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Abstract: The land utilization structure optimization will promote the sustainable development of ecosystems, which is the
top priority. The ultimate goal of ecological management is to optimize the ecosystem services to maximize the services
provided by the ecosystem. The paper select the typical ecologically fragile Lijiang River basin as the study area, and the
maximization of the value of the whole ecosystem services as the research target. First, combined with field experiments and
five phases of Landsat high-resolution remote sensing images to obtain the basic data, estimated each item from 1998 to
2018 for the value of ecosystem services research area. Then combined with the gray linear model for predicting the value in

2018—2028. Final, with the help of Lingo software so as to put forward the optimization scheme of land structure to
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maximize ecological benefits, and then further to making comparison and analysis for the ecosystem value in research area
where were optimized before and after. The results showed that (1) Nearly 20 years, in study area the principal land-use
types are forestland and cultivated land, which accounts for 98% of whole drainage basin. The water area and cultivated
land area decreased year by year, but the forestland and construction land as well as unused land area continue to increase.
In addition, unused land area had changed obviously, which even increased around 30 times and mainly converted from
forest land and cultivated land. (2) During studying, the value of ecosystem service had decreased around 19.55x10°
RMB, which showed the trend of down after up and will keep such trend in long term. Till 2028, the drainage basin
ecosystem services values will be reduced to 8067.43x10° RMB. So, the forest land value is the highest among the overall
ecosystem of the drainage basin, which occupies around the 86% of basin total value in past years, followed by the water
area and cultivated land area, which account for 8% and 6% separately. (3) After optimizing the study area, the total
ecosystem services values in the Lijiang River basin has increased 2% , which mainly because the forest land and water area
increased and improved the supply capacity for the ecosystem regulating services. Meanwhile, the arable land and
construction land increased slightly, and the area of the unused land decreased significantly, which keeps the same level in
2008. This study provided the scientific support for ecological management in karst areas by optimizing the key ecosystem

services values.

Key Words: land use; ecosystem service value; grey linear programming; structure optimization
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Fig.1 Schematic diagram of the study area
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F1 BIRESESREAMERESREME (Ju/hm?)
Table 1 Ecological service value of per unit area of the ecosystem in Lijiang River Basin
— G TR M K5, Bt AU ES LR
Primary type Secondary type Forest land Waters Farm land Construction land Unutilized land
HEes MR 55 Ty 215.24 681.94 941.92 0.00 8.52
Provision services Rk 494.40 196.06 208.84 0.00 25.57
KGR HELS 255.73 7066.56 -1112.41 0.00 17.05
P RSF SXZSERE 1625.99 656.36 758.65 17.05 93.77
Regulation services AR 4865.19 1952.04 396.38 0.00 85.24
H b5 1425.67 4730.93 115.08 85.24 264.25
IKSCIRT 3183.79 87151.42 1274.37 25.57 179.01
eSS Tl gy 1979.75 792.75 443.26 17.05 110.81
Support service HIZS SN 151.30 59.67 132.13 0.00 8.52
EXY/E 22 e 1802.87 2173.67 144.91 17.05 102.29
éﬁ?ﬁlimce e 790.62 1611.07 63.93 8.52 42.62
A1t Total 16790.54 107072.48 3367.06 170.48 937.66
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(ESV,-ESV,)/ESV,
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Fig.2 Land use map of Lijiang River from 1998 to 2018
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Table 2 Ecosystem service value of Lijiang River

EEO) My Kk Brib HBH A 3t Hit

Time Forest land Waters Farm land Construction land Unutilized land Total

1998 6837.99 678.82 555.60 1.15 0.32 8073.88
2003 6875.12 665.86 531.06 2.02 0.41 8074.47
2008 6963.38 658.31 495.35 2.90 0.69 8120.63
2013 7020.72 635.00 447.00 3.53 7.66 8113.91
2018 7055.75 574.16 409.7 4.74 9.99 8054.33

