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Abstract ;[ Objective ] The aims of this study are to reveal the process of vegetation restoration in loess hilly
and gully region before and after the implementation of the Grain for Green Project as well as its topographic
differentiation effects, and to provide scientific support for formulating appropriate regional ecological

construction and protection countermeasures. [ Methods] Based on four Landsat images and digital elevation
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model data from 1990 to 2019 in the upper reaches of the Beiluo River watershed, the spatiotemporal changes
of vegetation coverage and its topographic differentiation characteristics of the study area before and after the
implementation of the Grain for Green project were studied using pixel dichotomy model and GIS technology.
[Results] (1) The spatial distribution of vegetation coverage in the watershed was high in the southeast and
lower in the northwest. From 1990 to 2019, the average annual vegetation coverage of the watershed showed
a continuous increasing trend, and the proportion of high-grade vegetation coverage area increased signifi-
cantly after the implementation of the Grain for Green Project. The proportions of high-grade vegetation cov-
erage area in 1990, 2000, 2010 and 2019 were 0.97%, 6.96%, 42.17% and 64.18% , respectively. (2) In each
period of the Grain for Green Project, the vegetation coverage of the watershed improved continuously, but
the vegetation degradation occurred in small parts of northwestern of the watershed. During the study period,
vegetation coverage structure of the watershed significantly improved. The area with medium-high and high
vegetation coverage was mainly transferred in, and the area with medium-low and low vegetation coverage
was mainly transferred out. (3) Topographic factors had an obvious impact on the vegetation coverage distri-
bution pattern in the watershed. The vegetation coverage tended to decrease with the increase of elevation.
The vegetation coverage was positively correlated with slope., and the steeper the slope, the greater the vege-
tation coverage. The vegetation coverage showed the characteristics of shady slope>>half-shady slope>flat
land>>half-sunny slope>>sunny slope. [ Conclusion] The implementation of the Grain for Green Project plays
a key role in increasing the vegetation coverage in the upper reaches of the Beiluo River watershed, but the
vegetation degradation is serious in some areas. In the future, more attention should be paid to the impact of
the urban spatial expansion and climate change on vegetation construction in the watershed, so as to cope
with the challenges of sustainable development of vegetation ecosystem under the changing environment.
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Fig. 1 Elevation and drainage distribution in the

upper reaches of Beiluo River watershed
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Fig. 2 Distribution of vegetation coverage in the upper reaches of Beiluo River watershed in 1990, 2000, 2010 and 2019
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Table 1 Characteristics of vegetation coverage in four periods of the upper reaches of Beiluo River watershed
Bk 55 1990 4F 2000 4F 2010 4¢ 2019 4F
HR mA/km® B/ % WA/ km®  HHI/ % WA/ km® /% WA/ km? B/ %

R =5 908.29 26.25 206.97 6.07 32.11 0.94 80.09 2.35
PRE S 2153.90 63.20 1400.64 41.10 421.42 12.37 678.98 19.92
hAE 312.72 9.18 1563.29 45.87 1517.37 44.52 461.87 13.55
o 28.50 0.84 224.97 6.60 1135.90 33.33 971.14 28.50

= a6 8 4.58 0.13 12.13 0.36 301.20 8.84 1215.91 35.68
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Fig. 3 Classification of vegetation coverage changes in the upper reaches of Beiluo River watershed from 1990 to 2019
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Table 2 Statistics of vegetation coverage changes in the upper reaches of Beiluo River watershed

Tl Va1 T = AT R L/ %6
AL SR TR/ % 19902000 4E 2000-—2010 4E 2010—2019 4E 1990—2019 4
i Z B3 X =20 29.34 36.09 37.10 74.32
R X [5,20) 48.96 43.93 24,33 16.14
FasE X [—5.5) 15.58 13.63 12.62 5.60
BMRAX [—20,—5) 4.94 4.71 15.13 3.00
JrEIR X <—20 1.18 1.65 10.83 0.95
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Table 3 Conversion rate and state index of vegetation coverage in the upper reaches of Beiluo River watershed from 1990 to 2019

