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Effects of natural and human factors on vegetation normalized difference

vegetation index based on geographical detectors in Inner Mongolia
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Abstract: Exploring the regional vegetation cover change and its driving factors are of great importance for sustaining
ecological safety. In this study, we divided banners and counties of Inner Mongolia into pastoral counties and non-pastoral
counties. The linear trend analysis method and geographic detector modeling were applied to examine the effects of natural
and human factors on vegetation NDVI ( Normalized Difference Vegetation Index) values from 2000 to 2015. The results
showed that the spatial and temporal variation of vegetation coverage decreased in the western of Inner Mongolia, while
increased in the eastern and southern of Inner Mongolia from 2000 to 2015, with no significant changes in the other regions.
The vegetation NDVI value was improved more in the non-pastoral counties than that in the pastoral counties. In the whole
Inner Mongolia, annual precipitation and soil types were the main factors driving the change of vegetation NDVI, explaining
the variation of more than 22%. The interaction among all factors was higher than the individual effect of each factor.

Furthermore, in pastoral counties, the interaction among all factors tended to a nonlinear enhancement and double factor
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enhancement, with the strongest interaction between rural households and livestock numbers on the vegetation NDVI. The
interaction among all factors showed a nonlinear enhancement in non-pastoral counties, with the strongest interaction

between soil types and grain yield on the vegetation NDVI.

Key Words: geographic detector; vegetation NDVI; Inner Mongolia; human factors; natural factors; pastoral county
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Table 1 Natural and human factors affecting NDVI variation of vegetation in Inner Mongolia

&5 Category K2 Factors fi# % Explanation
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Table 2 Types of interaction between two covariates

38 H AR FHZSA! Interaction FIWTAEN Judgment Criteria
XL E T3 Enhance, bivariate q(%; Nxy)>q(x;) and g(x,)
AE£k PEHS 58 Enhance, nonlinear g% Ny ) >q(ay) +q(x,)
AR PR M55 Weaken, univariate q(x,Nxy)<q(x,) or q(x,)
ARk ML)k 55 Weaken, nonlinear q(x; Ny ) <q(x;) and q(x,)
#57 Independent q(x; Nwy)=q(x;) +q(x,)

xy Fll oy REMBERACHIE IR T . £55° 07308 x, Ml x, ZIRIECE AR

(3) U DRI RS Ui A~ 2 00 DR (R F AR AR A7) 1 DXl ) 1 s R 2 (R R A
0 Y2200, T AR A i IR A e DXk, USSR RN AT ¢ FEdH iR A 5

Y., - Y,
L= h=1 h=2 1 (3)
|:Var (Y,.,) Var (Yh=2):|2
+

n, =1 n, =2

Ko, VT I A NAESE NDVERAERNE R IIME s n, N F X A NEEARERE: ; Var FR 722,
1.3.5 FdsnyEimie

R TRV IT AR B SRR R PR X AR A A 5 B Y S M AR SO, T R RN A5 | b ERPRI g% 2 X
BHCBAE S T AT E S AR i (AR SC 13 A [ AR S BR T ARG | RIS MR A W) e R
SR ) AT T R AC R AR SCORE A SRIWT 5L KB 4o 9 28 R R 40k 10 2K (& 2,81 3)

2 HERAW

2.1 % NDVI B2 284k

2000—2015 4, 16 4 [H] 458 X NDVI FEZS (8] L 3G hnAngs b Se g, gk b2 g hnta s 23\ LR 3
VORI | 2R 355 p A0 I Ay R A LA bl X AR AR N RIS B PR T3 T K TR B AR Ak T AR, JHE v
B T AR B T 249842.65 km?®, (AN IS BT FR Y 21.88%, i 3 ol AN 10.88% , L AR fk
64.38% , i 1R 1k 1.88% , M .2 1R Ak 1.00% (3£ 3) . FEZS] AR AL SHE ek XA A AN 57 iR IX
3o 5 AT A BT 3 A A P G A TR R L (P 4) RIS B b G T AR IR E) T 9.65%
B EMGE 7.24% , 08 AE 79.34% , 835 1R 1k 2.56% , % B IR AL 1.20% (3% 3) , HOl i B A gER f i ALY H
iof TR AR R A TR o L, 3R IO e BAR B R A AR T4 A I 53 X ™ i 5 A o s T AR LR AR
FREAMETT X0 AR B, 28 B AR TN 98 X /KPR T 2 R e s KT, AR B e i b 2 el
LG LR B] T 47.54% , B GE 18.52% , A8 4k 33.00% , B #1B1k 0.35% , H% i #iB4k 0.57% (£ 3) , 7T
DU H AR B ol X ek 2 A e AR Ol i EL

