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Research on land use zoning based on suitability evaluation

—A case study of Fenyang, Shanxi Province

YUAN Wen-chao, XU Ming-de, YANG Chen, CHANG Hui-lin
( College of Environmental Sciences and Engineering , Taiyuan University of Technology, Taiyuan, Shanxi 030024, China)

Abstract: The land suitability evaluation index system was established from three aspects: the agricultural land, the
ecological land and the construction land. Applying analytic hierarchy process(AHP) to obtain the index weights; By us-
ing RS and GIS technology and the approaches of single-factor evaluation, comprehensive index evaluation and other
methods, the land suitability evaluation index model was established. A comprehensive analysis of suitability evaluation
results was made by the “three — dimensional cube” matrix combination method. Finally, the visualization of spatial ex-
pression of the evaluation results was made possible. Taking Fenyang for example, the established model and the techni-
cal method was verified. The results were consistent with the actual situation of the city which showed that the established
index systems and models were feasible. The result shows that the land is divided into five zones, they are eco-forestal
area, eco-agricultural area, prime farmland protection area, ordinary agricultural area and economic development area,
covering an area of 345.26, 219.50, 396.52, 80.52 km® and 136.68 km’ respectively, and accounting for 29.3% ,
18.6% , 33.7% , 6.8% and 11.6% of total area of the city respectively. The results were agreed well with the actual
situation of the city, which showed that the established index systems and models were feasible. The results providing a
scientific basis for reasonable exploitation and utilization of the land resources and show certain theoretical value and
practical significance.

Keywords: land use zoning; suitability evaluation; index system; GIS; Fenyang
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Table 1  The evaluation system of land suitability
Hbr)z THEN )2 fitr = &
Object Rule Index Weight
P 25 HGE BV TEBL AL TEFEEL Vegetative cover index 0.390
7

Ecological land W FEFEEL Biological abundance index 0.315
suitability Gt UM Soil erosion sensitivity 0.295
5% Slope 0.119
FHEE P Soil organic matter 0.421
Zzﬂkﬁiiml?,]ﬁ’rj FHEFi Soil texture 0.065

. Agricultural lan
- b A suitability WEWBEZ51F Trrigation conditions 0.224

SR . -

Land suitability F M1 7% Land productivity 0.128
evaluation A M 5 Hi2R Agricultural land covering rate 0.043
F AR Land fluctuation degree 0.142
T K FE Geological disasters 0.083
B IS N I1% B Population density 0.224

Construction land R
suitability A b 5 Hi2R Construction land covering rate 0.106
B E Traffic density 0.278
53R H 0 EE B Distance from city center 0.167
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X, ELS Fom b 25 s Bt vE MY & ; NDVI . BD Table 2 Classifications of conservation of biological diversity
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Table 3 Classification table of Sensitivity classification to soil erosion
S ARt e ol i
Classification General sensitive  Slightly sensitive - Highly sensitive

SR S TS
ARk Kt

Boulder, sand

e

Soil texture coarse sand, fine

Pt b L
WKL R

Loam, silty loam, sandy

WOt RS ORI -
WPORG 1 S TRE -

Sandy loam, silty clay loam,

sand, clay clay loam, clay loam sandy clay, loamy clay
HE AR BE /m
Land fluctuation degree <40 40 ~ 117 117 ~ 200 > 200
o - e B RS S T F AR st
1) 3
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Vegetational form Water body Wood Bush and greeland and mining land, unused land
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Table 4 The score of the soil organic matter and soil texture

