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Carbon cycle of urban system: characteristics, mechanism and theoretical

framework
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2 School of Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210093, China

Abstract: Since 1990's, researches on carbon cycle were mostly focused on natural processes, such as farmland ecosystem,
forest ecosystem and soil, but the anthropogenic carbon process in urban system was always ignored. Presently, under the
pressure of climate change and international carbon emission reduction, how to coordinate the relationship between economic
development and urban environmental protection, promote carbon emission reduction and develop low-carbon economy has
been a hot multi-disciplinary topic. Urban system is an ecosystem that is profoundly impacted by human activities on the
earth, in which land use and land cover changes drastically. With much human energy consumption and carbon emission,
urban carbon cycle will inevitably have a profound impact on global carbon cycle and climate change. So, urban carbon
cycle plays an important role in regional and global carbon cycle processes. Research on urban carbon cycle is not only the
important basis for establishing low-carbon urban strategies, but also the theoretical reference for choosing low-carbon city
pattern. Firstly, the concept of “natural-social dualistic carbon cycle” of urban system was put forward and analyzed, and
the circulation process map of urban system was established. It shows that the carbon cycle process of urban system was
quite different from that of natural ecosystem. Further, the main characteristics of urban carbon cycle were discussed in this
paper. Generally, urban system is a complex system that includes natural and anthropogenic processes, horizontal and
vertical processes, surface and underground processes, economic and social processes. Secondly, the mechanism of carbon
cycle in urban system was discussed from several aspects, such as: the main processes of carbon storage and carbon input &

output fluxes, life cycle of carbon storage, carbon fluxes and carbon circulation processes, carbon input & output types of
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urban system, etc. In this section, the processes of carbon storage and carbon fluxes of urban system were emphasized in
details for better understanding the process of urban carbon cycle. The life cycle analysis of carbon storage, carbon flux and
carbon circulation processes gave us a clear idea on how to control the important carbon emission reduction sections.
Thirdly, the research framework of carbon cycle in urban system was established according to systematic division and carbon
circulation process analysis. Based on the analysis of carbon processes in urban system, the urban system was divided into
several social-economic subsystems ( such as industrial, commercial, residential, transportation and office subsystems) and
natural subsystems (such as water body, farmland, forest, pasture land and urban greenbelt, etc. ). Furthermore, the
carbon circulation processes between urban system and external system, and the carbon processes between urban natural
ecosystems and social-economic systems were analyzed, and the theoretical framework of urban carbon cycle research was
established. Finally, the future research trends of urban carbon cycle were put forward, such as; building systematic urban
carbon cycle model, establishing urban carbon emission factor database and calculation criterion, promoting contrast studies
on carbon cycle and circulation mode of cities under different developing levels, strengthening control and management of

key processes in carbon cycle of urban system.

Key Words: carbon cycle; carbon storage; carbon flux; natural-social dualistic carbon cycle; life cycle; urban system

YT 2R G AR 52 NI ) RN B TR 20 (4 DX, AN bR P/ 2 2 A i 20, L2 B RTH Bl Al £ A0k
BRBE Attt AR T AR bR 0TI A0 B A R T 2B OR DX A S A i S H 2 e, (H—
B IR S 7E R BRERAG R BV E R FR 2 B 58 70 BB, R 2278 U EE T X ARk R I Rl | 345 1
SRBBAG IR 1L RIS, M D BRI BRAG PR R, TESRAE XA 55T, PSR T Z 58 )2 1 A0 21 B L2 A
BAUBE ST AT e U) AN E e IR Bk, T 3T 2R SRR 20 1) i B AE 5T, AT LASRAb I LT AL
ST A SRR YA AL, IS A DR Z X BRARER B 52 i 4 (3t 137 i) S8, — O A Bl T S 3 e HE B i)
T HRZSAARUE , 55— 5 T TR T A3l T B 0 P 7 DX Sl aod e v ) el (52 R P, A R A 8 T SR s 114 il 7 2
P SR BE FER AN AT 52 . SCER A BT, i [ 2 AR AR S T At e e AN [) 2 JR AR B B, D T
JESR R GERRAR TSSO R A 23 R AN G 01, I8 T AN [R) S B e g 20 oo A 4 % EEATFSE
U, AR T R e P S B B A D5 A AR B T8 S 3l i e e SR B RMER e 22 B 5 SR s 19 1 5, O
HA AR S5 F 5™ I e v B 58 0 i e PR i) S5 A S A0 ) BB R T 0%

BT VAL 5, A SCOMNITT RGE FHAR-AE2” “ U IS AT R DT T30 BRAG 26 B — JBARFAIE
NI Bk f e R 1P A BE AT 1 3T AR G RRAE B A AR HLEEL, -4 Hh T Sul Tl 2R e e I P 5 114 8L A
HHRAESE
1 W RGEHRER . BR-HL” ZThER

YER AOR-2TF A" ARG, WM RGN E 2 S AR SR BAR, th T 32 A% s 5
Wi ST R GE A WA A AR-A 2 (2 5F) ” ZIOUBRIBIRFFAE (T8 1, Forpr e Ak 27 Al 30 o0 2 b bl 4% 1
ZPFE SRR R ) , B EAT RIS 2 A e PE R A (8] 5 Bk, DRk, 75 2 AR EoRBIEFE 3T R 52 0
AR L S 2 Ui B SR AR T 7 AT 2R G2 N30 11 SRR 23 1 R BB R 1 2 222145y 1) R RASE
PARe Wi Z IR IR S A . BT S, Sl RETEAEIE— DS A AR T R K-t ot i s A
R AR G A R N E 2 R G, R EARE R

