5536 B 24 1] S &~ £ Eild Vol.36,No.24
2016 4 12 H ACTA ECOLOGICA SINICA Dec.,2016

DOI: 10.5846/stxb201505070942
AN, RSk, FRCE. LR R A S RGNS o 5 0 ) L A O AL —— LA 2 T 1. A A5 24, 2016,36(24)

Guo X Y, Liu X L, Wang L. G.Study on land use optimization in order to improve ecosystem service: a case of Lanzhou city.Acta Ecologica Sinica,2016,36

(24):

R SRR S 0 S MM L3R AR AT 5
—— L == T A )

?fIS IJ\%\\%E\I,ZJ,AL , 3—'] #}%1,4, * : E—ﬂ?é\ 1
1 H gl K24 BRI EE2ABE, 220 730070

2 Hiligaolk K2 (5 BRRERR R, =20 730070

3 HR R KR AT BE AR L, 2200 730070

4 T gl K= R FRFSE T, 2290 730070

FE TN 1997 4E3 2009 4F 22 M1 Lt A IS B ASA 0 AR 25 R GEIR 55 I (ELHEA TAZ SR 20K W] 22 T AR S R eI 55 20
AE ERR I L HOE S IR AP R W 2R A 55 (E R S (R P DI RE K ST T REN 1997 4ETT 8 — H 2 T
RERas, th TH BB M o P A 25 P g B A8 22 N i A 25 T T BN Wi, M A Al . AR S R G55
A ELAE Dby 35 17 52 R K, ) P it B TR e B B v el o R M I AR 75 ) A 2 R SRR £ b 2 = A I 56 ks 22
M A RGNS A AT AE] 58.89 1470, AL Tr S0 b i 22N i A= A5 R GE IR 55 M (42 1 LA R i (1) PRIEIR DR Ak i e
TIRE s R AL P ARG . (2) PRUEBFH R i | bel i AR, S B P SO A5k . (3) BT BT i TP M T AR
WAGHATAME e I R BB AR P M A2 8 b R T 0 o B O g R I i

KR ES RGNS AL ; IR A Bk

Study on land use optimization in order to improve ecosystem service: a case of

Lanzhou city
GUO Xiaoyan"*>* LIU Xuelu"** ,WANG Lianguo

1 Gan su Agriculture University, School of resources and environment, Lanzhou 730070, China
2 Gan su Agriculture University, School of Information and Science Technology, Lanzhou 730070, China
3 Gan su Agriculture University, Research Center of agricultural information technology, Lanzhou 730070, China

4 Gan su Agriculture University , Study on the land use, Lanzhou 730070, China

Abstract: Change of land use type in Lanzhou city from 1997 to 2009 is analyzed, and the ecosystem service value is
counted in this paper. The results show that ecosystem service of Lanzhou is mainly for soil formation and protection,
maintaining biodiversity, climate regulation. But the function of soil formation and protection, and the function of
hydrological adjustment, has been declining since 1997, and because of blind expansion of built land and occupation of
ecological land, the area of ecological land is reducing gradually in Lanzhou, which cause the ecological deterioration. The
improved shuffled frog leaping algorithm is used to establish land optimization model, and the value of ecosystem services is
chosen as its fitness function. Three kinds of optimization schemes, which are ecological, development and comprehensive
benefit, are produced by this model. The optimized ecological system service value of Lanzhou city can reach 58.89 x 10°

yuan. In order to improve the value of ecological system service of Lanzhou city, the following suggestions is proposed: (1)
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The farmland should be transformed to forest and grassland reasonably, and the north south mountain’s green transformation
should be strengthened. (2) The farm land, grassland, garden land should be protected, and the expansion of the built
land should be under control (3) The farm land occupied by building should be compensated, and the better solution should

be development of unused land which is available and exploring the potential of land use.

