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Abstract: The Hutuo River Basin, located in the Shanxi and Hebei Provinces, plays an important role in regional ecological environ-
ment and urban development. Analysis of the spatio-temporal dynamics and driving forces of vegetation cover in the area provides an
important scientific basis for sustainable social and economic development and ecological environmental protection. Based on the
monthly scale MOD13Q1 (250 m) dataset for 21 years from 2000 to 2020, this study analyzed the spatio-temporal variation trend of
vegetation using the unary linear regression method and discussed the correlation between temperature, precipitation, and NDVI us-
ing the Pearson correlation analysis method. Natural factors such as temperature, precipitation, vegetation type, soil type, and altitude,
and human factors such as land use type, population density, and GDP were statistically divided using the geographic detector, and
the degree of influence of each driving factor on NDVI was systematically discussed. Particularly in the case of the increasingly close
relationship between vegetation cover and human activities, the driving force values of different human factors can be obtained quant-
itatively to provide a basis for future research and analysis of the influence mechanism of the main driving factors, ecological environ-
ment protection, and sustainable development of watershed. The results of this study were as follows: 1) In the past 21 years, vegeta-
tion cover in the area had been increasing, and the average NDVI and Slope index, which is used to indicate vegetation changing
trend with the positive value meaning increase, from May to September every year were 0.71 and 0.0035, respectively. The vegeta-
tion restoration in the area improved slightly, with 81.00% of the area improving in NDVI and 10.08% of the area degrading. 2) There
were positive correlations between NDVI and precipitation and temperature in the area, and the interannual variation in NDVI was
more closely related to precipitation. The proportions of positive and negative correlation areas between precipitation and NDVI were
87.73% and 12.27%, respectively, among which 35.28% and 6.92% of the positive correlation area passed the significance test of
P<0.05 and P<0.01, respectively. However, the NDVI in the surrounding areas of Yangquan and Shijiazhuang cities was negatively
correlated with precipitation and temperature, which may be significantly affected by human activities. 3) The degree of influence of a
single driving factor on NDVI in the area was ranked from high to low as follows: precipitation > temperature > land use type > ve-
getation type > soil type > population density > GDP > altitude. Among them, the ¢ (showing impacting strength of factor) values of
the first three factors were all greater than 0.3, and they were the main driving factors affecting the NDVI in the area. 4) The driving
force of all the driving factors combined in pairs was significantly greater than that of a single driving factor, showing a two-factor en-
hancement effect. In addition, the interaction between land use type and precipitation, with a ¢ value of 0.74, was the largest, and it
was significantly greater than that of interactions between only human factors or only natural factors. In general, human activities
have had a strong impact on the spatio-temporal pattern of vegetation cover, and comprehensive consideration of meteorological
factors and rational planning of land use are key factors in improving vegetation cover in the area.

Keywords: Hutuo River Basin; Normalized difference vegetation index (NDVI); Spatio-temporal dynamics; Geographic detector;

Meteorological factors; Driving factors
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Fig. 1 Geographical location and distribution of meteorological stations in the Hutuo River Basin
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on the normalized difference vegetation index
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Table 3 Model driving force size criterion of interval and interaction
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Fig. 2 Variation trend of NDVI from May to September in the Hutuo River Basin from 2000 to 2020
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Fig. 3 Average annual NDVI overlay partition from May to September in the Hutuo River Basin from 2000 to 2020
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Fig. 4 Changes of proportion of NDVI overlay partition of Hutuo River Basin in different years
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Table 4 Changes of NDVI zoning proportion of vegetation in Hutuo River Basin during 2000—2020
A 2000 2020 2000—2020
Overlay partition T 81| [IEA Lt 41 ARk AR
Area (km®) Percentage (%) Area (km’) Percentage (%) Area change (km®) Rate of change (%)
{7 55 5 X 3, Low coverage area 42 0.17 32 0.13 -10 —0.04
H I 35 B X 3k Low and medium coverage area 360 1.50 277 1.16 -83 ~0.34
Pl B X Medium coverage area 5338 21.62 1454 5.89 -3884 -15.73
rh B X 8 Medium and high coverage area 16 293 65.99 13 184 53.40 -3109 -12.59
1774 15 ¥ [X d{ High coverage area 2647 10.72 9733 39.42 7086 28.70
N

A

120 km

0 20 40 80

o 544l Weather station
Slope #5644 Slope index

B iR 1k Obvious degradation

[ R4k Mild degradation

[ #EAKAE Basically stable

[ $ P Slight improvement

I A2 Significant improvement

5 ET Slope #&FE D HrEYVEIERRIE 2000—2020 FE1 B =T HFIE

Fig. 5 Variation characteristics of vegetation coverage based on Slope trend analysis in the Hutuo River Basin from 2000 to 2020
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WX K 9.04~14.07 °C.,
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PF- o DAL 7 AT, 9 3L i 1 v B P R K = S
NDVI # 2 Z B0 15 0.9, 45 K35 4 X 38 NDVI X} [
K R A e Ry 5k 3, SR B AR IEAH CE R
Horp 1E A 26 5 fh0AE 56 T AR ER 5 4 oA 87.73% FNI
12.27%, TE 1EAH G X 3l 433l A 35.28% Fl 6.92% (1)
X 8 35 P<0.05 F1 P<0.01 #6536, 17 AH 56 X 8k v 43 5]
H 5.73% F 1.27% i i P<0.05 Fl1 P<0.01 £ 56 . &
JE X NDVI 500 35 20 T 1 i db i LR v i g 3 2
X I, X N R [F] NDVI Z [l 2 35 EA e R . H
HIEASCS SRR ST AL EL ] 43 31K 84.28% 1 15.72%,