. 19902000 4F 2000—2010 4F 2010—2019 4F 1990—2019 4F
WAHEE R CRERE AR RmEE O RSEE BARE RUEE RSEER BARE RlEE REEE
R 0.01 0.09 0.79 0.01 0.10 0.80 0.24 0.08 —0.51 0.01 0.05 0.90
PR 0.03 0.06 0.40 0.01 0.08 0.77 0.12 0.05 —0.42 0.01 0.04 0.68
e El 0.44 0.04  —0.83 0.05 0.06 0.03 0.02 0.09 0.71 0.05 0.03  —0.21
o T 0.74 0.05  —0.88 0.46 0.05  —0.79 0.07 0.08 0.11 1.17 0.03 —0.96
o 0.25 0.08  —0.50 2.45 0.07  —0.95 0.38 0.04 —0.79 9.13 0.02  —1.00
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Table 4 Vegetation coverage at different elevations in the

1=
2

upper reaches of Beiluo River watershed from 1990 to 2019

. [ T S/ %
= 2 /m
d/% 1990 4F 2000 4F 2010 4E 2019 4
<1300 0.05 28.31 28.32 15.69 19.89
1300~1400 4.16 23.95 39.59 52.08 56.71
1400~1500  25.60 18.66 35.05 51.54 64.68
1500~1600  44.82 16.15 30.74 48.10 58.98
1600~1700  22.24 15.33 25.80 42.91 49.13
1700~1800 2.80 15.05 20.61 35.67 35.00
>1800 0.33 14.03 18.45 31.75 24.10
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Table S Vegetation coverage at different slopes in the

upper reaches of Beiluo River watershed from 1990 to 2019

W) [iEiA A w6 B/ A
G/ % 1990 4F 2000 4F 2010 4F 2019 4F
0~5 6.21 16.44  30.17 46.24 51.51
5~8 9.14 16.46 30.38  46.47 52.09
8~15 31.96 16.71 30,49 16.81 54.06
15~25 40.67 16.82 30.93 48.13 59.58
25~35 11.41 17.46 31.49 49.31 65.88
>35 0.61 17.52 31.66 149.87 67.45

2.3.3  Aci& T LR BRAL AR B L Y e 8y T ALK

1=
2

AR 3T I ' R e K 3 S R S A T A
MR ARARDL . R 6 AT LUE L Wil 99.63 %019
TR0 AR A BR 3 L~ B 3BE L 2Fe BH 3 BH 3, HL G AR Ee Al
AT, FE L R B 1) B A0 B 3 > 2 B 3 > O >
2 BA 3 > BH B i o A LA, Bk R B g
it PR i 33 1o 3 ek 5 ) K AR A SR 1 R AR A K 4R
TR A K B BT B35 BH A 6 A [\ i 7K 4 2%
F o [RIER BE AR F TR ol T 9 3 4 52 110 K PH 4 B 8
ANT BRI 85 H K g3 S5 DR A A B
I 1) 78 b 5 R A — i 1Y 22 S R Il ) B A Y
JEE S5 R FLUR R 2 B 33, S b 2 P 3% B S BH 3 79
BT AR

Fz6 1990—2019 FIFALFRFAEEEOERBESE

Table 6 Vegetation coverage at different aspects in the

B
2

upper reaches of Beiluo River watershed from 1990 to 2019

[ TR R

i dil/% 1990 4 2000 4E 2010 4F 2019 4F

b 0.38 17.34  31.23 4917  57.97

FA 23.97 18.38  32.87  51.25 59.13
2 B8 25.99 18.21 3213 49.94  59.02
2 FH 3 25.98 16.29 30.50 46.38 56.83

PH 3 23.69 15.39 29.51 43.39 53.30

3 i

e 4h 3 B R, 1990 4E . 2000 4E . 2010 4. 2019
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