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Spatio-temporal dynamics of ecosystem service value in Zhengzhou
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Abstract: Based on TM image data in the years of 2004, 2009 and 2014 in Zhengzhou, the research analyzed

the land use/cover changes, estimated the ecosystem service value (ESV) of the survey area according to the
“equivalent value per unit area of ecosystem services in China”, analyzed its spatio-temporal characteristics,
examined the correlation between the ESV evolution and the land use changes. The results showed that due to
the substantial growth of forest land area, the ESV was increased from 103.31x10° to 125.69x10® yuan per year
between 2004 and 2014, and the average annual growth rate was 2.0 per cent. The growth of forest land area
had caused significant increase in the ESV of the raw materials, aesthetic landscape and climate regulation.
Furthermore, the ESV changes showed obvious regional differences, which were most significant in Xinmi and
Dengfeng. Results showed the temporal change of ESV in Zhengzhou was dramatic, and the regional change
was asymmetric, which indicated a “west high, east low” and “south high, north low” pattern. The ESV of
the survey area had significant positive correlation with the area of forest land, and the correlation coefficient
was 0.855, while there was no significant linear correlation with other types of land area. The forest land area
erowth is the source of increasing regional ecosystem service value. [Ch, 2 fig. 6 tab. 24 ref. ]
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Table 1  Coefficients of the ESV in Zhengzhou from 2004 to 2014

I — i?&%%ﬂ&%@ﬁ%i&/(ﬂhmz)

Fr b Pl A 7K 35k R b
T 1 090.77 359.95 0 578.11 21.82
JE B R A 425.40 3 250.49 0 381.77 43.63
AR 785.35 471213 0 556.30 65.45
3T 1 058.05 4 43943 0 2 246.99 141.80
K SCH Y 839.89 4 461.25 0 20 473.75 76.35
J5& ) b ¥ 1516.17 1 876.12 0 16 197.93 283.60
TR 1 603.43 4 384.90 0 447.22 185.43
YL f§ W) 2 1112.59 4919.37 0 3 741.34 436.31
PR 8 2 50 185.43 2 268.80 0 4 843.02 261.78
At 8 617.08 30 672.44 0 49 466.43 1516.17
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Table 2 Land use changes of Zhengzhou City in 2004 to 2014

+ 3171 2004 2009 2014 AL JE /h?
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B b 471 85931 62.36 340 574.12 4501 25958325 3430  -131285.19 -80990.87 -212 276.06
b 166 858.00  22.05 260 662.37 3445 30693928  40.56 93 80437 4627691 140 081.28
I 91 09521  12.04 120 148.28 1588 16626233 21.97 29 053.07 46 114.05 75 167.12
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Table 3  Single land use dynamics and integrated land use dynamics

i H AR - iﬂﬁ@m%ﬂ “it
B s HEB K A T H
2004-2009 -5.56 11.24 6.38 3.11 25.31
g% 2009-2014 -4.76 3.55 7.68 -6.22 -7.20
2004-2014 -4.50 8.40 8.25 -2.04 4.50
2004-2009 25.80
LA hAIEI% 20092014 14.70
2004-2014 11.46
2004 187.07 44.10 48.15 6.09 0.51 285.92
- b A I 2009 135.02 68.90 63.51 7.04 1.14 275.61
2014 102.91 81.13 87.89 4.85 0.13 276.91
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Table 4 ESV in each area between 2004-2014