7 1E A 26 X 38 40 A 21.37% Al 2.01% AY X 3838
i P<0.05 Fll P<0.01 55, 5AH G X S 43 51 8.23%
H12.21% @1t P<0.05 Fll P<0.01 ¥5:46; {H — 3% 7] NDVI
TEFIIR A 28 J] 30 DXCIaAT 52 0 325 A R RH DG 5G
F o XN NDVI a3l B F K i 52 TEAH G XK 2
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J T I X NS IR T LA BRI 5 AN
K28 B4 WP AR Bl 2 55 B A s e BRI, T A
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6 2000—2020 SFiFETCARE FIIMEK (a) RIBE (b) EE 56
Fig. 6 Spatial distribution of annual average precipitation (a) and temperature (b) in the Hutuo River Basin from 2000 to 2020
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Fig. 7 Spatial distribution of correlation coefficients between NDVI and temperature (a) and precipitation (b) in the Hutuo River
Basin from 2000 to 2020
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02040 80 120k e 02040 80 120 = };ﬁ;sa = Ak Ao
I~ ~ 7+ Calc il X 2
O LU m 794964 wm I780~2112 ) 2040 80 120km = Shad Cucarooussoll R U eservars
964~1139 mm2112~3059 B K| Hemihydric soil WM L3 B9 P ¥ River sandbar

R Saline-alkali soil

d
FE 21 Vegetation type T
I FH2 Land use type
3 3 i Oth B A G yp
02040 80 120 kmgg ijuptf Coniferous B {15F Swamp 02040 80 120 Kkm g g Cultivated land 5 7Kk Water area
B 51 Hf Broadleaf forest HEE Tifi] Meadow = ggih Woodland B AL Built-up land
[} fg_;:)} ghmb W EY) Cultivated vegetation B i Grassland 9 4B FIHE Unused land
[l 55 Steppe

GDP
Gross domestic product (¥-km™2)

. 62~967 1 9452~12 620
mm 967~2664 3 12 620~16 127

UNEE 2
Population density (persons-km?)
m 46~288 3 2754~3846

== 288~653 £ 3846~5019
=1 653~1138 B9 5019~6312 02040 80 120km B 26644701 B3 16 127~19 861

3 1138~1866 mm 6312~7849 1 4701~7077 mm 19 861~23 368
1 1866~2754 mm 7849~10 355 1 7077~9452 mm 23 368~29 912

02040 80 120 km

B8 2000—2020 A RIBAAERIRENE T8 (a), TIEEE (b) EHAE (o LA A KR (d) AOEE (o)
GDP(f) HYZ= i8] 53 75
Fig. 8 Spatial distribution of vegetation driving factors of elevation (a), soil type (b), vegetation type (c), land use type (d), popula-
tion density (e), GDP (f) in the Hutuo River Basin from 2000 to 2020

&S5 20002020 FECMRIBIER NDVI BRE T q &
Table 5 Drivers g values of vegetation in the Hutuo River Basin during 2000—2020

S FE7k G323 ke~ TR A IR UNEE: s GDP
Temperature Precipitation Altitude Vegetation type Soil type Land use type Population density
0.38 0.59 0.01 0.29 0.27 0.33 0.15 0.05

s . T HB BRI RS T ARG H SRR TR R T 3K

3 Wit 54e B . X B
BN, 15 T X P NDVI AL B IR T
31 itig 50 AN 2 IS AR L, AR SO B IR I £
ARSCHAL 21 AE RIS A B S A A RS T R s — R 9 B R NDVI S AL [ T
PR AE LR BR 3 D97 B BT HEAT TIRABIAE, 88 3R A1k, R T 0 7 58 H AR R R 3K 3
P HEOE SRR B KA R B R B, SRS 2 iHEL L R
SRALX IR, 4007 T X9 EERIR D F—— I A i 2 28 A A8 R i DR 2 (0 RS AR L,
WK RN EE TR NDVI 22 [0 AR SCHERLE S E, I AR SOM A% 2 AT 1 5 Rk A0 BT AL B8, 75 41y
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R 6 2000—2020 FEIFEAIGER NDVI BEE FREAERINIHE (9
Table 6 Statistic values of interactive driving forces (¢) of NDVI driving factors in the Hutuo River Basin during 2000—2020

XA F L [k it %73 it &= FHERAL LRSS UNEE: S GDP
Driving factor Temperature  Precipitation  Altitude  Vegetation type  Soil type Land use type  Population density
JREE Temperature 0.38
[%7K i Precipitation 0.66 0.59
WK Altitude 0.57 0.71 0.01
M2 Vegetation type 0.51 0.73 0.42 0.29
15 Soil type 0.56 0.69 0.35 0.42 0.27
+ 1A 247 Land use type 0.53 0.74 0.44 0.39 0.44 0.33
A F% £ Population density 0.56 0.71 0.44 0.37 0.39 0.38 0.15
GDP 0.52 0.71 0.41 0.37 0.35 0.41 0.24 0.05

HARB A FBR3h F1 K/, BEAh, A0 H T ok B AR
2 SCHT A 5L T i BRI 8 6T X 38 B B 9, AR S
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SR IR R e I G T AR, I RE Y R i g S
BB H R R R,
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