! N 1 1 ! ! ! 1 ! |

Low-level
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CALIPSO Mid-level Cloud Fraction min: 0.01 max: 0.62 avg: 0.21
I 1 1 1 1 1 1 1 1 1 1 1 Il

CALIPSO Mid Level Cloud Fraction Tin: 0. OIO max: I0»49 e 0.15

: Middle-level

605

T T T T T T T T T T T T
0 30E  60E  90E 120E 1S0E 180 150W I120W 90W 6OW 30W 0 0 30E 6OE 90E 120E ISOE 180 IS0W 120W 90W 60W 30W

CALIPSO High-level Cloud Fraction min: 0.05 max: 0.82 avg: 0.30
| ! 1 ! 1 1 1 1 1 ! |

High-level
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N Gy

U,h, dS+jWT dS+ch1V

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)



IKEEHIE

o [P0, dV ==[U, -dS+3 [My (1-5,,)dV + [S, dV
ot iy S K" Av 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. 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, (IBucket model)

¢ P EHERBREERKX (JUKMO, ISBA)

& §24BiAX, (LBATS, SiB, SSiB,
CoLM)




SHEHESINFERN

(Dynamic Global Vegetation Model —DGVM)

>>ﬁwéﬁ(ﬁﬁﬁ)ﬁwm%ﬁ~ﬁ%&—§%m¢£
B R (b EE RN T RAIF B K
Fﬁi%lji*ﬁﬁﬁﬁm EF"?QJ: élf /ékam\/%ébth%fig
%\W$%%EﬁET,WHW%MHiM1ﬁﬁmi,
AmMEHMAESHE KK PHAFHEEBIR K) ;

> ‘Etf% ST A B M RS AR U RE SRS, T 5
RKERREAEG, HT2KA %ﬂﬂ%ﬁ%ﬁﬁ,ﬂ
B&iﬂ%@%?ﬁ%ﬁm—”\E 2L H i ER o

> DGVMigTF Ei209044%, HuEjE b _EM5Ehat T i
PP B o & EE N 2 FDGVMA IS i 575 B R b




DGVM# £ 248 px 34

| ATMOSPHERE | AL/ . CLM-DGVM |

siiooy ¥} ST : H(J*E;ga—:%‘
. (Levis et al. 2004) |

> || *minimum monthiy temperature (20-year mean)
~growing degree-days above 5°C (20-year mean)
-p'eammon
~growing degree-days above heat stress




BaiEpfrLE—EIFEHDGVM

» AVIM — China

» 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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BRAFNERSEBULR
>Ek (Bulk) BABHR: RABHE.
WIS, R AR ER Rl

Kraus and Turner, 1967

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

>EZGTR: —EE A S TR AN KA Y
EHIRS

Pacanowski and Philander, 1981, PP (1 &)
Large et al., 1994, KPP (1FH&, dEfms)
Mellor and Yamada, 1982

Canoto et al., 2001
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EFRALICOMBEENH (MWAR4S 3 ARS)

LICOM 1.0 LICOM 2.0
, , o o 1° X(0.5° ~1° ),
Horizontal Resolution 1" X1 01° X0.1°
. . 30 levels 30 levels
Ll R (25m in upper 300m) (10m in upper 150m)
Vertical Mixing Pacanowski & Philander (1981) Canuto et al. (2001)

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

Meoscale eddy Gent & McWilliams (1990)
parameterlzathn

Horizontal Diffusion 2X10% m2/s 3X103 m?2/s

o . Constant Chlorophyll dependent
SW Radiation Penetration (Paulson & Simpson, 1977) (Ohlmann, 2003)

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

a0°N

40°N

20N

jE—)= = =
3 6 9 12 15 18 21 24 2 30

RMS of SSH anomoly (yeor 46— 50)

(0.1° X0.1° )
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BIKNNFEFIE

dV S
Mm—=—mfkxV +7,+7, —-MgVH HV -0
dt l l
Coriolis Sea Surface Tilt
Air & Water Drag \
Internal Ice Stresses
T, = paCa Va _V‘(z _VI) EIaStic
Viscous

Tw =pWCW\V_VJ—Vi\(W—Vi) Plastic




BIKRANFLE

oA _
— =G, -V (VA)+G,,, )

N _ G —V-(W)+G,,
ot (2)

GT source/sink due to thermodynamic processes

—V-(VA) . .
R change due to horizontal advection
-V (W)

GM source/sink due to mechanical redistributions




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

90°E

90°E

CICE4_LASG
B°

1 90°W

90°W
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CMIP5 models in China

Group Name

Institution

Model Name

Institute of Atmospheric Physics,

LASG-CESS Chinese Academy of Sciences; ‘FGOALS-gZ ‘
Tsinghua University

LASG Ins.tltute of Atmospherlnc 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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Research Highlight-2

FGOALS-g2 presented ENSO best in the world

EU = 0O 0o ==l VHHUUUUuuﬁag o o,
UDOUQEE _Apanvw 41329929 T 222 _ < Ty
O nwuoijc EZ nnmEEEE00
HEHEEBEEEEEG!EZE&&EEEIEE%%%%E§§%%
Amplitude P B N Bl B
Structure -
Spectrum
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Best ENSO simulation by FGOALS-g2 among CMIP5 models
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Snow-albedo feedback simulation

Climate change (Wm® K1)

Feedback strength (FMAMJ)
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An article published in Science on May 31, 2013, studies
the response of clouds and precipitation to warming
using 4 CMIP5 models, FGOALS-g2 is one of them.