T ESV/iZ ot 4 ESV/(J3 78 -hm™) AL A% 55 2%
2004 2009 2014 2004 2009 2014 2004-2009 2009-2014 2004-2014
M 10331 122.60 125.69 137 1.62 1.66 3.5 0.5 2.0 10.3
X 1198 12,67 11.13 1.15 1.21 1.07 1.1 -2.6 -0.7 6.5
i 1726 2335 1851 1.21 1.63 1.30 6.2 -4.5 0.7 16.3
NG 18.04  18.43 2042 1.76 1.79 1.99 0.4 2.1 1.2 6.7
e T 1337 1410 1538 1.38 1.45 1.58 1.1 1.8 1.4 7.1
BT 14.41 18.01 2295 144 1.81 2.30 4.6 5.0 4.8 23.2
BB T 9.62 1258 1055 1.09 1.42 1.19 5.5 -3.5 0.9 13.9
e 18.63 2346 2675 1.53 1.93 2.20 4.7 2.7 3.7 17.8
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Table 5 ESV of different land types in Zhengzhou from 2004 to 2014

LR ARG /ML T T4 b /% AL A% AL Sk AR
ey} 2004 2009 2014 2004 2009 2014 2004-2009  2009-2014  2004-2014 %o

B 40.66 29.35 22.37 39.36 23.94 17.8 -6.3 =53 -5.8 30.0

M 51.18 79.95 94.15 49.55 65.21 74.91 9.3 33 6.3 29.2

B 0 0 0

K3, 11.40 13.18 9.08 11.04 10.75 7.22 2.9 =72 -22 18.3

R A A 0.06 0.13 0.08 0.06 0.11 0.06 16.7 -9.3 29 40.1
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ARESE TR KSR AR R B T 8 281.95 hm?, BT IEUK AL R BEEE AL I ER . BRI OR A M,
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Table 6 ESV of different service functions in Zhengzhou from 2004 to 2014

e A5 R G55 /LT TUHR /% A A% AE S R
2004 2009 2014 2004 2009 2014 2004-2009 2009-2014 2004-2014 Yo
it/ Vs 5.88 4.81 4.04 5.69 3.92 321 -39 -34 -3.7 18.8
JE A oA 7.52 10.03 11.15 7.28 8.18 8.87 59 2.1 4.0 19.4
AR Y 11.70 15.11 16.61 11.33 12.32 13.22 52 1.9 3.6 17.4
A 12.92 15.79 16.79 12.51 12.88 13.36 4.1 1.2 2.7 13.2
K S 16.13 19.95 19.64 15.61 16.27 15.63 43 -0.3 2.0 11.4
K& Ab B 14.03 14.39 12.68 13.58 11.74 10.01 0.5 -2.5 -1.0 6.6
T+ R 14.99 17.03 17.71 14.51 13.89 14.09 2.6 0.8 1.7 8.5
Y Fp 4= ) 2 A 14.34 17.65 18.70 13.88 14.39 14.88 42 1.2 2.7 135
Pt 2 5 5.79 7.86 8.35 5.60 6.41 6.64 6.3 1.2 3.7 18.5
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B 1 A0 2004-2014 F & & A GRS N AE 6 = 17 o 5
Figure 1 Spatial differences of the ESV in Zhengzhou from 2004 to 2014

24 EFREMSMNESLHAALTHHBERXER
XIRIF S DX AR 45 288 - R P2 Y 94 A 25 AR GE IR 55 (L I e 8 HEORE B2 R AT 2 A A B (I 2), ksl AR

FIMBRY RS R GRS M A R S B B, S
R IR S R S N R IR R e ‘

S ARARERREIS NIOBALD ERRTR 2 | o I,
G B F AP AE R I T LR IR (L TR 5 \ §
WM S KSRGS SRR T F ] N
FE AL TR K i i T 0, LR SE XSS PR 2 5 N | 'R HW
KR DK T ok s Ry o IER y TR [HR
MR AL RS20 LA TR ER R mx o BY g 55 B
BOMAE R, REL Pearson A 3¢ & £ 1 20 (9) 1153 Wi & 1 #H ofit etk om KR

KXF . HERFW . DIRIKAEDS RG4S0 E 5 A D@BH SRR

FRTE 0.05 K BEAHG, MK RECH 0.855; MiHAbML B 2 #0F 2004-2014 F &2 R A & R %Ik
KSRGS NI B ERIEM R LR, X SR A T Ao ey B AR

F UM T AR IS KR SRR X AE S RGNS Figure 2 Dispersion levels of the ESV and LUCC in each
{E%}I‘E‘J*ﬁﬁ F)ﬁ'ﬂ? R district of Zhengzhou from 2004 to 2014

