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service values

WANG Hang"*?, QIN Fun"*, ZHU Jun', ZHANG Chuancai'

1 Laboratory of Geospatial Technology for the Middle and Lower Yellow River Regions, Kaifeng 475004, China
2 College of Environment and Planning , Henan University, Kaifeng 475004, China

3 School of Tourism Management and Culinary Arts, Hanshan Normal University, Chaozhou 521041, China

Abstract; It is important to study the effect of land use change on ecosystem service value ( ESV). Most previous studies
have tended to directly use the ecosystem service equivalent value to calculate the ESV and then have compared multi period
ESVs. Because of the use of different price bases, even if the value of the same ecosystem is assessed using multi period
ESVs, the conclusions can be very different, which means there has to be a deviation evaluation. In order to improve the
accuracy of these comparisons, we developed a Consumer price index( CPI) revised ESV coefficient method for multi period
ESV computation. The upper reaches of the Huaihe River was used as a case study to estimate the spatial distribution and
dynamics of ecosystem services. In this study, we used the land use and statistical yearbook data to investigate how the
spatial —temporal evolution of land use structure and spatial patterns affect the ESV. The results showed that (1) the ESV
generally showed an increasing trend in the study region. Between 1995 and 2005, the ESV decreased, but then increased
significantly around 2010. Furthermore, the increase from 2010 to 2013 was higher than that for any other period. (2) The

ESV increase was higher in mountain areas than in hilly areas, and the increase in hilly areas was higher than that in the
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plains, which shows a topographical gradient effect. The increase was mainly because of the contributions made by forest and
water ecosystems. (3) There were significant correlations between the ESV and land use change and Aggregation index)
(AI) and Number of patches( NP )landscape pattern indexes. These correlations show that a reasonable model for land use
development and an appropriate development rate will help enhance ecosystem services. The development process should
take into account the advantages that different land types can offer so that excessive fragmentation of land type patches can
be avoided. (4) A method that uses the CPI index to revise ESV coefficients means that the values more closely reflect the

actual ESV and improve multi—period ecosystem service evaluation comparability and accuracy.

Key Words: ecosystem services value; land use change; landscape pattern; spatial —temporal heterogeneity; the upper

reaches of the Huaihe River

TEL T R R e B R2 R T, b B8 I8 Y 52 B Ao P A 3% BR, AR e 4 i felf P 2 28 AR ) ] ke s
Atttk R R SR 55 M (ESV, Ecosystem Services Value) f=/ T i 3 % . F 1997 4F Costanza 7F
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Fig.1 Sketch map in the study area
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Ve, = 4H x ALEARHE (6)
P, CPT i R S48 8 0, 9 KB AL CPI,Z—l%ﬁﬁ—ﬁﬁiﬂh CPI,%%JI)”L,EJ%EJ e 5L CPL; MBS %
SCHE 14 3R 1;$1ﬁﬁ$ﬁ1ﬁﬁﬂﬂﬁ§{5%@IE*&%VE%ﬁ&E?ﬁFE{EE’; /7,
2 TR AEMZERENTENS T

2.1 MR S5 R A s 1) A AR R AE 43 BT

b ) AR A 322 A = bR FH 28 78 T RS A A AS AR Ay IR T, B 1 LU 23 ARRTBESY
DX SR FH L T FR L B bt Bk R R TR R S R R R 2013 AR, B S F SR X 67.2% M TR, 4T
P T S, ST G FE B 1990 4E1Y 3.02% FREZ 2013 4F 2.16% . L&k TUAF S (A BE 38 4% i 1a] Bl 4 3
FIHLE B S T, 2 W45 5] 0.48% (1990—1995 4F) 0.36% ( 1995—2000 4F) ,0.09% ( 2000—2005 4F) |
0.38% (2005—2010 4) F1 0.11% (2010—2013 4F) , NHr & B, 1995 4F LLF & — b S P % 1 1 I, 1995
AF 22 I M AL T B U | 2005 AR 2 JE BT s R4k