Change in cloud radiative effects

—~ — I I

Change in precipitation

MPI-ESM-LR MIROCS5 FGOALS-G2 IPSL-CM5A-LR

(Stevens and Bony, 2013, Science)



AEER

1. =L A K% &L

2. % & Rt

3. #X%BANG
m) 4, BAGEELH AR



BN =A™ [v] i B [B]

1. RA2FBT2FREBR? ARKED
2 RIS BRIG? I SE20 i
3v NFKRBRERINT JiHE FROR



"SR ABEENGE - RALE
A A G ZERGIARAI R

IPCCHAFAEIZ KA A INIRR I RIK .

B—RIPFHERSE (1990%F) | XEFFHRKERXK
TR R B KR ASEFH AL JE R
< 4: 0

B _RIFEIRSES (19954 ) : REHRBAHLS
TR R PAEDTOAR, HE—~E5%
RETFSEHHFER/REE, ERRMSeEF
WRERUH, ATIIHREAERERAHEK,

86



"RESOF QAR EBRRIALES
24" X—HRGTEARS

[PCCHATF I AN R R I RIK .

B=RITHEIRS (2001-‘4:-) . BTy, FEIREYIE
IFRA, LFROH0FIMN B 6H KBBZ SR ‘Al §E”

VFEEFAKES) (66%LALTREM) ;

BERIPFERE (20074) : AZE “RA]
BE” AREEBHEEREA (0% A LT
)

87



IR AP IR B AN JE HEBOE T Y

e R T T &5 SR

| — A2

6.0 - B
N B1
50 — — 20004FKEKRTE
1 — 204
O
® 30
o
R §
B 20
E’ﬁ .
1.0 —
0.0 -
1.0
1900 2000
4

2100

A1T
A1B
A1FI

o o
m <

(IPCC AR4, 2007.)

6.4
°C

1.1

ZESPTRETHRHRNRT, BURRSRNTIYFARIE IR

®™2%1.1-6.4C, Frmaxm® (Bl) , #m91.1-2 9T,
stFamMx R (AIFI) , AM92.4—6.4C,

38



AL B BE RS 7]

1. R AREZ BT 2RELR?
2+ RRIFLHI SO SE2R R 17
3y MAMGREBAHE?



B - A P 3 3

X7 ERS[IRTHEERFFHIE

ar

1. 5731££ﬁﬁ 1ﬁlf£ﬁﬁ 5‘Fff-§ﬁ 1090 1zloo 14100 16100 IBIOO 18150 19100
56 ittéa 0.5-
& E M i A

VK

(Mann,1999)

90



2500

£

pCOs (pprv)

500 —

5180 (%, PDB)
=k P (] o 4l o
L T

A K50Maik £ X £, CO,EFH: FRSY
15 CO2:& & 9 4 4~

:

'
= =
P |

o 5 10 15 20 25 30 35 40 45 50
Age (Ma)

(Pagani et al., 2005)

CO, KZ17E30Mafi 5 &3
1000 ppmvEPA T, FE24Ma
B2 T MV 3 A BT AR K
B, —HFERS. HM
24-15 Ma&=ER{E Z LI
mIRZ, FERIKZEIRD,

jbﬁ&ﬁﬁﬁ% reéﬂ?fﬁ

‘—‘"l

91


http://www.sciencemag.org/content/vol309/issue5734/images/large/309_600_F3.jpeg
http://www.sciencemag.org/content/vol309/issue5734/images/large/309_600_F3.jpeg

Age (ka)

8180 (%o) N. pachyderma Pollen of spermatophytes Spores of pteridophytes

5.0 4.0 3.0 2,0 mOOgran slem3 0 500 sporesicm? 4& ﬁ ﬁo r] bg&coz ﬁ &ﬂA

0 1 1 1 1 I |

o %: % LERAR A TR, KA407

= - SEDISR, R RR 2= A 18] UK 3 HA [a) AR A
== BEEHRRIK, RHKZLCIETH

e Tt T T T T T N, RS
- . L TR R A0S A
= = - HACO, KB L LAHTA BT im (T ) 5

300

800

AR AR ECO, 5 RRILIRIRE A
FH—AEH

900

(De Vernal, 2008)

SUD m' |I | - F ) ] I II.I Eﬂ_ &
" ' . - —12
280 i . i !5 __i;l
Toso e T 5% Ty il # Ty ;',I ATy Ty !Tw Tun T
g 13 ] Lo 1:'.+ . . : r g £
S 2404} D R R Y B i PR {
& # o p YU o s g D M
OEED-I e—"——“——ﬂ-—'.—' | I i LY i‘i‘:- b ¥
.i:h'? L] 1. M I l L. N —_ = _.';G_ !:5. 4
Cao]iE Rl b A | .
1 v '3 ' ¥ i f A S
¥ tay ~ & (B
180 1 | o
T T T T T T T | I T T T T T T
0 100 200 300 4&3 500 600 700 BOO
Age ( r‘IBF'}

(Luthi, D. et al., 2008)



KT ERBBRNREA R FH

1. AR “ARESI S B LIRTIR”
X—%)E, KPR
REIERICX ;

2 I\ HHIRIIBE AT RB IR,
BT RBR AR AR -



Surface Air Temperature Anomalies by FGOALS-g2

(279 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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