3 #w 5t

WEFE X AERF IR 3 () A A tE R R Y B, R b b R R B A, B L85 MR ZhiR K, EEH
P ATTRSAY A S AN e 5@ R B N D5 BT 2 )11 Rty S B SR S/ S NP AS: B N ] 5
PR A SesE L AR B ESV RSN, T B M A B A ok T OESV By it IR T AR S
RGNS B (EAE R F] 51 EAE SO I ZL, BRI T RS, HAam KR mEs; NSRS
Wi g5 BB 25 [0 0y ok, BEFE AN T AR 25 R G TS B E R AN BT S TH, A2 25 R G AR 55 0 1 2 BE WD A28 1) 74 g
ARA%, MR ACIRA D ATEAS o S A/ DSk B] A 22 5, REAE PG 0 L X 2 DX T ARoll A e o, 9 A AR
PR AGAE , 4R AR AL T BR A SR 5 7 HPO DI RS B A P 0 BE A4 O R 28 B AN
Wi sk s LR AT IS 0 8 3 AR AR LA R OK BT AR K SR B, KRN T 2004-2014 474 5 R SR 55
Y (B 5 bR TE B 2 IR AH DG, MG R B 0.855, LI b 28 E B JC LM R, SRIE T AR I
BRI Il Bl DX SR 25 AR e I 55 (e 4R T A AR

I TA SR RBtE . REZHME, URAB RGNS M EIFE R R A 585 PR
ITEMAGE—1E, ARAESRGEE RIS O B rT PR . W 5™ RS BRSSPI F AR



518 TN 3 N = o= R 201746 H 20 H

ARG TR I A REAR T L VYT PO B AT A A R GU R A5 MBI 5, BT AR S R SR S5
(ELAG 45 R it o 0 T X AR 25 R GE AR A5 10 (L 25 R R AT A8 IE I D7 3 A (8] LR T 50 b SRR AR A B A
TEZES o AWFER G — 1R R G55 8 215 X E5E XY A2 25 2 GE I 55 (28 A 7 1 [ A 45 18] 79 73
Br, PEARGERIEAS S0 I 28 o3 A 7 AR S 5 AR S5 22 AT s AR 28 R GRS I PP IR R RLE M, DA
TR IR R EE L ERR L

R AL 5 2R BOS WP I8 IX A 25 R GE AR A5 W (ELA 8]« 2 [ b A9 B BORE BE B AT 0 A, BEAS B i Hh AT 5 IX 2
B RGN W ET 23 70 SRl (EICEE RS AN TR RUEE T A9 R B AE A7 80 o AR A ad R ey A2 2% P L I RUBE
9 ZAE VI A BB S LABUE R . SR 2R AR IR T AR K B S /M e S RS
e 55 B (B, A3 S G SR VR MR, DL AR 25 AR A R s RS SR AR A 25 R G R 55 A (LI 23 70 SRR

4 5FH

[1] WESTMAN W E. How much are nature’s services worth? [J]. Science, 1977, 197(4370): 960 — 964.

[2] DAILY G C. Nature’s Services: Societal Dependence on Natural Ecosystem [M]. Washington D C: Island Press, 1997.

[3] COSTANZA R, d’ARGE R, de GROOT R, et al. The value of the world’s ecosystem services and natural capital [J].
Nature. 1997, 387(6630): 253 — 260.

(4] X, BFFFE, HAEE, 4. 1954-2010 4F =11 50 R 55 MRS Jm) 3 25 A8 A Je 9k 8l [T ). A= 2524l
2014, 34(12):. 3234 — 3244.

