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BRI LCR, TR EdE Dy TRy T P T i, SBOZXEE S R GRS K
T EAR G, 1990—20104F, Hr EA6 7 Tl AN L1288 nE 1.842, HinT
63.6%'". 1990—20054F, % DX Ik 17 - 3t i B 0.81 J7 kBN £ 1.36 J7 km®, 3010 17
68.57%", 2005—20304F, % DX el it 4 b (AT AR AR AT R I 25% . FEIR Ak
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A0 I A2 5 b X 4 i G B A 38 R 4 Rk I07°E 108E 109°F 10°E 1B 112°E
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Fig. I The study area
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QR I O

I 452 0 4l X TF 76 28 D P (R T Ak . 1990—2013 4F, X skl A 11 M 237.5 J7 i K
25717707, MWK T LAfE, BEE TS BN B HE I 48.3%5 KB 73.4%, BT 25.1
AEA R XA PR RME (Gross Domestic Product, GDP) M 90.6 {2 CHE K52 492.6
270 (FE 1990 AN ARG, HEK T 275457, Hidr, 25 ==\ /5 GDP Ry Lt EE M
472% 3G K 3] 48.5% , WK T 1340\ 70wk & =75 GDP By L M 33.7%4 K 5]
48.2%, KT 1450 EH 485,

1.2

AHFFEAE Y 1990 2000 F1 2013 4F -1 1| /28 56 £ 8 I8 F i 1 -+ b A /28 5 450
$E4E (China’s Land-Use/cover Datasets, CLUDs) ™", Z%¥(#5 4 /&l Landsat TM/ETM+
FIHI-1/1B A58 8 R FEmh g ok, AR RS S 6 R 2572, 2o g
H30 m, SRS IERELE 90% L P,

ARGl B ARIE T B R R B =2 Ik 55 1 (http:/data.cma.cn) , GFEHFSE
DX R HE 321 200 ke A 42 NG5 102 SR B9 1990 4F 19 R AR K S5 . 275 Perry 552
IFIY, R EAE (Inverse Distance Weighting, IDW) 72 XS 4 8 s E AT (HL,
DME AR XA R GRS -

IH—AE A 955 %0 (Normalized Difference Vegetation Index, NDVI) & T 1990 4E ¥
Pathfinder AVHRR NDVI#dli 283k I8 T 98 X R IX R4 di ey (http:/westde.west-
gis.ac.cn/), HZS[RIHER A 8 km, BFEIZHEFEN 10 d*), S Holben™ 95T, KM
KAEA AR NDVUEE 1 718 H e KA A b3, LUTHBR = A2,

MG BRI T (NEESIHELE), ORI SRHIX 4 B 90T BURITHE
1990 A AR S . FF RS fe DR PR 5o R 3R 2 A5 R U T 1 5 i
HoPRAE BP0 (http:/ngee.sbsm.gov.en) , AL FEIFAISPHBIX A TG AL . AT B0 . JE
AATEAT o

R TET AT RSN, Ea s Bo2 AR R E SRR AEAE, H AT A
P )23 (] 53 HER 55— 4 180 m,

2 Jrik
AP & 3 FELTE, |, 78 THAES KRGS (Millennium Ecosystem

Assessment, MEA) " i E S RGOS HESAEI T, AL DX 1990 4F AR B o . R
A SRR 4 WUE S RGNS o SRS AT EAL SR X 1990—2013 AE i
Vi, &5, PPN IX 1990—2013 4E3 T @ X AR S R GRS AU 2 .
2.1
2.1.1 ABifa

2 2% Tallis %5 " WF 5%, K H InVEST (Integrated Valuation of Ecosystem Services
and Trade-offs) A5 i (14 A 35 T S A RO A S b DX g A= B8 o e A T H0A . - R 7
T I 7 PR x MG T L AR B B AT DU R SRR

D,
=H|1- il 1
Q/Y/ .1{ Dij_kz] ( )
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Kb O MR H/E #5258 g ocx RS BT Ho BRI A 26 258 Ak
Beid B s Dy oA MR 25 28R ot x Lz A K kORI RTE G 2o
IH—fb i

Z:7% Tallis %7 S F S IBFSE, AR T THA AR 35 B s B 3 R A . il
TR AR AEBE A9 B S HO e P A U S 28
2.1.2 AREA MRS

2% ECIE, BN (NS RITHELE) RIS RIFFEIX 1990 424 LA TEL R
JCNBIIRE S E B R TR RS IT L, B POZ AR S RIS BT ST IX 1990 4745 L4
BT B R B S R A o . BRTHRE T

Y,=H,x ANPP ;% a )

Kb LR M TEIX NS S/ F ST AR E /NS (1); ANPP NS i
MTECRITT NS A BE /B A% e e Bl 94 77 71 (Aboveground Net Primary
Productivity, ANPP), Z% Buyantuyev %5 " 58 1711 oo & 5% b T4 i
HIRE, BUEHR2.22; HAS i TECITN R /RS i 245, SR =0 R,

Yi
ANPP X a (3)

Kb YOS i MTECA TN R /RSB 85 ANPP RS i AT BUR T AR/ 5 |
Y ANPP SR,
2.1.3 it

Z:7% Tallis 7 WAFFY, KA InVEST BRI (1 ik fif 185 flk [ Fp RS ke TS X 1Y)
fchitiat . HATH AT .

