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Abstract Recently, a new multidisciplinary scientific study, called earth system dynamics, is developing on the ba-
sis of considering the atmosphere, oceanosphere, geographic environment and biosphere in the Earth and their linka-
ges together as a whole system. By so doing, the scientific community is able to combine the global climate change
studies (such as WCRP and IPCC) and the so-called global change studies (such as IGBP) and some other important
scientific plans in the world (such as IHDP and DIVERSITAS) as unified scientific problems to understand more

correctly and all-roundly the laws governing the changes in the climatic, environmental and ecological systems, and
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to provide more reliable prediction of their changes in the future. One of the major tasks in the earth system dynam-
ics is to set up an earth system dynamic model with sound theories because a reliable prediction for climatic and envi-
ronment-ecological change can be made only by the use of such model.

This paper summarizes some related researches and achievements of the earth system dynamic model in recent
years in China, especially those just before and during the implementation of the science plan in the Chinese Acade-
my of Sciences (CAS) named "Study on the Earth System Dynamic Model", in which some results are found to be
unique and new although the studies are preliminary. The main tasks and some important scientific problems for de-
velopment of the earth system dynamic model in China are also pointed out. The paper is arranged by the main sub-
systems of the earth system, except for the introduction and summary. They are the atmospheric general circulation
model (AGCM), the physical-hydrological process model in the earth surface layer (LSM), the oceanic general cir-
culation model (OGCM) and the oceanic biogeochemical model, the aerosol and atmospheric chemistry model, the
dynamic global vegetation model (DGVM) and some related ecological problems, the biogeochemical model and
some related studies of the ground-based stations for surface physical and biogeochemical observations in the arid and

semi-arid regions, and some specific studies of land-atmosphere interactions in the arid and semi-arid regions and

their influences both insitu and on monsoon.

Key words earth system, dynamic, model, simulation
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Fig. 1 Components of the earth system model and the interactions among them. including the human component (from reference [1])
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Fig. 11 Ratios of annual mean mixing ratios calculated in the presence of heterogeneous reactions to those in the absence of them for (a)
NO,, (b) O3, (¢) SO?”, and (d) NO; in the GCM surface layer (from reference [111]). Heterogeneous reactions considered are hydroly-

sis of N2Oj; and absorption of NO3z, NO>, and HO; on wetted aerosol surfaces, as well as the uptake of SO,, HNOj3, and O3 by mineral dust
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Fig. 12 Effects of changing emissions and changing climate on global burdens of ozone (O3), sulfate (SO7~ ), nitrate (NO;3 ), black car-
bon., primary organic carbon (POA). and secondary organic aerosols (SOA). Year 2100 climate was driven by future changes in CO; con-
centration based on the IPCC SRES A2. Bars on the left and those on the right of the red dash line were estimated with year 2000 and year
2100 anthropogenic emissions (of ozone precursors and aerosols/aerosol precursors) . respectively. Natural emissions were calculated based
on the simulated climate. Bars in blue and purple indicate the burdens simulated in present-day climate and in the year 2100 atmosphere, re

spectively (from Table 4 in reference [124])
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Table 1  Global annual anthropogenic emissions for years
2000 and 2100 (IPCC SRES A2) for the simulations of gas-

phase chemistry and aerosols (from reference [124])
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IR 2.4 2.4

B 8.6 100. 1
Propane (Tg C yr 1) Tk 3 6.7 28.1
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Fig. 13 (a) Global distribution of the percent coverages of temperate shrub from CLM-DGVM with shrub submodel; (b) observed distribu-

150°W  120°W 60°W  30°W

tion of temperate shrub from MODIS dataset

0°

90%
80%
70%
60%
50%
40%
30%
20%
10%
= 1%

I 0.1%

150°E

30°E 60°E 90°E  120°E 180°



44 W RAT A HUER R G 8 )2 X MU 5

No. 4

ZENG Qingcun et al. Research on the Earth System Dynamic Model and Some Related . . . 671

FAE S R G0 U R A A SR 1 78 A A AR AT 1 6 1 56
. M5HEBUFMARCTE, JTHEEPR BT
B B RRFE I i WCRP-TPCC DA K IGBP 225k
ARG PTG R, ST A AR R 2 EROF- AR
AR 51 TR A A LSRR /N FAE X 2202 )
RS FEEERIEG S R B E R HERE
LURI AN T A g I EPE AR A7 st 2 E A
BR R G0 80 12U AN BB R AR Y R, X AT R
A= HMEE, —2S0REEAH DGVM #
K& BIA AL ZA; IR = F A A KR
TRZ A8 =2 A A GORHZE A B A o 1 85 i 55T
A AR, X LEPTELE ERIE AR E S
B gEal . W BARME S £, BN IZ KK
Mk DGVM,

