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Impact of cascading processes of urban expansion and cropland reclamation on

the ecosystem of a carbon storage service in Hubei, China
KE Xinli*, TANG Lanping
College of Public Administration ,Huazhong Agricultural University , Wuhan 430070, China

Abstract: Urban expansion has an impact on ecosystems and results in the loss of ecological lands. The occupation of
ecological lands includes two processes: directly by urban expansion, and indirectly because of the compensation for
croplands that are lost during urbanization. Many researches have discussed the direct impact of urban expansion on
ecosystems; however, most of them have ignored the impacts of cascading processes of urban expansion and cropland
reclamation. Therefore, we have explored the impacts of the cascading processes of urban expansion and cropland
reclamation on the ecosystem of a carbon storage service in Hubei during 2000—2015 by means of the GIS spatial analysis
method and InVEST model. The results show that during 2000 and 2015 (1) the reduction of carbon storage resulting from
the impacts of cascading processes of urban expansion and cropland reclamation was 40.90 Tg; (2) the indirect impact from
cropland reclamation accounted for 31% of reduction of carbon storage. Our study indicates that the main cause of carbon
storage decrease is the impact of the cascading processes of urban expansion and cropland reclamation. Furthermore,

ignoring the impact of cropland reclamation can lead to an underestimation of the decrease of carbon storage.
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Fig.1 Land use map of Hubei Province in 2015

FHPIAS BT R X A2 25 28 Gk il 12t 9 52 TR0, g 28 A5 B 9nl i 77 5K Al R 47 1 45 08 A2 25 R L AR 8 140532 T
(E2),

20004ELUCC 20154ELUCC

| |
v v

S AR PR S " PR R
HRTHEH A TR B o Lodiecl R A 25 PG R
v l v
InVESTAHEHI
| |
S BRRTTR R D (R i 4 00
| + |
ST 5 B R A A 1
T B B

B2 TRk

Fig.2 Research technical route

5 RFEWIILAE 2000 4EF1 2015 4 LA IO , R GIS 25 (8] 7347 J5 ¥E S ML 48 S0 ria 7 sk Xk o |
AR RSB S (AR R S AR BT 5K e BN A S MR s TR R | S5 S S 2R
T R , R AR S R GRS M3 5 1 25 A PG AL AL InVEST #5% ( Integrated Valuation of Ecosystem
Services and Trade-offs ) , 7 f PEAR IR T 7K X) £F 25 2R GEikfid 12t 19 ELHE 52 A . R [ 19 0 6, DA 2000 4EF01