CS,,=A,,X(AC,+BC,+SC,+DC) (4)

Krr: CS, R i B L MR/ 55 258 rh 2 GO L st (Mg C) 5 A, 3R i 2k
- Hi R /7 25 2 R R A AME TR TR AR (hm?) 5 AC s i R R /78 25 25 A 1
T B s BC GRS i Fh - HUR /8 55 2B R L T % B 5 SCERREE i A L b A /7 552
AU A DR T 5 DC RN i Fh A+ MR /8 35 RSB T A WL % E (Mg C/
hm’) ., 25/ 5% Fang 57 R RAEPILL K sk SERIEGY , St T AR rds 1)
R R . T iRk, FRBUT 1990 4F P41 50 Ml [X 25 [1] 43 ¢ K A 180 m k) A= 55 it
HLOREE D R R 4 RS R SRS E R
2.2

27 Xu SFV VR SCH PR BEAY, DKL 38T R B 3 A4 RUBE | X6 1990—2013 4F
WP SRl DX IR T e (R 25 SRR AT 400 . B 5, i ) LUAPEL SR IX 1990, 2000
F12013 AN [R]RUEE 30 b 85t 3 A Sk i e A 50 R SR iE . AR, SR/
AR Lin 2942 A 500 2 4841 (Landscape Expansion Index, LET) 43 #7140 5B 4k
X 1990—2013 AFEA ] RUBE b A3k i 4 e =X, 5oy e 8 B0 1H 5 7 ik T U R =X
FTRET,

H.=

_ AO
LEI—A +Avxloo (5)

e LEC Iy ML 5oL A5 E, JCm 495 AR s REBR (4 2% o X 5
AT PSR A S A 5 A, D i P BEBR 22 vh X S5 AR T M 52 4R . 25 LET N
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O, FEBHr Gk A M BREER S b 7R, RV H4 3k i BB 5 A 3ok v SR () Ak 1 4 2R
A5 MO<LEISSOT, FHAPHERTT BRI A A, RIS T BRI B A 3k Tl B e
M ZY T ; 4 50<LEI<100 W}, FRETHHGIR T b BES A I, RUETG I i 7
TR T BEER PR,
2.3

2% He %P SRR S 58, MR . 3okl i B 3 A RUBE R AP fu s
HIX 1990—2013 4FIR T 9™ s B Xt i 477 J X dul o 4 P A 35 R G R S5 ORI . ST i
RN A S R GRS W2 T LR R

AES,=ES,, - ES,, (6)

K AESHE NIRRT FEOG A i FiAE S R GRS Bk & ES,, Fniliiy”
JR XIS i A A A R GRS LSS m A 0ME ;s ES, R R Kb 5 i Rl AE R R G R
B nAERH . 7% He SFWRYRHSYT, Bt M 4 T A= 28 R GE I 55 EE Bk O,

3 4

3.1 1990

19904F, PPEALTRHLIX A= A R GRS AE XS I AA A R i 22 57 ([B12) 0 X34 A 4 i
HOM0.53, BMRAEEN 573.45 Tg C, X PR AR S5 H¢ = 0 1l X 322255 A0 2ERF AN R i 6
FELSL TR0, XM A 72 i 137.33%10% t, 1R 45488 1o (A b IX. 32 B0 T I A 4
M ALk T AR p S AN SR R 2 A . IR 28 A = B R 2.86% 10 t, %R S5 ES
IR Z2 BT GBI S T 7 B A X s

-0
0 200 km
I

o~ WTTGATEGL S ~ BRATHBO R
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Fig. 2 Spatial patterns of four ecosystem services in Hohhot-Baotou—Ordos region in 1990
3.2 1990—2013

1990—2013 AENPASP X 22 Iy 1 PR Ik i et 72 (K13, Bl 4(a)]o DXt i
AR 1990 4F 1) 314.22 kBN E] 2013 4E119 692.10 km?, HEK T 1.201%, 4EHEK RN
3.49%. [AIE, DX Y R B ok g (K13, Kl 4(a)]. 1990—2000 473k 7 H b i
BUN314.22 km* 4 K 51 364.27 km®, 4EEJHEHC 1.49% ; 2000—2013 4%, Jal i FH 4t 11 U
364.27 km* 3 K 3] 692.10 km?, 4EHIIHK 5.06% . KAk § AL LI g RN (1K 4
(b)]o TEPFALZRHLIX 1990—2013 AF3k i 9 e X3y, s ZR Rk T 9 i i BA 245.01 km?,
A7 DI T P R B T R 64.84%
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199020134, SPR/RZ Wi, 4
Sk TR AR5 T 30 i Pt T R ) B
S [E 3, # 4Ga)]. WIRZWH
T R M ARG K B, M 57.93
km? 34 %) 238.08 km?, K T 3.11
fi5 o 3Tk AT s = Ll
RN E (K 4b)]. Horb, ki
SGARTY R, Y R
89.29 km®, ALY B A
1 71.34%,
T 1990—2013 4%, WA X 451k
~ gg&ﬁgwﬁ S b T AR 21K 7ET
I 19904kt Fii A 18R, SRR Z W BRI 5
B o o ORI I KB AR, T
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Fig. 3 Spatial pattelrnieogfi z;b(i;jlr f:;)e;r;sglgf 21glljohhot Baotou-Ordos DI & J:LE JII g %‘ff: 13 /l\ ﬁ,ﬁ: E H"J i;ﬁ ﬂiT j’ },‘ %
e |YEUE Sillys S N ok 51
B RATBCATC BT 72.22% o FEIXSEITT Y, A I A 30 2 IR T R DX T AR L 461 B
T YR BTG 99.07%
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| @ = 19904 ]