R LF 1990—2013 F it R AR BB R TR (%)
Table 1 Land use structure and the changing rate of the upper reaches of the Huaihe River from 1990 to 2013

T H AR AL Land use type structure I FHAE L% Land use change rate

Land use type 1990 1995 2000 2005 2010 2013 1990—1995 1995—2000 2000—2005 2005—2010 2010—2013
Bt 69.51 70.23 69.89 69.56 67.71 67.2 0.21 -0.10 -0.09 -0.53 -0.25
it 16.38 17.74 16.29 16.23 17.63 17.62 1.67 -1.64 -0.07 1.72 -0.02
Hh 3.02 1.19 2.23 2.61 2.16 216 -12.11 17.44 -0.64 -0.01 -0.06
ki 2.86 2.28 3.01 3.31 3.26 3.26 -4.07 6.36 2.01 -0.27 0
HESUHH 8.23 8.55 8.59 8.74 9.24 9.77 0.79 0.09 0.37 1.13 1.91
AFIHIH 0 0 0 0 0 0 0 0 0 0 0

2 MRS SR U T 1990—2013 4F45 M2 i BB AK L, o B9 w1 1 th LU, C9% oK 1% A
FLEE 23 AR FHLAG 1 AR R, O 1801. 11km® , #45¢% th I AR Z2 KK R - FEdb 379.82km” , AHh 340.61km?,
K3 63.51km* , I HE 31.46km” ; 5% H HER S5 KR 0 B 55 R 34.52% , Rk ki 7.12% , % AT
R RS D, 35 1034.93km® 7 A8 16.66% , FHoA 2K YK R - Mt 791.10km? , B b 496.34km? , 7K 35k
229.73km’> FIEHY 64.35km*, P A FHHLAS B BEE0 N, SN B0 AR AL AR 2 S BOBOR IW L 25 57, 23 4R ]
HABA D55 R AR FH AN AR A I & A FL A ARk PR, 22006 R FH iR 6 8% 2

£ 2 L 1990—2013 £ i F) AR (km?)
Table 2 Land use Transfer matrix of the upper reaches of the Huaihe River from 1990 to 2013 ( km?)

i WE R K e e
land Forest land Grassland Waters Build-up land Unused land summattion

B 23513.08 641.03 17.01 180.62 962.38 0.06 1801.11 25314.19
B% 92.89 2.53 0.07 0.71 3.80 0.01 7.12 100.00
C% 96.08 2.62 0.07 0.74 3.93 0.01
M 235.07 5624.54 42.09 24.09 39.36 0.00 340.61 5965.15
B% 3.94 94.29 0.71 0.40 0.66 0.00 5.71 100.00
C% 3.66 87.67 0.66 0.38 0.61 0.00
Fi 196.84 133.92 720.61 20.83 28.24 0.00 379.82 1100.43
B% 17.89 12.17 65.48 1.89 2.57 0.00 34.52 100.00
C% 25.08 17.06 91.80 2.65 3.60 0.00
K3 43.74 10.34 4.49 979.43 4.95 0.00 63.51 1042.94
B% 4.19 0.99 0.43 93.91 0.47 0.00 6.09 100.00
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cjﬁﬁed A b e R AR fiiffit 1990 4
land Forest land Grassland Waters Build-up land Unused land summattion

C% 3.68 0.87 0.38 82.41 0.42 0.00
AL b 20.69 5.83 0.75 4.18 2964.12 0.00 31.46 2995.58
B% 0.69 0.19 0.03 0.14 98.94 0.00 1.05 100.00
C% 0.08 0.16 0.02 0.12 83.34 0.00
AF 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.10
B% 0.00 0.00 0.00 0.00 0.00 100.00 0.00 100.00
C% 0.00 0.00 0.00 0.00 0.00 62.50
AT 496.34 791.10 64.35 229.73 1034.93 0.06
C% 3.92 12.33 8.20 17.59 16.66 37.50
2013 4F 24009.42 6415.64 784.96 1209.15 3999.05 0.16 36418.38