(1) 30T RGERRAFIA L FRIE [ IR-AE 2" ZOUhRAGER, BEUR JSURL A1 Foh 5 B 7 i (14 0388 1A 2217 >R A4 e
FERCE BT T RGERRAGIR A A5 (2) ST RGeS S I B R A BRSZ 8e, H2 [) 1R = 2 B Tl i e
AR A R/ NS iz f 773X (3) ST R GURRAG R A5 /K- R R 1 PR O3, TR B DABE TR
B 7 ity RSN A 9 % 8 i ik ) Bk O T 3 ECRROE R R AN R (e MR RE SR ) AT AR
T (R AN L SESF AP ) 5 (4) 3T R GERRAG R HAT B0 25 1) S Jo P , 08T e 14 5 32 9 T R

http ; //www. ecologica. cn



360 A E = 334

e T e SRS ST DR 7V 2R R AN A REURZS A S AT HIRR AR ; (5) B3l IR (583l ) B
ST R G N R e HE IR B B B 0, T SR A Al AR it A S i TR A BRHEIL; (6) W i e A AE T
YR HE X S B X ], HA S, ANREUR B (T AR AR A e i RS DX A A S X T
3 Tl ity RS 35 DU P ST 2 A DX o 3 K2 3R X (7) ST ARG — R BB, A | 0 SR
SR 45 A BRAFAE 5 (8) ST — DB Y MY R G, B ST ™ 18 B 22 5% K Ji | Sl T 2R GE Rtk 07 24 1) AL
A% 5 J3E 1 2 [] i K B 2 B

KRB
3 Iy 7y 7y — 3
373 Ipg A e kg 1 g 1 TR
wn e | e TR | | ferig |
\ ! : ' :
+— : B
it IR g [ EEERTE g |
R Hilg :
- $ | Akt fEU § b !
¥ [z L JEAMERE | I R L3
f% CLy I ;wam%*ﬁ Mo [ g A
t T
ey B B T N
C BEF T
v iR v +%ﬁ% v
LI CO M FBOE)

1 “BHA-HAS” ZmEHERE
Fig.1 Natural-social dualistic carbon cycle process

P SR AR FARBRIE IR B | A AURAL 22 (235 ) BRI IR 72

2 W RERERVIES

SR R GG AL AT AU, B A TR R TR AR Gete fif A AN TaE 1Y) R BGR AR AT
2, X IRTT 2R Getefid B MBI 1) SRR R, R IR A Z0 M 0TI 2R 8 32 BBtk it A R e e o 2 19 24
JESAAZETY | DA RS (A L AA Sl T 2R e i 2 O AL ARSI
2.1 W RGehsd

YT AR G EAT i A 2 B BE T, L R B A A - (1) ST R R T SR R AT BILRR AR T
LT R LA E , 2 NSRRI (2) SRR B % . TR AR IR AR, DRl A X
AR 28 BEl ARAC ATIE R Bl SRR IR, B DX L F SRABL RN A O 2 T T X DA SR A AR B £ 5 (3)
TESIBRIE TSR A DB AN TCHLBR A A LB T2 2R AR A7 (e T U &5 K v B AR AR 1, TEALR
SEARIRIRER A A BOK IR (BRI M BRIREY ) | RITCHUE S8R ; (4) ZE BRIE e . < BAE S (&4t
85 ) AR MR RE AT 0 2 n0e}, 2858 Tl T2 )5, J 2 iy it e AT R S s A SR 30, o A
AR B P 5 (5) NAARIZhIRR A, 28 AR S PR P AOAT BILRR , FLS ORI T 2 W 1 2 AR R A BLek
PRI AR B A8 s (6) STk IR 2 . —J7 0, ST K AR [ B 2 — BBk, 5341 KA A
IKAE SR IN B — s WA ALK, [T K SR8 T B T R A HLER TCHLB 5 (7)) IRTIT S B 2 . 3Rl s
BAE R NGETA A TG B RS, &5 A K A HLAITCHLER , Herh — 37 2 R I i 2 s B 3R
3 i RS XS] LR B AR e I

ERTTE SRR % T 3 B SRBRIE ARt e, Herp N shy i BT 45 K, Sp A m gl A nk i
B & T N g AR T A SRR
2.2 SRR ST A

YR T 2GR H AR A — RE AL P (HCA 1 A7) 3T 2R 8 B0 o i A R S ot o 45 ik AL T A
Byt SE R W ST LRE A3 KPS R EE A PR 2 AR TR RS (X ) (BRI REREAE S AT L

http ; //www. ecologica. cn



2 4 BATRER A5 3T R GERRAE P AR A HLRES P AEZE 361

et KOVl et R T ik 3 o 1) RN R A [ T g
FEDIRAKAA YIE T E R, 5 E W DRSS E
A (€O, fl CH,) #EATHHEH

W R Gk A i B (1) B AT AR
SRR . X2 B AT T B F R R R, 2
I RS TT B A B 5 (2) Tl S SARHS,
SEAE T S5 AR K e SUAA) A2 () A A S A R Tl AR B
PR A (3) MBI UK . anmRER Eh 2K A
IKUCAFEEF R B, X R4 — FLE AT R4,
AR e Ak Ry S P 1) — 3435 (4) Bk, 36