& i = 20004F 80

5 o m 20134 e 1

iy ] = 60 A
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BE 1 & 40 1
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Fig. 4 Processes and modes of urban expansion in Hohhot-Baotou—Ordos region during 1990-2013

3.3 1990—2013

IPAL SR X 1990—2013 AR T R PR R BUE S R G M S W R TR (K5, & 1),
EARRSS T, SR R A RS s iR, BRI R KR A R T
13 581.41 t, 5 1990 4F X AR & A 7= A 19 0.99% o X Ak T 47 J i 7 S 0me it ot A1 A
BT IREIAE T 02%~03% (E5. F 1), 1990—20134F, TP & X B %R R T
1.65 Tg C, 1 1990 4F X I Bt it 8 119 0.29% . IZRA =R SS FRET 70.19 t, i 1990 41X
WA A B 0.25%, A, SRTTY R XY AR B i TR T 0.47, & IX
TR 88.68%

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



104] PIEERE A LD TR R R A S R SR S5 1S 1697

0.6 16 000 100 2.0

K (3)199072000!4‘; -E( ) -.?{ 80'(C) 2000-20134F L:D @

K .54 =2000-20134E | = 120009 4200020134 = o =15 2000-20134F
o T go00d " 199020004 i 601 : o Lol | = 1990-20004F
%é 0.4 ji\;j T 401 W

i & 4000 = 20] % 0.5

0.3 < 0 : 0 0.0 %
w é} ’553
éﬁ "%?‘ % ‘%%‘ ‘K *’2%' 5& Q%'
X35, X3, X35 [X 2,

K5 IRESPHLX 1990—2013 4Rt e e U AR A5 R e Bk i

Fig. 5 Losses of ecosystem services caused by urban expansion in Hohhot-Baotou—Ordos region during 1990-2013

[X 45, 2000—2013 4E 3 i 4~ 1 1990—2013
JE T AR XS A A R GRS 5
B 5 T 19902000 4E 3 T 5 Table 1 Losses of ecosystem services caused by urban expansion in
T 1 T A 25 22 55 7 45 1 B4 T Hohhot-Baotou—Ordos region during 19902013

1990—2000 2000—2013 1990—2013

(5, R1). 1990200045k &A% $idht m;% Bk mJ; fisk b mgl
Y7 X PR R A R R T AR 0.41 77.36 0.48 90.57 0.47 88.68
3 23724 t, H19904FMEAT" A0 323724 024 1034417 075 1358141 0.99
BE ) 0.24%; 20002013 &4 HZE=0D" 3.02 001 67.17 0.24 70.19 025
WA T 10 344.17 t, et (TgC)™ 021  0.04 144 025 1.65 029
1990 AF %R & M =W e AL LU AR R TR DOP R A B i AR i 5 421X 1990
2013 4FEIR T4 ek 72 40 ) 5 3K

i E T 0.21 Tg C Al 1.44 Tg C, 40l i 1990 4% Ik 55 B 18 (19 0.04% F1 0.25% o
1990—2000 F12000—2013 43k i 4 g it #8273 0l S B R 262 7= Ik 55 T 3.02 F167.17 t, 41
W5 1990 4FiZ IR 55 M 19 0.01%4110.24% ., 1990—2000 4F, IR T §™ J [X e 44 A 5 J
TRET 041, 255 1990 454 X 17K 19 77.36% ;5 2000—2013 4F, IR X B 14 4=
BT TR T 0.48, 294 1990 4E4 X -2 /K-8 90.57%.

AT B A = IR S W™ (BS5. 22). 1990—20134F, Ak iRy B X
A RS TR T 516016 t, HIPAZRBHTY R X o £ 4 ™ ik 4540 R B 19 37.99%
SRR ZHTT AR R . RS AR R R R (K5, 3R2). 1990—20134F, 1%
TR R X PSP A B i R T 0.53, ISR T XSO 4 AR B I e 2k
B 11345 NZRA = IRSS NIRRT 30.69 t, i FEALSRI T4 8 DX v PR 282 7= IR 55 112k
[43.72%; kfifii TRE T 0.86 Tg C, (PRI i DIl fiff 40t 2k S 119 52.12%

Wiy R B AE R RGNS S A R L A E W 25 5 (R 2) . MRS E
TR X AT R X P PR 22 2 IR S5 B R B A S, ST 7 e X P PR 22 7 IR 55 R
T 1458 t, (PRSI R X RS AR P G B Y 20.77% 0 ALK TR IX A IR T R IX
AR EE AR 7 B it P 2 fe ™, iR T 4 714.43 tH10.47 Tg C, 431l 5 AL SR
TP R DX IR A P2 R A F 0 2 B 1) 34.71% 11 28.48% 1A /R /R M BRA TR B
JE X AR B B K B, IR T R R R B T Y R X N A B B TR T
0.64, SEMFELFRIRTTY e X P34 A4 g B i e 1 1Y 1.36 75
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2 1990—2013
Table 2 Losses of ecosystem services caused by urban expansion in all cities and counties in
Hohhot-Baotou—Ordos region during 1990-2013