A~ L ko~
AR bt/ (g kg ™) >25 2025 15~20 10~15 <10
Organic content
SHH Score 90 70 50 30 10
R e+ pi . Tt Kt [N YE) WA
Soil texture Loam Clay, sand soil Sand, clay Sand, gravel Gravel
JME Score 90 70 50 25 5
x5 MRRERRESRIRAE
Table 5 Geological hazard classification criteria
2% pPll7 Stream buffer zones/m 0~ 200
T&AE Score 30
HAARR W28 04 Fault buffer/m 0~50 50 ~ 100
Natural N
factors TEAE Score 50 30
Y RE Slope/(°) 0~10 10~ 15 15~20 >20
TEAE Score 10 30 50 70
SIRHRA T ~
Index factor B M Road buffer/m 0~200
TKAE Score 30
AHEZE . ey Bt R
Human AHAH Land use Woodland Arable land, grassland Urban-rural land
factors I Score 10 30 50
AN TR P & Output per unit area/10%t <100 100 ~ 300 300 ~ 500 > 500
TKAE Score 10 30 50 70
R6 ShAOEES RS IRAE
Table 6  The score of the distance from city center
2 Type ZZPHE B Buffer distance AL IE Weight
AFE L Administrative centre 200 500 1000 2000 > 2000 0.3
Tl 3CAE AL Commercial cultural center 100 400 1000 1500 > 1500 0.3
FF 3 Main road 100 400 1000 1500 > 1500 0.4
Mt{E Score 70 50 30 10 0
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Table 7 The graph of integrated land-use zoning results
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MO IX. Eco-forestal area 345.26 29.3

HZS ML Ecological land
AR Eco-agricultural area 219.50 18.6
FAR HAEY X Prime farmland protection area 396.52 33.7
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— A A 7 X Ordinary agricultural area 80.25 6.8
A HE Construction land 255 K SRR X Economic development area 136.68 11.6

1%, IR T A S IR IR

DX 3 - b % T 1) < 2 DX 3R A b R DAAROIE R
F L BRMITIEEC F 5, N AR/ 38 B AR SR
M . Y bR 4 B R AR EL AR
FRAT A 5 X6 T DXl P A 3R FH b 32 A R 3 A b
MV Hl 5 X6 5 AL A3 A R T A A A R R X
IR TS, AT B A e AL bR, AT DA B 1Y
R, ARSI DX Sl i 2 5 Ak 4k . 1R IX
1k 9 BH T 2 (4 7K U 5 AR P 2R AR AP X
XA SRR BA AR, W S
“LRa B & R HbR B AR IR .

@ AL XA T B H A X8k, 8 TR
M X SRV X R P IX = A 5 0 T T AR
FIEF P e AA T X, i E R 2y
4 219.5 km?, f7 42T IR 18.6% o 1A X MR
FEUMRIL e X o 8 TR SRS R
SREMKHESREMEGERRE ., HTX
M FAEE RS, OB R AR, BAFE T4
b3 BRREIR , DX A AR A Ry e K R R SR
TREFRE I L5 o

DX 3 2 Ji T T+ 12 IX 3 - b A == ) FE 1 o
MR Mol LA K F ik I AR 2 b R AR AR
B, KRB DR R SRR AE Sy 3 0 B 2 T AR

B TR R AR RN AR i T, SR R R
ARl R Y g5 T A, R & BRI BRI R AT i
ISR A R 5 A TG RS & 1B
[r) A 25 AR FIWE R B 5 [l A o % T 3
{0 ™ o X 8, Stk A s AR TR B R L L b AR
PR B IR AR L, H2 w5 XA AR KR o

@ HAAR W LR X BT U PH T g &8 S rh
BRHLIX, FEAFEERT L R B R
FHIK & | = SRR A 40 b DX RIS TE YT 48 SRR 46
AN AT X3, DX T AR 396,52 ki, (42T BT
T 33.7% o % X A P33 AE Ty L AKOR
S o SN LR 2y N LK B TN = - A £ % ) AN 1
HARBEAREY A 24 /N E M5 e oK
HWRAEY G SR . TR IR, (A
2l R, RS e AR, i R A R R SR
k.o

X3 R Ty Il < 25 4512 DX 3R FB] P 4 i A )
R, B B AR T oA Al 2B 7 SRR Y
el s &0 B8, 7E PR UE MR £ 7 12 19 i 4
T BN AT E Y A TR AR, 2D R ARl
ST I P U A B T T A S .
Hi6 105 B CHEA AR B AR AP 25 09 ) AH DG LA , DR UE AR b i



55 23]

