ISSN 1000-0933
CN 11-2031/Q

" -

Acta Ecologica Sinica




L J: / AR

«®'B
&9 (SHENGTAI XUEBAO)
immmomes b 31 B F9M 20005 A (FATI)
B X

EAM 2 F Rl F—AE TN T FRREATF RGO THLME oo

......................................................... Z R & , Kadambot H. M Siddique, Neil C Turner,% ( 1 )
B = S RGP S B I (EAM) B FRRBURIR ooeeeerremnseeenees FANG B e REE, % (2349)
BT ARAEENGTFFREABZZAFR—F =8 EAM BIFRANEFF L ERIZEL oo

.................................................................. e EE ,$7H7+7t ,Kadambot H. M Siddique,% (2356)
WAERAEX L BT AR EREAKARTREG TR e AL, KER, K 4F,% (2365)
BT PR AN F T KB B A] 4T e I i%,f%%ﬁ@,ﬁﬂﬁ,% (2374)
AR R B E AR EIEFEKAEFL ooevvvreerrmrerrnrern e HRE B, Gk AFR (2383)
HA DAL R B AT R E A TR AR KA e HHRE, R H,E H,% (2392)
AR AT 0 A R 3 A TE R AT BT R Yol e KIEF,EBHE,H R (2401)
I U8 T AR K TR TR 2 ) T FRHE G v eeeeeerermnnnnnnnneeeeeenniiinens W M EAR, BRI % (2407)
BT ERE B ESEREA TR EME VUG BB oo

....................................................................................... % ?ﬁ,%’d"%’ﬂ,ﬁi%,% (2414)
BT RGBT R GG R B A cevrerererereee iﬁa%%’%g@’;‘(q%%’% (2421)
T A oL A A ) R W TR ARG oy oo HBE,RAER T E (2430)
BHERASIL A7 AR AL et 402 )Ufe B R 2 T F 18 A A Jd e T, ERR,KEW, % (2437)
P T ot ot 2 35 A P R B IR A TR ee e ere e e e THH B H ABW,E (2444)
I T RIS RRAE BRI AT gﬁﬁﬁp,jjf@j,j@%;ﬁ,% (2454)
A AR G AR R R R AR 0 B AR e R REAL K E, % (2461)
FEE IR E B vt A AR I B T G T e R shEmR 78, % (2471)
A Sy R VEFR R TR A TR AR TR B IR i oo veeeeeee e YK, Fi, HRE,F (2478)
SE B B A M 2 T B Ao AR ALY T e e ee e BMEF K WL AR (2492)
HKRE G 2 A T ATk B G Ty a5 F R MW HAE, BB B, H H R, % (2501)
B3 B AT R IR R T RGP AE TR v eeeevereeee e W ;@fm,[‘}fﬂ(é,%%ﬁ,% (2509)
R EEZ IR AE M AP AL AT 6 3 2R AL RIR G Ak b 0 vk eeeeeeeenns FE, AmE, FRAR (2516)
FRRABREME 2 RBERIPAESHIES B TAL e T W, R A4 ,Baoluo Ma, % (2524)
PR F- 0 3T AR TF i SR Bl vt dm A5 4 A B Ca® -ATPase B HEAGR5oR «oevrerermrrnneeei

....................................................................................... BEE,F X, MEF,F (2532)
% 30a BB A RBRESLE AL RILAEFJIRE oo TAE, higE, T M&,% (2539)
KT RS Ao db A JE 08 72 T RIR A ARBA B Z B IR oeeeeeeeen FRE R FE, AR, F (2550)
B EI R AR ZARASITEFBE L ZR v ﬁ;ﬂ;@;@, B2 ik, (2559)
R R 8 A S R RIS EEACK I G0 B F 0= )2 5T eeeeneeeenes FRE A E LA, F (2567)
F B TR RS RAW NI ARSI ooeeermermreeeeeeees KR, IRFF,KHE, % (2576)
I T3S ARG FTRIBARAT A PN E B AL R G AT woveereeerneenenneennen, WE RN (2585)
Eit5LRR
S MY T L L L R A E RO B R oy, FaEk, & (2593)
R 35 S A% T AL e RE B GO HEJE v vveeeerreeeeinneeeeineee st e, kBN LR E (2602)
T 08 T AEAARRAL AT B A T e verererrr e ?ﬁﬁg,éﬂx%,gu@g@,% (2610)
L 2 A% ODAP 9 AW & RALREM R ZBF B veereeeeeeeeens KA M, ELR, AL, % (2621)
PR F I AR R B R E R e ?ﬂ%’;ﬁ%ﬂ:"ﬁ FE,% (2631)
N ETF LA GFEGRATE R B GBEE vererrrerrrmrrrr HOANE FLiEd, EAE L (2641)

