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Dynamics of land use and its ecosystem services in China’s megacities
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Abstract: With rapid urban development, land use and its ecosystem services in large cities change accordingly. During
the latest decades, urban development boomed in China. Researchers and decision makers have increasingly paid attentions
to the characteristics and variations of land use and its ecosystem services among megacities. We conducted the current
study to understand the dynamics of land use and its ecosystem services in China’s megacities. We firstly analyzed changes
in land use in nine cities with over two million nonagricultural inhabitants (in 1995), including Shanghai, Beijing,

Tianjin, Chongging, Nanjing, Xian, Harbin, Wuhan and Guangzhou. We then modified the criteria proposed by Xie
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et al''’ in 2010 regarding to the equivalent values per unit area of land ecosystem services and used the modified version to
translate land uses in the nine surveyed cities into values of ecosystem services. In addition, we examined the relationship
between urban land use structure and ecosystem services. To test the reliability of the results, sensitivity analysis was
conducted to examine the dependency of each class of land use on the coefficient of ecosystem service values per unit area.
The results showed generally similar trends of land use structure changes among the surveyed megacities. Reduced land
types mainly included cultivated land and water area. In contrast, lands were increasingly used for construction, urban
greening and forest. The values of ecosystem services per unit area differed among the nine cities. It ranged from 4 996 to 8
854 Yuan/hm® in 1995 with the highest value in Guangzhou followed by Wuhan, Harbin, Nanjing, Xian, Tianjin, Beijing,
Shanghai and Chongqing. The range in 2008 was from 4 746 to 8 777 Yuan/hm® and the descending rank was Guangzhou,
Harbin, Xian, Shanghai, Chongqing, Beijing, Wuhan, Nanjing and Tianjin. The average value of ecosystem services per
unit area across the nine surveyed cities dropped to 6 987 Yuan/hm’ in 2008 from 7 189 Yuan/hm’ in 1995. Per capita
values of ecosystem services across the megacities dropped. It ranged from 284 Yuan to 7 983 Yuan in 1995 with a
descending rank of Harbin, Xian, Beijing, Guangzhou, Wuhan, Nanjing, Tianjin, Chongqing and Shanghai. The rank in
2008 changed into Harbin, Chongqging, Xian, Guangzhou, Wuhan, Beijing, Nanjing, Tianjin and Shanghai with a range
from 305 to 4 538 Yuan. The average per capita value of ecosystem services was 1 677 Yuan in 1995 which decreased to 1
230 Yuan in 2008. Hydrological regulation and food production were the first two weakened services. The services of
culture, entertainment and waste disposal were, however, improved. The sensitivity analysis showed less dependency (<1)
for all classes of land uses in both 1995 and 2008, which indicated high reliability of our results. We suggested disordered
expansion of construction lands and imbalance of ecological lands as main problems impeding the harmonious urban
development. Given the similar social environment across the Chinese mainland, the findings in our study might have

important implications for the sustainable development of other rising cities.

Key Words: land use; ecological land; urbanization; ecosystem services; megacity
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Table 1 Classification of urban land use

b A P2 [AE2E T 50

Land use type Definition

M Cultivated land AL FEAE b (FEWEK H R K BEHh | 5 b St ) el st ( SR Sl A AR el A H e el it )

HHth Forest land ARG PR FEACHR AR A BORR T bR b, 38 L K% v I

i Grassland B A | A 5 AR AR | A R b N A T

KA Water area AL A FH b 2 A8 e (4 JE il P e, TS/ TR I K T 35 M AR ) A S I Pt ) KR it P b
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A FH# Unused land TRC R 8 R B IRRTERES: (TS | S we: LI 7 s 8 1 1 B X 1 S D
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Table 2 Equivalent values per unit area of land ecosystem services

A< H it Fiith PIRLS AT E S KA
Cultivated land Forest land Grassland Water area  Urban green land Unused land
¥ Food production 449.1 148.2 193.11 238.02 8.98 8.98
JEATEHE = Raw materials production 175.15 1338.32 161.68 157.19 17.96 17.96
SARITY Gas regulation 323.35 1940. 11 673.65 229.04 1279. 48 26.95
ARV Climatic regulation 435.63 1827. 84 700.6 925.15 1389. 88 58.38
JK 3L Hydrological regulation 345.81 1836. 82 682. 63 8429.61 1986. 55 31.44
JE WAL Waste treatment 624.25 772.45 592.81 6669. 14 1286.22 116.77
P45 13 Soil conservation 660. 18 1805. 38 1005. 98 184.13 1337.69 76.35
e W) ZHEVE Biodiversity conservation 458.08 2025.44 839.82 1540.41 1505.02 179. 64
4R 304K Culture and entertainment 76.35 934.13 390.72 1994 1994 107.78
B3t Gross 3547.89 12628. 69 5241 20366. 69 10805.78 624.25
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Table 3 Land use dynamic degrees of nine megacities in China between 1995 and 2008

