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Research on the spatial-temporal dynamic of ecological service
value in Northwest Arid Areas
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Abstract: In order to investigate the spatial-temporal variability of ecological service value (ESV) in Northwest Arid
Areas, the ESV was calculated based on related data from 2004 to 2012. Results showed that: (1) The whole ESV in
2012 has increased 166.1 billion yuan than 2004 in Northwest Arid Areas, but the ESV per person was reduced 8 yuan
correspondingly. This explained that the population growth rate was higher than the ESV growth rate, so the population
growth rate should be appropriately controlled. (2) The change rate of ESV in each Province and Region in Northwest
Arid Areas was order as Gansu > North-Central Shaanxi > Xinjiang > West-central Inner Mongolia > Qinghai > Ningxia,
and only Ningxia and Qinghai was kept as a negative change. (3) The value of the coordination degree of ecological eco-
nomic during 2004 to 2014 in Northwest Arid Areas was 0.33, it indicated a mild coordination state for the ecological en-
viroment and economic development; (4) The sensibility index was less than 1, it explained that the ESV in Northwest
Arid Areas was relatively weak to the flexibility of ecological service coefficient. This research results were genuine and
believable. During research period, the land-use change has achieved significant ecological benefits. This study provides
a good enviroment platform for economical construction and social development in Northwest Arid Areas.

Keywords: ecological service value; spatial-temporal dynamic; Northwest Arid Areas
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Fig.1 The geographical scope of the Northwest Arid Areas

2 BRSO

2.1 EHEKIR

Bk 1T 2004—2012 4E P L X &4 (X))
] - VAT R AL ) b ) A S A R
A8 (KD GEi AR % D) B v B e 1A 4 [ 4 B

A ST H R o
2.2 TFIATHSH

Fic HR ] 5 4 b 1] AR 23 A v 4 b 1 FH =
P TIH I o A el b bR | b R A
K A b S8 38 FH H KSR A b A5 8 A2l
2.2.1 ERAMHEE THWRHADSEZEE
—E I [R] B P, R 28 A Hb A R 28 A ) T AR Ab 1
B AR R AT A o S e M A P ) 2 ] 25 5 %
T A AR PRI ZUARBE . ACanh .

U, - U,
L:<bUa)><1T><100% (1)

K, L3RR T W] BL N B - db A FH 2R R 2 2
BE(%) 5 U, Uy 535 R WFFE S 1k o B PN B — - 1l i)
P2 1 (h?) 5 T R BFSE I IAHJEE (a) o
2.2.2 ‘AR EAwH AT TR
SoPE A AN A VR 5 AR AR L2502
WEFE 4 bR FRE 30 4 9, KT/ RAG 5L
A PR 1, AR B b A K SRR 2, B st A el
HOTGRAEL 3, J B S T F Ml 3838 FH R 4 - Hb
FIFRREE AT

D=2 A U/Uy (2)

Kb, D Ry A HEEEHRE A V5B k2 bR
KAV RIGE U, ME ke 2 ) ST 1 1t 1
(hm?) 5 Uy ABIFFE IR AL (hm?) 6
2.3 ESVEEAE

R H 10T L) Costanza 75 ¥ MR, 410
] SEPRIE O, il T E A S RS RS M B Y 1A
T2 RS B AR H R AF AR 7= 5 1 ESV 2
R 1, HEAESRGE RN ESV Y a M F 4 H
AR RGER TR E , B2 EAE SR E T e E
(1177 AT ESV M8 N 43, SR
SRR AR AT

Ey =e¢, - E, (3)

KA, Ey 05 kR R AR S R Ge 2870 (b b
MIFEASRG) BIEE @ P SRS DiRE (SR
KPR SR IR SR EE) AN (OT - hm™) e,
R R E, A H AR R GRS TR
ESV(JG - hm_z)o

RIES KA RGBSR ET RGNS
RER A, tHa(4) ~ (6) AR RKBAES RS
I 45 ThEERIZBE M

ESVk = 2 iUk X Eik (4)
ESV; = >, U, x E (5)
ESVE.‘ = 2 i 2 iUk X Eik (6)



