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Estimation of arable land resources potential in hilly area of Taihang
Mountain based on binary Logistic regression model
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Abstract: Research on the potential of cultivated land resources in mountainous area is particularly important for the
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sustainable development and utilization of arable lands. Using Jingxing County of Hebei Province, a typical hilly county in
Taihang Mountain, as a case study, the potential for reserved cultivated land in mountain regions was estimated. A total of 13
ecological factors influencing the potential of cultivated land resources in hilly areas were used in the analysis — 5 terrain
factors and 8 climate or climate-related factors. A binary Logistic regression model was built on key ecological factors to
analyze the potential of arable land resources in mountain regions in the case-study area. The distribution map of potential
arable land resources in Jingxing County was draw in GIS environment based on the result binary Logistic regress and the
potential arable land resources in the region analyzed from the map. The key ecological factors among 13 factors that
influenced arable land resources were extracted using the same binary Logistic regression model. The order of the contribution
of key ecological factors was determined using the model parameter (Waldy?). The regression coefficient () was used to
analyze the correlation between the key ecological factors and potential arable land resources in the region. Odds ratio (OR)
was use to show correlation between the changes in configuration of key ecological factors and the changes in potential arable
land resources. The results showed that there were 8 key ecological factors influencing cultivated land resources in the
case-study area, with the importance order of relief > elevation > slope position index > trasp > coldness index > annual
average temperature > drought index > slope. Terrain factors were more important indicators than the climate-related factors in
estimation of cultivated land resource potential. Among 8 key ecological factors, annual average temperature and coldness
index were both negatively and positively correlated with potential arable land resources, while other 6 factors were all
negatively correlated with potential arable land resources. OR calculation showed that except drought index, the one unit
change of the key ecological factors caused 1 time change in cultivated land resource potential. About 60 400 hm? of land
resources were available for cultivation in the Jingxing County. The analysis of SPOT5 image showed 45 600 hm® of existing
cultivated land. Therefore, there were 14 800 hm?
existing cultivatable lands in the region. This suggested that there still were a lot of cultivatable land reserves in Jingxing

of cultivatable land reserves in the county, accounted for 32.5% of the

County. The results of this study provided theory basis for the development and utilization of cultivated land reserves in
Jingxing County.
Keywords: Hilly area of Taihang Mountain; Binary Logistic regression model; Ecological factor; Cultivated land resource

potential; Cultivatable land reserve

20%!,
12% (2] ; ’ [10] g
70%, 40% : Lin U
[3-4] ; 5
2/3 B s
[5] 21 , , [12]
, [6]’ [7]
“18 9”
[13]
88.44%!" ,
3 b b
(GIS) , .
( ) , Ullah © ,

91
3 [7]

http://www.ecoagri.ac.cn



492 2017 25
71 1.2
(4] 8 , GIS
) (1, 90 mx90 m
i , : WGS84
’ *1 ERFGEBEEHOZRIREERER
> Table 1 Error matrix of cultivated land resources of the
Logistic remote-sensing image interpretation Grids
, GIS

1 REXEBRSHRTE

1.1
R , 37°42'~
38°13'N, 113°48'~114°18'E, 100%
138 320 hm?, 22 867 hm?,
16.5% 32
R 145~1 188 m, 456~
521 mm, 6~12°C, =10 C 3273~
4314 °C 0°~58°
1
111°0'0"E ~ 113°0'0"E  115°0'0"E ~ 117°0'0"E
41°0'0"N ‘ l i l ‘ ‘ I
-40°0'0"N
40°0'0"N 1
-39°0'0"N
39°0'0"N +
-38°0'0"N
38°0'0"N 1
-37°0'0"N
37°0'0"N
-36°0'0"N
36°0'0"N 1
-35°0'0"N
35°0'0"N 1
11I°00E 113°00°E  115°0'0°E
[ KA1 B30 5L Borders of counties in
Taihang mountain area
=72 Elevation (m)
High: 3 099
Low: 10
1 #AREBAEKTURXALEE
Fig. 1 Map of Taihang mountains area and the location of the

study area of Jingxing County

Data type of image interpretation

Real data type

Cultivated land ~ Non data type Total

. 1893 143 2036
Cultivated land
. 480 3520 4000
Non cultivated land
Total 2373 3663 6036
1.2.1
2006 10 2.5m SPOTS
( 2
20 , 12 725 m?%, 2036
, 93%;
40 , 25 000 m?,
4 000 s 88%,
90%( 1)
&
0 30 60 120

km

L
Arable land

R

Non-arable land

2 2006 A FE B 2R 5 A E
Fig. 2 Distribution map of cultivated land of Jingxing
County in 2006

