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Variation of NDVI spatio-temporal characteristics and its driving factors based on
geodetector model in Horgin Sandy Land, China
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Abstract

Aims Horgin Sandy Land is an important, but highly degraded, agro-pastoral region in the northern China
region of Nei Mongol. There have been significant changes in vegetation condition over the past two decades, in
response to changes in climate as well as restoration policies. In this study, we characterize the spatial and
tempora changes in vegetation in the region over the past twenty years, in order to understand the complex
mechanism of vegetation change, and provide a scientific basis for comprehensive management and rational
implementation of ecological engineering in the future

Methods We assessed the correlation between a timeseries of Normalized Difference Vegetation Index (NDVI)
(derived from MODIS) from 2001 to 2020 with 10 key driving factors (including mean annual temperature, mean
annual precipitation, slope, soil type, vegetation type, geomorphic type, population density, accumulated
afforestation area, livestock density, and crops area) in space on random sampling points, which were generated in
ArcGI S software. Geodetector model was used to explore the individual relationships as well as their interactions.
Important findings The results demonstrated that: (1) over the past 20 years, the vegetation coverage of Horgin
Sandy Land has been gradually recovering, primarily in the northern, central and southeastern marginal areas of
the study area, recovery area accounted for more than 64.91%. (2) Changesin NDVI were primarily explained in

WA H HiReceived: 2022-01-13  $:5% H #Acoepted: 2023-03-13
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Horgin Sandy Land by variation in three factors, soil type, geomorphic type, and mean annual temperature. (3)
The interactions between explanatory factors were nonlinearly and mutually enhanced, of these, there was a strong
interaction between soil type and other factors. (4) Increases in vegetation cover in Horgin Sandy Land was
primarily observed in association with alfisol, hills or small undulating mountains, and annual average temperature
ranges 4.68-5.67 °C and so on. Future restoration programs may want to prioritize sites with these conditions.

Key words Normalized Difference Vegetation index; geodetector model; driving factor; vegetation restoration;

Horgin Sandy Land
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T HL 34 68 25038 0 - PR 55 DT 3 i) A0 305 4 - Hh b 5
o BRI, FE A AR IR 5 P R FE AT DLk e b
A R e 5 R BRAG HL(FR R 2 5%, 2020). K] R
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8 B AT DASEEUAT B 1] KR A e AR gk
ITAH B AWM (He er al., 2017). H—ALHEHHE 5k
(NDVI)J2 W AR 25 22 4 0 X sl 4 A8 4K 1) 22 24
Br, BEA SR X A SRR S A KRS
(Wang et al., 2015)

BURID VD M 3 B T AU Kb, AR S5
e MESS . T H AR, 2R EAR AN KTE S 1) 5
Ma, 2% L [X DL BR R g R A PR X 380028 AR Ak g 70
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Fe Lk M HEIE IEAS A, XA RS kA
HH(GU et al., 2018), {HIEM AKX AR
MR FE, FHEAFIE ARG R HERILRIER R
(Hein et al., 2011), AEGTTERAL. HELZTF,
i FR R B8 2 — R 2 1] o S M 4 s OB R
W K] [R5 792:, FEAR SSAE T A 0 AR I A i 4t
THERIB R UL R RSk Bl R, 1ok, &
AT DAY B R0 2 M i N\ B 2R 1) 2 s SRR Pk, i EL3S
B k> B A 2 R e A ZE R K 25 R (Ding er
al., 2018; Peng et al., 2019; Zhu et al., 2020).
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PRIZS (1 S A e AL T & IR B 750 77
LHSFEEMEEE . R4 R N RRI YD HiAE
et 2 DA R AR 2 TR 6 BT R SR R AR 30