http ; //www.ecologica.cn



4 A E = 39 %

2015 4F A MR TR rh 4R BGH AL A B b oo b, | 551 8 1 SR B o5 B 25 TR0 A% SRy, PR TR 80 25 DA% SR 5 2000
AR A bR P AT B 0 3 A A S0 T 4 5K E o B O TR 422 5 RS 1) - b R P AR fb 25 TR ), 455 45 b
B FE A A ] InVEST #ERY g 5 DAl 3l i ™ sk ok B i DR 47 00 1% S 4 5 1 R 194 24 285 3R e e it o 1 7228
o )5 BT FRGER SAS BT ik Ak OR3P R 5 X A A5 R GE B At i A2 S AT I T T SR Y B
S R R b 78 0 [) 122 5 o % A 285 R Gt i A8 AR P B iR
2.1.2 InVEST %Y
InVEST BEALR i 36 M K A AR ESESMRKARRP I SBEGTFRNESRGE RS T
H ) InVEST 58 IR T & Gerk it s Al S 8 vk M 25 S T s AR 3 T i B 2 2 il LR
AT SRS PG EE R A A3 8] TG A 0 A, ZE ST 5K X itk it o 5 el PP AL D7 TS B Tz B0
FHP2 AR SCiE ] InVEST B it it B4 A5 8 ( Carbon Storage and Sequestration ; Climate Regulation ) X 42 25 R 45
el i HEATIPAL . InVEST Bififf AR AL 25 1T 4 RS RLAY IR 2 . b b 2R Wik 22 T AR Wi B SE T BILT
T PE AT AL ML AR i e G455 3% LA b T A 3 R AR 6 P e £ 5 b T A o P AL 5 A T ) AR
R RGN WA i FET A HUBTRR ZE B G AL ST A 7% Py A EUR Hh i e fitt £ 5 T 38Rk R AL 45 TR MLBR NG it +
BEA HURRIE B it i
InVEST B fitt 2 VAR L 4 b ) TS AL R DAk B0 ) X A b R P/ 2 A 8 e 38 P8 0l 3 ot A
K& B N PFAk Bl L AE 25 R et fitt o=
5, 25 MR B TR A N T
Ci=C e ¥ Ciion ¥ Ciia + G (1)
K, C R i PSR B 5 C, . R E RS AR YRR BE 5 o S PSR A W e
JE5 C s B T PSS IFET A WUBTIREE B 5 C, ) N @ MRy 3G LT B L
SRIG T A M S Al 2% R - b R TS TH A S R Gt it
Cioa = C; XA, (2)
K, € AN | RS SBRAE ; C, N5 | PR AR EE 5 A, A5 @ PR AT,
T P IS Rl i A, 75 3] DX A B B A 2 R S i i
22 Bk
AR SR T A8 8000 £ 475 - 3t ) RSB0 B AR 25 b L i ) P S R A ke 2 8 8080
221+ H A SR
AR SR Y A= HUR B A5G A0 4 2000 452015 47 2 199 A9 = Ho 1) 8O | 12 1 st R 508 SR R T
rb [ B2 e B TR PR R 5500 wh o0 Y bR B E (http ./ / www.resde.en/) | %5035 %2 1 Landsat TM/ETM 5214
fR PR3, 23 RS0 HE N 30 mx30 m,, 12+ MR P 4 IX 4= R 2R A 43y 6 K8 25 /NI AR
R TE 5 2E  XF JEL AR BIE (1 25 /NS T 6 0T 4 BBk bt b el R ST B A T
Mo ARF I 8 ZEATHIZERY . (1) #F L (K T FRHOAT) 5 (2) tth (G5 A AR EACRR | AR i S At bR 3 55 )
(3) Ftthy (PE PN R R LA ) 5 (4) VT (RARIE LB T2 TR S 3 TR AR KA LA B9 - H 5%
(5) MRHE CHINE K EETYE REVR MEML A ) 5 (6) T AR b (R b /NIRRT B B DAl DX A
B ) 5 (7) AN 5 b (R b R 8 P Ml AR A 2R3t T 3 ) 5 (8) AR F M (V0 b e B | b
Mo R RS A BRIAE) |
222 R R
e 28 AT S AR A (] 1 28 B AR S RO S AR B B T | MR AR . A SRR R R B &
NTE LR SCHRS P I HA5 A0 A SEPREIER A . Chuai S0 BFFT R, WAL #F b AR | 550 4 14 B 2%
FE43 50 105.30 13910 ,120.90 t/hm? ; XURIAIBRF ) FHN R0 ARAEAR G i o7 i, W04 1R e %
JE4 140.68 t/hm’ s Z/NFRAEN (R FE 4 W02 50t AT LB % 82 8 34.33 v/hm® KA b L

http ; //www.ecologica.cn



2 4 PR 2 T 55 B M R B R £ X il A 25 2R S i 1 P S

1 5

A MU T A 34.42 v/hm” ; Zhang 251" BRGNS , A1 37E A0 B 2 B8 1T LA Z AT T, ARl DA A AR 52 v %o 4%
S P AE Dl B 2 B (AL A M AR i MR AR A B ) | IR ALET  SE T A ML A ik B R A DL MG 4
JEm I A G M — R B R SR I A 45 SR 0 A A R SRR B R (6 1)

(1) Vb, BB B = AR B (7% ) + - 338 HLRR 2 3 (90% ) +FET- A ML R % & (3% ) 3 Horp A ¢
BB b N A/ M AR =18

(2) 3o e b AR R A b . S B = MR 2 (21% ) + R84 ML A 2% B (79% ) 5 FL PR %
R B L A/ b AR =0.2

(3) Hofts T b2 . BB B = AR R (26% ) + A HLUT R B (72% ) +JET- A DR RS (2% ) |
(FEA B bl AR 7l AR AT B e 2 B« B R A= it/ b b A R B 430 R 0.66.0.2.1.20.,0.2)