N i BARERER

AR LY R A 30 B B T BR — — lzﬁgﬁgw
REPR 5 9 S AR PR U5 (5) HAh A e
FERRARIA . NG A AR AR AR KA B2 WHEE RO ER

B2 :(6) AL A FEAFE T lb’lj?ﬁlg A /EE}iz Fig.2 Conceptual framework of urban carbon flux
AT S 437 BN THERH A, INER AL B A 5t
HEHHAS: 3ok BB 3Bt FH S, — 00 7378y CO, , 3 — BB o3 728 Dy - St e 08— 5 (7) AP E VR L. 3R
BRI il S AR A A8 A 0 N 2 WO — R OB 5 (8 ) K BBR Il . 2 B4R K O SR T K
I TeA DL A TTAR R K A BRTTTRAESE 5 (9) T ( B T 487K A8 ) BOBRAR A o 20 208 T LA sdiod b e K 1Y
i R R VA AT BB A BT R G S, T DA o b K A ) AR G A BT K T R e RS BE R R
7K AR E 273

AL H T A B T BB A IR B A T R A LR R IO A R T R BRI KA
FRRDTRE (B[ 7E ) , HoAt i R 2w ToK-F i A
2.3 Yol R G

Yol Tt 2R et L e R A R AR A BRI R EAAE DA TN e R B R T 4 R AR
Reomscdim i, BAER, FEA (1) Y LEMFRAEI . SOR A SRS REABR G R AR Bk H o R
PFAEE 7 SR RN 2R A [ E—E R 32 NZRIE S TR s ; (2) AR (W) M fE
Mo XEBIaRA AT 2PN 2%, &L CO, BB AHMRIR T (3) fu A opbidbe . A1t iR 4
Hht, Sl Tl S AR T 2 P A A R et R A BRHE R SR T fi Y e ELRR A 1l 2R (4) T
WA=t e, WOKYE . AR B ANBRSE B AR R S BEOR B AR 5 (5) A0l BB i, 2 B AR A I
BRI . 7 Ol Sz 21 8l 0 TR Ge R ARl A W) ST RE TR 2% PN AT B be e R i B I 55 5 (6) JR Wi e
T, ALFRFEAE A B TR SRR S e — 00 70 i BT CO, 81 CH,, o3 — &R0V i A Qi
MR IR B R GEZA0 (7) &0 fh s . FEASR Y R Tl BB A SR — R B ™
il O 5 (8) AR R . T2 ZURAR /KIS (T IH ) B34 R it 5 (9) AR Vs Wy icn Hh o St
FRFB AR 751 (AT I BT M) I BT I LS A0 B 5 B — 30 MR, 53 A — 0 23 LA T B 4%
e B R GEZ 50 (10) Skl M E R B . ST RS X T AR ES RGN R KRR Z— A
TAES T BE AR 2K S A2 2E 1 KP it FES T RS B0 b o5 A E R, Sl T T K I B A A A
ST R GEHR Y BRI GIAMT 13 T KRR A, R ) 25 e ) Bt (e A AL A ) B HE
JKAE I AT A SR BT T 2K P i e ) A A

RTLAFE Y 30l 2R Gt e et m] 0 D e B RK Pl T R R e e Sn] R D
Fift: ) OR3E ELRR HE (RSP IR | SRR | NSNS0 AR B K S 14 A 45 ) M by 2 i A o (L
TEACATIREHAE | Tl 2R 7™ A6 S A BRBEIL) 5 /KB tF LUA DIURR (4 06 o 3, 2 SR 48 BE IR it L35

http ; //www. ecologica. cn



362 A E = 334

ik i AR S0 A A T HEZKCAE I B B EE RDE R4S
2.4 R RGURAGIR R A A i R0 A

YR AR SRR R AR AN [ R HAT R R ) A i R 30, S A AR A B A ST AR G P A A7
it Y BSF ) R R AN TR 530 T3 B AT P e b HASCR 7= A AN R R
2.4.1 TR GERR A B RN ARGE B AR i R S A

AR AT T7 XA IR 807 R A AR AR I BR AT, EE AR AR AR AR 8 E T 2 SR DU E A
JICUE , 2376 8 R AR H R RO, FUA 20l 18 1) il o ek ) i b e A8 sl A Sl R R o ok 5 3 — i
FARSAGSE | TSP IR AR T e B — AR 0Bk, (H 3 AR R AS 7 it o AN 58 - i % (ol FL G R b PR e —
IRV 5 RT3, 30k A S B A 47 S0 — B L4 S BROPR A 98 1 A3 SERT J A O 5 S SR AR 1) 776 )
BRSO (5 A 0%, — B R LA a] L 2 SR 5 A P A A Bk it 5 S0 DR 0 B,
BT R MBI HAERR . BRI HUBRARRE , B BRI AF AN 18], (8 Sy (AChk P A7t Rl B, — e oAy
JUA HBJUAEASE S 2 SR 26 SR UL, i AR AN SRS BRI R —E
RERZME T 3l RO RO BRIA IR R (181 3) .