HATIEARSH . CN 11-2031/Q * 1981 * m * 16 * 306 * zh = P x ¥70. 00 * 1510 * 35 * 2011-05

EEEECEECEEE€EEEEEEEE
ETEEE . 7 A2 VR TR Pk —— I T TR K R REOR R AR K A 2SS R A Ak (1R LB A= 4 P2365)
FERE: ZMRFTREESEMASHETHE ST ELIE  E-mail :mofei371@ 163. com



e 25 2 ik 2011,31(9) :2576—2584
Acta Ecologica Sinica

ERTMEHEMESRENHIEENLRSM{E

TR bR E? RNE S A S
(1. HFERFMEHGEHBR , T 266071 ;2. EZREFERE—GEMRIT, 5% 266061 ;
3. B KRR TR, S 266109)

FEE AE AW 5 T I I 4 i 2 ) o0 A B B h A AR AR AL b R T A kAP AR i BRI A S PRI T
1999—2009 4F-444F 5 & Tl 7 &t 2B S R GE M A BT AL IR 55 I . 45531, 1999—2009 4F- 7 15 T 4k 117 2k Hh 14 I 85545 1 i
ST EH 1. 587x10° JCH & 3. 491x10° 7T, AT Sr b i) SRR AL IR S5 (B HH 68. 42 Je3S & 126. 73 JT, 11a M]3 5 T I T 4
R FRBAL IR S5 I 3G T 1. 904x10° I8, P HAERE K RN 10.91% , 7ET5 5 I i S Ak 25 R GE IR BE i AR IR 55 A A0 (4 B
o AR IR S5 M (E o5 B EY 49. 81% — S1.72% , Thi W AT 3 AR 2 IR 55 UL L 0 55 M 7 IR 55 £ i 48. 28 9% —
50. 19% . YRS 0 SR IR 55 ELAT I s ) (0 P 6 A 4, mT LA pl 3T LAGIME) (1 SR AR 25 R G T HL W i AT 5 A< R A i
AR 553 55 1 7 I 55 U AS JEAT b ) R T A RS P iR B T S b R B R A T S A KT S e B T T PR AR
IR T R A % A A A

SRR NS A TS R G B IRSS s T4l 5 ST

Environment purification service value of urban green space ecosystem in
Qingdao City

ZHANG Xuliang"* , XU Zongjun®, ZHANG Zhaohui’, GU Dongqi®, WANG Lihua’

1 Department of Geography, Normal College, Qingdao University, Qingdao 266071, China
2 The First Institute of Oceanography, State Oceanic Administration, Qingdao 266061, China
3 School of Architecture and Civil Engineering, Qingdao Agricultural University, Qingdao 266109, China

Abstract; Urban green space ecosystem has the functions of gas regulation, harmful gas and dust absorption, and noise
reduction, playing an important role in improving urban environment and ensuring human health. These purification services
also provide a basis for realizing urban sustainable development. The evaluation of the environment purification service value
of urban green space ecosystem in Qingdao City, in combination with the analysis of green space distribution and its
construction process under the situation of population increase, could provide a theoretical basis for the urban planning,
ecological city construction, and urban green space construction of the City, and for the improvement of its urban
environment as well as the sustainable development of the city ecosystem. From 1999 to 2009, the total urban green space
in Qingdao had increased from 7005.4 hm’ to 16002. 8 hm’, with the green space per capita increased from 30.20 m’ to
58.09 m’, public green space per capita increased from 7.35 m’ to 14. 54 m®, green coverage rate of built-up area
increased from 35.90% to 43.20% , and the numbers of zoos and botanical gardens increased from 36 to 73. Both the
population and the urban green space in Qingdao urban area in 2009 had the characteristics of spatially uneven distribution.
Comparatively, the four urban districts ( Shinan, Shibei, Sifang, and Licang) had a larger and denser population but a
smaller green coverage rate of built-up area and smaller public green area; while the three suburb districts ( Laoshan,

