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(4
CO, CH, N,O CFC-11 HFC-23 CF,
{Carbon (Methane) (Nitrous (Chlorofluoro (Hydrofluoro  (Perfluoro-
Dioxide) Oxide) -carbon-11) -carbon-23) methane)
Pre-industrial concentration  about 280 ppm  about 700 ppb  about 270 ppb  zero ZET0 40 ppt
Concentration in 1998 365 ppm 1745 ppb 314 ppb 268 ppt 14 ppt 80 ppt
Rate of concentration 1.5 ppm/fyr # 7.0 ppblyr* 0.8 pph/yr =1.4 ppt/yr 0.55 pptlyr 1 pptfyr
change®
Atmospheric lifetime 510 200 yr* 12 yrd 114 yr‘1 45 yr 260 yr >50,000 yr

& Rate has fluctuated between 0.9 ppm/yr and 2.8 ppm/yr for CO, and between 0 and 13 ppbiyr for CH, over the period 1990 to 1999.

b Rate is calculated over the period 1990 to 1999.
© No single lifetime can be defined for CO, because of the different rates of uptake by different removal processes.
4 This lifetime has been defined as an “adjustment time” that takes into account the indirect effect of the gas on its own residence time.
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Anthropogenic and natural forcing of the climate for the year 2000, relative to 1750
Global mean radiative forcing (Wm-2)
34 Greenhouse gases
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variable | 356000 | 278000

12.2 1714 700 8 3.7x10™ 0.47

120 311 275 0.8 3.7x10°° 0.14

50 0.268 0 +0 0.22 0.06

102 0.503 0 +0.007 0.28 0.14

12.1 0.1 0 +0.005 0.19 0.02

9.4 0.002 0 0.001 0.14 -

18.4 0.006 0 0.001 0.18 -
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Instantaneous radiative forcing (Wm2kg™)

108 N
HCFC — 225ca

—-2.5yr .

107 L}

5

1018 O 0 W | 1 14

10
Time (yr)

218 H =i % § W

Global Warming Potential ( GWP)

Cumulative radiative forcing between the present and some chosen later time caused by

a unit mass of gas emitted now - expressed relative to that of some reference gas ( CO;
has typically used ) .

T 58 % # Hradiative forcing 2. 23884 2k > A P X F P 24 AH AR 0 T2
I RS- 2 dpth e ph by IR L L EX]‘? 4 AT VIR 4 #Y radiative forcing 2 3 i
B LRTRASHT T ERFF 2 KGHEIET F B PEGCGWP 2 73 ¢ 4

< time scale

< reference gas
< lifetime of gas

X fH GWP
]
GWP(X )= M
o a, -[r(t)lat
T: PR - 4¥ g5 200 100 - 500 #
ax © # 4 — ¥ =%t radiative forcing z. §4 58

X(t) : the time-decaying abundance of a pulse of injected gas
- 4% 11 CO, % reference o
XK FHCWP

AGWP(X ) =] a, -[X(t)jdtwm kg *yr
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F12.10 5 88 % 7 W5 45 4p 42 GWP -
3FERBFERESAM[ A
B BcF N 2 Wk F E e 8 5 Arrhenius (1896 ) ek 4o & T e

FARRIE S F ¢ COH 5 28 %%a&%WHOCOH@Hmﬁﬂﬁﬁgi&ﬁ~
=22 general circulationsrd» 3 =% > & K H##E ~ F o £ I 1950+ von Neumann 4 +r274g
F1* TR B A E 2 % FaE 6 2 2 Bci@ f2 0 @ Smagorinsky (1965) # A& I ¥ #
REEEGFREZ AR R R TR % o

Bes A & 7 4 & Statistical Model (4 i 4 BLRliF 4 @ ¥ ) £ First Principles Model
(@i § 4 $ process) o A3t st g w F "what if7enf 4T 0 Bildeg + F CO;
ERAGBERERBR g 4 fmzx % ? First Principles Model + ;ﬁd NETHE R H e
TH 2T eR POEEEC AR B0 B o @ B e 2RSS (GCM) -

ﬁ%i%%ﬂ#aﬁﬁﬂ+’#%&f;@a%@iﬁﬁﬁ
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AT, = AAF

BP0 AT 2 2ok T 3ok 4 T gmE B 2 % 1 (K) > AF £_2 % T 35 Radiative forcing(Wm™) >
AOAEF AR B S B(KIWM?) e A g STk f ~ 2~ 2k Ewahitr 2 B8 H 203
P GCM 58 #7k * 7 2 e » H - 435 0.3~1.4 KIWM?2 FF « CO % B 70 4 1k 13
A 57 &g 18 50 64% Radiative forcing 2 #° %8(1.56/2.45) - CO, 2 Radiative forcing

vd T ;1] —\ —‘J- s
AF =6.3In(C/C,) forC <1000 ppmv (IPCC, 1990: Table 2.2)

Cot 41 %3 & kR (T 280ppmv) - B] 1994 & CO, k& 5 358 ppmv > % F g =3¢
v & 41 H ¢ = 2 radiative forcing 3