— B M A Tiehifi it
PG % WRER W% BORE W% Biki/Tg C 0 HBiT/%
I R T 0.43 76.12 3921.80 0.72 27.21 0.55 0.27 0.29
WP RIS R T A X 0.46 82.58 3239.64 3.81 14.58 1.78 0.17 1.52
PR AT 0.50 88.37 421.20 0.24 1229  1.34 0.06 0.38
FErdt s 0.11 23.59 134.97 0.20 0.00  0.00 0.01 0.16
FUMRHE IR 0.28 53.08 40.67 0.05 0.00  0.00 0.01 0.06
7K 0.54 86.93 0.00 0.00 0.00  0.00 0.01 0.06
R 0.44 76.77 85.32 0.10 0.35 0.02 0.01 0.04
3kl 0.42 71.58 5160.16 1.45 1228  0.18 0.52 0.37
A3k TR X 0.41 75.16 4714.43 9.60 1149 225 0.47 421
A B A I 0.46 91.18 423.36 0.27 0.00  0.00 0.02 0.18
EGJUERzS 0.61 112.40 22.38 0.02 037  0.03 0.02 0.08
PIRFERNZEAIE 0.64  102.71 0.00 0.00 042 001 0.01 0.01
PR i 0.53  103.25 4499.45 0.95 3069  0.18 0.86 0.25
SRR g X 0.54 91.07 1264.13 8.08 11.89  2.10 0.36 2.97
BT AV R o8 0.49 99.38 745.24 0.31 209 0.2 0.11 0.35
HEAR IR I 0.54 93.52 248.92 0.38 253 013 0.08 0.21
T T R 052 100.07 16.77 0.13 092 007 0.04 0.08
T T 0.48 84.46 1663.64  9.80 348  0.09 0.14 0.16
iR} 0.61 141.53 0.00 0.00 1.14  0.03 0.02 0.03
L i 047  107.97 310.61 1.09 170 0.09 0.04 0.11
PR 0.62 107.47 250.13 0.88 6.94 032 0.09 0.35

TE LR BB L /R A ™ e DXV 32 A 5 Bt A f e L s L 1990 AR 3 A it 2 1L *+ At
3T LR T/ P R AR A R GRS R e S M /B EL 1990 ARAE AR R GEMR 5 St LU AR

4.1
SV PIUFENTE, WA &0, R 5= 800 LS RA TG K55 44 J5 T
BT B H L 3TN GDP. Atk 2 [ B8 7 809 LI T34 T8 45 S A~ HoAk g
b, FEREELRE FRFA S M8 R R A SR X 1990—2013 4E3k i i i A 4k & 2 i
RIEZIAIEER . TR, WAL IX 1990—2013 AFIl i FH Hb Th ARG K 55 2 A 3
Kb, T AN KA | GDP R DL 4k 25 [ 58 B P B0 K 22 1) 52 (g 25 A AR
FXF, MERRBIIIE0.8 L L, YT T 0.001 K-y B F RS . Hirb, I b i
U B 5 ek 25 [ e B P B e K 2 A OGS R 3, HAHSE R B 091,
4.2
IPAL SR X 1990—2013 AF IR TT 4" R ad B v, kb A b 1) B O v A S R 5
M55 FREM FEZEA . 1990—20134F, XK i 72 3 B0k b 2k 148.40 km?, 5
T b Y T Y 39.27% 5 T R M G 13233 km?, (5 3T YR AL 1 AR
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35.02%. 7R RE b, ki Rt B bt ik i K, M 61.79 km?, (5 X
HEHLE R B 1 41.64% ., SP/R Z B bR iR K, 80,77 km?, o DX i 5 2
1 61.04%, fEHEELRE b, Akl Xk f el b kit 2k B ek, o 58.48
km?, (7 DX K B 19 39.41% o SRR Z2 T AR X R b A R B R, O 31.59
km?, DR AR G i 1 23.87% o

IPAL SR IX 1990—2013 AFEIR 4™ J3E i o5 A S BOM B A8 7= Rt it £ IR 5543 i) 464
KT 13 581.41 tF10.57 Tg C, 435 i s rli B J X R 2 AR 45461 2 i B 19 100% 11 34.55%
I P b e o P R b S 35 TR 2 A RNl i Al 55 3 AR R T 70.19 14110.76 Tg C, 439l
P ITT JE DA il 55400 2R B 1Y 100% 11 46.06% o
4.3

IPAL SR X 1990—2013 AF 3T ¢ J@ad e v, 3R T i R i A= . N2
FERNRAE s B AT B 25 5 . XIS GBI T R B0 3 Bl R S5 B 2k A I R
TFH A A B i (6. #£3) . 1990—20134F, X iskih S i g
FHEBRAE L. PSR B 7 IR S5 AR it kT R R A TR S5 4R B
BIFETE60% LA I (6. #3), H, BfigEiigk 71.08 Tg C, HIRATH & X Imim it 24
e MR 65.45%; IKRA PR IRSS P T 4335 ¢, (HIRTTY R IX A P IR S0 R M
61.76%; MEATMRFSHRT 8 221.00 t, ST M A iss ik B 19 60.53%.