%6

H o e bR XA SRS M E R 28 sh B0 229

K, ESV, R 5 k A £ A 8RR ESV(IT) 5
ESV; FR55 i TSRS TIREMI M E(TT) ; ESV 5 3
ARFFE IR ESV(TD) ; By, GRS k28 A H]
AV ¢ TR 55 T g Y AL T AR Y AR A E (O -
hm™2-al),

75 25 BT RR AL TG F— - H ) I 2E T Y ESV 22 4k
AT IR ESV AR 1 L], FH 0 B AS [
A SRR ESV A8 AL B S R, A
KLUF

ESV, — ESV,
>0 (ESVy - ESV;,)

K, ESV,, WAEZETTERAE s ESV,, F ESV,, 43 5 A bF
FENF RIS 1F S 56 § AR RS D RE RN (B (JT) o
2.4 A¥ESV

M FTXS ESV 52 0 14 £ B2 #4734, K33 ESV
FE—E R b R Bt X3 ESV /N H AR 1
ALK, 2 XnE

ESV,, = ESV/P (8)

Krp, ESV,,, WA ESV(IT); P W98 X IEUE A 1
(N
2.5 EREZEFHAERRSHRMES T
251 AAZFWHAEER ABZFHRE
(eco-economic harmony, EEH) 8§ 5% X 3 7 — & A
NI ESV 2L R M AT B BRI e E. &
Fiw/(1 [ N

ESV, = (7)

ESV;
_ =20
EEH = COP; (9)

A, EEH 035255 UMREE s ESV, AL ESV
A (%) ; GDP AT ARG B B B3R (% ) o
EEH 76— @R 1 R A IR 2 05 R R AR &
KFR, BHIFICRM B BRI 1)

xR EBEFHRAEDRIrE
Table 1 The classification standard of coordination
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A1 B0 43 1) A 22 308 FH M (8. 72% ) > 7K 35 i b (8.
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FEAE KR EVEYRE RN RS A DA AR A T
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Table 2 The change of land-use during 2004 to 2012 in Northwest Arid Areas
R A ISl
- 1 ! el 23 I S 3
Arable . Water Un — utilized . Land for Garden Comprehensive
Year Forestry Grassland Build-up .
land area land traffic land index for
land
land use
2004 1849.23 6145.53 15039.34 33.34 15282.24 353.93 31.73 113.54 167.67
2006 1805.09 5731.41 14545.25 32.64 14693.32 345.68 32.29 114.32 167.78
2008 1792.81 5500.05 14654 .84 33.26 14817.38 352.78 33.63 115.26 167.46
2010 1782.76 5738.81 14573.55 33.11 14671.68 351.74 33.62 114.72 167.82
2012 1749.92 6535.78 13850.01 57.39 14551.56 368.73 56.62 129.99 168.31
THARE AL
Variation of area - 99.31 390.25 -1189.33 24.05 -730.68 14.80 24.89 16.46 —
/(10" hn?)
.
ZijE‘Z/% -0.60 0.71 -0.88 8.01 -0.53 0.46 8.72 1.61 —
Dynamic level
®3 ALREXAEESRERMER ESV/(FT-hm *-a™')
Table 3 The ESV per unit area for different ecosystem in Northwest Arid Areas
IERRS FRAR Forestry b Grassland A<M Farmland i Wet land IR Water Jici® Desert
}kﬂ*jﬂ =) NI i NI =) i NS NI M=) i
s 2o ME M ME MM CHE MM R M MR M MR
N Equivalent Value Equivalent Value Equivalent Value FEquivalent Value Equivalent Value Equivalent Value
1= g
CUR . 3.50 4527.66 0.80 1034.89 0.50  646.81 1.80 2328.51 0.00 0.00 0.00 0.00
Gas regulation
=3 S
l‘.@%ﬂpjw . 2.70  3492.77 0.90 1164.26 0.89 1151.32 17.10 22120.86 0.46  595.06  0.00 0.00
Climate regulation
KU . 3.20 4139.58 0.80 1034.89 0.60  776.17 15.50 20051.07 20.38 26363.93 0.03  38.81
Water sources conservation
THOE R R
Soil formation and 3.90 5045.11 1.95 2522.55 1.46 1888.68 1.71  2212.09 0.01 12.94  0.02 25.87
protection
%%ﬁii 1.31  1694.64 1.31 1694.64 1.64 2121.53 18.18 23517.97 18.18 23517.97 0.0l 12.94
Waste disposal
ﬁg%g#f&{}ﬁ#‘ . 3.26 4217.19  1.09 1410.04 0.71  918.47  2.50 3234.04 2.49 3221.11 0.34 439.83
Biodiversity conservation
o . 0.10 129.36  0.30 388.09 1.00 1293.62  0.30 388.09 0.10 120.36 0.01  12.94
Food production
JiA1 K} Raw material 2.60 3363.41 0.05 64.68 0.10 129.36  0.07 90.55 0.01 12.94  0.00 0.00
1=}
ﬁ;&ﬁj{ﬂj 1.28 1655.83 0.04 51.74  0.01 12.94 5.55 7179.58 4.34 5614.30 0.01 12.94
Entertainment culture
&7t Total 21.85 28265.54 7.24 9365.79 6.91 8938.90 62.71 81122.76 45.97 59467.60  0.42 543.32