http ; //www.ecologica.cn



4968 £ A ¥ W 41 %
N
HARBEHR A
AERER B LS, NB-10
w47 -13 £132—52 mml11.5—137
-3 008 =E52—73 =m13.7—165
=0.08—1.5 ®E73—94
1532 mm94—115
&
L J
oy ’
~ A
AR IRAE AL B Y g Y1
m-1.12—0.71 =3 -0.15—0.03 m 0—0.13 09 2.70—3.34 =R - P
m-(.7]—0.52 =3 -0.03—0.09 = 0.13—0.77 ©=13.34—3.99 LA = PR
m-0.52—0.38 =9 0.09—0.22 = 0.77—1.41  ®m3.99—4.63 = &b -y
1-0.38—-0.26 =8 0.22—0.37 03 1.41—2.05 =m4.63—2327 =& L
£1-0.26—-0.15 == 0.37—0.72 1 2.05—2.70 -
;3] i el g R
=GR+ - - w4t = ERREAR A = iR R R
=gt - ARt = 15t = AR o R PR A = NERARLD
- - iR -G = i = \ AR YRR N RAR R L
= At - KA Lk SRR = B = SR AR = NERE LD
=R+ = REaHFEkE = FhEL =R -y = HGRARAGIL . R R R
= AR o KRt = A = HGRARAR L AR R At
= Mib+ = R = i m RREIL e R
L e - R = AR bR m G ERE = B R
-t - it - AL m R AN - SERA T
- = s+ = L 3 = GERCER = R
A . AR =T ]
-t o BE = Al i A2 ket

2 2000—2015 FEAEF=E S
Fig.2 The spatial distribution of natural factors in 2000—2015
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Table 3 Area and proportion of different NDVI varying grades
RER RTE Sz e [TETE [TE e
4rix gy PREFRIL BRI g g DA it ik
.. e L. Very significant Significant Significant Very significant
Partition classification . . No change . .
degradation degradation improvement improvement
EEe T km? 11458.14 21105.13 734992.38 124233.05 249842.65
All counties HA/ % 1.00 1.84 64.38 10.88 21.88
Holl £ T AL/ km? 9335.95 19785.55 613648.39 56000.29 74631.31
Pastoral counties AT/ % 1.20 2.56 79.34 7.24 9.65
FEHOIL AE £ T/ km? 2118.41 1312.53 121529.47 68199.76 175069.49
Non-pastoral counties HAT I/ % 0.57 0.35 33.00 18.52 47.54

2.2 HEMPH T b
I X R R E , H AR R X NDVI AR 520 5 T A R 28, 4% IR T XHAE 8 NDVI AR fE5 0
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SR> S 55 3 1 > P B RSB S B, A SRR 2R AP AR oKk | RN RS ol 2K AR ) 5 i Ay Bk
FEROK RS IR g (H50 02 0.2244 F10.2232 i FRFTE 22% LA b MR ¢ {85 0.1720 , ff R
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Fig.4 Spatial distribution of vegetation change in Inner
Mongolia from 2000 to 2015 based on the interannual variation

trend of NDVI and its significance

SR PB R BRI A A SHE R BE > £ AT BT S M2 S B B S AR R S B . A IR R PR e
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B4,
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Table 4 Main influencing factors and ¢ values of NDVI changes in pastoral counties and non- pastoral counties in Inner Mongolia

EQies SES LK ol e £ JeHll e £
Factors classification Factors All counties Pastoral counties Non-pastoral counties
HARFR Rk 0.2244 0.2638 0.0781
Natural factors iR 0.0341 0.0291 0.0876
+ 1% 0.2233 0.2346 0.0872
Lk & 0.1720 0.1800 0.0098
Y 0.0134 0.0040 0.0111
i) 0.0124 0.0181 0.0041
Hb g 2 0.0649 0.0661 0.0220
NI EZiPNE| 0.0670 0.0639 0.0346
Human factors EZEIRE 1 0.0695 0.0691 0.0747
E2Np Vil 0.0532 0.0535 0.0896
VLGNSO 0.0856 0.1435 0.0652
e & 0.1186 0.0000 0.1132
PEE B 0.1182 0.1167 0.0482
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TEAR SR BT

TEHOW I, XA 5 22 18] 4 52 FL AT FH R AR B NDVIZE A6 B i BER i A6 4108 (1815) « & A P o Pk 3 Bk
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Fig.5 Interaction detection between the factors leading to NDVI changes in vegetation from 2000 to 2015
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Fig.6 NDVI variation trend of vegetation in different zones
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