Key Words: ecosystem services; land use optimization ;shuffled frog leaping algorithm
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F1 ZMNTH 1997—2009 FEZE+ IR
Table 1 Change rate of various type of land-use in LanZhou from 1997 to 2009

BB eS| LR Change rate 54864 Dynamic degree

Land use type 1997—2001 2001—2005 2005—2009 1997—2001 2001—2005 2005—2009
Bt Farm land -2.49% -4.56% 6.33% -0.62% -1.14% 1.58%
FElH1 Garden land 43.46% 2.14% -26.07% 10.86% 0.53% -6.52%
Mt Forest land 9.32% 26.97% 14.45% 2.33% 6.74% 3.61%
HEHL Grass land -0.97% -3.50% -5.80% -0.24% -0.88% -1.45%
K3 Water body -4.03% ~4.48% -12.23% -1.01% -1.12% -3.06%
A Built land 14.81% 33.50% 47.67% 3.70% 8.38% 11.92%
KA L Unused land 1.50% 7.04% 3.77% 0.38% 1.76% 0.94%

1997—2009 4F, % 17 = MR FH 2540 2 A= T AR AR Ak, ARl | 35 FH i LG9 B T 0 b Bk ARt L
T AR A I A 76703hm? , AR 4 A 39384hm” , 44 Hb U /D 41280hm® | /K 38 0 2D 983hm?
2005—2009 4EH | A5 FH 38 K Ry 47.67% , S AR SR N 11.92% , 164525 + R F 28 R b AR (b dc ol
F o M R TRUE R R, 22N T X AL L gk & R B T 7600hm*, 2001—2005 4F, B4 MR B ek, R
26.97% , B ML TR D He bt B s 1 bl T R b S5 e | TR B R T, X o S 8 s M
T A A P S v AR I A £ RN BE AR 1997—2005 4F 8] A Fa 380, 18 2005 4EJ5 A w3, Bk i L
FE£ 1997—2005 4F[HIFFEE /D, 2001—2005 A Bk /A B I | ik 32 208 iy a5 PR b i AR, DL S
MrZE R PR L S S, Bt 25 AR A LA A AR AP BOR 19 B TT , 78 2005—2009 4 (A1 #k b AU o 7, (HL R AR 2
TR FE 1997—2009 4FF A A2 2T A PR & R | R FH R AR 5 SR AR TS O Hh T 25 M T A FH N
AT T2 48 A 2 | - M ISOR ORI MR SRAEAE B B T i b N o5 FH AR 25 P i B i A5 22 M T 2k
A b TR W D B S NESS 15k AR ICH 3 2 W] 1997 4F % 2009 4FAE S FH ML i T b BT
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Table 2 Ratio of ecological land and built land from 1997 to 2009

FHbIEE Land function 1997 1998 2000 2001 2002 2003 2004 2005 2009
A FIHL Ecological land 82.74% 82.48% 82.46% 82.42% 81.06% 81.09% 81.09% 81.04% 80.01%
AL Built land 4.60% 4.78% 4.96% 5.28% 5.31% 6.41% 5.86% 7.05% 10.42%
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ESV, = ;Ak x Ve, (3) 1 S RE(1997—2009)
B SVf _ 2 Ak % V. Cjk (4) Fig.1 Ecological land use change of Lanzhou( 1997—2009)
P’
ESV =Y Y4, xVC, (5)
ko f

s, A, WA KRR AT AL, VO, N K AT 5 £ U0 Rl oL T AL 2 A R 45 01
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Table 3 Ecosystem service value per hectare of Lanzhou

Fig.2 Built land use change of Lanzhou( 1997—2009)