A it it KA T 4 A b A
Cultivated land Forest land Grassland Water area  Urban green land  Unused land Construction land
1 -2.85 20.26 0.00 2.53 24.90 0.00 2.85
Jea -1.62 4.54 -7.65 -2.25 11.21 9.07 5.10
R -0.66 1.49 -0.15 -3.73 36.60 -3.88 7.05
GV’ -2.86 10.53 8.30 -2.90 6.03 -5.08 5.69
M -1.61 1.41 -7.48 -4.11 48.29 -3.60 10.23
(RS -0.79 0.16 -0.42 -1.95 116.67 -0.34 3.52
W IR -0.08 0.04 -0.35 7.06 13.56 -3.14 2.18
rivl'e -1.34 1.64 -7.37 -2.40 22.13 -4.06 11.35
7o -1.58 -0.52 -3.49 -3.26 28.36 -5.44 12.83

(3) AT Tty A PAFIATH] FH o I ol ]t 288 38 ) 3t ) T 2l 285 B8 BEA S B, 2 b R AR A1) AR
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3.2.1 BT M AL A 2 R SR 5 AR

4 7R T 1995 4R 2008 4F R [E 9 A H R L R R AL AR A S R GRS (R, k4,9
IR A 2 R GUAR 55 (1 3L R R DA K SR AR 55 B (i AR, B AR 7 IR A 7 IR 55 64 A0 L )
B/ AT LA PRI AN [R] PR 3 B A A R GUMR S5 A B 28 5, 2047 3 AP AY . (1) )N R R4S 264
BRGNS B, )N L R G A ARSI R S R GRS I i e BRE WA 200 S RAEB RS
e 55 A (e ARAL T 9 AN A4 TS, DA b AR 25 AR G I 55 i et B o 3 A, (EL el T AT B AR AR
1995 41 2008 AU ELE AR AL .35 (2) WA /R W0 7Y 22 AR ORAF 08 A =0 315 0 S s A= 7 O Tl
O B AL BRANGRIR SO 3 AR AR ZS R G S5 s L B E S R GRS AR 9 ANk
Hgk T B A (3) it R AEAT A AR A2 2 R SR 55 A5 A AR ARL, RIK SCIR Y R Ak B AN 45 A
W2 D 3 B A AU R AR 7 O TR R 58, VAR S R SR 55 I E AL T 9 AT iR R 45

R4 1995 F£F12008 EANMEH LM BRFZRGERESEERSMNES (J0/hm?)

Table 4 Land ecosystem services’ values per unit area of nine megacities in 1995 and 2008

AR N I — L AR

N BT ST AT RSO A PR % BRI A
) Raw - . o EZad ks e
Food . Gas Climatic ~ Hydrological Waste Soil ... Culture and R

Year . materials . . - . Biodiversity .
production . regulation regulation regulation treatment  conservation .~ entertainment Gross

production conservation

1 1995 280 132 240 427 1774 1579 407 556 436 5830
2008 211 136 273 482 2322 1922 371 652 626 6995
=473 1995 218 446 773 815 1152 843 907 942 466 6561
2008 168 605 903 908 1150 708 923 1030 503 6898
PNE 1995 265 154 257 489 2419 2056 394 673 593 7300
2008 218 133 240 379 1365 1199 368 482 361 4746
R 1995 256 323 511 585 886 772 662 683 318 4996
2008 207 599 908 920 1114 720 967 1036 483 6956
[ 1995 285 247 415 617 2255 1888 559 790 608 7664
2008 214 235 525 642 1462 1181 643 753 593 6248
(L3 1995 242 628 943 963 1167 782 1021 1084 492 7322
2008 224 631 956 966 1119 722 1020 1083 497 7218
M IR 1995 236 728 1087 1088 1228 763 1143 1217 546 8036
2008 240 733 1095 1109 1405 897 1148 1248 589 8464
rivie 1995 297 242 397 622 2492 2089 546 813 644 8142
2008 241 237 403 562 1855 1536 521 704 526 6585
I 1995 250 601 944 1023 1838 1313 1015 1184 686 8854
2008 202 547 1033 1089 1644 1109 1091 1227 835 8777
A 1995 259 389 618 737 1690 1343 739 882 532 7189
2008 214 429 704 784 1493 1110 784 913 557 6988