1.00 10 000
| @ . (b)
0.80 - 8 000 -
%; 0.60 % 6 000 4
i .
% 0.40 4—1\?1]2 4 000 -
i'H 25 b
0.20 1 2 000 -
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Fig. 6 Losses of ecosystem services caused by conversions of different land use/cover types to urban land
in different urban expansion modes



1700 H % % | 2% i 324

3 R TR A 2 A

Table 3 Losses of ecosystem services caused by different urban expansion modes }fz: E& % E/‘J %} H["L‘J *ﬁ Xﬂ— ﬁ j( ( [gl
UK Sidl ik A -

R A . N 6. #3). 1990—20134F, IX

Wi B WURE B% R HB% R T S 2
BELrr S0 a0 e w0 semer ey | NFEDT ST 1, dibi
WA= (0™ 4335 61.76 2578  36.73 1.06 1.51 LS ORI PR Sl S TES
WehkR(Tg ©)° 108 6545 039 2364 018 1091 AniEAY36.73%, DX

P RSB DR SRR R F sty p s T YRS BORAR A 7 R
AR 5 KA B R LKA A B AR H (5 A3 R R B K T R AR
W IR/ SRR ST LA F 2 A5 ARG IR A U it 5 CSBE AT SR D T e 2 3 % 45 45 A B 1 L f91 7
XA R G S5 30K i U (e 20%~24%2 0 (6. 3),

PUIE RIS T 47 R XS 3 A A S R GRS (e il die /DN, 3 AR #5301 AR 28 R G0 iR S5 i 2k i
BIARRI i i b AR S R GRS R S 20% (6. #3). 1990—2013 4, X
BN Y R S EORE A RS R T 2 608.51 t, 5 XY R B Rk
PR BN 19.21%, [FIRT, IZRBI TP R Bk P T 0.18 TgC ykmiy it &
H i P B Y 10.91%, AL, DX RIS T R S B0 282 7 IR S5 R T 1.06
t, A AT R X R AR R IR S R R 1 1.51%

NGRR3R S A R R R BUE S R GRS BT
B B R (Bl6. 323, F4), 1990—20134F, FRALERHLIX 2 ki3 e S50 b
FECH S 542K T 99.63 F182.59 km®, 43 5) ot S8 i 4™ Ji DX A b R e b 4% 1 0 2 it 1)
67.14%H162.41% (£4), TEX—idFEd, WY it Famb i 5 kL S E0R & A4 Fiik
R IR 55 A SIS 1T 8 221.00 tF110.38 Tg C, 4351 5 i G BT 9 8 DX AH I AR 45 404 2
HI100%F135.21% (F16. F3) . SRy it Bt b7 FH b 5 8508 2 A 7= R figs 1 il
F IR T 43.35 tH10.47 Tg C, 51 5 i SR TT 9 i DX AR IR 55482 2 3 1) 100%
F43.71% (El6. £3).

CH AR TP R R T, 8T b 7 R T R 2 A AR S R O AR R
FEFEA (K6, #3. £4), 1990—20134F, M50 HX KR e S 280H st e
T 4718 k', IR ES R P EH OC B 0 35.65% FEIZad R, ST A HE
AR SR 2 7 RS HR 1 25.78 ¢, o R BU T4 e 30N 284 77 IR g i 2k i

4
Table 4 Losses of different land use/cover types caused by different urban expansion modes
I PN A5 R P
RA Tk WRVkm® % WRVkm® % WRVkm®  Hfl%
Hhi 148.40 99.63 67.14 2245 15.13 26.32 17.74
Bl 132.33 82.59 62.41 47.18 35.65 2.56 1.93
AR F A 46.16 29.84 64.64 16.26 35.23 0.06 0.13
s 26.92 18.53 68.83 2.82 10.48 5.57 20.69
A 20.86 12.02 57.62 8.26 39.60 0.58 2.78
KR 3.21 2.40 74.77 0.26 8.10 0.55 17.13

e T e XA N b A O B I AR L 451



104] PIEERE A LD TR R R A S R SR S5 1S 1701

1 100%.

201443 H, PEBUFFIRSSEUCEAS, LIRS 5% . WAL Fg kR
AFEAERY Fr B EAL” FR, I BRI R M X B S EE R R PRI T
— o XERE IZHL X AR I T AR — 4w . R, FRATUCHTZERPAL SR X R
KB PEIR TTACERR T, N B S R R ACR, I EILG AR R R T, D
XRS5, DR R R A S R GRS g, B AR AR
CIES2 6
4.4

AWFFRAPRAFAE LRI . T, MBI 284 7 IR 55 B9 32K U5 F 1990 4F
Gt AEYE, R EIX RN IR 55 7E 1990—2013 4F Rl 19284k . Hovk, =2 B0 a] S BOrE id PR
i, ANEAL TSRS . MR IRSS R IRSS, KRB SRS o

FEARIBETE T, RATEES B8 KB R (5 B LA R AR s g i o
b, HINAER A IR T R BT A S R GRS RS . [RIE, dAIET S M R o
A AR B 73 B ok A DB SCAR AR 55, PRI rT 4 Ji s R X SO IR 55 A s e 2 ot
Gh, AT G S RGNS 53 R AV B I X R R I T R B A S &R
G55 T AERZ I
5 458