PRI AR i B A f RS TR R A Rl ar L2 (1) B e, EERIMA R EY LY
S AR AR PR S BRI 25, th TR — R DREE] , — SR ARME R I ) A7, 8 5 i Rt
(2) BRABAFEY, Hen [ ORI R A T ECRR A , AAE BOL A A HTRIK SR WU, X8 i A RE 2 e (541
N A SRBBRFETT A SE TR 5 (3) Tl A=Y FE R T Tl AR 7= A 45 Al R AT RE AL, 33X 08 70 B A7 fif P i) 2
L, — BRI 1 AR — AR B T AR S AR TR RETRIE 9%, 5 — AR N TRCBE IR i R B R G2
(4) FEHPPR , F2HRKYE RFARM S AT 25 e A SRR — 800 (5) BRFFPIHERCR
EEJE VAT A A 36 B K A SR S T H Ak i T A s S50 U i BI R L2k, SR
PAE g3 Ar , XS B A BT 5, IO 45 5 % ik 308 14 = it o SO0 R ] e T AR T B M N 9 g i (]
B SRR R R S AR, HAn T AR PR RN E T 2 R R B HE R A, AR R T RRAE IR . RIS AT fiE
et A IR R SR B AT, e — 2 FERE L s i X Bk A BE T .

A A A A
B0 el

iﬁﬁ:ﬁ &Y

BRI AETR RIS bR

\)\:

TR Wil BESMIBE. AR B

B T A R DB

hhhh 1 [ I 1
WA 17 i R WAZE 4 HIEEILHE WO R

3 WHRSGHREENBEENEG ARSI

Fig.3 life cycle analysis of carbon pool and carbon flux of urban system

2.4.2 Bl R G U IE AR A I R B0 AR A SR O A

XTI RGN , FARBRIE PR e BE AR A LSRR R BSOS, i AN BRI B IR
AT RS E R A ™ N SRR i — R A AR, AR R IR R A R R
it (JCHLBRERSD) | 3 JLZE 2 e it B0t A RE R AN R] (1) REIRZE & 8™ it 12877 i %
DI AT RETR AR B RE IR AR 2 A BT 2R 58 A B (LA e T30 AR 0 A B O R sl ) |, R o i
A Tk AR A T B RS T B AR AR O CO, BRI R A, oA — il Gad Tl A =i T2 REVR A i i A
PR RGEZ SN, (2) BYIIEE I, XI5 DL Y s B W) JFOR AL SRAE A A 7= R G RAE TG REEZ
Al , A — ok A T AN R G, e S YiH P Ll O, MIE UL, s LR 5791 1 IE X

http ; //www. ecologica. cn



2 4 BATRER A5 3T R GERRAE P AR A HLRES P AEZE 363

BRBE i AL T A s BN RGN, (3) RMEEIR o ARB S I™ SR IR T30 T AROR i k£
DA R AMERAA 7= di AR e e 223t Toll AR 7= e A S AR i (IR ELAR) | SOOI g SR R, A 3k Tl
B P By a2 ad B PR BR PN 1L A IR s el BT A A . DA B =2 S dh b, B
Py AR R e R, LR RR IR IS ™ i, T AR 28 7 i 1 i SR TR A PR e =2 A, 3k v e A At e
it , (R B 5 A D

It LA AT A AN S5 0T R ™ (WK BBV A ) MR IS AR R (A Tl T
RIS EAE ) AT LS LA A R PEA 19 07 vk T 4 A o JE B 2ok R R R HE A M o DA ol 7= i 1) JEL A B TR
B N B AEAE T B R S AL A — R A AR T R HE 0 PR A AT R AR R A B kT
BRI < R E B BB 4SS BR T I At A7 B B HIE At R Afk 3 it DA T S X % e ™ it AN [ B
7 P B FIE ORI B S 20 1 RS A
2.5 T R G A i 2RI

251 ST RS 0 53 \‘
USRI =R et R bttt | SR S
WA 4 R BARHEH FUERRHERC BBk | 7 N T Y | @
FUICHERL (1 4) () 00 S | 4 [Omn
FLHERBHE RO 75— AR X P 2 77 9 LI 9% a7 Gy T » i;
= HOEHEE AR , BP0 Tl 2 P K™ e e i
AR RN B SRR | N | S N R
R P IAESRS SN EAR BTEAEie RERRA R | \0—0 | @@ &
AR T AR TIT A LR e BT 2 S 3% 1) g p) fx
SRR AR A B T P 10 7 S £ 0 e
K H I HORHER | LA e A7 2 | % L R AR B4 SRS
FACLE T A1 T FbL 3 30 90 S A T A8 , A DALt Fig.4 Carbon emission types of urban system

TH 25 1R B SN ™ i B8 i AL T X R 2828 s Wy I ik
TR FE AN TEARTT N AR FI0H e B9 SR A IR 55, (ELR: h Sl ol R B R . AN SR i & D a8 e 55 i ol —
SE Y BRHERL , BARTEA M HE R (FD AR AT S5 R, FUR B sci@ 5 e iy, S 1, o s 30T sk HE i
VA ] B3 VR R AR A — R O B T3 ) T, 00 PR BT A7 (™ dh MR 55 ) 0T 2% (LT 0k
FVE Y45 ) 7R B HE AR IZ 5 B e

MU L0 Hr R T S A A% S i 28 8 R B HR A e A ST F) S B 00, . e ok i 4 53 30
FAYE S Bk o DRI, S B I O 3 2 B2 04 3 80802 (1) 3T PRI 2l ) e i . B0 Tl
S NG E REAE R BRAR LTSS 5 (2) Sl Az P Bk R . AL HE Toll AR 7™ i R v B A Bl , 3 BLAL 3 1 i o 3
SR B 7 it A7 BT RS BRI 5 (3 ) IRI 2l HEAR o U AmSnk Ty A 7= A A T FL T 9 2 A [l et HE A
2.5.2 BRI AR G AR 2SRRI 5