AF =6.3In(358/280)=1.55(Wm™)
deizm e BRRCZFE AN P A F COER A Fivig A AR AR

0.5~2.2°C -

Vo BT ERBE Ry 0 Rl E O R0 02 TS 0 A 2akg
-8 MRV AL

N=S-F
He Sipimfc “HBaktgst @ F Ly piFsiad o

_S
4

S="2(l-a,)&F=coT,

i ATEEN=0 e S=F- g aFF (4f 3 §F WH 4 ) B pURT 7>
20

AN = AS — AF
Bk R TR S AT 0 R
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AF AS

ATy AT

ﬂ:

BAAELE T FEFE 2B 1995 Taylor B B 3
AF _F  F AW F A
AT, 0”]’ dN AT, 0”AC ATy

_AS S5, ﬁaPJré’aP AAc+5apAA/+ ______
ATy 4| g A ATy A, AT
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|
g
=1
pat
L
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Y &
flm
F_L
ol
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5

AP W= kg i Acs 22 “Av = 2R
BT 2 B BR AL A TEr 5 B

AF  F AS

— : 0
ATS ﬂl’s ATS

1
P F

218

F :eaT::>§:4eaTz:L_1r—F

S
_Ts T
4F ~ 4S
BATIER G 288K @ S 25740(1—04) » B S =343(1-0.3)= 1203 & 2xCO, ~
G =6.3In(C/C,) forC <1000 ppmv = 6.3In(2)=4.37Wm™

AT = AG = 0.3x4.37 = 1.31 (K or °C)

North (1975) @Rl (¥ 3] F = 1.55Ts-212 > B4 ¢ BE 1%

o

A 55—t —065
T, 1.55

Rt e 2 evr @z 28 F BB F2L R R ¢ 7 v iR & 2xCO;,

AT = 0.65x4.37 = 2.84 (K or °C)

PIPATER T SN ARER 2 Tk LB R (T,) 4 % radiative forcing
PRHLER (AT B4t § g v aie? PR BR (AT o 4T
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T' =T +AT +AT.

¥ (AT >0 iz wagier » o4+
AT <0 5 fwhkicr > gR>ER 2
AT =0 f& v & ie

Water Vapor
TRP RN AR T AP (T fFEA TN ) TR G- I AT
oo e E R E R PIE R A BAe o

2xCO;,

|
AT, % \
F®

@EFTY

+ x5 +

%3

®
B 2.20 -k 5 2w 48 i
/'lk
B 221 Grk2 wh sl 7 A - D WA IEY TR AR RAKRE G AR
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232 2% mHN (General Circulation Model, GCM)

R RIS MA SRR AR REE AV ERIGE L I 0
B A REA LR SR B2 THEE k2 EREFE T2 88
PlZ & {ARZHEN > P2 5 NI Esi7 32 dhds Sy
Pz BBt I e R A IR FERE SR B R EFFFiEo P

R ONIERI A R F iF 2 B BRI A 4T3 S ISRFHE 5 2 3k TR I 5" (General Circulation
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Model, GCM) - GCM & i ficat 2 S » & BIAZ § 842 w5 B 31050+ 4 28 71,
i GCM 552 2 Ap M Rl -

FEREL AR LI AR LT EY > A% - 3
B BEE RSB A R A PR F BRI A Y
e SRl 223 3P F iF BN AR Bz 1970 & i 7 iR R0 0 < 3] 1980
E S e PR B R AT AR ER B RR] - B P 1990 A H A e~ F R o P
TR AOR S ~ C F PR TREC

TR iEarl

2 -

TRGEHE A F s R ke

PN 1Y) B VR XEA A R U !

()

!

The Development of Climate models, Past, Present and Future

Mid-1570s Mid-1880s Early 1280s Late 1290s Presant day Early 20007
Atmasphers Atmosphers Atmosphere Atmosphers Atmeosphare Atmosphers
Land surface Land surface Land surface - -

Ocean & sea-ice  Ocsan & sea-ics DOcean & sea-ice | Ocean & sea-ice

Sulphats Sulphats Sulphate
asrcsol asmsol asroscl
Mon-sulphats Man-sulphate
asrosol asrosdl
Carbon oycls Carbon cycle

Ccean & s=a-ice Sulphur Non-sulphate
midal cycle madel aerceols
Land carkan
oycle modsl * Carbon
Cicean carban cycle modsl
cycle modal
Chynamic
wegetation
Atmoepheric Atmospharic
chamistry chamistry

B 2.23 F ixHseposiw B A (IPCC2001)

T

LR G4 U] 0 P (2002) it E R R T SRR A s 3T B pE
BTG PR S B2 B AT T AT R - SRR R N 2 2 e oA
LA Rz F it o 04 28 ¢ 2 GFDL_R15 #5554 6] » 2 < F i3t
247 R 5 45°%T5% & K A& 1020 2 0 w400 R 0 - B K 5 2

% O 0 & 17280t o 20U E 30 A4EG - B2 PEF R AB T % Cray
X_MP fike— #2 § i3 & 10 ) PF o " Rdp~ F vt - B GCM 538 5 3 &

FORBERAEN A R EFRF L L4 28877 F GCM NG 2 BT R
REo| 2 A4 R K 5 2.8°%2.8° B 2.24 kg o+ GCM_GISS 67 542 B 2> 3 F 247
BERLRE X AR > TREC] 2 [347R 28x28° 2 i< "5 S#XE G

BA o T FRABIP BT AR F FIERFTH
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2 1525%08 121.44

e
.