2.2 AR A TR AR AR A 20 B

BT ENVIS. 1 XS P 3T 4 o i M I R P A = 3t ) P 78 1 00 o T, 42 AR AR X, A AreGIS
Wil 5 MRIRERBIGETT A3 13 3, 3K 3 RUIBES RGN, 4 MRS 0 2 A W] I TR, O 12 B 26 A AR 1k
RN Hor B e ARt , B s e AR 2R B RS B 22 e AT 6—15 WX, AR AL BF 3t B st e e SR
oINS 2k AR 0—2 X,

ARG 1 AR 3, -G DI A AN T TS0 T e s Rt SR 25 80 3, 3t FSCF A I e 1 X 9™
SRS . XBLARAE 2005 4 Z AN A ., 2010 426 A7 BUBR AR M B A K SsR B 52, Bt 7k ek g A
JITHEIn, B T 4Ed AR OV T RIB B 8 R ARSI R i A

R 3 AL 1990—2013 £ L iR K E it (km?)
Table 3 Land transfer regional slope statistics of the upper reaches of the Huaihe River from 1990 to 2013 (km?)

ke R TR B T AL The area come from different slope transfer-out

Land type transfer 0—2 ° 2—6 ° 6—15 ° 15—25 ° =25 ° At
B b b 147.38 98.87 165.05 128.37 101.36 641.03
Bt i 8.07 4.22 3.52 1.05 0.16 17.01
L K I8, 128.56 42.41 8.61 0.92 0.13 180.62
b S 658.47 266.87 32.22 3.82 1.00 962.39
LA R 0.01 0.00 0.01 0.00 0.03 0.06
MR B 80.60 69.32 66.37 15.26 3.51 235.07
Wb B 7.33 4.54 11.83 9.89 8.50 42.10
Mt 7K 5k 8.49 6.83 6.72 1.64 0.42 24.09
PR HbIF HE AR b 12.45 9.55 10.09 4.69 2.60 39.36
Rk 70.84 68.56 49.49 6.65 1.30 196.85
F A M 29.05 24.80 48.01 23.01 9.06 133.93
A K I, 5.27 1.46 0.10 0.00 0.00 6.83
A TR AN A 9.31 9.27 5.65 2.60 1.41 28.24
K I Bk b, 27.12 13.61 2.77 0.23 0.02 43.75
TR I b 4.34 3.37 1.94 0.55 0.14 10.34
TR I R, 2.92 1.28 0.27 0.02 0.00 4.50
TR S AR b 2.80 1.67 0.39 0.08 0.02 4.96
T Hb A 2.24 9.55 6.21 1.66 1.02 20.69
T b bk 1.15 2.89 1.37 0.31 0.12 5.83
S Ml T 0.27 0.32 0.14 0.02 0.00 0.75
A M A K ek 2.36 1.43 0.37 0.02 0.01 4.18
R LT 7 da 0.00 0.00 0.00 0.00 0.00 0.00
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SO 50 T i o WA JE i B, BE A S Ml 55 XL 8 A0 2 R 2 1] i 8 45 T AR E 2 R B A S UL
JRTEAR B ZS RR  A E kY B TR A A3 HT O LA MR AT 43T R 2 TR SR O A BB
HE, IR, AR Sk B ) 2 IR M 2 R OR 5 AR (FARC) FIBE B BB & BE35 AR (AL, 52 002 R Y & 4E JiF
(CONTAG) A5t Z HEE (SHDL) A A< 2] B (SHET) FcAT 5 315148 bk (1) BEATHFFTIX 23 4F 50LA% &)
AT

M 2 % W2 FARC $880RE , i AF B o3 4R 5505 =1 , 28 W b BEHROR RAS R0 2 B A vy, DA IR 2 . B
srAidR)T, it i %, B RE R (BT AR (67% L 1), B AT s th s i SR BE o DA [i) 38 A2
RE B R R M PR BT R B (R AR AN R A SR A ) FH b R R D) S A e R R R
ARHLTE 2010 45 J5 55 2T B i 7K Bl Fn e, 52 8 1) SR AR RS