Sl ZR SRR A PR 00T i - (1) IRAER TS 32 AZEIE B2 00 a] 730 F AR B A Ot g A PR 2K
B, SRR A A T R AR ALY A A A B WSCRIK PR A BR TR (B [ ) 5 A B A 48 2% B Uy BE
P dh JEORE B RR B S R A R BB . A — A N T AR S R G, W A9 O i A B KT A AR
BT 5 (2) i IR A 14 J e P TR G g 2l P BB il AR R B BB B A PRSI B B AR L
e BETR A E AT I T3 St A R A R 98 2 I il i T 2 2 OB T 2R P I AN RE L
SENICTT AR B i 5 T A AN SRR A5 S5 B ™ i SRBRERRART A | BRI Il iy s 2 e B [ 8O . % A 4%
RIRAATIT 5, 1 SRR BRI T o b 0 i WAL REAS S I Tk 128, s T SRARE TR BRI A, | AR AL SR HDE
JRE P i (RS (B SEAE ) h TR AR BITH 9% (567208 CO, BRI ) |, W 71 2 P ELARAa A

http ; //www. ecologica. cn



364 la SRS

B
i

Eild 33 %

3 W RGEREREILES

ZEG T AR Gt B MR R 19 2 2R AR AL X BN R GERY SRR AE 1 e, mT DR ST R GE
YR AR R GERNIRTT 2255 RGEPIAT RGE, I A0 Aok Fak L2 el i 1) R LA B AR A ek A2 AT A A P A 14 X1
(E5) .

()3T AR ARG

RARGEA] LU g KA AT bR st Rl T 2t 2 1 R GE R, U T B AR AR L AR AR
BRI 3 T, XTI R, th T AL, Pt SR GEARRS B, b SRR RS E PR . T AR RS
SEIR B AT FERN AN AT 52 , 75 AR 32 A THCE MR RTER & 30 AR RS RA B B RS HLS] , i
o A EE R A SRS L st B A S A (LAY, JHCRIAIE B 1) AR a5 A2 1 T e e 14 19 SR BABE A9
fiE o ABAEACHTE SN T, 3 AR R GRS 2 38— 1T, & HAR T RGER T AR Yk iy
PR 250, —TJ5 %52 B /MR AR G REIR AR ET A | O3 — 5 4 32 Bk A Tl A== RGBT A | IR Ay
K H AT RGRIRFTFYIRIBAA . 350 I FIR R GERI TR 5 B il AR 7 il BRI i RLK i S 2
MAZRT AT ARG, FRE, kil A 28 R G BA B T AR AR 8, B T A
IRIEE 651 FH B0 B IR WA sl P R A P B BB T

() 2T R G

U PR AR T S RS BB AR EAE . AT Tl A R4 Siis ki R 4L JEERSE
Ol R GERIN A R , — 7 WK A SN R G A REIR 24 JSUR AR 45 5 i i R A, 55—
JTHRMHESZ R A FAR R GES 0™ S AR TR A 3R 23 5 ™ i i IR B R G2 0h . D340 i 22 3F RS R
BRI B, RPN A IR M AR HER , (R 22 58 R GE A7 AN T LR A A 2,
Tl AR 7= 2R BN S a2 48 T ERAA T ZR 8 AT B 7 i R 7 A O AR DR, 3R AR e A
RIVREIEA SR L, 32 A 1 DA 45 b Tk ™ b JRSEHI A SRBHIRGE o T35 A AR — o ik B Al
HBRT ARG, B F R A 2B 2 G R S it MU K B 1 R 4, ST RGP ik
FEEEFIRTT . Bk SRR T RGN T Z I RER I 2 JE RS e A DLAE TR BEUR B A ™
CANACHE ZE R B35 ) S 3 B th L3 Bk 7 i CO, R RS9 T HEZK R S8 3 i ik iy T2 000 32
LG R A — TR SRR T R GEANER , A M A REVR AR, 73 —F Rk A AR LR ATl
72 b MTRETR A S Ah AR

ARG X B HESE, AT LAY 28 G 10 A [] 2 ORISR AT Bk A 1 1) 0 AT, A 0T 28 52 T A9 A8 1)
GO B RGRAR I HE T IR T R SRR AR PR AR 52 . 53 8h % TSI R GE I =, to vl LA b i £
JEAII AT IR T 2R SRR FRAR DL K5 3T 2% 2R 85 1T FH S A, o A AN [) 3t 288 o 2 785 38 e 2 20 11 e
il B MR IE SR O (18] 5) |, IR TT R T R GEm P TS (9 R 2 —

4 MRRE

ARSCRE TR A R-FE 2 TOUBRIE IR RS BRTT T T B R A — BRI TR AT T I A
A ATRBILER, 4R T I R GERAGERATTE A IS AESL . (ELEVASKUE, 30T R GEBRAIE P S AL Tl AP B BE
ARARIAE LA J7 T it — 20 st .