1990—2013 FENP AL SR X 28y 1 PR A Ik T4 R ad A% o XSk i F i T AR 314.22
ko’ BEINE 692.10 km®, ¥EH1 T 1.204% . SR/RZHiimihid e s B dpe i, H s F i AR
M 57.93 k4 A11E] T 238.08 km?*, HIK T 3.114%,

DIPRG34 R FE R B B B . B RS B 4 RS R
GRS IR TR, EXERE B, WA r=ikss TS, Sk T 13 58141 ¢,
IPAL SR X 1990 AF ML A2 7= i 19 0.99% o FEIRTT R I, Ak i P X i & A= =
M55 BsE i R, SRR Z ik ii ™ X A i . RIS AR P R A i R e e K

DX SRR - R T 3 R B i i AR S R GRS e B B . PR SR X
1990—2013 AN AT R R BOR A7 . RZEAE 7 R fif 5t (1408 2% 347 oy DX Sl
PR R TP AR Y A B RGN S 0 MR 1 60%LA |, RHL R TP S0 R 2 A 7 IR
5450 B XSk T 4 R R AR N AR S R GRS PR R Y 173 FE SR AR K AR
WY R AR, BE AR B KR R R R RS R GRS TR BRI, I,
TERFAL SR IX (3 i AL B R rh, 8 iy R RO, il A R Rk i 3
JE, DI R B A 2 R B RSS2 o

(References)

[17 Millennium Ecosystem Assessment. Ecosystems and Human Well-being: Synthesis [M]. Washington, DC: Island Press,
2005.

[2] Millennium Ecosystem Assessment. Ecosystem and Human Well-being: Desertification Synthesis [M]. Washington, DC:
World Resources Institute, 2005.

[3] REYNOLDS J F, SMITH D M, LAMBIN E F, et al. Global desertification: Building a science for dryland development
[J]. Science, 2007, 316(5826): 847-851.

[4] PNEERE, XU, TR BH, A5, o DR T A1 50 b ) A 25 2R B8 I 55 AL O 2R 22 NUBE A3 A6, A b 1X Ay 43



1702 H % % | 2% i 324

[J]. 75244, 2016, 36(15): 4881-4891. [SUN Z X, LIU Z F, HE CY, et al. Multi-scale analysis of ecosystem service
trade-offs in urbanizing drylands of China: A case study in the Hohhot-Baotou-Ordos-Yulin region. Acta Ecologica Sini-
ca, 2016, 36(15): 4881-4891. ]

[5] LIJW,LIUZF HE CY, et al. Are the drylands in northern China sustainable? A perspective from ecological footprint
dynamics from 1990 to 2010 [J]. Science of the Total Environment, 2016, 553: 223-231.

(6] H 5B N AEAIAE, ERGE R A DG al i 1990 4F A F 38 Bk [M]. Jbat: i Seit i ek, 1993.
[Population Census Office of China and Department of Population Statistics of China. Tabulation on the 1990 Popula-
tion Census of the People’s Republic of China. Beijing: China Statistics Press, 1993. ]

(71 EHSBEANEAIASE, BRSBTS E. fE 2010 45 A M-S A PO [M]. Jbat: hE ST A,
2010. [Population Census Office of China and Department of Population and Employment Statistics of China. Tabula-
tion on the 2010 Population Census of the People’s Republic of China. Beijing: China Statistics Press, 2012. ]

[8] LIUJY, ZHANG Q, HU Y F. Regional differences of China’s urban expansion from late 20th to early 21st century
based on remote sensing information [J]. Chinese Geographical Science, 2012, 22(1): 1-14.

[9] HUANG Q X, HE CY, LIU Z F, et al. Modeling the impacts of drying trend scenarios on land systems in northern China
using an integrated SD and CA model [J]. Science China Earth Sciences, 2014, 57(4): 839-854.

[10] TIAN G J, QIAO Z. Assessing the impact of the urbanization process on net primary productivity in China in 1989-

2000 [J]. Environmental Pollution, 2014, 184: 320-326.

XL, RN R, FER T, 45 20 42 90 4R LUCC et R Aif o [l 4 FE Sl A 77 15 7 (45 il —— T AU ) 5 3

A P S 2SO (7). E R D HERERL, 2005, 35(6): 483-492. [LIU T'Y, XU X L, ZHUANG D F, et al.

Impacts of LUCC processes on potential land productivity in China in the 1990s. Science in China Series D: Earth Sci-

ences, 2005, 48(8): 1259-1269. ]

[1

—

[12] GAO Z Q, LIUJY, CAO MK, et al. Impacts of land-use and climate changes on ecosystem productivity and carbon cy-
cle in the cropping-grazing transitional zone in China [J]. Science in China Series D: Earth Sciences, 2005, 48(9): 1479-
1491.

[13] LIU X R, SHEN Y J, GUOYY, et al. Modeling demand/supply of water resources in the arid region of northwestern Chi-
na during the late 1980s to 2010 [J]. Journal of Geographical Sciences, 2015, 25(5): 573-591.

[14] FUBJ, LIU Y, LU Y H, et al. Assessing the soil erosion control service of ecosystems change in the Loess Plateau of
China [J]. Ecological Complexity, 2011, 8(4): 284-293.