W 9 MU KA BRGNS M (E AT 14, HeA 1995 F1 2008 4R 424 B RGNS MM A 5, & B
HBHAE P KSR R Ak B =7 T A A 25 R SR S5 (L f el | G 7 T I 55 A A0 L 1, 40 SR SC AR D5 T
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SRSCAIR S5, PP 45 SR 5 45 38 i e P b 0 7k T RR 2 | 3R T s T RS o %) - b ) R AR AR A — 2, 9
AN B B A S R GRS I (A 2 1 T3 B 1995 4219 7189 JT/hm” B F] 2008 411 6987 J/hm’,
Hh R IR T A H R G B T AR A S R GRS I B AA - 2008 AFAIK T 1995 ARFRIK T 3% .,

2008 4F- 5 1995 4FAH L, B07 T AR A AR A R SRR S5 (B B 43 vl A DR R o P 2 B RDURIT N S A
T, BR VU AN N AR T S RN (S B3k A g bt EE PJORING R, L R DG 2008 AF A
{EE 2K T 1995 4, F2 %y 5 PR T M HI AR b 3] %) 185K R 88 R 18 P b, i S 8 0 S R T Y Pl I 5
5K DA T A b e PR AR SR R A T 3, AR RT 3 T S i 38 0 3 b BRI IR AR S R GRS I (E R N Y
TR RS T HAh S A () A 25 FH s R A 2 R G R A5 B [ B — e S AR A 2 ) e
AT REIEANTE AR B AR 5, AT — 50534 Ak o LA 2 R0 1 A5 2 b, DT el 30 T 19 26 28 R e B 55 45 4
BT Ak,

3.2.2 BT AREGEMIT R G AR R GRS R

M2 5 AT LAT i 9 AN RIRTT A=A S RGE MRS W EAROL , NI ZA 438 R GRS U (E R
7 A S R G SS (A ARRAE S B T ARV S R G R S5 IR, 8 XA ZAG S R GRS M H R 54
TEANTRZEIR X AR By T AR 28 R GRS I (AN S 45 SR A T H AT UE AT o I BUVE S R G
FME, AR T £ 2R S R G R SS (i 25 Ak, i HL A5 i SR L ey & 2B T AR fk, T Il
N 125 B 110 25 5 i A IR T o A 1 A S R GRS i AN,

£S5 1995 702008 EANMEHTANEEESREERESNERZ/ (JT/N)

Table 5 Land ecosystem services’ values per capita of nine megacities in 1995 and 2008

v e PO g oo s s Y wnar i

Year Food- materials Gas- C]lmat.l(: Hydro]oglca] Waste Soil " Biodiversity Cu]tur‘e and JEi
production production regulation  regulation  regulation  treatment conservation conservation entertainment  Gross

i 1995 14 6 12 21 86 77 20 27 21 284
2008 9 6 12 21 101 84 16 28 27 305

Jemt 1995 33 68 118 124 176 129 138 144 71 1001
2008 16 59 87 88 111 69 89 100 49 668

KHE 1995 35 20 34 65 321 273 52 89 79 968
2008 22 14 24 38 138 122 37 49 37 481

G 1995 39 50 79 90 137 119 102 105 49 771
2008 60 173 263 267 323 209 280 300 140 2016

A 1995 36 31 52 78 285 239 71 100 77 969
2008 23 25 55 68 154 124 68 79 62 659

(L5 1995 38 98 147 150 182 122 159 169 77 1142
2008 29 83 125 126 146 94 134 142 65 945

W IR 1995 235 723 1079 1081 1220 758 1136 1209 543 7983
2008 128 393 587 595 753 481 615 669 316 4538

iv)'s 1995 36 29 48 75 300 252 66 98 78 980
2008 25 24 41 58 190 158 53 72 54 676

Il 1995 28 68 106 115 207 148 114 133 77 997
2008 18 49 93 98 147 99 98 110 75 787

i 1995 55 122 186 200 324 235 206 231 119 1677
2008 37 92 143 151 229 160 155 172 92 1230

1995 12008 4 Z M A ZA LS R GRS (R AU R T A g K, BT AR S R G55 i
(B M2 o T T MR ok, Lk X Ll X pt b 49Ok BN VB 2/, Bl NI AR R G
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R 55 M fE i 2008 AFAHES T 1995 M AT G K AN P N V35 B e KIW IR T 22—, Bl A9BSR G0k
S EAS AR AR T oA T, 2008 AFEIRMIE T H AR T, BRI R MR B A/ A ARk g T N 1 %% B R AT
RS , A4S R GRS M KSR A TR, A 1 3 T 30T A A i Al ol A S s B BUS T —E Y
B, Hoh 7 AT A RS R GRS A AR TRRRBE A T W, FEAR IR BE 7R 15% —50% Z [, Ui B R K3k i
P — B 3 A 3 T A R IR IE 2 R R A RS R GRS I %,