(1) PRI ARG A B G PSS IY | TR BT ST A A0 P 1B U 308 O IR o T 2R e A0 A5 e
SRR ZHRE 7 EE R A AR A2, BAT R B0 25 6] S B E RN s P . PR, A R e AR 1
FZUNE N S, ST R GERAR PR | 5 M 2 BRAE IR AT, A i I PR . LR A i 5%

(2) S SL I B HE O n R B HE R D] - B e o &5 R RIS )l 5 M RRAIE | 28 6 A JR - A ™
AR REIRZE M B BAR 5K F-A5003R , ATR ST Gt A (AR D S, P A 5 e L ST o € i ik
TBORZ SR 28 0 X 5l 2

(3) FFIEXS AN RIS RN S /KT B STty B el R A AR XA RT FUART TS . ASRIZDRE S R I B Xy

http ; //www. ecologica. cn



365

CHEEMG— VAR A S GEFL MGE RGN G EY WS BN TG E WA )

wo)sAs weqn Jo 9]0 WoqIes Jo Stomomely  §-S1g

WHANEM AP EE LY < B

S5 T R GERRAGIR R AE LB HLEAHER

http ; //www. ecologica. cn

BARER

2 4

| W% Vi H |
| o | b 1
| | W |
| | WETTwIELY |
| N T
| % | ” * AT
I | T
|| # A GETH W ”
|
71 [ w (€ | |
| , " GG | %3
ZOOE ” | GETR MW |
Pl , [ Co ST T T T T T T T T T T T T T T T T [
T T (¢ % | | R " 7
, L > Y¥ (WH)
| | wEsmmy [ ¢ B
| = T I ,
| | | o
| ” - < W (W) T
| | o , WA
wiw || | S
T , % W (WH) F
| , |
“ , ST
wigma || , L W (WH) BEm 4
< 7 h i I
|
| |
WD | " WY (WH) <(FIT , A2
| | W 4
L I ) I N UiAN
W B Y R R Y
o Y ¥




366 A E = 334

ST, HRRHE R AR AR LB RCRAF AR K22 5 DI, 07 J7 Xof AN [ 388 37 3 A A 0 % U5, 437
3T Ty R RIS X5 s B L P8 2 i) e 1 56 2R, DA B 3k T AN T A e i B AR 3 T A e kot DX Sl i 1 34 11
AL

(4) IR F ARG P OB Tt 1 42 o A B, B2 = 3o T e I P A5 K Ul | I A o ik 1 ) P 3R 4
SRS BRI R 0 = AN OCHE H AR, IR0 3k T R0 PR R A A T E T B A0 Tk BBV TN e
EIRAE I A A I TREAE ), — 5 T SE X e HE O S s s il 5 — O TS AT RE 4R /30 30 T B I A 2%
PRHE T 2 G AL 23 IR e T S5 T HF e R g
Bt L RSE AN B A E R B R 5 R BT AN S SO SO T R S R L AE SRR
O,

References:

[ 1] Churkina G. Modeling the carbon cycle of urban systems. Ecological Modelling, 2008, 216(2) ; 107-113.

[ 2] Zhao R Q, Huang X J, Xu H, Gao S. Progress in the research of carbon cycle and management of Urban System. Journal of Natural Resources,
2009, 24(10) ; 1847-1859.

[ 3] Alberti M, Waddell P. An integrated urban development and ecological simulation model. Integrated Assessment, 2000, 1(3) . 215-227.

[ 4] Grimm N B, Grove ] M, Pickett ST, Redman C L. Integrated approaches to long- term studies of urban ecological systems. Bioscience, 2000, 50
(7):571-584.

[ 5] Christen A, Coops N, Kellett R, Crawford B, Heyman E, van der Laan M, Olchovski I, Tooke R. A LiDAR-based urban metabolism approach to
neighbourhood scale energy and carbon emissions modelling. University of British Columbia, 2010.

[ 6] Lebel L, Garden P, Banaticla M R N, Lasco R D, Contreras A, Mitra A P, Sharma C, Nguyen H T, Ooi G L, Sari A. Integrating carbon
management into the development strategies of urbanizing regions in Asia. Journal of Industrial Ecology, 2007, 11(2) . 61-81.

[ 7] Sovacool B K, Brown M A. Twelve metropolitan carbon footprints: a preliminary comparative global assessment. Energy Policy, 2010, 38(9) .
4856-4869.

[ 8] Zhao R Q,Huang X J, Peng B Z. Research on carbon cycle and carbon balance of Nanjing urban system. Acta Geographica Sinica,2012,67(6) .
758-770.