M 4 SR EFEPRRE , BFFEIX CONTAG ZEB4E T R, H 1990 41 68.10 K&k 2013 419 67.59,
SHDI . SHEI #1 IJT £ 4E F 7+, H 1T TR T SHDI, SHDI 7 T SHEI, 33X f2 /K 8, | 5 25 s 2R FE hn #a
TR RAERE F I EE A4S 5 . SHDI A1 SHET {E FFF, 250 23 4E 8] Hb S0k v 0 52 — BT 75 E 2%, {3
AR W, 25001 52 42k, CONTAG B4 T [, BIV kP 38 B8 T I i 5 50090 S 00 ) 3 42 v Ao s v 1)
TR,

15 1 7 100 mmmm |990FRAC_AM
s 1995FRAC_AM

4l \ \ s 2000FRAC_AM
\ ) 195 2005FRAC_AM
N\
~ 2010FRAC_AM
o | )N —

s 2013FRAC_AM
—@— 1990AI
—o— 1995A1
1 ss —e— 2000AI
LT r —e—2005A1
—e— 2010AI

1 80 —e—2013Al
PR RUREM Mot PISE B et

T A A Land use type

1 90
1.2

RIS TE 48 FRAC_AM
e Al

2 E_EiRE 1990—2013 F A [E L F) A E FRAC_AM 1 AT 358 1L 5347
Fig.2 Changing analysis different land use FRAC_AM and Al index at the upper reaches of the Huaihe River from 1990 to 2013

R4 L 1990—2013 £ 2R BIEHE
Table 4 The landscape pattern index table of the upper reaches of the Huaihe River from 1990 to 2013

S B

Landscape index 1990 1995 2000 2005 2010 2013
CONTAG 68.1046 68.0436 68.022 67.7877 67.8589 67.5849
I 49.8598 49.8612 49.891 50.1076 51.2142 51.2435
SHDI 1.5616 1.563 1.5665 1.5789 1.6173 1.6329
SHEIL 0.5512 0.5514 0.5529 0.5573 0.5595 0.565

3 ESVZEWHSH

ERRGE ST BRGS0 e i % ESV I R xEPE . Gret—Regamey ™ %A N ESV #f
FEASTE G IR S IRBE N L — S UERA Y L0 I AR PR, 4T 507 [ 4R 9% 7= 16 n s s 2D B HL Al 45 1 f1
B BRAR AL, HE TR 3T — Fp A B A - bR A% R, A W 98 2R B, i B AR Ak o B B IR A T FST ESV
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Q,{){CLM-%J .
3.1 ESV B [a] AR bR 534

Z MR 1990—2013 4T HEL  HE T EEMR ES/EYREM AR S Ha1H5E s sEah - R 454
iy CPI FNxX 3—6, 15 2| 51 bk 38 62 I A0 43 09 B I AL, 45 A 45 A S R ge m AR A 1, T B 5 X &H4F
Py ESV(3KS5),

x5 LN 1990—2013 £ ESV B EIZE{L R (108 5T)
Table 5 The time variation of ESV of the upper reaches of the Huaihe River from 1990 to 2013

B RGIRS FAE( ESV Each year ESV
Ecosystem services 1990 1995 2000 2005 2010 2013
e R 55 Ty 27.36 22.39 22.81 19.27 31.31 38.80
JEURL A 7 12.94 9.59 10.66 8.98 14.78 18.34
K FEI AL -6.17 -10.20 -4.94 -3.40 -5.12 -6.42
VERELE SR 34.93 27.89 28.83 24.31 40.77 50.67
AT 54.92 42.67 44.99 38.01 66.38 82.67
RS 20.23 15.20 16.89 14.70 25.51 31.75
ISR 126.26 95.25 111.08 103.24 182.00 225.49
KRR ST RIS 38.83 28.39 31.86 26.85 44.69 55.50
AEFRFRIMGIR 4.90 3.95 4.05 3.42 5.65 7.01
Y 2R 23.73 17.67 19.51 16.52 27.81 34.73
AR M 11.42 8.37 9.43 8.03 13.40 16.74
it 349.34 261.16 295.18 259.92 447.18 555.27

