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Ecosystem service values and ecological improvement based on land use change: a

case study of the Inner Mongolia Autonomous Region
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1 College of Urban and Environmental Sciences, Peking University, Betjing 100871, China
2 Key Laboratory of Territorial Planning and Developing, Ministry of Land and Resources, Beijing 100871, China

Abstract: Using the Inner Mongolia Autonomous Region as an example, this study proposes a classification method that
integrates the effects of ecological improvement into the evaluation of ecological service functions, based on the relationship
between land use and ecosystem services value (ESV) , and analyzes the spatial distribution patterns of ecosystem service
functions. The results showed that (1) the ESV of the study area was 187 million yuan in 2015, and overall environmental
quality improved; (2) the ESV improvement in the study area was spatially differentiated. The areas of greatest
improvement were concentrated in areas of high ecological value. Ecological improvement was not obvious in other areas,
resulting in a widening gap in environmental quality in the region; (3) a high degree of correlation was seen between
ecosystem services and the rate of ESV improvement. The study area could be categorized into two high value zones, namely
Daxinganling and a high-cover grassland area, as well as three low value zones, namely the Sandland, Yellow River, and
Horqin areas. Ecological management should be based on ecological service function and its relationship with ecological

improvement to reduce the gap between regional ecological values and, thus, promote the coordinated development of Inner
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Mongolia’s ecological environment.

Key Words: land use; ecosystem service value; ecological improvement; ecological control; Inner Mongolia

Autonomous Region
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Table 1 Ecosystem service value coefficients per unit area of different land-use type in study area

ikl it g RS BE5ii1%i1 SRS
Land use type Supply service Regulating service Support service Cultural service
e — gk ' FEE KBRE %{7!& %1@ ik ?ld; T g i‘% o
A AP i W W R Y R MR Sk =371
Hest Farmland K 1348.96 63480 3174 106330 57132 15870 42849 1634.62 19044 20631 95.22
S 215833  142.83 -4173.83  1761.58 904.60 269.79 4316.66 1587 301.53  333.27 142.83
HH Forest Ak Bib s 43378 999.82 51842 329040 9839.46 286191 613114 400455 306.82 3644.83 1597.59
TEAH 30153 68241 349.14  2237.68 6713.05 203137 531648 2729.66 20631 2491.60 1095.04
HH Grassland [ EE LN 349.14 52371 285.66  1809.19 479277 1587.01 3507.29 2205.94 17457 2015.50 888.72
R A 15870 22218 12696  809.37 212659 69828 1555.27  983.95  79.35  888.72 396.75
K3 Watershed T I KLY 1260.61  365.01 1315630  1222.00 3634.25 8807.90 162255.79  1475.92 111.09 4046.87 2999.45
i 809.37 793.50 411035 301532 5713.23 5713.23 38453.23 3665.99 285.66 12489.76 7506.55
FA A Vol ScHE ARE LAl AT 1587 4761 3174 17457 15870  491.97  333.27 20631 1587  190.44 79.35
Unused land ke i) 809.37 793.50 411035 301532 5713.23 5713.23 38453.23 3665.99 285.66 12489.76 2999.45
B3 B A T 000 000 000 3174 000 15870 4761  3L74 000 3174 15.87
g o L L)L
b, -C)/C,
R = (ESVY) - ESV/) /ESVY (3)

(ESV,,, - ESV,) / ESV,

A, RO i (9 ESV ML L, (LA B K i 78 1+ 5 ¢ RIS ESV, C,,, (C AN 1+ 5 ¢ 1Y
B ESV, RY HS £ ESV AN AR HABSE AR BRI (2) o TRI>1 R IK I, 0 o8 £ 1Ak A Bk 55 D fig
() ESV AR Sl g KT X ARAR AR IR B 5 | R1 < 1 Feom K i ol 86 £ I 25 il 55 ThRE Y ESV ZE sl /T
EFHIIEIX . RAEMIE R X i 556 £ 30 BSV ARE 7 1] S5 A58 X AR Ak 1) ) — B0k
2.2.3 RS YIRE S HATN