1 MRFAE

11 HREHER
BHRIGT # A7 F117.82°-123.70° E. 41.68°—
46.08° N 4k Py 52 vt ey R 170 2R AL B ety
AL R EZ R, RERITFETEE, #LL
& LRI, AbE R0 g 2%, A h
AR, B G B A X N A 14 iR,
[Hi#112.51 x 10* km? (F11). J& T K REE RS
1%, - V355iR5.2-6.4 'C. E[F/KE350-500 mm
(ARG HRAE, 2008). 43S DAFABRROVD BTt v F
HUGE A LSS o MERACABIAR, AR
LI K (Ulmus pumila) 5 5 ¥R(Quercus mongolica)
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Fig. 1 Distribution of random samplesin Horgin Sandy Land.
Ah, Aohan Banner; ArH, Ar Horgin Banner; BY, Bairin You
Banner; BZ, Bairin Zuo Banner; HD, Horgin District; HI,
Huolingol City; Hr, Hure Banner; HYZ, Horgin Youyizhong
Banner; HZH, Horgin Zuoyihou Banner; HZZ, Horgin
Zuoyizhong Banner; KI, Kailu County; Jr, Jarud Banner; Nm,
Naiman Banner; On, Ongniutd Banner.
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R1 AR E(NDVI)F B H T

Table1l Driving factors of Normalized Difference Vegetation Index (NDVI)

HA Type IXEH K ¥ Driving factor  $5#5 Index Hifz Unit #¥E k5 Dataresource
HARH R X1 PR C TSGR
Natural factor Mean annual temperature China Meteorological Data Service Center
http://www.nmic.cn/
X2 K mm CRE e AL
Mean annual precipitation ChinaMeteorological Data Service Center
http://www.nmic.cn/
Xs Wz % [ENASAZRELJSRTM 30 m DEM %4l
Slope SRTM 30m DEM data acquired by NASA
https://nasasearch.nasa.gov/
X4 et &yt - Rk BRI R - i L
Soil type Resource and Environment Science and Data Center, Chinese
Academy of Sciences (CAS)
https://www.resdc.cn/
X5 AR R R - Rk BEEERERL HO
Vegetation type Resource and Environment Science and Data Center, CAS
https://www.resdc.cn/
Xe HiF SR - R S VIR R i O
Geomorphic type Resource and Environment Science and Data Center, CAS
https://www.resdc.cn/
NS[SES X7 UNEE L A-km? Nl ERRGTHEE
Anthropogenic Population density person-km™  Inner Mongolia Statistical Yearbook
factor http://tj.nmg.gov.cn/tjyw/jpsj/
Xs KBUEH TR hm?-km’ o ARG S
Accumulated afforestation China Forestry Statistical Yearbook
area https://www.tongjinianjian.com/111453.html
Xo Lia=E )3 Sk-kmi? NEEH ER X GETHEE
Livestock density head-km™ Inner Mongolia Statistical Yearbook
http://tj.nmg.gov.cn/tjyw/jpsi/
REN AP TR hm?-knm? WS ARG E
Crops area Inner Mongolia Statistical Yearbook

http://tj.nmg.gov.cn/tjyw/jpsj/

F2 W TR HAR R
Table2 Interaction type of two factors

AL HAE R MAEES
Interaction type g vaue relationship
tho%lrﬁfzca??eductl on q(X1NX2) <min(¢(X1), ¢(X))
T AELNE IR TS
Singlefactor non-linear  min(g(X1), ¢(X2)) < ¢(X1NX2) < max(g(X1), 9(X2))
reduction
i
giajor% gfhancemmt a(XaNX) > max(g(X), g(X2)
?fc?épendent q(X1NX2) = g(X1) + q(X2)
B3 e3 T

Norwlinear enhancement  9(X171X2) > 4(X) + q(Xz)
G IREN R F R IR IR /0, X, X3 AR AT B A SRR F

q represents the influence of driving factor on vegetation; X, X, denotes any
of two driving factors.

EX X EEH .
1.4 IREIEFEE
1.41 NDVIHIE R KR FRK 5
N U AR BT RL R U0 Vb MR 4 7 5 sh A AR,
P RS B) BV (B2 0BT ZE, 2016) K A #ENDV IR 4 M
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IR 5 % (<0.2) L 35 E(0.2-0.4) s o 2
(0.4-0.6) 17578 76 5 (=0.6) 3412 . |l dopef
#53 H145 2120012020 FH /R IGVD HIAE HNDV I AZ 4L,
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/N, KENDVIZRALE A 4y 52 Wk 35 B 14 (-0.023
— —0.015). E3FiE{h(-0.015 — -0.001). TEEAL
(-0.001 — -0.001). =% 3% (0.001-0.015) Fl kK 2 2