R HHAT DGVM 5 LSM #i4 RE#L U 241
SAGESRATT ABRAE B 43 A 1) K A% Ry, (B ANET 2 45
i, DGVM 555 R GG BB 1R A S
AR SAEP S R A B R A 25 . e A R
AT, HHIASH ARk AR A AR AR T . e
ZE B BEMIIY . Cox 2101 F1 Huntingford £V
Fe . FEARBE 4 BR KA B B TR A i A 1
T W EINNMOEE S TEAR R BN R % 8
FEEAR RS R T ) Z & E L

et ek, AHEZRMN GCM, WAHE
Z=1 DGVM, T S R AL R A=, I fi— L8
B, SR ETT MRS R A 2 s
MAESRGENEWRAEL CGEITFRR 1, X
S5 AR RBAR A NN M I8, B R &1

TE AR Sl SOULIN B 26 AS /N ) X3 AR R
Gy E Al . AR R R aR AL, 636V 1 AR5
R 1 A A HEARR T U, TR E L7 A R ER
TRV s B S X, KR AR 1 AR T
JRITRHL DX Y A A ER ST . G545, TEIX B E A AL
eI, Aoe e 2 AR TR
. B, —ANBESCPR U FE 45 RS
THOL T BRI R AN 2N (28D .
— SR IE R A A M E A K. P,
AT R Bl Sy 24 B AL AL DU SR, fEAEE
)5 S e T A X IO P A A R e P e
1T = LT85 53 [ el T R o
TR LAFEAE, NI AT A A SR 5848 R R 4
SUBUNEY V€ RESIEY f o piRL S |E AL S TR UR R 5 2

i —E B R, BAERK R —EREZ G, X
A DAAERR R MRS . AERX e S — IR dg i T
AR S R AR SR A PR T RIEK
UM A B A K A AR T (R . T 3k S
53R AR A A IR 22735 DL A AR S5 B 5
AR LA TAETR 8 IGBP foofi B2 11 4] (IEAPS
(2005) 5lH 1.

i Eadg R B AR, MY ES ARG AR
ZFEME, X Se I = SR R AETE R AR
FIET.

— PR AN 22 0 o 2R F [ 2
K7 gm0 ARRE (TR Z
o s A AR AR Sy Iy —Fh S A (] TN L b 58
VM) X R AR A S8 PR A SR )
XA LA DGVM 5 LSM 8 AGCM #4& K it
58, AT LS 2 L Ay B A A A AL S
RMERIESE s FRATHE F LR Ak i) 2 i A= 2 3 g 2
W EU A WA N TR O RT3 (A M
25 BB TE SR JE AN R K HAFFEE I AR KA B a4k
SO HEFOR IR R AR T (HATS AT K
ORI AEEJLRAR SR MRS i R K 1 T 5
HRZ G, FFE A A R e R B2 e (&
14), XEEER 5 /DA R Kt
6.5 XiEE=M (Landscape) REFIZILR (Patch)

FIHE £ HFia @

DGVM 58 1 J& 4= BRAE B R G i KA& SRy B
BEXTA AR RUEE ) SRSy ), — A~ By
B[R] Gl (NS0 B3 B Tk Fp AR Ak, dndof
SR EUHE it 3Rt RN A A s LA S el 5 BRI B ek
ARSI, LI T AN AR5 A J i [n] L
TSR DRI ), R R AN [] DX 3 ) A8 Ak AT D S il
RN . F5E b, ARG A A 2 A 3~ DL R b
PR A G RY) F2 BN G IE R 7E XU EE R stoU R
FERRBESREE , 5YRh A S E Bk R
114 Converstus £ Xt Ayt J2& 33 #6 KRB PN 1 [a] 252,
IE MR AR SRR S, R T EE W
Yo, AR v s I S I T IR AR
A, W Bl R A, VAR b HR AR 22 AR
ARFNGRIMIM A AANED) . PRI, ST AR A
ARG S Cn bR A SR 2R Ry
S AL A RGESE) o b 20 i X S A
SOLRE Rl R Zad A X CR it 2 2 RLSMD