[15] JIAX Q, FU B J, FENG X M, et al. The tradeoff and synergy between ecosystem services in the Grain-for-Green areas
in northern Shaanxi, China [J]. Ecological Indicators, 2014, 43: 103-113.

[16] Tz, 2o b B AR (M]. dbat: [ L kL, 2010. [WANG J A, ZUO W. Geographic Atlas of China.
Beijing: SinoMaps Press, 2010. ]

[17] WZEH HRXEI R, NEHFEITH4EX 1991 [M]. dbat: E S8 H kL, 1991, [Inner Mongolia Autonomous Re-
gion Bureau of Statistics. Inner Mongolia Statistical Yearbook 1991. Beijing: China Statistics Press, 1991. ]

[18] NEH BIGX G R, NS H G ITH4E% 2014 [M]. dbat: JE S0 il Mk, 2014. [Inner Mongolia Autonomous Re-
gion Bureau of Statistics. Inner Mongolia Statistical Yearbook 2014. Beijing: China Statistics Press, 2014. ]

[19] FERGH Rt 2508 SoA. ER T S0H4E Y 1991 (M. dbt: R E S 1 kL, 1991. [Department of Urban
Surveys of China. China City Statistical Yearbook 1991. Beijing: China Statistics Press, 1991. ]

[20] ZHANG Z X, WANG X, ZHAO X L, et al. A 2010 update of National Land Use/Cover Database of China at 1:100 000
scale using medium spatial resolution satellite images [J]. Remote Sensing of Environment, 2014, 149: 142-154.

[21] LIU JY, KUANG W H, ZHANG Z X, et al. Spatiotemporal characteristics, patterns, and causes of land-use changes in
China since the late 1980s [J]. Journal of Geographical Sciences, 2014, 24(2): 195-210.

[22] LIUJY, ZHANG Z X, XU X L, et al. Spatial patterns and driving forces of land use change in China during the early
21st century [J]. Journal of Geographical Sciences, 2010, 20(4): 483-494.

[23] LIUJY, LIU M L, TIAN H Q, et al. Spatial and temporal patterns of China’s cropland during 1990-2000: An analysis
based on Landsat TM data [J]. Remote Sensing of Environment, 2005, 98(4): 442-456.

[24] PERRY M, HOLLIS D. The generation of monthly gridded datasets for a range of climatic variables over the UK [J]. In-



104] PNFAE 25 A7 TR RS R AR A R G55 152 R 1703

ternational Journal of Climatology, 2005, 25(8): 1041-1054.

[25] TUCKER C J, PINZON J E, BROWN M E. Global Inventory Modeling and Mapping Studies, NA94apr15b.n11-VIg,
2.0 [M]. Global Land Cover Facility, University of Maryland, College Park, Maryland, 04/15/1994. 2004.

[26] HOLBEN B N. Characteristics of maximum-value composite images from temporal AVHRR data [J]. International Jour-
nal of Remote Sensing, 1986, 7(11): 1417-1434.

[27] TALLIS H T, RICKETTS T, GUERRY A D, et al. InVEST 2.6.0 User’ s Guide [M]. Stanford: The Natural Capital
Project, 2013.

(28] U Fxik, XURE, 2546, 25, JET InVEST MR - A FH A8 A A 338 P i A BT AR PR X A 1)
[ TRXWISE, 2015, 32(3): 622-629. [BAO Y B, LIU K, LI T, et al. Effects of land use change on habitat based on in-
vest model—Taking Yellow River wetland nature reserve in Shaanxi Province as an example. Arid Zone Research,
2015, 32(3): 622-629. ]

[29] JU W M, GAO P, ZHOU Y L, et al. Prediction of summer grain crop yield with a process-based ecosystem model and

O

remote sensing data for the northern area of the Jiangsu Province, China [J]. International Journal of Remote Sensing,
2010, 31(6): 1573-1587.

[30] BUYANTUYEV A, WU J. Urbanization alters spatiotemporal patterns of ecosystem primary production: A case study
of the Phoenix metropolitan region, USA [J]. Journal of Arid Environments, 2009, 73(4/5): 512-520.

[31] FANGJY, GUO Z D, PIAO S L, et al. Terrestrial vegetation carbon sinks in China, 1981-2000 [J]. Science in China Se-
ries D: Earth Sciences, 2007, 50(9): 1341-1350.

[32] FANGJY, YANG Y H, MA W H, et al. Ecosystem carbon stocks and their changes in China’s grasslands [J]. Science
China: Life Sciences, 2010, 53(7): 757-765.

[33] REARER, BN, MIEr, 5. B0 o IR0 o AR A 28 P2 1) ) 20 RPAIE []. A= 25723, 2012, 32(1): 226-237. [CHENG
J M, CHENG J, YANG X M, et al. Spatial distribution of carbon density in grassland vegetation of the Loess Plateau of
China. Acta Ecologica Sinica, 2012, 32(1): 226-237. ]

[34] ks, [, 2= O, 5. Y520 1 T AT HLIR A8 T o A S H i s i 42 (7). ZE 382440, 2016, 36(9): 2552-
2559. [ZHANG J, TONG L G, LI Z H, et al. Analysis of organic carbon sink increment and management in Uxin Ban-
ner, Inner Mongolia. Acta Ecologica Sinica, 2016, 36(9): 2552-2559. ]

[35] XU M, HE CY, LIU Z F, et al. How did urban land expand in China between 1992 and 2015? A multi-scale landscape
analysis [J]. Plos One, 2016, 11(5): 1-19.