LIU Jiping, ZHAO Dandan, TIAN Xuezhi, et al. Landscape pattern dynamics and driving forces analysis in the San-
jiang Plain from 1954 to 2010 [J]. Acta Ecol Sin, 2014, 34(12): 3234 - 3244.

(5] i, BEUA. S LA AR AR S R SS B9 . LAPG il [T ). K LARFEESE, 2015, 22(1):
274 - 279.

ZHONG Yuan, ZHAO Minjuan. Effect of land use change on ecosystem service value: a case study of Xi’an City [J].
Res Soil Water Conserv. 2015, 22(1): 274 — 279.

(6] W&, G, BAR, 5. JLnti P XA B2 2 (0 23 W6 7 S A IR 55 2 A [ ). RS w e, 2011, 30
(4): 818 — 823.

PAN Ying, ZHANG Qian, ZHEN Lin, et al. Green space pattern and ecosystem services value of the sub-regions in
Beijing plain area [J]. Chin J Ecol, 2011, 30(4): 818 — 823.

(7] SRR, IR, XM, 5. 1976 45 LUR AL 1% I it 3 b b A1) 28 A o A S0 2 752 B2 g o 12 [0 1. 3t B~ 4
2014, 69(1): 54 - 63.

WU Linna, YANG Shengtian, LIU Xiaoyan, et al. Response analysis of land use change to the degree of human activi-
ties in Beiluo River basin since 1976 [J]. Acta Geogr Sin, 2014, 69(1): 54 — 63.

(8] Mimih, BFE, WA, % FE&EEAESEOEITALT] BREE, 2003, 18(2): 189 - 196
XIE Gaodi, LU Chunxia, LENG Yunfa, et al. Ecological assets valuation of the Tibetan Plateau [J]. J Nat Resour,
2003, 18(2): 189 - 196.

(9] Miw, Bi%k, GFE, F - DETLRMNNESRERFSMEAT ] AAEEYR, 2008, 23
(5): 911 - 919.

XIE Gaodi, ZHEN Lin, LU Chunxia, et al. Expert knowledge based valuation method of ecosystem services in China
[J]. J Nat Resour, 2008, 23(5): 911 — 919.
(101 Xéfh, e, HHH. B FMCU 30 4F b bR HI 28 4 B9 A= S 3R W3- o [ ). K LR FRATSE, 2010, 17
(3): 232 - 236.
DENG Wei, YANG Hua, CUI Yanjun. Assessment of ecological environment effects on landuse change in Chongging
City nearly 30 years [J]. Res Soil Water Conserv, 2010, 17(3): 232 - 236.
[1L] HBREY, JAEIE, fRebsik, 5. 5T Morzn’s I F1 Kriging fffi (B 76 AN [F) R A R T (9 L] FE 047 . DLEE
PR A AEE T ] ma Rk R 274, 2015, 33(2): 215 - 222
SHAO Junming, ZHOU Baotong, XU Zhongqiang, et al. Analysis of land use utilization degree under different sam-

pling scales based on Morans I and Kriging interpolation: in the case of Shizhu County of Chongqing municipality
[J]1. J Sichuan Agric Univ, 2015, 33(2): 215 - 222.



B34 EH 3 BOZ R ORI T A2 235 2R G0 MR 55 0 (I 2= A2 AL AR AT 519

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

WO e, LA, OCH, . 5T AHP-FCE #5709 R 22 T 4 H 8 8 n] 45 S vk 040 (U ], b [ s ) o7
2014, 28(8): 57 - 64.

DUN Yaolong, WANG Jun, GUO Yiqiang, et al. Sustainability evaluation of land consolidation of Da’an City based
on AHP-FCE model [J]. China Land Sci, 2014, 28(8) : 57 — 64.

Fefbig, meolkte, Jyak, S5 TR AR R Y e E Sk i A DX R A AR B A —— IR SR M T
BT sBEAFIE, 2013, 32(8): 1497 - 1507.