JESCB A « BTl B PR A4 L R 23 XA 5 217

@ — A B A P XA 0y BE T s bl X,
A3 IR R 2 X T ARk 8025 kn?, [ 42T+
TR 6.8% o FR T3 17 5 59 B9 52 ), 32 DX Sl Ak
HH A3 A 3 2, Tovk e vh R A 7, 20— L6
TR /N Bt T b R 77 B FH

T IX R ] < AR A DX 35 9 B 10 A 2 B
SRR B L S AR e s B pd D R SE R
B, %k /INE A e B AT U, R E EAh 1 7+
MR B TAE, 9 KBk A s0a B, T2
SEM 2 X AC G DL R 5E 35 , AR A IR 5
P ERHE T A R TR A A

© G & R i XA 9y BH T I oG s, W
U BH—S ZE—3k X —PH YK & 247k 43 A, 2 3 FH
AT RN RN, Z X i 136.68 kn?,
TR A 11.6% . %X B DA R R
B AT H g A 32, el A H i R
FRIX o XN S (4, SRl B0 56 35 , 4 Kk, A
TR R R 5

DI 8 7 ) < 7 4544 1 T, 0L T i LA
WX Ry, A A6 B R — R P S
WRFE TR — IR A Ry, o B GO BN ELN
T A 5 3 Aol 2B 25 bl 5, B R AR A AO 4T
TEAOMY b fL, A2 A 1) b AR A . A A R
J7 T8, P S A FH A AP v P TR e D % %
Fidth, DASR e A 2 R R B I R e 15
H R s R R0 AR b

A A7 0P R0 R O B T 0, PP 25 SR 5 0
PH T S5 B 00 SE AR A4 o

3 FiwHihie

1) AWFoE EEGH LR ILEEE: © Bk
F A T - bl EE PR O AR+
UG A 25 St A M A 7 15 P b 1) o R M A
ANTR) , i BEHE bR BUSUU) , MA= 25 FH b Al FH b D
AR = K - R S T, AR 22 52 T
PRI 2 i ve e 7 HAAERME TR 17 TEr
Febn 5L T B IEM AR R . @ DA =45
B AHP 35" FE—EFE R B R 71540 AHP 3751
FEFE AU I3 AR P ORI | T RN A S (AL
FHfE R O F LA, © FE3E B L PR 45
IR b 5 = YR IE )57 A5 () S b AT £ A
FRZEAIRN Sy, LAY BATH VR 5 X 4, Xz vk A
ST IBALF GIS HEARMEAT T SL BB 5T, Hobik 5 25
G PRAE B IEARY) A UE T S R T AT,
H—EZ% M. @ BTERIFRS S, 17T
SEB AT I AT U BT E AR IR B AR S K

A ISP OO, A IF 5 X A R 45
AFAE R AL, 2 W 3t R T 20 XA TR 6 33 B T 32 2
AR SO T IX. AR 2SR 3t DX A AR R 3
DX — A A = X M2 B A R R IX 5 AN X,
iy BT R A AR I T 05 1) RS S o

2) AFFENA RN LR 5 ST il ad
A B B0 A 2 T B L AR Ml T e 3 P R A i3
FHHGE B, 280 = SRR 5, A9 3 255 LR
SPXEE R ATRE T IR A 23 DX SR BR
P, AR TLRE RENH E . AWFTEH BT L
H o DR -y 37, K L R i DX R Ak
WY oy XASR B . ARSI ST R, 45
R 2t AR A TR o0 AT, Xk A 4 S
Fr— @R SE AR, SO T 3 XA RAE
e A R 3 R R R R 2 B0 5 1, O3 X 4
REINEMW S iR A E T BRI X
S b A 2 KALRIER R A S0 H

2 % X #k:

[1] Hopkins L. D. Methods for generating land suitability maps: a compar-
ative evaluation [ J]. Journal of the American Institute of Planners,
1977,43(4) : 386-400.

[2] Collins M G, Steiner F R, Rushman M J. Land usesuitability analysis
in the United States: historical development and promising technologi-
cal achievements[J]. Environmental Management, 2001,28(5):611-
621.