3%(0.015-0.026) .
142 HhIRznE-FiEE

CAHARM, AR, B3, Y
22 B EFLFEAENDVI (Lu et al., 2020; X745,
2022), NIV ARAEYFE AR S5 N 9 2
SHEHNDVIF=EERH (Liu et al, 2018), 45 & FHR
IO VD b R AT B DL R IXEURE A, BRI T R T s AR
T APURH A B 9 P S5 IR 1 B T 625 F R R 7 BA
AR NABTF (1) T HEEERM 5B 4 N 7
BRESME R BTN B EUR B, AR HRER
1 GD” {3 fe At 2 U B ER M 25 155 84 (OPGD A% 1Y ) ik
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£3 AL BHEB(NDVI) & IR S0 R T (67 Bkt
Table3 Grading standards of driving factors for Normalized Difference Vegetation Index (NDVI)

Y
gi‘s X, (C) X, (mm) X0 Xa Xs Xs X7 (person-km®)  Xg (hm?-km™?) X, (head-km?) X1 (hm?-km?)
1 468567 462.77-492.69 0-2 i+ bk PE 17.67-41.26 1.69-2.94 8.99-70.65  13.30-13.40
Alfisols Needle leaf Plain
forest
2 5.67-6.45 492.69-511.24 2-3 AR i - p =3 41.26-49.39 2.94-4.41 70.65-96.30 13.40-16.09
Pedocal Broad-leav Platform
ed forest
3 6.45-7.07 511.24-529.69 3-5 YIE N I 49.39-56.81 4.41-4.89 96.30-110.69  16.09-18.02
Primary Shrub Hill
4 7.07-7.66 529.69-547.57 58 KR gl /NEEAR L 56.81-67.65 4.89-5.14 110.69-118.50 18.02-18.89
Semi-hydromorph Steppe Hh
Small
undulating
mountain
5 7.66-8.22 547.57-566.55 8-10 K&+ Hif) s Rl 67.65-86.71 514529 11850-128.85 18.89-20.18
Hydromorph Meadow  #
Middle
undulating
mountain
6 8.22-8.72 566.55-587.78 10-13  #hpst+ RN 86.71-132.62 5.29-556  128.85-141.48 20.18-21.56
Saline-alkali Artificia
forest
7 8.72-9.32 587.78-628.31 13-15  HIVH/KJE 132.62-260.95 5.56-7.89  141.48-224.26 21.56-33.17
Lakesand
reservoirs
8 15-17 iR
Rivers
9 17-30 AV
Island

Xu, SETVERL Xo, SERKE; Xa, YBE Xa, TR Xo, MIWSETY; Xo, HOBSRTY; Xy, NIVHL Xa, RBUEARIIAR; Xo, HEAH L Xao, RAFMIFIHE

TR,

X1, mean annual air temperature; X,, mean annual precipitation; Xs, slope; Xs, soil type; Xs, vegetation type; Xs, geomorphic type; X7, population density; Xa,

accumulated afforestation area; Xy, livestock density; X, crops area.

TSR B, Z I A AR s AR
FEEANES B I A2 R 08 17 0 HA Hb R BRI S8 B 1) A
S 4 (Song et al., 2020). FTLL, S0 BEK.
WerE. NS, BAUEARIAR, PHE &R
VEY) AR TH AR 72 (X1 F OPGD AR AL i 4% HY i 53
(53 RITE S o3 KA, LR, SRR
TR SRR R O 14 AR e R AT 4328, 702k
LERB T K3, {EArCGISE M A % i 78 X dk ik 47 bl
HUREE, TRE BT km, BEHLAE BL 379 i (]
1) 38 I 7 (A7 B OISR s B FE 4 NDV IR BT A 0K
N F, AT EPENDVIE & 7 2 (8] (1 2= 8 R
(K5, 2021).

2 LSRN

2.1 HE#NDVIRZE 5% 5T LEFHE

L2043k, BHRILTD HiME gENDVII 25 4% J5 &
AT REA . EESEENDVIESE 4 75
SEVE BN ZR, W Bh TR A A1) B AR
BARE S, Won AR R B — Fh o7 v (B