QIAO Weifeng, SHENG Yehua, FANG Bin, et al. Land use change information mining in highly urbanized area
based on transfer matrix: a case study of Suzhou, Jiangsu Province [J]. Geogr Res, 2013, 32(8): 1497 - 1507.
FERTT, XIZeas. e i A IR BE A DXl S R 5 [0 ). A AR B fle, 1997, 12(2): 105 - 111.
ZHUANG Dafang, LIU Jiyuan. Study on the model of regional differentiation of land use degree in China [J]. J Nat
Resour, 1997, 12(2): 105 — 111.

R, e P E R EREEY R ST R AR LT, 2006, 3(1): 2 -

HU Ruifa, LENG Yan. Research on input and output of main grain crops in China [J]. J Agrotech Econ, 2006, 3(1):
2-1.

VBT, JREEAR, . b R RS R GRS D RE L Be i [) ] P E D - IR S B, 2007, 17
(4): 55 - 60.

SUN Xinzhang, ZHOU Hailin, XIE Gaodi. Ecological services and their values of Chinese agroecosystem [J]. China
Popul Resour & Environ, 2007, 17(4): 55 - 60.

B, Gz, WA, . P EZRARAES RGNS e AU [T]. AR 4, 2004, 19(4):
480 - 491.

ZHAO Tonggian, OUYANG Zhiyun, ZHENG Hua, et al. Forest ecosystem services and their valuation in China [J]. J
Nat Resour, 2004, 19(4): 480 — 491.

SR, BMHEZS, SWRIE, 55 FEEWASRGEMRS N EHENEEO ] A85%4R, 2004, 24(6):
1101 - 1110.

ZHAO Tonggian, OUYANG Zhiyun, JIA Liangqging, et al. Ecosystem services and their valuation of China grassland
[J]. Acta Ecol Sin, 2004, 24(6): 1101 — 1110.

seH, AER, mE, SF BT LR B AY AR S IR S N RE IR ST . DARE St ANAORT T DO ] [T] AR SR
MRS, 2014, 30(6): 800 — 805.

ZHANG Yi, LI Yufeng, GAO Hong, et al. Eco-service functions based on land transfer matrix: a case study of Xian-
lin, a new urban area in Nanjing [J]. J Ecol Rural Environ, 2014, 30(6): 800 — 805.

MO, 3R SCRR. R M S T AT R SR AN SPSS B S XIEHE . A QUSSR E R Gt
7Y, 2005(3): 65— 69.

LIN Haiming, ZHANG Wenlin. The relationship between principal component analysis and factor analysis and spass
software & to discuss with comrade LIU Yumei, LU Wendai, et al. [J]. Stat Res, 2005(3): 65 — 69.

PR, PN, K. AR MR R T R GE T A A B G — S A i [T ). BUBGEREE, 2001, 23(1): 102 - 106.
ZHAO Yongxiang, SUN Yafang, GAO Qing. Unified liner regression method for the analysis of seven commonly used
statistical distrivutions [J]. J Mech Strengtht, 2001, 23(1): 102 — 106.

Wlde, Ea, FEM, S HAR X b A AR A AR S5 M (E R S [ ). AP R Ol R ROR AR
2012, 32(10): 89 — 93.

HU Jinlong, WANG Jinye, ZHOU Zhixiang, et al. Effects of land use changes on ecosystem service values in urban
area of Guilin City [J]. J Cent South Univ For Technol, 2012, 32(10): 89 — 93.

WA, UL, Wh/hak. sBUT B AR S R G IR 55 M (B = AR AR RRAE (D). 0 AR 25274, 2014, 25(3): 883
- 891.

ZENG lJie, LI Jiangfeng, YAO Xiaowei. Spatio-temporal dynamics of ecosystem serves value in Wuhan urban agglom-
eration [J]. Chin J Appl Ecol, 2014, 25(3): 883 - 891.

KREMEN C. Managing ecosystem services: what do we need to know about their ecology? [J]. Ecol lett, 2005, 8(5):
468 - 479.