H2¢ 4 a0, PEAL 5L X 2004—2012 4E ) ESV B
PRI S IR AR L K T 166. 10 x 10°
JC MM MEAZC R N 4.84% , Hovp b ESV B4 K
FR(199.52 x 10° J6) , Hk /K388 (20. 12 x 10° J6)
FlE b (4. 28 x 10° J6), 11 & M ESV Ik 2> & i K
(-48.74 % 10° 70) , HYUCH#E L ( - 8.93 x 10° JG) I
KA (-0.15% 10° J6) ; M EZELERE, K
I, ESV B MR R e K (101.49% ) , el 3#.(20. 02 % ) il
MHL (11.49% ) K Z, T B #b ESV 3 2> 3 K
(=5.40% ) , U A I 1 AR A ik 20 X S ESV AR f A8
R8RS N AR R A AR 25 BTk ok

B, MRH A A S R 55 D R D1 k3 de A, i R
A TR A B R A R SR, P AL R X
ESV 5 H 4 MR 2SR AR A 3 B IR R
PG X AR 2 2R 4 PRI IR 55 (A8 Ak (DL &
)R, LR S R A 2R R ESV
Ay NI (TN 7/ B2 S Rl A A NP T B ONA A ¢
2004—2008 4= &2 Jik A R ZS, 78 2008—2012 4 2 34 i
R 2004—2006 4F T %5 -3 (10 20 1
Y/ B 1 U Bl R R (20.09% ), THTE 2006—2008 4[],
SIRTE T I HE ) BT ESV i R £ (17.07% ),
2008—2010 4F R &A= Thfigisl b S Ho e ik 55 D g
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YA FE i, 20102012 4E & A= 28 R 48 ESV #4
fn, H H3EIE S A A oK (16.5% ),

2004—2012 4F, UK PR SR B OESV M K & £
(19.6%)

x4 ALBRERAEALHFAESEERSMESTL
Table 4  Variances of ESV for different land use in Northwest Arid Areas

A B IS ABME/(10°7C a7 !) 2004—2012 N {E  r{EAR A
JHZER /(JG+hm™2+a™h) ESV A5 4k/10° TG % g
Land — use Ecological value Value change Valuechange ESY
type per unit area 2004 2006 2008 2010 2012 during 2004—2012 rate “
it 8938.90 165.30 161.35 160.26 159.36 156.37 -8.93 -5.40 -5.38
Arable land ’ ’ ’ ’ ’ ’ ' ’ ’
el 1ty
18815.67 21.36 21.51 21.69 21.58 25.64 4.28 20.02 2.58
Garden land
M Forestry 28265.54 1737.07 1620.01 1554.62  1622.11 1936.59 199.52 11.49 120.12
FiH Grassland 9365.79 1408.55 1362.28 1372.54  1364.93 1359.81 -438.74 -3.46 -29.35
JKIR Water area 59467.60 19.83 19.41 19.78 19.69 39.95 20.12 101.49 12.11
1 4
ﬂi?ﬂﬁﬁlﬁ]‘ 543.32 83.03 79.83 80.51 79.71 82.88 -0.15 -0.18 -0.09
Unutilized land
43t Total 125396.82 3435.14  3264.40  3209.39  3267.38  3601.24 166.10 4.84 100.00