Ji 55 RSS2

Bt

o

it

HHLC

K,

I ARA I

Types of ecosystem services Farmland Garden Forestland  Grassland  Water body E;‘(‘lly‘ U]“;:d
BT Food production 362.49 360.34 119.62 155.87 192.12 7.25
JEA#HE = Raw material production 141.37 355.24 1080.22 130.50 126.87 14.50
S AT Gas regulation 260.99 372.58 1565.96 543.74 184.87 21.75
S AFEAT Climatic regulation 351.62 360.23 1475.33 565.48 6803.94 47.12
7K SCIH 5 Hydrological regulation 279.12 388.12 1482.58 550.98 4871.87 -6343.58 25.37
JEWALH Waste treatment 503.86 211.34 623.48 478.49 5382.98 -2114.53 94.25
F3E £ Soil conservation 532.86 412.56 1457.21 811.98 721.36 61.62
A A=Y Z R Biodiversity conservation 369.74 378.12 1634.83 677.86 1243.34 145.00
FF W Aesthetic landscape 61.62 355.23 753.98 315.37 1700.08 87.00
A Gross 2863.671 3193.76 10193.2188  4230.2583  21227.4144  -8458.1 503.8611
F4 ZMNHESRERSNEIL (1997—2009)
Table 4 Changes of ecosystem service value in Lanzhou from 1997 to 2009
F— 1997 2001 2005 2009
Land use type h; v V/% A% h: vV V/% A% LSS vV V/% A% hss v V/% A/%
(10®yuan) (10®yuan) (10%yuan) (10%yuan)
Bt Farmland 8.37 17.33 22.16 8.19 16.89 21.76 7.79 15.84 20.62 8.28 17.19  21.93
FEl H1 Garden 0.30 0.62 0.72 0.43 0.89 1.04 0.44 0.89 1.05 0.33 0.68  0.78
b Forestland 6.92 1432 5.14 7.45 15.36  5.28 9.97 2028 7.41 108 2242 8.05
HEH Grassland 30.26 62.64 5423  30.12 62.12 53.96  28.86 58.69 51.72  27.19 56.43  48.72
7Kk Water body 1.86 3.85 0.66 1.78 3.67 0.65 1.7 3.46  0.61 1.49 3.09  0.53
U A Built land -0.5 1.03  0.45% -0.58 -1.20 050  -0.78 1.59 071  -1.16 241 1.04
KA FHH# Unused land 1.1 228 1663% 1.1 2.27 16.82 1.19 2.42 17.88 1.25 2.59  18.94
A Gross 48.31 48.49 49.17 48.18
ESV. 5i— 1 3 BRI i A A8 R G S5 B, A% - PR — T M S BT AR 7 ST AR Y LU A, V%« B — b 3t S B i 32 (1 AR 25 R G0 R 55 0 1L o

BB RGR S M L

H & 3 Ha i, 1997—2002 4F[H] % IX A28 RGNS — B2 il #2002 45 B ik, H 322
SRR M S0 F 1997 AEAR L PO b AR 2D T 26348.4hm* DA 2002 LU, TR G RN FE, AR TS
RGEMSWAETF IR T BT, 3 2005 4 R d5e s, H i T AR I s R AR S R G AME, 22N T Y
AR GRS B EAE 2009 4E A BT R, FHI(3), (4),(5) &k 3 h 22 N i s im AR 4R A AR S AR 40
MRS5S B, P15 22 M T A P A 8 R G IR S5 M (B A AR 1h 25 SR 3k 4 R . NS P2 B8 RS
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Fig.3 The value of ecosystem service (1997—2009)
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*x5 ZMHERESRESINEMETN (1997—2009)

Table 5 Ecosystem service value changes for different functions in Lanzhou from 1997 to 2009

— 1997 2001 2005 2009
Type of ecosystem service ESV/ . ESV/ . ESV/ o ESV/ %
(10%yuan) (10%yuan) (10%yuan) (10%yuan)

W Food production 2.32 4.81% 2.32 4.78% 2.25 4.58% 2.25 4.67%
JEA L= Raw material production 2.15 4.45% 2.21 4.56% 2.43 4.94% 2.48 5.15%
SARVHTT Gas regulation 5.81 12.03% 5.88 12.13% 6.07 12.34% 6.02 12.49%
S AP Climatic regulation 6.8 14.08% 6.84 14.11% 6.97 14.18% 6.85 14.22%
JK 3T Hydrological regulation 5.9 12.21% 5.88 12.13% 5.88 11.96% 5.5 11.42%
ML Waste treatment 5.89 12.19% 5.84 12.04% 5.73 11.65% 5.54 11.50%
144 13 Soil conservation 8.59 17.78% 8.62 17.78% 8.68 17.65% 8.56 17.77%
HeFEE Y Z A Biodiversity conservation 7.5 15.52% 7.55 15.57% 7.72 15.70% 7.65 15.88%
PEALSEE I Aesthetic landscape 3.35 6.93% 3.35 6.91% 3.44 7.00% 3.33 6.91%
A1 Gross 48.31 48.49 49.17 48.18
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BT g IRk 2 S M FUbK M, 510 2020 4F i 2 Qw2 wki
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HIBAES g 529015 b, BRIEGSROR My H5 RAUSEERY Hb R ARRRSE
529015 < Xy S 682295 (15) Fig.5 The solution space land optimization model based on
(6) 7J(ﬁ‘ﬁ2/‘]ﬁ shuffled frog leaping algorithm
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5 X
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Pk T ) EE A, T 2009 AEFF A6 F] 2020 AR FHHUE 8> 5% —8% , IR L, A FH M TR 24 5 h
89638 < x, < 154299.25 (19)