£ : 3°x1.2°
GISS : 4°x5°

Rl 224 o swRFER > 2 Hapef s R

%28 i & GCM & 3 4p b Bt

CERFACS [T21 (5.6 x 5.6) L30 2.0 x 2.0 L31* C (d) -
CERFACS [T31 (3.9x3.9) L19 [2.0x2.0L31* C T -
BMRC R21 (32x5.6)L9 |3.2x5.6L12 M,B T -
BMRC R21 (32x5.6) L17|3.2x 5.6 L12* M,B T HW
CCSR/NIES [T21 (5.6 x 5.6) L20 |2.8 x 2.8 L17 M,BB T HW
CCCma T32 (3.8x3.8) L10 |1.8 x 1.8 L29 M,BB T HW
CCCma T32 (3.8x3.8) L10 |1.8 x 1.8 L29 M,BB TR HW
COLA RIS (4.5x75L9 |1.5x1.5L20% C T -
COLA T30 4 x4) L18 3.0 x 3.0 L20* C T =
CSIRO R21 (32x5.6) L9 |3.2x5.6L21 C TR H,W,M
NCAR T42 (2.8 x 2.8) L18 |2.0 x 2.4 L45* C TR -
NCAR T42 (2.8 x 2.8) L18 |2.0 x 2.4 L45* C TR -
DKRZ T21 (5.6 x5.6) L19 |4.0x 4.0 L11 C T HW,M
DKRZ T21 (5.6 x5.6) L19 |4.0x 4.0 L11 C T HW,M
DKRZ T42 2.8x2.8)L19 |2.8 x 2.8 L11* C TR H,W(*)
GFDL_R15_a |GFDL RIS(4.5x 7.5 L9 |45x3.7L12 B T,F HW
GFDL_R15_b |GFDL RIS(4.5x 7.5 L9 |45x3.7L12 B T,F HW
GFDL R30(2.25x3.75) |1.875x2.25L18 |B T,F HW
GISS 40x5.0L9 40x5.0L16 C T -
GISS 40x5.0L9 40x5.0L13 C T -
IAP/LASG |[R15(4.5x7.5) L9 |4.0x5.0L20 C T HW,M
UKMO 2.5x375L19 2.5x3.75L20 C T,F HW
UKMO 2.5x375L19 1.25 x 1.25 120 C TF =
IPSL/LMD |5.6 x 3.8 L15 20x2.0L31* C (d) -
IPSL/LMD |5.6 x 3.8 L15 20x2.0L31* C T -
MRI 40x5.0L15 2.0x2.512123)* (M,B T,F HW
38 cHCEAFRE A1 EE )
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27 |MRI2 MRI T42(2.8 x 2.8) L30 (2.0 x 2.5 L23* @ T,F H,W,M

28 |INCARI1 NCAR R15(@.5x7.5 L9 |1.0x 1.0L20 B T,R -

29 |INRL NRL T47 (2.5x 2.5) L18 1.0 x 2.0 L25* BB T(p) H,W(*)

30 |DOE PCM NCAR T42 (2.8 x 2.8) L18 0.67 x 0.67 L32 C T,R =

31 |CCSR/NIES2 |CCSR/NIES |T21 (5.6 x 5.6) L20 |2.8 x 3.8 L17 M,BB T HW
CCCM — Canadian Centre for Climate, CA; GFDL — Geophysical Fluid Dynamic Lab., USA
GISS — Goddard Institute for Space Studies, USA; NCAR — National Center for Atmospheric Research, USA
OSU — Oregon State University, USA; UKMO — United Kingdom Meteorological Office, UK
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| PBL and Surface |

A
Stable No Condensation | | Convective Condensation
} ] ]
Cloud Fraction Zero Cloud Cloud Fraction

|  Radiation |

| Dissipation term |

L Solve PEs |
B 2.25 =+ § FrAedrdl Az Rigses

ol Y%A
PARAEA R ARG B AR 2 f A E R RS R R
CF e L R (U0 & 5B EKF AR A2 MRS F 2 462 i

7}4/»\ (Soil Water) ~ 7% (Evaporation) ~ Z #z(Transpiration) ~ £ i£ pg & (albedo, land use
change) o 7 fe f MRV F Ak 2 P2 43 ~ fE Ak~ < @ﬂi%],?a %t (Soil — Vegetation -
Atmosphere Transfer Schemes, SVAT ) » B 2.26 5 NOAH ¥ % B4z ;% °
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WIND e
NCEP - QS - Air Force » Office Of Hydrology

gL S5 TRANSFIRATION (ET) atmospheric
SOLAR
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RN RRREER SENSIBLE HEAT FLUX
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AGCM + OGCM
1.surface energy balance (SWAMP )
2.heat storage
3.0cean current
4.upwelling
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