[3] Pereira J M C, Duckstein L.. A multiple criteria decision — making ap-
proach to GIS — based land suitability evaluation[ J]. International Jo
— urnal of Geographical Information Science, 1993,7(5):407-424.

[4] Store R, Kangas J. Integrating spatial multica — riteria evaluation and
knowledge for GIS — ba — sed habitat suitability modelling[J]. Land-
scape and Urban Planning, 2001,55(2):79-93.

[5] Cambell J C, Radke J, Gless J T, et al. An application of linear pro-
gramming allocation — in antigue[ J]. Environment and Planning A,
1992,24(4) :535-549.

[6] Kalogirou S. Expert systems and GIS: an ap — plicationg of land suit-
ability evaluation[ J]. Compuers, Environment and Urban Systems,
2002,26(2) :89-112.

[7] Miller W, Collins M G, Steiner F R, et al. An approach for greenway
suitability analysis[ J]. Landscape an Urban Planning, 1998,42(2):
91-105.

[8] Klopatek J M. Some thoughts on using a landscape framework to ad-
dress cumulative impacts on wetland food chain support[J]. Environ-
ment Management, 1988,12(5):703-711.

[9] DongJ, Zhang D, Xu X, et al. Integrated evaluation of urban devel-
opment suitability based on remote sensing and GIS techniques: a case
study in Jingjinji Area, China[J]. Sensors, 2008,8(9) :5975-5986.

[10] Kalogirou S. Expert systems and GIS: an application of land suitabili-

ty evaluation [ J]. Computers, Environment and Urban Systems,

2002,26(2) :89-112.
(F#% 22570)



55 23]

S5 ¢ B LA ML PRI 2 A AT 225

B, 55— 75 0, HB 53 B an A 24 e AT AR iR A
UL IGE AR bR IA R o FLUK, 97 3 1 B AN 8 G
o AT SR MO N G BACETF S T BN, 2
T 558 R B 22 5, RIRHEARA HL X, 1 2 55 3l
TIAEARARAT I (W) £E B AT T, RAEAR AT I ] 5K
A A=, AT 2 R ML B BOR i AN
B o AIEHIBITEH  WRAETE 0% LA LI, 45
VA BN SE R AE  FA S R i S

& % X k-

[1] Helfand S M, Levine E S. Farm size and the determinants of produc-
tive efficiency in the Brazilian center-west [ J]. Agricultural Eco-
nomics, 2004,31(2):241-249.

(2] Bjurek H H, Forsund L. Determinisyic parametric and nonparametric
estimation of efficiency in service production[ J]. Journal of Economet-
rics, 1990,46:213-227.

[3] Vicente J R, Economic efficiency of agricultural production in Brazil
[J]. Rio de Janeiro, 2004,42(2):201-222.

(4] Ramanathan R. An introduction to data envelopment analysis: A tool
for performance measurement[ M]. Thousand Oaks: Sage Publication,
2003.

[5] Dubey A, Lal R. Carbon footprint and sustainability of agricultural
production systems in Punjab, India, and Ohio, USA[J]. Journal of
Crop Improvement, 2009,23(4):332-350.

[6] WUIERE, R i, AL FRIE A T AR BA 577 R PE
W [J]. G5, 2011,31(6) :999-1002.

(7]

(8]

[9]

(10]