Chengyang, and Huangdao) had a smaller and sparser population, but a larger green coverage rate of built-up area and
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larger public green area per capita. Based on the spatiotemporal dynamics of green space in Qingdao from 1999 to 2009, the
annual environment purification service value of urban green space ecosystem in the City was calculated by using market
value method, production cost method, and displacement cost method, and the results indicated that in 1999—2009, the
environment purification service value of urban green space ecosystem in the City increased dramatically from 1. 587 x10°
yuan RMB to 3.491x10® yuan RMB, with the service value per capita increased from 68.42 yuan RMB to 126. 73 yuan
RMB. In the eleven years, the net increase of the service value was 1.904 x10° yuan RMB, with the average annual
increasing rate being 10. 91% . In the total purification service value, the service value of gas regulation accounted for
49.81% —>51.72% , and that of harmful gas and dust absorption and noise reduction accounted for 48.28% —50. 19% .
The gas regulation service of urban green space had the transferability in locality, which could be compensated by the
natural ecosystems out from urban areas, while the service of harmful gas and dust absorption and noise reduction was the
one which had no transferability in locality. To intensify the urban green space construction and to enhance the greening
level would be the effective measures in improving the urban environment quality and human habitation standard of
Qingdao. In methodological aspect, the indices yearly carbon-fixation and oxygen release amounts per unit area of urban
green space adopted by Liu Yunlong et al. (2009) were modified, but there still had two aspects that should be modified.
First, appropriate methods should be adopted to eliminate the influence of US Dollar exchange rate to RMB on the
calculation of yearly carbon-fixation survive value, and the second, the environment purification service value of urban
green space ecosystem should be calculated by using the areas of forestland, shrub land, and grassland, if the data could be

provided, to obtain more accurate results.

Key Words: urban green space; ecosystem; environment purification service; value assessment; Qingdao City
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F1 1999—2009 £5 ST TR EGIKER

Table 1 Dynamic variation of urban green space area in Qingdao City from 1999 to 2009

S A T J\i’fﬂﬁi‘uﬂlﬁ A I g it [ AR )\ﬁ’&i@%ﬂﬂ@ fH N EEE[XQ?
Ay Acreage of urban Acreage of urban Acreage of Acreage of public Number ()i' (1% &=
Year g S green space per public green green space per ard Green coverage rate
green space/im capita/m’ space/hm? capita/m’ gardens of built-up area/%
1999 7005. 4 30.20 1704.8 7.35 36 35.90
2000 7439.6 31.71 1994.1 8.50 37 37.00
2001 7703.0 32.42 2162.2 9.10 39 37.50
2002 7886.4 32.62 2417.4 10.00 41 38.00
2003 8829.0 35.78 2305.3 9.34 45 37.50
2004 10047.0 38.88 2842.0 11.00 48 38.00
2005 11137.0 41.96 3131.9 11.80 47 38.78
2006 11756.0 43.38 3198.0 11.80 47 39.20
2007 15369.0 55.78 3661.0 12.20 73 40.01
2008 15631.0 56.58 4014.0 14.53 71 41.50
2009 16002. 8 58.09 4005.3 14.54 79 43.20

1.3 7 By kb i 25 [l 43 A B E

5 T T DX AN I R T g LA 23 (R0 A AN S R S . 2009 4R35 B 1T X B T AU 1159km?® T X
MO 275,40 7N FERIX B TAIAR 272, 87km?® | 2 X Sk b 11 AR 11797 h® (ASELHE JE A3 X st Fn XU AR, LA
TARED) , B IX AT 55 R 43.23% , NN HEGE D 14, 54m? . HAP TR X L X U7 X 2R IX 4
KT 171.90 T3, B X H AL 138, 57km® , AL X 2R T AL 4799. 69hm” | SR AL 55 % 34. 64% , NI g
Hb 10, 34m? ;s RB IR UEF L X 3k BH DX RN BE 5 X 3 XN 1T 103,50 7 A, A DX IR 134. 30 km? , 2 X 25 b T AR
6997.31hm’ , AL 2% % 52. 10% , A3/ L4t 21. 50m> (£ 2) ™) MRS, TN 4 KA £ A%
FE R 33 A X S AL T 16 SR A A A SR T BN ARIX 3 XA A N B /N X SR R A
BN IS S 1Y A

R2 2009 FERBTERHAORZ NS

Table 2 Population, urban green space distribution of different Qingdao districts in 2009

- AH AR X R NI G i MK TR
District Population Total built-up Public green area Green coverage rate
/10* area/hm? per capita/m?* of built-up area/%
7 IX Urban district HiFg X 55.10 30.01 10.09 34.76
X 48.50 28.30 8.07 28.40
D5 IX. 38.10 28.00 8.37 27.79
X 30.20 52.26 16.95 41.61
/NH P44 Subtotal or average 171.90 138.57 10.34 34.64
RBIX. U7 L 23.60 12.83 18.13 48.08
Suburb district B A 48.30 41.37 21.71 41.82
WX 31.60 80. 10 23.68 58.06
/NH P44 Subtotal or average 103.50 134.30 21.50 52.10
A ECEY Total or average 275.40 272.87 14.54 43.23