AL, 2007) . FEHNDVIFELSE AR Z 50 E T,
2004-20124F Hi i) 4 B R 3~ Bt 35 (82) . =3 [H)
I, 20014, FEANDV I AEAR X A A s R X 3 24y
AARLR IO H T A R 0 (B13), A T FH96.70%;
20104F, FEMRME X &5 Lo BTk, i B AE ot 7
FEBEAG; 220204, HRAE X & bL s/ £150.97%,
Hh e X B X LA B SR 1S 0, 4353l 9 41.66% 71
3.06%, it I 1 78 5 FE IR T A (R 4) . FEAENDVI
3 BN Xk BRI 64.91%, B A T RR
WYPHAGER . LRI X; FEHNDVIE 1Rk
X 56 E WX 5 L) 51 0h14.84%7120.08%, 3
B AR AE A A S 2R R AL S X . A X
FE ARG L ORI B X BT M E S
ARE AR DA R A% 2 P AL, X e X 2 BA
MBN-FEhID ., R 5 PR
22 EEBEAFEN N5
221 FWIEAFEMAEWL
200120204, P34 FHKE. EEE
B DL R A A 4 Fof b THD AR 1 5 ) 3 8 B AR (T 4A)
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KIIEF 530 8 132K A1 (0.157) . HiFHE7Y(0.141)
HMIAEF550.(0.134), B HARKE 733 17X
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{HAEIL 722 BARAFAE R 5, BB AR 7 5 A A

Fig. 2 Variation trend of mean value of normalized difference F g kE fEY P Y
vegetation index (NDVI) in Horgin Sandy Land during TARELARI, XPEBINDVIRIRON J 2 5, T2

2001-2020. RIUNAEL MEI5g, HOOWARF 398, HAsg |
E118° 120° 122° 124° E 118° 120° 122° 124°
T T T T I T T
46° LA 2001 46° 46°- B 2010 1 46°
440 L 440 44 1 440
4° L 420 4290 4 420
100 200 km 0 100 200 km
—_ 1
1 1 1 1 L L L 1
E118° 120° 122° 124° E118° 120° 122° 124°
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T T T T T T T T
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[ —0.015 ——0.001 I 0.015 —-0.026

B3  BHURICV AT — AR E(NDVI) X B 23 [E] 401 . Ay By C43Jil 292001, 2010, 20204 7t X NDVI %% 8] 43
Al DT X 2001-20204ENDV I 25kt 24 P

Fig. 3 Spatid distribution of normalized difference vegetation index (NDV1) in Horgin Sandy Land. A, B, C represents the spatial
distribution of mean annual NDVI of the study areain 2001, 2010 and 2020, respectively. D shows the variation trend of NDVI in the
study area from 2001 to 2020.
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Table4 Dynamic changes of normalized difference vegetation index (NDVI) in Horgin Sandy Land during 2001-2020

NDVI432% 2001 2010 2020
NDVI Class > ) 2 ) . .

A Area(km?)  LLfl Proportion (%) THIF! Area(km®) LMl Proportion (%) MiA Area(km?) ELfi Proportion (%)
<0.2 4 696 2.79 6905 4.10 7 265 4.31
0.2-0.4 114 900 68.20 116 634 69.22 85 884 50.97
0.4-0.6 48 028 28.50 44 176 26.22 70181 41.66
=0.6 866 0.51 775 0.46 5160 3.06

VB B 2 38 1R 2 RIS 5 4 P38 SR A b S s Y
H22 5., 43535 $)0.33410.32; 22 BAE /N /2
I B 5 % AR P A TRV AE FROK A . BEAL,
H AR 7 3R MR 5 5 NN RF 2
A E R E I BAER, Xk — DUl B 2k
BRI S50 28 A 5 AR R 1 2 S A B NDVL ) 3 22
K.

ARG AT, g E B ) TR Hhgh
RIS 4 NDV I AR 44 (1) 5% M S5 25 AN [] 1 Ho A BRT 7,
Forpr, R AR 3 S A 530 5 K B DA R R
(A ELAE FH X A 4 NDV IR A (1) 52 T A7 7 2 35 22 57
T A 287 55 50 28 R X R NDVIAR AL B 5 35 1
7 5t o 20%I11 R 3h K] F-2H A XA B NDV I 24k (1) 5
Ze R, HARPIPKE T4 6 X NDVI ) 50
ERARE.

223 BABEFEAAIBEFRIEEMS

FET RS BRI, 75T 7 RS F 124
5] (A A NDVI I (E, FE6f 2 AN IR sh K 1 1) & i
0 BB B R A (E6), 1921 R T A AR K & R+
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