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Abstract A series of numerical simulations are conducted (using GFDL CM2.1) to investigate the global mean
precipitation and temperature change in response to climate variation. Experiments under different carbon dioxide
(CO,) forcing indicate an obvious precipitation hysteresis. There is a significant linear relationship between global
mean precipitation and surface temperature, but precipitation is also influenced directly by CO, concentration.
During the experiments in which CO, concentration rises up and then falls back, precipitation change lags behind
surface temperature, which leads to the precipitation hysteresis. While CO, increasing, the enhanced greenhouse
effect will lead to immediate intension of atmospheric long-wave absorption, which will bring net radiative energy
income to atmosphere. To balance the energy budget, upward latent heat has to be restrained, so the additional CO,
has inhibiting effect on precipitation. The subsequent warming mainly induces increasing in outgoing long wave
radiation at TOA and backward long wave radiation at surface, which is equivalent to a radiative cooling for
atmosphere, and then causes precipitation rising. While CO, decreasing, on the contrary, the subdued greenhouse
effect tends to intensify precipitation and the temperature reduction will reduce the precipitation. Different effects
on precipitation from temperature and CO, determine the precipitation hysteresis.
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Fig. 2 Time evolution of annual mean surface temperature (blue) and precipitation (green) anomalies
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Fig. 3 Scatter plots (dot) and linear regression (line) of annual mean precipitation against surface temperature
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Fig. 5 Scatter plots (dot) and linear regression (line) of global mean energy budget against surface temperature of 4x

o R RRE T M 3 A 5 i S 249 2R SR )N,
(R B Wl N IR B AN — B KRR T A
B S DD R BE TR, AF AT R AR AT R A RE

A 22K 3l 8 S ol R 1)



3ty 25

25 AL AL B U033 v 4 R R A L A Ak R i RO

W T AR e i 24, S R e e 5, R
U2 T 1) T JRE 0 6 A )l 33 W R /N T R e R
555, XREHE— 2P0 DR TOURI b 2 Y 8 55 e A
VAo X — R, AT LA SR A T i
g ) 728 T S X R S e P A A e O
JEE 3 LA RE FIR P& 1 45, 3 1) b ) R B
IR, P T RS B A A AE
o AT RREKOR UL, B A 8 A SEIG T K
SRR B 07 O 5 T IR REOR, R EAIE
I IR PRSP B e S B R Rl - S N T
BB G RAFTE R 22 5 . — LU rh G
AR/, HR i JLF- AT L2 AR AT Y
BADAE R v, JRHGH  AS A R E
e R R A1 B AR R, B R TR, B
I 8 2 S A TR 2 1 4 D 5 LA K 7 i
o fEX R, BERER LT, HERR SN
HMK PR B, R, R b e Dk G
GkEys b, —H RVE ISR AR HERR K, X A B
JKAE W) 13 R B K BO R SRR N . S8 IR S 200
A LA S AR 1 1 BE R W S SRR, AN TR AE
MR T COy e JBE A8 A AL BE 728 1 B4 A [+ SURK
PSS B SR B AR AR, BE TP E T K A
B o BB AS Rl BE B AE— 2L N AT LA M CO,
JE 5 M B R e R B, NGBS, A
AX =calog, [CE) + PAT, 5)

H, AX RBAEZRERE B, o g5
B HRE I X CO, R R M R T () ARk, T
PLIIAR o 37 BE5 i 12 00 L 1 1 BTk, B o hE
T X O O Y Bk . XS [ A A A Y
PLELERIE 7. koK n AR, ASFLR b hg
I R R R CO, YR Y SR BT
B — 2t . X BUAT DU T AE b R ) B K PR 107 O
COy HFUR: )1 M) JO7 (o) 1 3 T8 8 vk ) ) 2k A
o gman e N R 2R, XA SRR
A2 TR b K I8k 4 S o 1) A Ak 2 A 12 AR K
AR GREE TR, 3 Z A8 3 4k
1) 120% AoA7, o Ag st it i 21w S il B K
HIVE T o e Do fi ik A8 vhr AR K U s Sl AR R
SR AN B B35 0, R M A2 TR M 6 K 4R
S A X R K B PR IR A AR R, B Y RN
K2 H 5 ERASAL ) 60%, R I HA BE & i & 0 /E
JHARRT 20 . X —IREY], CO, M A AT

R KA PRI A s, sk IR
KA B A RO A PR A AR, X —ad R T e R IR
JE AT LR B G R ARGE ) . s SRR YR G R S I
) A5 B A, X S PR R SR R4 e
TR K R P o R 7R LR AR R T A e 1 0
Firp, SERG LI NLRER AL, X T
K a2 e, KA RN, 2
3T A AN [+ e g AL A R T R KPR e i ) 2
Sk