3.3 BB

Mg TR EE 50% 5 1045 oo 2 A (8 R OB TR 3k 1998—2018 414 ESV #E17
MU SR T3, th 2% 3 40 BTl 0,5 Fb A R S A B BB MERR BN T L IR SR 25 R R T (R Y, HE
rh KA AR | A P b SR R P b U AR B/ N T 0.1, BT L VO B HERRPEXT RS ESV S E /N,
AR HEL ) R E FE B34 0.8469—0.8760 , U WAMKHER VC BREE = 1%, i ESV #4351 0.8469%—0.8760% ,
AR A PURR S S5 I ESV XM A M R BT o BEUER N G st AR IS A E R AL A4k B
IR S Y 1 8 AT NI G S O e S W o DAY 53

£3 ESRGRESNESBMERESE

Table 3 Sensitivity index of ecosystem service value

T F 2T Land use type 1998 2003 2008 2013 2018
b Forest land 0.8469 0.8515 0.8575 0.8653 0.876
JKIF Waters 0.0841 0.0825 0.0811 0.0783 0.0713
HiHh Farm land 0.0688 0.0658 0.061 0.0551 0.0509
UL Construction land 0.0001 0.0003 0.0004 0.0004 0.0006
A FHL Unutilized land 0.0001 0.0001 0.0001 0.0009 0.0012

3.4 EBRGEMESMEA ST
PG 1998—2018 A VIR 4525 A 2R R GM (1, 1) shES AR R pY JR R REAE &K
K S AR A5 B A [R) 2 Y - g TR R WL SR 4
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R4 1998—2028 FiRILREAFFKE + i B TR R
Table 4 Prediction models of different types of land in the Lijiang River from 1998 to 2028

LR ALK
U GM(1,1) BB SR it
. Development Simulation
Land use type GM (1,1) prediction model . .
coefficient precision/ %
Ml Forest land (1) (¢t + 1) = 47651287.70exp( 0.0086t) — 47244035.45 -0.0086 98
K Waters (1) (¢t +1) =-139889.41exp( — 0.0463t) + 146229.19 0.0463 98
#kth Farm land (1) (¢t + 1) =- 1894554.64exp( — 0.0874¢) + 2059564.42 0.0874 98
# 1 ML Construction land R(1) (1 + 1) = 39858.78exp(0.26831) — 33096.09 -0.2683 95
KA F s Unutilized land F(1) (¢ + 1) = 1789.43exp(0.7112:) - 1442.93 -0.7112 85

AR E— 20 HE B8 2023 2028 AF il A: A R GRS U (B 0B , BEADRICR L3 5, FLrfok s B b 1w AR
WKIH R Jk A g AR5 -6.34% . —15.82% , AR T B4R 2 AR F5 w55 b T, 8218 A b 15 5 ) P b i A7
A FRRINBE R 5, 5390 R 68.72% ,509.93% , T2 BEAE T3k W 25 4 M A FH 2 U AE 1998—2018 4F [] iy F 3 7
FEHERR IR 7K A= 2 I 25 A0 B 28 B 4 e I AR A /DN, T S0 AR AL 3R 5 vy, AN MR R — o 1R 2% (RLAE
1998—2018 AF 1] A 1] FH Hly [T A8 3k — B G A 2 LA 5 [ AT X 8 S0 R b IX AR SRS R B L, VRS R
GE MR 55 (5 T _E AR, 2018—2028 4E 8] A= A H BT B AY Rk 385 8, 40 50 /b T 36.39x10° ,64.82x10°
JCo MRHLAYAEZS M E R IN T 135.2x10°7T, # 5 FH M 55 A ) FH M im0 2 B8R 53k 29.02% ,199.49% AH X T
IR ESV HERR R,

F5 1998—2028 EFIRIBAR LR L MERRESRERSMER N T
Table 5 Prediction table of different types of land area and ecosystem service value in Lijiang River from 1998 to 2028