32 4%
Vol. 32

X " B ¥
672 Chinese Journal of Atmospheric Sciences
0.4
(@
b
| /\A M /\
PRy AN \ A N
E] | | '
wvu I |
pS
" L n 1 2 n n 1 i 1 n n 1 1 n " 2
O'20 20 40 60 80 100
Year
1.0
| (b) —— Living biomass

State variables

----- Soil moisture
......... Wilted biomass

Year

P14 e A 25l Jy S RTS8 I 3 5 R R R BAL /R B (51 A SCERTIS5 D () BEHBUEAT 100 4R i Ui BE fh 28 (3
ST RO IR R R s (b) BUDIA SR | AR S 400 B2 i AL h 2%

Fig. 14 The desertification of existing grassland induced by climate change: (a) The 100-year trail of annual moisture index used as the in-

put in the simulation, and the horizontal bars indicate the continuous drought periods; (b) the trails of the annual averages of the simulated

living biomass, wilted biomass and soil moisture (from reference [155])
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Fig. 15 The responses of vegetation patches to perturbations under (a, b) dry and (c, d) wet condition (from reference [156]); (a, ¢) The

initial vegetation patterns (black areas show the remaining vegetation after the perturbation, and the light gray areas show the removed

part); (b, d) the ecosystem recovered from the perturbation

EALAY AT 5 37 %, XU A=Y
PEARSE G, BB —3 a0 & AR
SR B AR R, RS A SRR
AR, BTLL, HiEk-AEYb s BT R R
WFFE )& 2 U 38 o 5t 1 1) 45 i
T HGI o AN st 1] RUBE (18 3 A R i A [) 28 i) RUBE
PR, e R ) 28 [a] B[R] RUBE . AS[R] 1 26
B SRR R R R A Bk R i AR Ak (& 16) T
T RHRRAR N E S Z , E bR - HATHARA —
ALFE_ IR T 2 W) G PR A 2 s B AR
HONBEA 7T 53— 5 A Bk SR 5 55484k
A R, W 5KA R R . 5
CO, fl CHXRIDEAEMEIFA LSM X, X
HENMFIA DGVM R s B -5 rh & i kW
b2 A LSM [R5 0 V% 0 i R Ak
FoT i 7 DA LB SR ) A B 3 4y . g M 8 A
LSM #l DGVM H - 5 — 2488 X )0 =4 4 A= K

OUHGEAC . AR, BOlA A 1 A PRI A2
e FRAE X IOR BE E ST, X P RE 4
e CENTURY #5X, & 2R R A AR
YR RRA R E YR . & B, B
AKIEFR LR . SHIER RGBS Al T R 4
A L, CENTURY A5 5 3 S0R 5 57 78 40T
Xt G2 1 25 L DXOULIN 2 6 1) Rk Aty 57 R AE TR (24
R LR 2 RS PRIEL BAHIX E 2 5
WA AR AXHSEORFED 124 H
BRIz A TR [ R A 5 R
KFHEN A CENTURY B (R @A 1
[ [ SR 73 SR 23 Xl ) it a0 ¥ A= 2
AR GRCZIETE . 0L E R e R AR T
BRI H 1 S R RE AW B AT A X
SRR R ZE R AVIM2E GIRAT 5 CENTURY
A s T E A2 DK, #4 BRIEAL. 78
FIRTRTBE, SO, CRLIE RO 1K A % 22 1



P 32 %

674 Chinese Journal of Atmospheric Sciences Vol. 32
/ T o
5 -~ N
T - ® g
A | FREAT ) [
A &g e A ——
| : \HZO (co,
v/ R ?{Lf#ﬁ@wf &
: RE 1t E .
e — Rt PR
+ 3 Ay 2
FIFH REE V-t M AERR
SIS FEV R
RE /// R W E L FEHR

F16  WF5E 05 R M ERIRE S 7R B8 (51 B SCHRC157 D

Fig. 16  Schematic illustration of a collaborative and integrated research approach (from reference [157])
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Fig. 17 EC (eddy covariance) measurement system on gra d surface with different grazing intensity: Overgrazing (top) and ungrazed

grasslands since 1979 (bottom)
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Fig. 19 Notional control volumes over a canopy patch: the shape and orientation of the volume is determined by the mean wind field. (a)
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lid of the control volume need be measured. (b) Control volume over complex terrain; the mean wind vector is no longer necessarily parallel

to the local surface, and horizontal advection terms must be included. Adapted from reference [174] with permission from Springer
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