FEVE 2 TS5 R GRS USRS BT
A PR R R A X 4y, 2R R TR R AR L
AR5y, (B BRA T 5 AT R, A
eI ARSI S TAENFSE A & a8k
T AR Ak, PRI TN DG R TR i S A
fbo BlanpREREJE %P3 F FGOALS A5 3 A9 AH
58, MRS TR X S 4 £ CO, MR
F1RY SR 3T AT 5 ORT I A S 14 PR g g 48 g iy ) o Al A7
T R RE 2 30, b 3R TR & AR B B AR L TT, CO,
5 38 3 RS T ) T v e Sl o, IR LK AR
SRR, B MR T, KRR TR
WD . X 5 RAT RS R, RS
I R ) KN R B L A — BU(FGOALS i 5 48
SFF 3 RS A L R ATT A 4 SRR )

4 ZEietitie

FEFRATRBLRNZE Fe v, TR B B R /K Bl 31 3 AR
TR B AN — 3K, e 2T 3R — IR E R R RRK
SEEMZER], MLILT CO M B Kk HEm CO, ik
FEB B, CO, W BE N B Bk &2 2 ) W B B [ 7K o
Z . BRI IR, COy BEIm G T REAK, T
A SRR K I AY E R N X AR R EAE
PRI A AL 25 58, (R Al 38 B — SRR A
A AT REYE . BN, iF A IR SR HE RO B4R
i, CO, Wk BERE Z e, B /K S 23 b ek B B 38 Jon
FOMRRIR . TELIR ST B X L SR ) 448 5
W7, WSRR R L TR OR B, BEOK 3G T G
St 2GR, P LR B3GR K A3 A AN 5
PER X — R T AR A T N

FEATINBE B 29 S0 A BEHR T T K AR AR ARAE 1
B, KISAE RGNS T CO, I 238 1 0 3 A7
e 2. CO, W BE B AR Fb B 52 M 4 i A i,
SIRRSM VTR, K2 ORI R ik 5 4 A8
PR B BAR A, (FLE 3 A SO A IR, ek

769



R MARBI ) 51 E B4l 200547 A
o] (@) ARy, 6 (b) AR, o (©) AR,
3 34 31
. 400 270 70 800 | - 400 g 200
E 01 oW E 01--4
3 1 B
73- 73_
_6- _6.
10 1 2 3 4 5 10 1 2 3 4 5
AT/K AT/K
6.4 (d) AR, 61 (O] AQS
3 3
&
S0
= ,
-3 -3
—61 61
10 1 2 3 4 5 10 1 2 3 4 5 S A T T

AT/K

AT/K

AT/K

(~DFERWREmEE SR 5 MF. 268 1~70 4F CO, ¥ LTHHr B, #EE R 71~200 450 CO MRELRFFAAE (430 R 2 £5 71 4 £iF)
BB, Sy 201~270 48 COL VEJE FREM B, G480 271~400 4E CO, IR # IR IO VE G o 8 @R B FRiC M S8 0 B0 F R 8 AR 0

6 2ptdx W SR FHHBUXIMNBENHAE(BERRELMELSEREL)

Fig. 6 Scatter plots (dot) and linear regression (line) of global mean energy budget against surface temperature of 2pt4x

0 2 -
(@ (b) z
[ ]
+ ¢ ]
: ' <P
—11 " 1ptdx
3 11 +2ptdx
o N o + 1pt2x
g - i = ) ] L +4x
N ' I N L4 +3x
21 | *FIH *2x
Iptdx
+ 2ptdx L
+ 1pt2x n j ®
+4x ° ] h
37 | +3x T
+2X ,
T T T T T T _1 T T T T T T
AR, AR .. AR AR, AQ, AQ, AR AR AR AR AQ, AQ,

Stoa Ltoa S

7 2RFHHEBWIX CO, R E (a)F1ith R IR E (b) K SR

Fig. 7 Global mean energy budget sensitivity to the change of CO, concentration (a) and surface temperature (b)

FIR9 3 2K B 7 24 BE e B A AR AR SRR e o I EE
A ) ) RO U AR A 0 o, RAUR T ) S e
S, M ) b PR I o X SRR A X T
PEH R, KA T L AR AN B 1] S 5 fiE
i, FEKAE AT A v PR AR A T B AME DT

770

3o O, HAURE B 38 TR K A9 7 A AR X
B MR, HHE— LAY AL AT T S — 2D B,

A3t E 4 R R i A8

PRFE B FRAL ] .