A E A

FE A S ARAY 32 — Al 3
—— . T AR o 2018—2028 AR fLH Predicted of ecological 2018—2028 4EAE{L R
Land . Predicted of area/10"hm Change rate from lue/ 106 7¢ Change rate from
> alue,
and use ype 2018 to 2028/% v 2018 t0 2028/%
2023 2028 2023 2018
FiHb Forest land 42.46 42.83 1.92 7129.57 7190.96 1.05
JKI, Waters 0.53 0.50 -6.34 563.26 537.77 -1.90
s Farm land 11.18 10.24 -15.82 376.38 344.88 -8.13
% FHHL Construction land 3.59 4.69 68.72 6.11 8.00 29.02
AFHHL Unutilized land 3.19 6.50 509.93 29.92 60.93 199.49

3.5 ffkmiE SSRGS MEAR L

3T Lingo A4 B B2 X4 wis SCAR A9 H b pR RS 20 sRAR AR REA T3k AR, A5 31 R A 3 o i el A A 25
1) - R A A R 58, W3 6, XIFFR IXHEAT 1 MR FH S5 A8 O AL BE B 5 I VL BUE ESV K4 &
% 8245.91x10°JC , BAALHTHE T 2% , Forh F 2R T Aot 5 /K S m AR A B I, 48 85 T A S R G085 IR 55 1Y
BELARE T, AE R 2RI Ty T, 28 A A R ) A ) FH M3 o N T R R T B 5 b S e e 2 Ry ok b 5
i, BN T 6.43x10° 7T ; M5 K S8 AR 5038 0 T 1% . 17% , M ES I T 97.02x10°76.,100.4x10° G,
bl 5 i FH RS AT B (R B 0N

AHIGE X H AT LRI S R GRS I EE TN, LR AR 10 4R E AR b S5 T, 7
13 i 3 w1 1D e O G A T 1 ) = b L D e A R I DAV S 0 = o A B Y W Wi
R A S A G AR S R GRS AR B R KA B R . AT 24 B T8 s X T
WA SR DL RO a5 18 i AR HERE AR 2 2R R R
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x6 THAMARLEBENEESRERERSNELZL

Table 6 Changes of ecosystem service value before and after optimal allocation of land use

e RIATIOEA LAk T AR LAk ESV LiLJE ESV
- d il o AL [ﬂ ﬁlj'ﬂ.", i I PeAeH / .ﬁE.ﬂﬁE .
. Before optimized/ Optimized area/ Current ecological Optimized ecological
Land use type Variable P 4 2 6 — 6—
10*hm~ 10*hm value /10°JC value /10°JC
Mt Forest land X, 42.02 42.6 7055.75 7152.77
JKIR Waters X, 0.54 0.63 574.16 674.56
#HEHb Farm land X; 12.17 12.18 409.7 410.11
A% FHL Construction land X, 2.78 2.79 4.74 4.74
FKFFHHE Unutilized land X5 1.07 0.38 9.99 3.56
ST Total 58.58 58.58 8054.33 8245.91
4 %t

(1) 3 20 AL IR 28 - MR 287 — B DML S8k o0 32, FL TR 24 53 95% ., FEAR b TT
T, 7K 358 55 Al T B2 A /D | A b 5 P Wl T B 0 o A AR P i i FR AR AR Ak e oy 3 T i
30 fi5, EE AR 5 HFHBFE AR TR |

(2)BFE AN, I ESV SR 235G BTG T R 3,20 AR 25980 T 19.55x10°70,, 78 itk i A
BERG D AN R 5 , 7 A2 5 BRI Y 86% , FEUR Z Kk 8 Ko B, 4390 o Lt 8% 6%, MR T,
& 2028 R IE ESV K> & 8067.43x10°0T,

(3) XS IX AT L Mo A FHZE R DAL BC B, i VTR ESV K2 5 & 8245.91x10° U0, ALK 17
2% , Horh FEORIEF RS Sk m AU B, e T AR R G IR IS AR RE T, Rk a1 P B AR £
BN, A FH b TR S 2 L BEAR 5 2008 AR
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