S 3k

[2] Woegk, ®%4, R, B W RSRIGH S8 POt R. AR, 2009, 24(10) ; 1847-1859.
SRR, TR AN, T IR R SEMRAE I T A 4. b B4 2012 ,67(6) 1 758-770.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.33,No.2 January,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review
Spatio-temporal heterogeneity of water and plant adaptation mechanisms in karst regions: a review «oseeeeeerreeerieniii
.......................................................................................... CHEN Hongsong, NIE Yunpeng, WANG Kelin (317)
Impacts of mangrove vegetation on macro-benthic faunal communities «++++-+++- CHEN Guangcheng, YU Dan, YE Yong, et al (327)
Advance in research on the occurrence and transformation of arsenic in the freshwater lake ecosystem ««-«+oeeeeereeeeieeeiiiiiii...
....................................................................................... ZHANG Nan, WEI Chaoyang, YANG Linsheng (337)
Application of nano-scale secondary ion mass spectrometry to microbial ecology study ««eeoeeeerererreeeiiiii
................................................................................................ HU Hangwei, ZHANG Limei, HE Jizheng (348)
Carbon cycle of urban system: characteristics, mechanism and theoretical framework --------- ZHAO Rongqin, HUANG Xianjin (358)
Research and compilation of urban greenhouse gas emission inventory =~ «+e-eeeeeeeeeeeeeceenes LI Qing, TANG Lina, SHI Longyu (367)
Autecology & Fundamentals
Seed dispersal and seedling recruitment of Ulmus pumila woodland in the Keerqin Sandy Land, China «+-eeeeeeeeeeremeeiieaeiiii...
............................................................................................. YANG Yunfei, BAI Yunpeng, LI Jiandong (374)
Influence of environmental factors on seed germination of Bombax malabaricum DC. -+« cevevreeereeininiiiiiiiii
.............................................................................. ZHENG Yanling, MA Huancheng, Scheller Robert, et al (382)
Carbon, nitrogen and phosphorus stoichiometric characteristics during the decomposition of Spartina alterniflora and Cyperus
malaccensis var. brevifolius 1itters <+« +ecoeeereeeeeeaaiiiaiiiiiie, OUYANG Linmei, WANG Chun, WANG Weiqi, et al (389)
Home range of Teratoscincus roborowskii ( Gekkonidae) ; influence of sex, season, and body size —+eeeeeeereeeeeneeeiiiiiii.,
................................................................................................... LI Wenrong, SONG Yucheng, SHI Lei (395)
Effects of the covering behavior on food consumption, growth and gonad traits of the sea urchin Glyptocidaris crenularis =~ <+-+---eee---
.................................................................................... LUO Shibin, CHANG Yaqing, ZHAO Chong, et al (402)
Biological response of the rice leaffolder Cnaphalocrocis medinalis ( Giienée) reared on rice and maize seedling to temperature «---+-+:-
........................................................................... LIAO Huaijian, HUANG Jianrong, FANG Yuansong, et al (409)
Population, Community and Ecosystem
Composition and stability of organic carbon in the top soil under different forest types in subtropical China «+++eseeereeeeereeraeieniniiinnn.
................................................................................. SHANG Suyun, JIANG Peikun,SONG Zhaoliang, et al (416)
The community characteristics of different types of grassland under grazing prohibition condition «--«-sseseeeereemereeaiiniiiiii.,
....................................................................................... ZHANG Pengli, CHEN Jun, CUI Shujuan, et al (425)
Spatial pattern and competition relationship of Stellera chamaejasme and Aneurolepidium dasystachys population in degraded alpine
GRASSIAnd +++eveeeeeen e REN Heng, ZHAO Chengzhang (435)
SOC decomposition of four typical broad-leaved Korean pine communities in Xiaoxing’ an Mountain — ««-esoeseeereeereeeniieaii...
.......................................................................................... SONG Yuan, ZHAO Xizhu, MAO Zijun, et al (443)
The influence of vegetation restoration on soil archaeal communities in Fuyun earthquake fault zone of Xinjiang «««-eceeoveeeeeeeeeeeenns
................................................................................................ LIN Qing, ZENG Jun,ZHANG Tao,et al (454)
Effects of fertilization regimes on soil faunal communities in cropland of purple soil, China =«-seeseeeemereeemeniaii
.................................................................................... ZHU Xinyu, DONG Zhixin, KUANG Fuhong, et al (464)
Woody plant leaf litter consumption by the woodlouse Porcellio scaber with a choice test ««++e+eeeeeees LIU Yan,LIAO Yuncheng (475)
The bacterial community of coastal sediments influenced by cage culture in Xiangshan Bay, Zhejiang, China — «-ceeceeeeeeeeieeienes
.................................................................................... QIU Qiongfen, ZHANG Demin, YE Xiansen, et al (483)
A study of meiofauna in the COMRA's contracted area during the summer of 2005 ««+vreeererererrmiriiiiiii
........................................................................... WANG Xiaogu, ZHOU Yadong, ZHANG Dongsheng, et al (492)
Hydrologic regime of interception for typical forest ecosystem at subalpine of Western Sichuan, China = +eeererereeereemeeiiiii.,
....................................................................................... SUN Xiangyang, WANG Genxu, WU Yong, et al (501)
Landscape, Regional and Global Ecology

Sensitivity and vulnerability of China’s rice production to observed climate change —<+-v+eveereerenreiieiiiii