TP AN IR, 0] e B R R e S AR e K

HA BB AT IRADTIL



Ay %

T B AR A BB A 30 v 4 ok R 7K 0 T B2 A8 Ak 7y 8 i AN

PRAEGE LY A AR HESL, Rl AR AR E R
AR HEREK R4 o SR, T AR W [ K A DR R
RZ, b5 3F Je i P E () an R SR R 20 A
F, WHEERSMX I HIBEIR A KT i
ABR, ARRFEREK 2 5% T 2 RRF 228 ke (e AT
BRI AE R vh, P 22 AR /1N, B 7E — 2% 22 5l 4%
RE CO, EFRALKBL, HEHWAMT 5%), K
AT B T LA 78 A X — < HE Jr B 2 38 R ig 4
ERIF IR . HE—, TRk AT
TETE, AN RE TR R 28 K 1078 A AR 3R 4 BRI K 9 22
e, i AE (o] B I il 22 S 2, ot — R TE .
FEIRATRRAUZE SR b, A BRFE & W00 SC AR AR 4 b J
e 4 BRI K B S AR B, e RIRZE B A 10% 22
fio HER, X—EEeA it e A
P75 LN PP e > S B o] € /G AT g
SERE T ERIEK SR R e ML, S BSER S R
X Ry LR K AR A R A B TN o L R K A A
R FL A A B 0 BOR 2 B A T SR BRASE, (HURy
Wk 7K A 78 P AS Bl 2 L P Y pR KR, 3 2 AR 22 HUAtL I
RIS, B A 2 (A4 5K 2R XX [ K Y A2 Al
G N T { Y R Al PO O O S (0
Pk m R

Sk

[1] Boer G J. Climate change and the regulation of the
surface moisture and energy budgets. Clim Dyn,
1993, 8: 225-239

Allen M R, Ingram W J. Constraints on future
changes in climate and the hydrological cycle. Nature,
2002, 419: 224-232

Allan R P, Soden B J. Large discrepancy between

(2]

(3]
observed and simulated precipitation trends in the
ascending and descending branches of the tropical
circulation. Geophys Res Lett, 34: L18705

Wentz, F J, Ricciardulli L, Hilburn K, et al. How
much more rain will global warming bring?. Science,
2007, 317: 233-235

Liepert B G, Previdi M. Do models and observations

(4]

(5]
disagree on the rainfall response to global warming?.
J Clim, 2009, 22: 3156-3166

[6] Jones A, Haywood J M, Boucher O. Aerosol forcing,

climate response and climate sensitivity in the Hadley

Centre climate model. J Geophys Res, 2007, 112:

D20211

Andrews T, Forster P M, Gregory J M. A surface

energy perspective on climate change. J Clim, 2009,

22:2557-2570

[8] Bala G, Caldeira K, Nemani R. Fast versus slow res-

ponse in climate change: implications for the global

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

hydrological cycle. Clim Dyn, 2010, 35: 423-434

Cao Long, Bala G, Caldeira K. Why is there a short-
term increase in global precipitation in response to
diminished forcing?. Geophys Res Lett, 2011, 38:
L06703
Andrews T, Forster P M, Boucher O, et al.
Precipitation, radiative forcing and global temperature
change. Geophys Res Lett, 2010, 37: L14701

Hansen J, Sato M, Ruedy R, et al. Efficacy of climate
forcings. J] Geophys Res Atmos, 2005, 110: D18104
Gregory J M, Ingram W J, Palmer M A, et al. A new
method for diagnosing radiative forcing and climate
sensitivity. Geophys Res Lett, 2004, 31: L03205
Previdi M. Radiative feedbacks on global precipi-
tation. Environ Res Lett, 2010, 5: 025211

Lorenz D J, DeWeaver E T, Vimont D J. Evaporation
change and global warming: the role of net radiation
and relative humidity. J Geophys Res, 2010, 115:
D20118

Wu P, Wood R, Ridley J, et al. Temporary acceleration
of the hydrological cycle in response to a CO;
rampdown. Geophys Res Lett, 2010, 37: L12705
O’Gorman P A, Schneider T. The hydrological cycle
over a wide range of climates simulated with an
idealized GCM. J Clim, 2008, 21: 3815-3832
Stephens G L, Ellis T D. Controls of global-mean
precipitation increases in global warming GCM
experiments. J Clim, 2008, 21: 6141-6155

O’Gorman P A, Allan R P, Byrne M P, et al. Energetic
constraints on precipitation under climate change.
Surv Geophys, 2012, 33: 585-608

Delworth T L, Broccoli A J, Rosati A, et al. GFDL’s
CM2 global coupled Part 1 :
formulation and simulation characteristics. J Climate,
2006, 19(5): 643-674

Wittenberg A T, Rosati A, Lau N, et al. GFDL’s CM2
global coupled climate models. Part IIl: tropical
pacific climate and ENSO. J Climate, 2006, 19(5):
698-722

Held I M, Winton M, Takahashi K, et al. Probing the
fast and slow components of global warming by

climate models.

returning abruptly to preindustrial forcing. J Climate,
2010, 23: 2418-2427

Solomon S, Plattner G K, Knutti R, et al. Irreversible
climate change due to carbon dioxide emission.
PNAS, 2009, 106(6): 1704-1709

Mribede, JHRZE, SdE. SR EENURES
PRBURBE M R B B2 35T FGOALS B i if ¢
rRE R D HERENF, 2014, 44(2): 322-332
Held I M, Soden J S. Robust response of the
hydrological cycle to global warming. J Climate,
2006, 19(21): 5686-5699

Kitoh A, Endo H, Kumar K K, et al. Monsoons in a
changing world: a regional perspective in a global
context. J Geophys Res Atmos, 2013, 118: doi:
10.1002/jgrd.50258

771