3.2.2 ESVER%EE»>H THIERXZE(X)
2004—2012 4 1A= 25 R B AR 55 I S AR A 2 0L 3¢
5. MRS nl A, e I a], P R IX &4 (X)) Y
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g 5 AR, SR ESV J /b R R
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PUrRdER(16.81% ), Higx 4 (IX) AR R AR AN I 1
10% , 22 B H 7R A 78w LB 4ok A= SR B R 4
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> S P PEEE > e > Hl > Beigipdeis > 7
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Mo WEEH T aE . H .7 2 FUH 8 A ESV
FRH BT AN AR B R B, U6 BTN R 4 5
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3.3 AREFHAESHBIEIEHS T
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Fig.2  Variances of individual ecosystem service value in Northwest Arid Areas
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PR ABATI A AR B AT RE
3.3.2 MEEIEH ASCRAALIRA S R SR
S E 00 BRI 50% , 15 3 PY AL 5 X 2004—

RS 2004202 FEMEXESREMSMEZTEHR/10 T
Table 5 Spatial differentiation of ecosystem service value in each region during 2004—2012/10° yuan

2012 4E AN ] £ o A FH 2 AU Y €S A8 fb (L3 7) fl
2012 AEPUAL R X N4 (X)) I BBURE R B0 CS 43 A
(LI 4),

A (X) M ias e M EAE AR %
Province( district) 2004 2006 2008 2010 2012 Value change Value change rate
Al 3
W2 ey T A . 1588.15 1606.22 1537.67 1604.40 1605.75 17.61 1.11
West-central Inner of Mongolia
Bep AL . 317.27 307.92 310.25 308.51 370.59 53.33 16.81
North — central of Shaanxi
HH Gansu 330.76 276.35 278.58 277.27 422.95 92.19 27.87
T Qinghai 476.11 390.50 394.05 391.55 459.71 -16.40 -3.4
T & Ningxia 55.93 40.96 41.25 40.93 44.30 -11.63 -20.79
BrsHE Xinjiang 666.92 642.45 647.59 644.72 697.93 31.01 4.65
A3t Total 3435.14 3264.40 3209.39 3267.38 3601.24 166.10 4.84
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Fig.3  Change of population during 2004—2012 in Northwest Arid Areas

R6 2042012 FAILEXREHX AL ESVEL/TT
Table 6  Variance of ESV per capita in each province during 2004—2012 in Northwest Arid Areas/yuan

vai;léce( (%iima) 2004 2006 2008 2010 2012 223?)6 2200(6)8 23?)?0 22(1)(1)2_ 22(()32
@f_‘iﬂfiﬁlmer Mongolia 66366 66510 62916 64903 64488 144 - 3594 1987 - 415 - 1878
Eiﬁﬂ: jn tlj of Shaansi 8619 8324 8345 8260 9875 -295 20 -85 1614 1256
H i Gansu 13017 10850 10920 10831 16406  -2167 70 -90 5575 3389
FH i Qinghai 88332 71259 71128 69548 80229 - 17073 -131 - 1580 10682 - 8103
TH Ningxia 9513 6782 6674 6466 6848  -2731 -108  -208 382 - 2665
B Xinjiang 33975 31339 30389 29507 31255 -2636 -950  -882 1749 -2719
St Total 29348 27517 26709 26896 29340 - 1830 - 808 187 2444 -8

H13% 7 AT, CSppn > CSo > CSpp > CSpisinm
> CSpp > CS i, 2004—2012 4EFRHE Y CS H 0.48 ~
0.53, BIRSARHb 14 VC 3 1% B, 3% X 81 ESV %

HAM0.48% ~0.53%

& 4 AT, PUAL R X N 45 HIX [ CS 237 (0
H AN, S s g SR B A6 LA K H R S b
B CS I 170, PRI G AR AL 25 5 L IZ X I ESV 48K

AR BN T FE A R AR R VTR BT
395 S5 e AR 5 v T A A 5 B A
SN2 X 3 ESV A = s A 2R AL, I 4 D
T ATHLESV X VC I BUR MRS BN T 1, X
43R ESV X VC & B = 5k Y, AR SCRFST 45 R
SR
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