[36] WISCHE, B, AT B, L AR B T T Ao A A A SG &R [J]. ARSI, 2017, 37(3): 969-978. [XIE W X,
HUANG Q X, HE C Y. A study on urban expansion modes and regional ecological footprints in the Shandong Peninsula
Urban Agglomeration. Acta Ecologica Sinica, 2017, 37(3): 969-978. ]

(371 XU/, BLEL, B i, . SVl 5k BOR ARSI A H i L (3], M 32412, 2009, 64(12): 1430-1438.
[LIU X P, LI X, CHEN Y M, et al. Landscape expansion index and its applications to quantitative analysis of urban ex-
pansion. Acta Geographica Sinica, 2009, 64(12): 1430-1438. ]

[38] LIU X P, LI X, CHEN Y M, et al. A new landscape index for quantifying urban expansion using multi-temporal remote-
ly sensed data [J]. Landscape Ecology, 2010, 25(5): 671-682.

[39] HE CY, ZHANG D, HUANG Q X, et al. Assessing the potential impacts of urban expansion on regional carbon storage
by linking the LUSD-urban and InVEST models [J]. Environmental Modelling & Software, 2016, 75: 44-58.

[40] WIS, XNZL K, ROAEE, A5, I AR X i B AR 25 R GE IR 55 (82 ) S P Fry 2 T IL S i sk 151
[J]. ASRBEUE2E4R, 2011, 26(10): 1715-1725. [HU H B, LIU H Y, HAO J F, et al. Effects of urbanization on the spatial
heterogeneity of watershed ecosystem services value: A case study of Jiuxiang River watershed in Nanjing city. Journal
of Nautral Resources, 2011, 26(10): 1715-1725. ]

[41] BEPE, TR P, Seah 22, 4. SR iR 22 RO SRS L 20T —— AUl 01 [9]. 25 B, 2009, 29(5): 714-721.
[HUANG Q X, HE CY, SHI P J, et al. Understanding multi-scale urban expansion driving forces: In the case study of
Beijing. Economic Geography, 2009, 29(5): 714-721. ]

[42] ADAMOWICZ W L, NAIDOO R, NELSON E, et al. Nature-based tourism and recreation [M]//KAREIVA P, TALLIS
H, RICKETTS T H, et al. Theory and Practice of Mapping Ecosystem Services. New York: Oxford University Press, 2011.




1704 H % % | 2% i 324

Impacts of Urban Expansion on Ecosystem Services

in the Drylands of Northern China:
A Case Study in the Hohhot-Baotou—Ordos Urban Agglomeration Region

SUN Ze-xiang''", LIU Zhi-feng"*'"*, HE Chun-yang''", WU Jian-guo'**
(1. a. Center for Human-Environment System Sustainability, State Key Laboratory of Earth Surface Processes and Resource
Ecology, b. School of Natural Resources, Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China;
2. School of Life Sciences and Global Institute of Sustainability, Arizona State University, Tempe, AZ 85287, USA)

Abstract: Understanding the impacts of urban expansion on ecosystem services (ESs) in the
drylands of northern China is important for regional human well-being and sustainable develop-
ment. In this paper, we assessed the impacts of urban expansion on ESs in the Hohhot-Baotou-
Ordos (HBO) urban agglomeration region, a rapidly urbanizing drylands in North China, at
three scales: urban agglomeration scale, city scale, and county scale. First, we quantified four
key ESs in HBO region in 1990, including habitat quality (HQ), crop production (CP), meat
production (MP), and carbon storage (CS). Second, we analyzed the processes and modes of
urban expansion in HBO region during 1990-2013. Finally, we evaluated the influences of
urban expansion on ESs at urban agglomeration, city and county scales. We found that the
HBO region experienced a rapid urban expansion during 1990-2013, with urban land area
increasing by 1.2 times from 314.22 km’ to 692.10 km®. The rapid urban expansion in HBO
region resulted in obvious decreases of the four key ESs. Among these ESs, CP suffered the
biggest loss with a decrease of 13 581.41 t, accounting for 0.99% of total CP in HBO region in
1990. At the same time, MP and CS decreased 70.19 t and 1.65 Tg C, accounting for 0.25% of
total MP and 0.29% of total CS in HBO region in 1990, respectively. In addition, HQ decreased
0.47, accounting for 88.68% of the mean HQ in HBO region in 1990. The modes of edge
expansion and leapfrog expansion had the greatest impacts on ESs in HBO region. During
1990-2013, the decreases of CP, MP and CS caused by edge expansion accounted for more
than 60% of the total decrease of ESs in HBO. The losses of MP caused by leapfrog expansion
accounted for more than 1/3 of the total losses of ESs in HBO region. The large-scale decreases
of cropland and grassland during the urban growth of edge expansion and leapfrog expansion
were the main causes for the losses of ESs. Thus, we suggest that effective utilization and
management of urban land with respect to urban growth of edge expansion and leapfrog
expansion are needed to reduce the impacts of urban expansion on ESs in HBO region.

Key words: ecosystem service; urban expansion; drylands in North China; Hohhot- Baotou-

Ordos (HBO); urban growth mode; multi-scale analysis