PRI A R G R S5 I (B RS R B 58 B0 R B AT 2 AR R G ESV, R A ArcGIS HGE 14T 90
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KA ESVERES i 4> 30 mx30 m - HuiibA% P 4 b FH AL I 9 AR 28 R G MRS5S M ESV * 1K 90 mx90 m A
FEERTCTE S AR AR5 A B RGN E
2 RVMBIEIG , 5 ESV " HRIIZHLIX ESV B0 05 R, Y w AR S 8 B 3t T AR S A2 U8 3% 5 1K
ESV {2 W% X A= 25 R G0 IR 55 O THBE J1 80 2%  ESV B S0 H A0, o T 268 Ml IX 0 A S A s it PRI
W ESV " FEFRINA A SR S5 D REPEMHELL AT SE BN &R 43 s ESV HAE R UGS B W, LUK ESV HAESA
WAL X ST, A8 T D S DM 2% 1l X A S A R ORI SN [F]— ESV ML IX NSS4 oy, BAR Ty
MR oA B s 2 R SRR SO ESV Bl 5 IR o GORAEL , T BUAIG BAIG  — B e
MEEYH
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SIS PR SRR SO S A BIRERBCRE P, FIH ArcGIS ZE[RI0HT , H5 Score, B 73 I 0 (-5 AR X
(] P 4 = 3t BT IR S R IR A A X v v DX ] A A8 U 28 Ay g A AL IXC, B e AN [) A 25 e 55 T g
SAEBWERCREEG T IX

3 SLIEGR

3.1 AEBRGMRSMER 7 AR

WS ESV B4t & T, S AT S5 R ) AR AR A A S R R, K PR IR LS5 5 SR R5 37 G R A
XN, 2005—2015 4R [H], NS A R GRS (E 52 B3E K, ML 2005 4F 1) 17069 12 70HE K 2 2015 4FE /Y
18667 127G, ESV 254k %455 9.36% (6 2) . Hih,2005—2010 4E4E 25 RS0 MR 55 L 45 e 1R omi /b | IR IR AE Ak
TR K SCIE 1 Dy RESR HLRE B 1Y T F5 52010 AF LR, BRI DI RS, AR A B R G M M (H 2 1
P IRGERMLLS K SCRTT AW 2R R e 2 5ol D e i W i ESV A ik 8] 15% L) |,

F2 2005—2015 EFRRRXESRZERESNETL
Table 2 Changes of ESV from 2005 to 2015 in study area

EBRGMSNME BRGNS MEEH
B RGIRSS ESV/{Z7C Change rate of ESV/%
Ecosystem service 2005 2010 2015 2005—2010  2010—2015 2005—2015

J3T Total 17069.47 17045.97 18667.23 -0.14 9.51 9.36

e g5 Ty 478.32 479.05 499.11 0.15 4.19 4.35
Supply service SR A 399.19 399.23 403.21 0.01 1.00 1.00
KGR L -49.74 -53.12 23.52 6.79 144.29 147.29

9 R 55 XESERG 1517.20 1517.90 1544.48 0.05 1.75 1.80
Regulating service A 3633.69 3633.66 3628.24 0.00 -0.15 -0.15
E TS 1418.79 1417.67 1519.57 -0.08 7.19 7.10

IR CIE T 5309.08 5285.99 6215.39 -0.43 17.58 17.07

X FE RS LR FF 1606.24 1606.30 1625.58 0.00 1.20 1.20
Support service HYEFEFRAMEIR 159.33 159.46 162.60 0.08 1.97 2.05
Ry EZ s 1759.87 1761.44 2032.57 0.09 15.39 15.50

AT 55 2 837.51 838.40 1012.96 0.11 20.82 20.95

Cultural service

ML R AL RS MR 7R ESV AR AL (3 3) , 45 R R BT IX A 4 bR b 32 BB A R
T R A k255 SH At b TR R 3, 5 5 A R e ) R 2 A R M S5 K R A T AR o R RS
ALY 10% LA, 4 T3 b7 Heik 60.8% , Hodb | iR Ak 0 37e -5 4 b 1414 i BEGR 31) 25239.93 km?, - VD
WAL LR L9058 XA 5 R IR E BN R 5 — 71, W58 X AR AR A AR R 7K B e b, | T 7
Hi AR, 5 S b B R R B K 2 4 b A AR PR K SR A L4 N SR P RE O R IR B T, s R 5 R
A2 (R U] J T, BBt i 5 R b A1l | 5 IS At P b 2 48t oA 3P b 19 o7 LU X5/ IN T 1% , 308 T e ) e e A TED
FLAE T A TS B SN, 256 XN AR AR BOR W, Bl 2 IR B bR 1R B AR S5 A 25 5 B X R R A
SR 2RI, Mot 5 K S AR SR A T I 5T X AR S R GRS M 1 R B TR T AR AR 2 TR Y
B0 AN b 25 48 B D0 AR, IRAE A TR0 A A8 2 ] 4R 5 49 B A o, (H R R Ak A5 2 B IR X Y ey EZE AR
a1,
3.2 EBRRGMWSMESCEESCR BT