http://www.ecoagri.ac.cn



4 : Logistic 493
1.2.2 T
1—cos [[180) (aspect — 30)}
(0] Trasp = 2 , Trasp
(2] [0, 11, 0 o 1
, (30
b 5 b ’
3Ix3( ) GIS
8 , ( 3D)
( 2 20x20( ) GIS
S ( 3E)
x2 HUREREZMHHZREENNESERREMLR
Table 2 Attributes of cultivated land and ecological factors 1961—2005
influencing cultivated land resources potential , ,
Variable Data Grid type Unit/describe
720
D\ffreizgleem Arable land Binary 0.1 P 5
DEM ) m
( ) Continuous
Independent o .
variable Slope direction Continuous ( 3F-G) =107TC
terrain factors
( ) . L ARCGIS10.2 raster calculator
Trasp Continuous Non-dimensional
- ( 3H) >0C <30°C
Relief Continuous ( ~30 C ’ 30 OC)
Topggra_phic Continuous m ( 31)
position index
5°C 5°C
( ) Artmual avterage Continuous ¢ ( 3J) 5C
Dependent emperature .
variable 5°C ( 3K)
(climate factors)  Annual average . mm
precipitation Continuous ( 3L)
Active accumulate Conti T ’
temperature ontiuous Holdridge 5
Biological C 58.93 ( 3M)
cumulative Continuous GIS
temperature
. . [©
Warmth index Continuous 1.3 LOgiStiC
Coldness index Continuous ¢ 1.3.1
o1 ..
Humidity index Continuous mm-C LOngth
(09)
Drought index Continuous Non-dimensional Y=1, . Y=0
(DEM) 90 m 13
SRTM (http://www.gscloud.cn )(  3A); DEM , XH@E=1, 2, , k),
, ARCGIS10.2 (r=1) P Logistic
slope aspect ( 3B) (D16,

(Trasp)
(aspect)

_ EXP(fy + B X1+ By Xy +-+ B X))
IHEXP(B, + B X, + B Xy +-+ B X))

)

http://www.ecoagri.ac.cn



494 2017 25

‘ 1 (
Logit P[Y = x—l}ln [P/(1-P)]= @) ’ GIS ’
Bo+ BiXy+ o Xy ++ B X
2 Bi(i=0, 1,2, k) P/(1-P)
(odds ratio) 1.4.2
1.3.2 ( / )
HL Logistic (13 ) SPSS ,
HL Logistic ,
, HL HL P 0.05
XZ , [15—16]: , ,
(Y ~N,P,) \ ;
N zg lN P (1- ) 3) 5 1 >
: G , G=<10; N, g ;
Y. g Py g T ’
. NP, .
1.4 Logistic ’
1.4.1
Arcgis ,
1.4.3
. . 3, HL 2.532,
, ArcgisWorkstation rand
0.98, ,
0.4 o
Logistic
, 0.2
( 40% 2 HEREHWH
20% ), 2.1
46 083 22254 ,
23829
Logistic , 8
[16-17]
) ; Waldy’ (3

F3 HHRBEET2)REXBEESTEZ(BTE)W 2 Z Logistic BARESEH R EZKFE
Table 3 Parameters and significance of binary Logistic regression model of cultivated land (dependent variable) and its key
ecological factors (independent variables)

Reoress] ) (SE) (Waldy?) R (‘02 Sionit (tP ) oR)
. egression L egree 0 ignifican
Independent variable coefficient Stand error Statistics freedom level 0Odds ratio
Elevation —-0.003 <0.001 900.270 1 <0.001 0.997
Slope —-0.006 0.002 5.545 1 0.019 0.994
Trasp —-0.640 0.033 367.300 1 <0.001 0.527
P —-0.008 <0.001 462.390 1 <0.001 0.992
Slope position index
Relief —-0.029 0.001 2 045.482 1 <0.001 0.972
Annual average 0.220 0.026 70.173 1 <0.001 1.246
temperature
Coldness index 0.140 0.013 121.506 1 <0.001 1.150
Drought index -1.192 0.305 15.262 1 <0.001 0.304
Constant 7.590 0919 68.185 1 <0.001 1978.469

HL (homsmer-lemeshow) = 2.532. P=0.98.
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Fig. 3  Grid maps of the key ecological factors impacting cultivated land resources of Jingxing County
A: (m); B: (°); C: ( ); D: (m); E: (m); F: (C); G: (mm); H:
(C) It (C); I (C); K: (C); L: (mm-C™"); M: ( ) A: elevation (m);
B: slope (°); C: trasp (non-dimensional); D: relief (m); E: topographic position index (m); F: annual average temperature (‘C); G: annual
average precipitation (mm); H: active accumulate temperature (‘C); I: biological cumulative temperature (‘C); J: warmth index (C); K:
coldness index (‘C); L: humidity index (mm-°‘C"); M: drought index (non-dimensional).
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