3 RUER

ALK IR N PC HL PIV-2.8GHZ CPU,1G RAM, Window7, Visual C++ 6.0, ZE0&E , M40 ik 4K
n =50, BEEE m = 20, FVEERLRL P = mn = 1000, FEHE N JRFEERTEARRECH £ =n , 2R EAIREL ¢ = 1000, 48
WAE h =10, ¢ =768 I, BAIFFARYLSL, ¢+ = 950 B, 3E N pR AL, BVAE S R RSB TR, ksl
B, ARG MRS N EECT 58.89 x 10° It MG A5 S vh 2B 25 A 5 150 b T REURIT o5 F 9 DX T AL A
Fe ], AT A 2 A 2500 R SR R A = FhERAE I B A 26, gk 6 B

F6 ZMmLMAARLTR

Table 6 The Land use optimization scheme in Lanzhou city

A ARAL T RIEIIRACTT % RGN ERALY AT S
+ Hh Ecological optimization scheme Developmental optimization scheme Comprehensive benefit optimization scheme
Land use type Area/ ESV/ Area/ ESV/ Area/ ESV/
hm? (10%yuan) hm? (10%yuan) hm? (10%yuan)
#k Farmland 299092 22.67 8.59 289403  21.94 8.55 289905  21.9 8.57
FEl L Garden 9935  0.75 0.32 10138 0.77 0.34 10271 0.78 0.33
# Forestland 189533 14.37 23.67 201995  15.31 26.68 169192 12.83 21.63
HUEE Grassland 619782  46.98 25.12 582898  44.18 23.89 643660  48.78 27.60
JKIH Water body 7042 0.53 1.49 7033 0.53 1.49 7033 0.53 1.49
A Built land 94134  7.14 -1.02 129911 9.85 -2.06 109531  8.30 -1.34
KA FHHL Unused land 99713 7.56 0.72 97853  7.42 0.51 89739  6.04 0.61
41t Gross 1319231 58.89 1319231 58.89 1319231 58.89

Area : ALJE BT AR ; A% - T FR LA ESV ;AN [a] M2 50 B X6 o7 4 26 25 R G IR 45 (1

31 AESEMRE TR

S e, A 25 R LB i 2000 4E14 80.01% L FHE] T 85.31% , Fr iRt A B R GRS
{BLHT JFR 1Y 48.09 x 10° JC - F4 4 59.62 x 10° J0, H A ORI ARy 619782hm?* , P iy A7 T AR A= 28 R 4t il
S EAK, X S A S R GRS M E AT ) TR KIEA, i SSRGS AR 42.66% . #Hi i
Rk 299092hm* , F1 2009 4EAH H, LT T 9811hm?, j= A A & R G MR 55 (8 5 SRR R GRS M (H 11
14.59% , bkl >h 189533hm? , F1 2009 4E ., FTF T 83331hm?, #2419 28 A R G R 55 0 18 o 2B B R SR 55
5% 40.19% , #HIHEY EL B F 2009 4F1) 10.42% FREE] T 7.41% 6774 T - 1.02 x 10° eSS RGNS
Y fEL, EET b T RO A S R G IR 45 M L i 1 7 5 Wi g R A b %) 388 i A5 281 7 A R, R A
H A TETFURT 1997 45 LOKAH A BT T B X AF A 1 Z 42 0T B B A M, 45 5 22 M - b 1 AR 83k es 1
R, A ARG T 58 Ry ST AR B B PR A AR 2 22 PN AR AL 2
32 RERMRAHTZ

BRI T S @ M A BT 12991 1hm?, 7 BLETRRAY 9.85% , 77 /E T - 2.06 x 10° JuAA
RGNS ME, ST, 82.7% , MASFIRAL T AL, FFET 2.61% , M iy B FTH RN
201995hm?* , FIZE ASEUAL T BAH LN T 6.5% , 7724 26.68 x 10° TCIHIE R RGMR S ME , 5 A B RG RS
MABR) 45.3% , B T AR A3 I, i A e i ALY ok i = AR AR S R GRS UM (A5 8 T M2, KRR
SO A, A H T R R Bk /D | RN 2009 AR LE 080 T 39% , AR SR T AR L b 1.86%, B TR
I b A 35ORI T A i L b T AR sk O R o e b 2R i i AR, R B T R A B (2N T 1 b
PRFLRI 2011—2020) H FT 3 HE BT & EOMCR A b, BE A RS U L a4k, B BRAR AR AR 25 22 M () s R R R
33 ARG T R