A 8 ST ks () A AR B R BRI 4 IO ESRIX, &3k DX A 3 T M i B
f T I T ey A 5, O HLAIHI A ST e B B o5 DA ARl T et s B IX 3 X 2R 30 £ a BRI
DB DX RS TT Sl R ) 2 o A DX S R A ) 1 R A A, AP XU ARt S B A AR SR X 3 X, i
AT AT DX 2ty FXUSE bR, RBIX 3 DX St T ARURT N 8% 5 M T AU LU T 1N 4 DRI, i e it 2 [R] 31
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Table 3 Environment purification service value of urban green space in Qingdao from 1999 to 2009

N I Bl 11 BRI WOl SO, M W NO, i {E _ I 5553 R P A S A

A0 . . . . R E . e
Carbon Oxygen S0, absorption NO, absorption . Weakening Total purification
Year L. ’ Dust retention value K i
fixation value release value value value noise value service value

1999 0.326 0.494 0.019 0.426 0.120 0.202 1.587
2000 0.346 0.525 0.020 0.452 0.128 0.214 1.685
2001 0.358 0.544 0.020 0.468 0.132 0.222 1.744
2002 0.367 0.557 0.021 0.479 0.136 0.227 1.787
2003 0.411 0.623 0.023 0.537 0.152 0.254 2.000
2004 0.468 0.709 0.027 0.611 0.173 0.289 2.277
2005 0.512 0.786 0.030 0.677 0.191 0.321 2.517
2006 0.521 0.830 0.031 0.715 0.202 0.339 2.638
2007 0. 646 1.085 0.041 0.934 0.264 0.443 3.413
2008 0. 605 1.103 0.042 0.950 0.269 0.450 3.419
2009 0.610 1.129 0.043 0.973 0.275 0.461 3.491

T ST 3T ek A S R G R R v AL IR 55 I (LB AR PR AS fE 7, 1999—2009 4F- 15 & T bl i ek i AR S &R
G5 PR B AL IR 55 M B 1. 587108 T8 28 3. 491 x10° 7T, A I3 11 45 b 1) B B8 v A IR 55 1 1 H 68. 42 JT
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K, BT LA 2008 ,2009 455 & T30l i 2t 1) [ i I 95 A0 (B 5 2007 4FAH BUA — 2 W FE 9 R B 35X 3a T IX T 2%
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3.2 Wi g AR A RGBS IR S5 A

ET B IR T Gt A 28 R G0 A AR AR IR 55 S P (R o, 3 i ¢ b A 25 R 49 1 A=A T8 1 IR 55 11
T AR 55 A0 (BRI S8 IR 55 M L 2 ) B o e Aok, o BV (L 1Y 49. 81% —51. 72% |, 3l T & i) W WA 3 AR
FITE A IR 45 (8 0595 M P IR 5 I 1 =22 R o A 1Y 48. 28 9% —50. 19% ., {HLI T 25 M 745 28 G 1 1 Bk R 4
R 55 b dsl 2 (8] 1 B AT 56 RS | Xk i R LA R SR 55 1T LA e T A1) B ARAE S R S0, Ikl
S Hb 0 IR SO T AR T 2 S U R R 1 R B i b R 55 A LA s [ ) n R B vk R AR R RN AT R,
Il T R 5 A B DA B SN R S T S R AR L A AT S5 R S T AR T A R B Ak
T S bRy R N SR R 1R T A B A SRy 3k T sk  , DA ) P30 T S e f b s SR e 7 5
4 Z£i5itie
4.1 %58

F TR T S AP, 5 T RO T A G, 35 5 T A 2 ot 1 ARURI A 24 2 S St v Rt 5
Ko AHH TN B, 7 8T A 520 He g b 1 AR5 0 ) 56 3k B RO TT 1) AN 38) 8 SR b AR v AH EL A A AR
KZEE, BEAh, T 5T B3R T SR bR HAG 25 ()40 A AN Y i (0 R
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M EAREH I

(T 5 T3k 2R M AR 35 R BRIk S5 A (A8 Bl AR TR T IR 55 B 49. 81% —51.72% , )
WA AT AR IR 25 M Dol M 75 IR 45 (i 5 48. 28% —50. 19% ., {H Ik T 4 b 1) A 44 18 45 IR 55 ELAT
A R T RS, mT DA 3T A0 AR AR S RGEAME T3 T S b ) WSO 3 MR T 2R I 55 5 0 55 M S
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TR T 2 %) [T 0 Al 45 (LR AR T R TR AR S 0% N R T AT R (HAE ARk S oo % N R M AT R —
EOER, X520 TN RAE G A R 0 AT Wk . A 5 SR 5 00 75 IR G Y 5 I R 36 o N R =248
XSS J T e A5

P TR NIl ) R A 7 T RSO AR IR A2 B8 A 2500, BT DA A E R (LS R
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