668 A E = 334

Characteristics of temperature and precipitation in Northeastern China from 1961 to 2005 «««ceeeeeeereenreeniiamiiiiin,
.......................................................................................... HE Wei, BU Rencang, XIONG Zaiping, et al (519)
Combined effects of elevated O, and reduced solar irradiance on growth and yield of field-grown winter wheat — «-+-eeeeereeeeereiineenns
.................................................................................... ZHENG Youfei, HU Huifang, WU Rongjun, et al (532)
Resource and Industrial Ecology
The study of vegetation biomass inversion based on the HJ satellite data in Yellow River wetland — «-eceeeeereeneeeeeiieiniiniiiin,
................................................................................. GAO Mingliang, ZHAO Wenji, GONG Zhaoning, et al (542)
Temporal and spatial variability of soil available nutrients in arable Lands of Heyang County in South Loess Plateau «+-«+eeeeeeeeeeeeses
.......................................................................................... CHEN Tao, CHANG Qingrui, LIU Jing, et al (554)
Decomposition characteristics of wheat straw and effects on soil biological properties and nutrient status under different rice culti-
Ty D L T T TN WU Ji, GUO Xisheng, LU Jianwei, et al (565)
Effects of nitrogen application stages on photosynthetic characteristics of summer maize in high yield conditions ««+-+eeeeeeeeeeeeeecene.
............................................................................................. LU Peng, ZHANG Jiwang, LIU Wei, et al (576)
Urban, Rural and Social Ecology
The degradation threshold of water quality associated with urban landscape component ««««+eeeeeeeeeereeneiiiiiiiiiiie,
....................................................................................... LIU Zhenhuan, LI Zhengguo, YANG Peng, et al (586)
Ecological sustainability in Chang-Zhu-Tan region:a prediction study —«e+oreeeeerereeeeeieiiiii. DAI Yanan,HE Xinguang (595)
The effect of exogenous nitric oxide on activities of antioxidant enzymes and microelements accumulation of two rice genotypes
seedlings under cadmium stress «eesereeerereeeriiiiiii ZHU Hanyi, CHEN Yijun, LAO Jiali, et al (603)
Forms composition of inorganic carbon in sediments from Dali Lake ++-eevee-ee- SUN Yuanyuan, HE Jiang, LU Changwei,et al (610)
Fractionation character and bioavailability of Cd, Pb, Zn and Ni combined pollution in oasis soil =~ «e+ererererereremieiiiiiiiii...
....................................................................................... WU Wenfei, NAN Zhongren, WANG Shengli, et al (619)
Effects of CA and EDTA on growth of Chlorophytum comosum in copper-contaminated soil = «+eeeeerererererariiiiiiiiii..
............................................................................................. WANG Nannan, HU Shan, WU Dan, et al (631)
Research Notes
Values of marine ecosystem services in Haizhou Bay — «++eeeeeeeeeees ZHANG Xiuying, ZHONG Taiyang, HUANG Xianjin, et al (640)
Variations of Leymus chinesis community, functional groups, plant species and their relationships with climate factors —+eeeeeveeeeeeeens
......................................................................................................... TAN Liping, ZHOU Guangsheng (650)
The effect of N:P supply ratio on P uptake and utilization efficiencies in Larix olgensis Henry. seedlings —+e-eeeeerereeereeeiiiiin.e.
.......................................................................................... WEI Hongxu, XU Chengyang, MA Liiyi,et al (659)



(AR R EAE S A2 T

(EFFR)2013 FMEITHRE

BRG], QT T 1981 4, F2 2 RIE A A0

FEIR IR BRI R SR | R0 BE S e AR A A2

Bk ARG B AT R AR B AS SOT RS = A R45
CHEZSZE) 2 H A, K 16 FF4%,300 BT, B N2 90 Jo/ M, 448 22 fr 2160 TG,
PR &A% . 82-7, [ AMIR £ AR5 . M670

FRUET]S . ISSN 1000-0933

CN 11-2031/Q

K JET5 1 AL F5 SRR R SO s W ST M4l s AR A 2 B BE

A [E A5 LR Ry T P T I, ] B4 S A A AR S WG R A BRI A e A AL TR

TESETT R

I HE . 100085 Jb R X XUEH 18 5 H

E-mail. shengtaixuebao@ rcees. ac. cn

2

WEMEMRE flaty

iE: (010)62941099; 62843362

HE: www. ecologica. cn

HITHE XIKE B ¥

£ & ¥ W ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) (Semimonthly, Started in 1981)
(lliﬂﬁj 1981353)%@”{”) Semimon y,; arted in
$33% H2H (201341 H) Vol. 33 No.2 (January, 2013)
B (RS A Edited by Editorial board of

H Ht H
ShgR 3

Ho AR
B Rl
®x 17
iT M
B &1T
ITERE
W Al E

Hhik b5 XU 18 5
MR L 4 % - 100085

LG : (010)62941099

www. ecologica. cn
shengtaixuebao@ rcees. ac. cn
T

HhE R AR S

rf E b B A AR T L
Huhk . 6 BT E KBS I 18 &
R B 2 1 - 100085

- & B i
otk S AR BIARIL AT 16 5
R i 5 : 100717
At AREN R

- & B i
itk AR BEIRARILE 16 5
B s . 100717

L35 : (010) 64034563

E-mail ; journal @ cspg. net

4 [ - HU bR )R

rp ] [ B 5 57 ) S )
Hudk . b5 399 546

MR L i 5 : 100044

UG LRI 8013 5

Editor-in-chief

Super

Sponsored by

Published by

Printed by

Distributed by

Domestic
Foreign

ACTA ECOLOGICA SINICA

Add: 18, Shuangqing Street, Haidian , Beijing 100085 , China

Tel: (010)62941099

www. ecologica. cn
Shengtaixuebao@ rcees. ac. cn
WANG Rusong

vised by China Association for Science and Technology

Ecological Society of China

Research Center for Eco-environmental Sciences, CAS
Add 18, Shuangqing Street, Haidian , Beijing 100085 , China

Science Press

Add:16 Donghuangchenggen North Street,
100717 ,China

Beijing Bei Lin Printing House,

Beijing 100083, China

Science Press

Beijing

Add:16 Donghuangchenggen North
Street, Beijing 100717 , China

Tel: (010)64034563

E-mail ; journal @ cspg. net

All Local Post Offices in China
China International Book Trading

ISSN 1000-0933

Corporation
Add:P. O. Box 399 Beijing 100044 , China

9“771000 093132

ISSN 1000-0933

ERMAFRIT

CN 11-2031/Q

ERNEEZRS 82-7

E LTS M670

EM 90.00 T



	01.pdf
	fm.pdf
	zml.pdf

	stxb201111121721.pdf
	03.pdf
	yml.pdf
	02fd.pdf