LEBTURAL T rp A 25 T A T AR S AR 84.82% , A THAE B HUARAL T R 5 & SR AL 7 8 v i)
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A T AR 5 R FRAY 8.3% R T R JBAMEAL 75 1.55% , i TS RMEAL T % 1.16% . F1 2009 4EA L,
BEH TR N T 9811hm?  FRHEMAE R RGBS MEIG N T 0.29 x 10° JT, B b ALl 643660 hm? , Fl 2009
AELEHEIN T 911 hm®  $24E 27.6 x 10° ST ER REMSNE, WS AR R RS M E RS oTk D 2, 3
FH M TR N 10953 1hm?, 7245 T -1.34 x 10° AR RGEMRS M E, B i TR A4, KX AR R
B MR S5 (B B0 55 MR A 1997 R4 1 10.78 x 10° J6, Z5a s BUAL J7 2 ik IR T AL A8 75 5t
R R, A R T R R R A

SRMEA T Fer, An 7S FH M 4 T R L B A Ak A 00 -

AFHIT AR R AT U B R S ] 0 i
EBHCBIAA T F e LS R FHRRIE, 239 | 2w
S5 TR A 7 S 8 P L 0 R AL R LG, WA T 5 a0 | R
e SR ARG A T 2 1 AT 6 R =

SR RTS8, [R5 IR B B B4 2 200 L B IR I v, 2222 %
SR FREBLIR , BF5 I 30 X RS0 A B, LD > Y X e o
VL SR 7E 4 19 M) PR R e R T
ARSI S, IF R B AR ] PRI 2R E6 =MEATRL
R, FEZIEF S E SRR ENA R T, b Fig.6 The comparison of three optimization schemes
B M B 0 DR R T8 T L - MO 42 25 R S

SO EA T i, TR 1 AR 2888, TR DT 50, Ao f o7 38 v, K B AR AR MED R
L AR A 73 B 07 R i S T S e M Rt | ] Ml 0 A0 3t ) P B 254 3 8 DR BB BRI AR i R T
WG e R RN ES SR A @ = i D17 TR A0S/ R PR 5 A G N I B N TR ARPRS e oy Feca BB AU T S 7.9 2
AR A P ot TR Ty b AP e 0 2 48, S 412 2 M A8 i Ay A 251 ARl S 1) L K i O 4 T
({5

(1) P, 0, o A 25 R G S5 O (LR M S 2, s e Pt v AR i A S R UM 55 T (L, PRIk, R i
P A B MR, O T A 2 R S JR BT U4 N £ A B T M BT o8 DA M T R, I A7 A R O
S EREARA I, A g A P 1 B m itk dpid o TR, R s AL OR 4P A 25 Tt 5 ALK = M A JE
SR P e XA A R ST I 55 DI RE , S B L sl A

(2) 22 i i L BY AT A3 BUIR T , 52 [ AR R PEBRA, DR 1 TN SE T 45 2 P st s i | B )
T AR FHEAARHS S5, SRS P 4 A e PR A3 T K R T T 3 AR BE, N pRE T
AR At R PE AR, 22 M T AR AR B AN AR, A AR AR P AT 2 — R AR Y T
YEo NEER (EZAE N DR (5t R RN R (FZ AR5 SR 25T 454 ) Al FoAR = AR 5
ey = A T F 2R R

(3) A LA PR 1 AR AR 25 R G IR S5 M (T3 AR A (BB R, AN REOE A A DX Il - st ) P A8
PR ZR G L, AEABESE R TR A B A e 1 1 AR Ah e (R BF M OL AR 2 T R T
NS R GRS B EOAE , s A i ARBCR DU AL IE B A B3R 1 1 = AP T 58 (RO R I8 3t
HIHZE T 2 8] & B 25 [ 21 455 0 A0 705 TS ol /s 245 5 S B M MR A B E— 2D s
LA IS SR 2 AR IE BT 58, A A A ARSI 3K | st R A S 4 BRI
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