BT HE A 1995 4Ry 1677 T8/ AFEF] 2008 4EAY 1230 J0/ A, /0 T 27% . 1995 4EF1 2008 4F4%
Wi N =h B RGNS & A BB S, 1995 R4 T 1000 Jo/ N ZE 47,2008 4FE4E T 700
IC/ NFEAT 3K — AT S e T e [ — s A A T 1) - b R SR B A AR B A AR S R GRS 2 AH LY
NP R LR RGNS 5230 N DAL IR
3.3 USRS

3 1 AR B A AR A ST A5 b 2R R B R B AR B (R 6) . R 6 B e o T AR R) AR 25 H b
ST {1 T AR AR ST AR 2 R GRS O (B AG RE RRR B - (1) RN A R b T 1 R L B0, 45 T G A
JERFEFE AR T 0. 01, FELL AT IE 5 (2) 3T L b i) SRR 8 B ARAIG, 1995 4R35 4 0. 001—0. 046,2008
AEFEIE R 0.02—0. 217 ,{H 2008 4F 35 117 2 1l 1) f0Ja F8 184 o S8 285 50 P ol 5 3k T 1140 2% i DR T S b AN T 38 o 3k
T2k X 3 TIT A A 25 R G MR S5 (0 B2 0 g IEAE R0 5 (3) AR A0 SRR BE 45 80T 22 [B) 9 22 S R R AR &2 TR
[vi) A 118 R AT, , JH vl g R DI 1 AR AU R, 10 B 5 308 T X A4 FH b AR A AS [l R B 442 o, A P b o 3 i A
=75 R GEMRSS 5 T AR 5 (4) £ 3R T AR Hi R K P 1) BEURR B 02 S, it R L R e R DL K AR
RO v KR T R A AR X R R A S R SRR A5 M (LA M A K, b EE PR V28 WA JREE RN M A AR b
JEEK, MRS 130 B 308 T A 4 A A 2R 100 T A B |9 AR T WA AR 7K A Py e S s A 38 o

ARSI, A3 TT A [R) b 2 AR A AR A R A — 3, BEIR T 2 J A FH b 1) A 2 AR B FAAIG, LAt FH b 2
R A S UR RGN, A5 0T AS ) FH 2 28 () SRR BE R B /N 1 U AR 2 R G R 55 0 (6 % 1 1 3R 4t
Z e MER BNV S5 1R AE DS R GRS 8 R 2 0 R IRAR L, LA A SC 2005 9 T H b R 456
(A 25 R GRS 0 2R B0 DX 1t 235 SR B M AN K, ST 4 SR mT A

R6 1995 F£F02008 FEEFAM LR MBI R EIEE
Table 6 Sensitivity degrees of six types of ecological land of megacities in 1995 and 2008

4 i e it ki i KA
Year Cultivated land Forest land Grassland Water area Urban green land Unused land
i 1995 0.318 0.017 0.000 0. 646 0.018 0.000
2008 0.167 0.053 0.000 0.716 0. 064 0.000
dent 1995 0.147 0.507 0.187 0.150 0.005 0.005
2008 0.110 0.767 0.001 0.101 0.012 0.010
Kt 1995 0.214 0.044 0.000 0.732 0.004 0.005
2008 0.301 0.081 0.001 0.580 0.033 0.004
GEU/N 1995 0.340 0.427 0.015 0.188 0.007 0.024
2008 0.154 0.726 0.022 0.084 0.008 0.006
g 1995 0.224 0.155 0.002 0.592 0.024 0.003
2008 0.217 0.226 0.000 0.338 0.217 0.002
RS 1995 0.184 0.712 0. 009 0.087 0.001 0.006
2008 0.167 0.738 0.009 0. 066 0.014 0.006
M IR I 1995 0.152 0.776 0.010 0.057 0.001 0.005
2008 0.143 0.740 0.009 0.103 0.002 0.003
rivl'e 1995 0.216 0.131 0.005 0.637 0.008 0.003
2008 0.220 0.197 0.000 0.542 0.039 0.002
Il 1995 0.148 0.552 0.000 0.252 0.046 0.002
2008 0.119 0.518 0.000 0.147 0.215 0.001
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Z G a5 WA BN AL K SRR SR, R A K B HRT AL A BUHOK PRSI A 0 A 25 R GE AR 552 th
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T At A RO S R X A7 Y 25 S it CH: R D7 SO TR

AWTFE R TSR AR R, B R b T = R S5 3 T R/ NSl T B P A, TR A
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