F6 M LI 1990—2013 £ ZES RS ESV R (10°7T)
Table 6 The ESV of the upper reaches of the Huaihe River from 1990 to 2013

HRRG 4y ESV Each year ESV

Ecosystem 1990 1995 2000 2005 2010 2013
A< H 101.50 80.36 84.45 71.09 113.62 140.62
PN 127.25 105.55 105.54 88.99 160.39 199.95
T 14.70 4.23 9.42 7.67 12.77 15.90
K38 89.42 62.90 82.45 81.94 151.66 186.97
it 16.47 8.12 13.30 10.22 8.75 11.83
Tt 0.00 0.00 0.00 0.00 0.00 0.00
&t 349.34 261.16 295.18 259.92 447.18 555.27

H 2% 5 AT, 1995—2005 4% ESV W8 N R, 2005 )5 28 B IHEHE 11 MAES RGNS DIRE IR 2 3
IRAEBR AR . R IR S Dy REIG (E IR 2 , O SRR DIRE , 43 IS N 154.24 25T 29.79 125T.
454538 6,6 25 ESV 1E 1995—2005 4E[A| XA A BT [, 2005 4E 2 f5 W1 B F, AR /KSR 2 ESV
{2 B Ry, 23 AR [R], K S (B A R, M 97.55 4270, Hak bk A H, 43 338 im0 72.70 /2700 39.12 12
T, Wb A fE— T I 9D 4.64 {2T7T

HRIER 1 2R 6, AKIRARHL T (& XS AR L5153 318 3.26% (17.62% ,ESV BTk &4 54 33.67% Fil 36.
00% , F WK AR 25 IS ESV 48 28 - s A AL, BE i S i AR 2D L ESV 2073, ix —
PG A AE TAF5E X B S B (A G0, B0 4% A 25 2R 8 o7 T AR (ELHE I, FIK9F 17 1o AR /DA >k
) A7 TR A5
3.2 EBRGMWS BT

FF K 2 M1990—2013 4+ MR EHE T ESV #2511, 813 7, & 7 Al 23 4R [H], ESV 4N
205.93 1270, FEEL A L bRkl A S A 7K 380 R 19 28 25 28 G0 ik 55 14 (A 5 P b 28 7 K k2 Sy 1E
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], HE{E 178.52 /270, ESV $5i4k 55 hy pRob B Hb /K S o T o5 o, AR M % e T 2k £c 22, 3k 138.05 127C.,
FIT i 2K T 3 S50 FH b 240 52 6703 1), 81 2% 80.34 42T, 135 4 01 Ak 328 A T B s FH ke B, AR F
1990—2013 4F ESV R t5 R F G , A= S0 (E 3= BRI F Mt MK 38 A= M E 5Tk

R EHE 1990—2013 £ ESV 25466 (108 L)

Table 7 The ecosystem services profit or loss maxtrix values of the upper reaches of the Huaihe River from 1990 to 2013

R piS:i) it pi &4 I 5820

Farmland Forestland Grassland Waters Build-up land Total

e 0.00 127.97 26.16 82.22 -38.32 198.03
P81 -73.91 0.00 -16.51 36.64 -35.35 -89.14
b -78.85 48.35 0.00 24.77 -0.55 -6.27
K35k -53.22 -17.15 -5.24 0.00 -6.13 -81.74
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Fig.3 The spatial distribution of ESV in each counties of the upper reaches of the Huaihe River from 1990 to 2013
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Table 8 The relevance of landscape pattern index and ESV at the upper reaches of the Huaihe River from 1990 to 2013
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