F1 BIASTHEBBREE/ (Vhn?)
Table 1 The carbon density of each land type in Hubei Province
WoEAYE WNAME FETENUR

iR 2SR THEEHER B0k
Aboveground Belowground Dead . )
Land use type . . . Soil References
biomass biomass biomass
B Cropland 16.49 10.89 2.11 75.82 Chuai 280570 R R4 150) ; Zhang 25051
Chuai 005 X RIATRRAN 4405 50 J6 PP 41997 7
L Forest 30.14 6.03 2.78 100.15 B A 50]
*iﬁt%‘[”] s TR 58 H )
4, Grassland 14.29 17.15 7.28 87.05 Chuai %5050 XURIFIRRF) (44, F 54008
A River 0.00 0.00 0.00 0.00 Zhang %5 (18]
; XURIA R A 4405 b B2 1450 AR gk R 2 14eT 2
JEH Wetland 10.83 19.18 3.98 106.70 i)
¥ 5 R
TR 7.61 1.52 0.00 34.33 Z/NIREET)  Zhang 1)
Urban land
T A "
ARG J‘ﬂ_ 7.61 1.52 0.00 34.33 2RI Zhang 2151
Rural construction land
KA H Unused land 10.36 2.07 0.96 34.42 Z/NREET) Zhang 4051

hy PR RS GORFAIE FHAE AR SR SR T 75 EE EA T A FR LA, e 2 Fo | 2% SCRIR A FH 9 07 ik A B KR
PR IREA — & AT SRR

x2 HBEEXWILCE
Table 2 Summary of carbon density literatures

YE# Authors 5T J5 % Study methods i 1% Reliability

Chuai 2057 [ 21450
S

ieitE SULIET

32 JFH SCRRIE S 55 AR ORI 1 SRR 5 A IR T 4 R A T B T I

TEWFTT XA RE bR A TP A 2 | IE X REAR AT 5250 AR T BT R
FHIFEABG AR T 45\ R & E AR IEE AT (2009-2013 45)
SEHBEE MBI AR (2011 4R 2012 4F) % 25 ¥E HH6 3 2% AR I
(AR P AR ) 8 53 T R A B Al

T T SCHkE I ELARFE 1 o BN DL R ik 2 8 | i
Zhang %118 GIS Z5 (A /M /i 5 InVEST BERUEAT I8 . B A U . 2010 4F 4
TR A= 1 %04 ( GlobeLand30)

A A

mﬁﬁﬁﬁﬂﬂﬁﬂ@ﬁ?ﬁﬁﬂﬁ@' AL A 71 FF i DX dsl - 498 KA

(48] | 7 A [ 53]
RUBIRIBRAL S TV A LA R RRLERI

http ; //www.ecologica.cn



6 A F E MR 39 %
gk
YE# Authors W4T 7% Study methods i 1% Reliability
VA SR AR RIS X B M P B 300 3 R, SR = AT A
i BB (SOC) HUK A HLER (HWEC) JBUkLAA HLBR (POC) 5 4

A BB (LOC) K “ A HLBREE & 24150 3% B A

WA 22 FUAR DI ER (2 8 A XU Z RS A 39800 07 12, HRAS e g
JE A HLBR B | 102 T B SRR A D A T SRR A i, T LU
T RN FE B 15 AIF 50 B Hh AR St DX - S AL o A ML R
ARARARAE , 455 50 IR R A BORMIT T 1 A ML B2 L 3

HOREEAT DURUAE BORE 20 A, 380 ek 7 8% 1 40 4 A -4 I Ak I 2 A L
VS £ ke, BET TR R AL 3R 210Ph & 4F HE AR A I x0T H A AL
B L AN AR A T B

EYN S

3 HREGR

3.1 TR T b A 2 AR SRR R AR TR

KH GIS 23 [8] 5347 J5 2545 2] 2000—2015 AF 648 3k v 8 1 FH Hoor A= A8 M 8% 7 i s Tl as s (181 3) s
PRI A e AR A DB A= o L 3, A8 S 3l sl T 3T FH LRSS 5 A T b, 388l P e o
BEH 042 G R A0 ™ Y, KR s T R s KT R T, A T AL Ve T A
TR T 25 DX, B b 1R o 1 L AR AT 3 i T b R AR A R M R A AR S R, IR
K TS BB 1 B S LR G AR R X s (R 22 5, R O £ b X B
MR B 28 0 R ORI T R AR A AE X Sk 2E