(11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

FULE, 22 LT DEA TAUMY b O A 7R SR O
[J].RiT¥,2010, (17) :98-102.
FEWAF, i . 2001—2010 47T RF 25 EL sl AR P SUR o
ML), E R A 4, 2014,30(29) : 87-94.
R, P TR P A Bkl AR P ROR R A T A
[J]. B AU R 2244 (  SRRAE ) , 2015, 38(1) £ 154-160.
WL IRELAE RN T] P EA R RIS
FREE,2013,23(12) :105-110.
KT, R R LR AESSF XN [T]. P EAES
ol 2E4) ,2009,17(5) : 1023-1028 .
Charnea A, Cooper W W, Rhodes E. Measuring the efficiency of de-
cision making units[ J].
1978,2(6) :429-444.
FSCHI, 20k R B, 55 R DX e b A 7 e I AR
SFHEDFTE [T] . HUBARL 2, 2012,32(2) :225-231.
AU . Bt a1 45 43 [ M AU 5T b H A, 2004
B BLE S . ERH R A BORWEM 5T DEA Jrik
S3ATLT]. EPSHE L K 25 2 i (FE 2 BL 24 ) L 2009, 21 (1) : 104-
110.
REAE A I 2 T i B R ML At S SRR R
#1:,2006.
TOE, A BRI RBRE AR S B R KA
HRREDT L2 3E S RBHEA () S B[] K 4R
FRiAR,2002,22(3) : 1-4.
KT 5%, BB 4 R X B AR B A (1] &
¥ ,2016,36(6) :34-41.
KA, 23 2N, AR ERIE T RO 25 B R 4y
I 2 AR R (7] MBI 2, 2013,33(12) £ 1458-1466..

European Journal of Operational Research,

(E#%217R)

[11] ChenY, YuJ, Khan S. Spatial sensitivity analysis of multi — criteria
weights in GIS — based land suitability evaluation[ J]. Environmental
Modelling & Software, 2010,25(12) : 1582-1591.

[12]  Joerin F, Thériault M, Musy A. Using GIS and out — ranking multi-
criteria analysis for land use suitability assessment[]]. International
Journal of Geographical Information Science, 2001,15(2):153-174.

[13] Banai - Kashani R. A new method for site suit — ability analysis: The
analysis hierarchy proccss[] 1. Environmental Management, 1989, 13
(6) :685-693.

[14] Malczewski J. Ordered weighted averaging with fuzzy quantifiers: GIS
— based multicriteria evaluation for landuse suitability analysis[ J].
International Journal of Applied Earth Obs — ervation and Geoinforma-
tion, 2006,8(4):270-277.

(15] B, WK, B, 4 . GIS TF 1 Hudd FL P 3P 4+ 1 B2
R[] IS HRLE SR, 2004,2(5) :20-23.

[16] Sl AR, E 4 55, 45 . o [ e st o B P VAR BT 50 0 S
(3] #2455 5 L2, 2007, 26(2) : 106-115.

(17] XDREMK, SRR . 2 T30 AR AN - il MR L [ ] X
DURA2E4I A5 BARFA T, 2005,30(4) :283-287.

(18] AR, XUMEAR . 4 s B PN AR 2 R 25 AU [ 9] i
DR AR - A5 BB R, 2004,29(6) :513-516.

(19]  VERGAN, ZRBRG . HEF GIS IR TIT d i P AR 2508 B VA

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

(T IR K224 A SR, 2007,30(1) : 109-115.
Je v5, X0 BT GIS MIEZE i A8 X 4 st F) FH A R a1k
R [T]. TR X R FST ,2011,29(5) :230-234.

EVT, SR, 1257, 5 L R P LR R B S e P 8 B
S240[)]. IS ,2007,26(2) :249-257 .
HhATI SRR, 25) W, A R T AR ST M AR AT B ok FH bl
HHEES 5oy KPR [T]. 4l TR 2% 4z, 2010, 26 (11) : 290-
296.
XU, AR, 7 0% 35T IR Ih A8 X Y £ o 0K 7 30
WS AR R 5 —— LA S e B ol ()] E A
el 241 ,2012,20(4) : 507-512.
WE R, T KR M5 A S IR AR I ST e
PPN [T]. R A5, 2002, 15(4) :46-49.
FFOUFL AR AR LT AHP 25 RE AR RO £k 5
RUEHD T K BT PE A P i T [T]. AR b KRR B 2 B 2= 4,
2002,23(2):4-7.
Mgl R g T GIS Al RS B PU 148 840 T 1 HE 4R e i
TEAEIEAY(J] . (5= 3H) ,2011,29(6) : 707-712.
TG A 25038 B RE P B Y A R B ke 5 P A g
[J] .4l T4 ,2007,23(8) : 113-116.
H T EER, X R, 55 . AR A i E B S (R oA B
bt BAFFE [J]. 4l TR 2E4HR ,2005,21(2) :60-65.