K2 5 3 3l R NEEd AR 12 T RAE, 55 04 SRS Diaeny RV H, as 2 54
M5 ,2005—2015 FH S AR XA ESV Z8fL S 02 (B0 A AR R, WA DLJRTT %2 B 5 R 6T iy
ESV AL S5 HF5E KB AR K SE—3, Ho FRAE DURTH ESV 8K Rt i TP 4, BRI T R % —
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M, A A A AR A A R GE8 F, AR UL A K RCR B 3%  iM IX 10 e A 2 I 55 (L sl 1 5 DX
PRSI A5 DHRERY MG 3 . 55— 07 10, NS AR R T 1 ESV ¥ 5 BUAS [R) A B A e, G b B3l BTz 3 B
SBREE A RN T -1, AR EGACTR R T (E Bl 8 A7 TS DXl U R, 52 R, A i 7 i 2
%, LD AL, S B0 SRR A O BRI, XN A= S R GE IR 55 i B BERE 1 Ak T T BB B 5 By ¥
i Tl AR ER AR IX | LD b BRE T ARAR, st ) PRSI A i A T b X B s b 5 e bl 452 o
BRSBTS AA XA, RO, 52 R LB AR ESV R R AR, JE R A
TET AR B DR/ T S

£ 3 HEIX 2005—2015 £+ b F A EEF TR 4E 4/ km?

Table 3 Land use transfer area matrix from 2005 to 2015 in study area

N 2015 4F
LM
Land use type Hi b M, Rl K, I AF I
Farmland Forest Grassland Watershed Build-up land Unused land
' 4075.30 10102.68 785.84 1977.17 2671.70
2005 4 LES o (2.49) (6.17) (0.48) (1.21) (1.64)
e 4670.12 - 10454.95 372.67 295.91 8057.23
(2.85) (6.38) (0.23) (0.18) (4.92)
i 16594.28 28224.86 - 1348.99 3108.40 41607.59
(10.14) (17.24) (0.82) (1.90) (23.41)
Sk 758.77 191.60 616.62 o 101.17 1677.83
N (0.46) (0.12) (0.38) (0.82) (1.02)
) 1346.14 202.15 811.83 80.64 223.61
AL A (0.73) (0.12) (0.50) (0.05) (0.14)
3216.31 1562.49 16367,66 1194.07 1015.20
- ’ o
AR (1.96) (0.95) (10.00) (0.73) (0.62)
Hel A THI AR 6966.93 10405.53 -52530.40 436.22 3833.48 30888.24

55 A LR R AR S SR AR A 2 (%)
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Fig.2 The relative change rate of ESV in region i from 2005 to 2015 in study area
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Fig.4 The ecosystem service function evaluation of study area in 2015
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Fig. 5 The comprehensive evaluation on ESV of Inner

Mongolia Autonomous Region in 2015
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Table 4 The spatial distribution of high value zone and low value zone in Inner Mongolia Autonomous Region
o BB e LRI ik
Area . Main distribution L.
Type . Characteristic Description
proportion/ % area
TN LR S —— .
Tt s O ok %;Ej};;;mfﬁ%ﬁi@;‘fjﬁ;ﬁﬁﬁ;;g %'j-g
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FAAMAKT
A TR 8 | A W T P b 2%, Wb JE th I 58 0
RS E R AR R AR R B, R AR, Y S SRR
H (R4 X
e 25 (% A i
- o a BT IR A P55 Bk AL X, - MR 1 Bl s
; 36.2 B 5 oo TEESHLIX WA FE, XN REREE A 2R RE 4R B ) L
Low value zone {H,ESV BRI AL A 5 IR E A I AR AT
I T IX s Ak F TR '
ARSI T R T SRR 2 ST 5 kT,
NS LTIV R X, I s ) % 4, b A R b B v
2t L S v s ) N
ROy i o7 LBk, T 47 HEIK ESV AP AL %0 61
18, A ST BB B
AR 435 T oA W 17 5 30 30 7 1 3, AL 465 R 55 AN (R AR AR
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