53 R :2000—2015 4, 140 T FH LY 5K AR 3] 3.23% 10 km? 5 WAL A8 T b 5K LA o5 R B
S, 5 AR T AR 2.18x 10 km® | IR BB T ML Y 67% ; MRt 3R T B 5K 5% o5 A EE X 4, Ak i
Bk 0.68x10°km® , K FHTE IR TT LAY 21% , T UL, IR TT 9 ik 0 il Bt v, e 3 4 v ) bR, Bk b 25 2 16y
B 23 P A IR AR 3 T R B I M, S 3 S R G it i

K H InVEST #5805 s PPk WAL A i B o 0 AR 28 R GeRi A it () s (1] 4) o 25 SR B L 1045
T 5KIE i BB Bk O AR S S BUE S R GG R T 28.36 Tg, WRTTY 5K FEUMI LA 451X
B A R E AR R B DS A ST RN T A S KRG ubg S P o™ E, HOE X BT,
XL X 28 5 R R T T B s A 2 AR SRR e I 2 A Ry P P b DX TR A R G 4 PR ) T HE T | 5%
FHTT  BEM T2 X
3.2 BRI PR T T b A 2 2R SRR R R TR

iz GIS Z3 (A1 43 07 75 45 3] 2000—2015 4F #3648 3k 7 477 5k 38 10 B i kb 7 00 A 25 T M 5% 7 09 23 ) 4% )
(ES) . WA PER ML IX (B s fe 2, -4y FE P R BT BT . Ik s 2
BT B DUR AR A 3 i X BT TP S T SR R R AR BF b Ab SR LR
oA AR X R R FE DU S MR A R 3 (H Bk b b SRR R S P X W] L Bk b Tk oA
A= A5 P M 4R o 32 D3 A i 0 5 SR e 5K, A7 AR BH S 1 X2 5

gL R AL B FEECE A R 4.04x10°km?, RL 7 AR A 32, o5 FHAR T ARGR 2.57 %107 km?, (5 #F
AR FE T FR Y 64% ; 1 HIAB 2B MY (5 B 242, [RIHAA0A #HF Hbeb 72 5 B 0 b 3 2K 3K 0.61x 10 km?,
Frb b T E BN 15%, FT UL, FFbeh e b, 8 B AR 2 B A v (R M b R M g Bk b Y 5, S BUE S R4

K HH InVEST A5 81 5 S PEA 0110 24 0T B 5K i s pF A 1% SR XA S R S O i (L 6) , 25
R LA ST Ykl R AR R B S R IR T 12.54 Tg, B P b X 0 B figs 12
SRS A b DX R A i T S B B T B A R GERR A D 11 DX A v e b |

http ; //www.ecologica.cn



24 FHTA 25 T 5K S R R PR 5 0T it A 2 AR G it B ) R

o

PLE A S ) 7

L iy 15 PR
I o 3 33 P
T B dtednh iy e 30
[ e Sk v 2 5 P
[ i M e v 2 3 PR
[0 AR SR L e i e 3 T
I AP Al i 3

>»z

B3 e & s e A

Fig.3 New urban land in Hubei Province

N

A $1ﬁiTg
B -5—s
1 -4—3
B 32

-2—-1

0%6%% %%
RS
0%0%0%%%% % %% 0% %%%
oo s e e e e et te%s
of00sesesetetetetetotols
RIS

Yo%
o%%
%6007
Sesasasetooresess
XX

<
SRR

XX
A

35
SRRXK
R
SRRXK
QS
2555

fodotatete!
0959

o

LK
008
o9
008
%S
XK
%

L

KRR
SRR
LREGEEKES
RREL
XSS
Petele%s

%
K
940
R

XX
o%
R

098
258
%
Rssesis

o%
XXX

XX
(XK

RRILRLKS
R 0%%% %%
RLLEEELLRDE,
A

B4 #itEEmy RIERTHREEELE

Fig.4 Change of carbon storage caused by urban expansion in Hubei Province
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Fig.7 Change of carbon storage caused by the impacts of cascading processes of urban expansion and cropland reclamation in

Hubei Province
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