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Abstract: [Background] Soil erosion causes a serious threat to agricultural production and
ecosystems. As one of China’s fastest growing urban agglomerations, the Guangdong-Hong Kong-
Macao Greater Bay Area (the GBA) has experienced serious soil erosion and significant reduction in
land resources in recent years with the expansion of urban land. A deep understanding of the spatial and

temporal variation of regional soil erosion may provide theoretical support for the rational development
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of ecological protection, and soil and water conservation. [Methods] Supported by normalized
difference vegetation index (NDVI), precipitation data, land cover products and digital elevation model
(DEM), the soil erosion modulus in the GBA in 2010 and 2020 were calculated based on the Revised
Universal Soil Loss Equation (RUSLE) model. Localization and modification of the calculation method
for each factor have been conducted to obtain accurate soil erosion results in 2010 and 2020. Spatio-
temporal variation of soil erosion were analyzed by layer overlay and change matrix, and the
relationship between soil erosion and elevation, slope gradient, land use type were explored by
statistical analysis. [Results] 1) The soil erosion modulus of the GBA in 2010 and 2020 were 13.24
and 8.74 t/(hmz-a), respectively, showing a notably decreasing trend with a percentage of 34% in recent
10 years. The soil erosion intensity in 2020 showed a continuous increasing trend in slight and light
erosion, and soil erosion showed an improving trend. 2) Soil erosion in the GBA demonstrated spatial
characteristics of low erosion intensity in the central region, and severe erosion in the surrounding areas.
From 2010 to 2020, the soil erosion intensity in the GBA was relatively stable, with 88.2% of the areas
showing no changes in erosion intensity. The areas with worse soil erosion were mainly concentrated in
the northern, southwestern and eastern coastal areas of the GBA. 3) Soil erosion modulus firstly
decreased and then increased with the increase of elevation, and the most severe soil erosion occurred in
areas with altitudes greater than 1 000 m. The steeper the slope, the greater the erosion intensity. Grass
land and cultivated land were severely eroded land use types, with soil erosion modulus of 13.96 and
13.43 t/(hm’-a), respectively. [Conclusions] Long-term control measures to soil erosion in the GBA
have been effective in the past decade, and further attention needs to be paid to the soil erosion

prevention and control in areas with steep slope, high elevation, grass land and cultivated land.
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Tab.1 Areas and percentages of different erosion intensities in 2010 and 2020

IR B 2010

2020

AR Soil erosion modulus/ T LE 5] [iapAs te sl e 2
Erosion intensity y Changed area/km
(thm "-a ") Area/km’ Percentage/% Area/km’ Percentage/%
HEE Slight <5 35 635.80 63.67 37237.12 66.53 1601.32
H ¥ Light 5~ <25 13 059.02 23.33 13 681.02 24.44 622.00
1 £ Moderate 25~ <50 2425.78 433 1220.26 2.18 —1205.52
7 %1 Intense 50~ <80 2470.11 4.41 1998.23 3.57 —471.88
%524 Extreme 80~ < 150 1289.64 2.30 801.63 1.43 —488.01
Jil %4 Severe > 150 1 089.50 1.95 1031.59 1.84 -57.91
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Tab.2 Data in monitoring stations

W53k 44 X Name of monitoring station

{2 %L Soil erosion modulus/(t'hmiz-a") + 32 Soil type

AL TR XA R/ S A U I
Xiaoliang Small Watershed Comprehensive Observation Station, Dianbai

district, Maoming city

3.10 2. 3% Red soil
4.86 Z1 4% Red soil
3.10 213 Red soil
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%R 2 Continued to Tab. 2

535 44 FX Name of monitoring station

124 Soil erosion modulus/(t-hm >+a”™") 3R Soil type

AP S35 T A2 S 3%
Heping Slope Runoff Observation Field, Heping county

ARV RS AR TR 7
Dakeng Slope Runoff Observation Field, Dongyuan county

SN TR T AR RN
Xingzi Slope Runoff Observation Field, Lianzhou city

B LT IR T AR S 37
Tangtian Slope Runoff Observation Field, Taishan city

15.15 £1 3 Red soil
15.15 Z].3% Red soil
14.81 213 Red soil
17.41 £1 4 Red soil
12.48 21 3% Red soil
7.19 £1.3% Red soil
24.13 213 Red soil
15.69 #1. 3 Red soil
3.41 213 Red soil
6.61 213 Red soil
3.47 213 Red soil
7.46 Z1.3% Red soil
6.41 £1.3% Red soil
15.74 1.3 Red soil
6.59 #1 3 Red soil
4.92 213 Red soil

£3 FAARERSHEXMRRREIFIEL

Tab.3 Comparison of the results between this study and relevant studies

AW FC This study

FH IR Relevant studies

W 5T X 35 — - — - KUR
Fkm 2 AL EAr fkm 2 A AL 4
Study area N Source
Soil erosion modulus per km® /(t-hm’z-afl) Year Soil erosion modulus per kmz/(t~hm"~a’]) Year
KX The GBA 0.016 2020 0.014 30 2018 [13]
I~ 7R Guangdong 0.020 2010 0.012 15 2009 [22]
I~ 7% Guangdong 0.020 2010 0.01275 2012 [23]
F4 20102020 FHIRRMBEEBIEELRITER
Tab.4 Transfer matrix of soil erosion intensity from 2010 to 2020 km’

2020
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#J¥ Intense 349.29 148.96 388.24
5% 51 Extreme 241.34 98.42 16.68
J# 2 Severe 116.44 43.62 327
e N KA FR Transfer-in area 2137.42 1691.47 634.72

108.12 0 0 536.12
39.84 121.02 0 1069.47
95.42 24.06 0 1 840.24

1038.92 12.58 9.29 908.36

170.68 1379.48 355.29 882.41
22.42 236.74 1131.42 422.49

436.48 394.40 364.58 5659.07

R I N 2 137.42 km®, Horh oy 98 32 42 1 s Ak T
Sk TR B KN 852.41 km®. HHEE . BRI MR A
) Z0 A% b B W 1 TR 43 S0 A 1 840.24, 908.36,
882.41 FlI 422.49 km®, 5 5 3 4 175) 5 1% 45 4% o JiF

FEIRHIE . HE4A 1, 2010—2020 4F K3 X (1 L3R
ThE2 aF s, BRI ST . SR
TS S, K X o A Y, 302 i
DitaFhs A, NRTESIN R X LR i 2 T



3

FEFES: AT RUSLE BB () 13542 Iy 228 £ S HL st o [

67

BHEH, AMTEMAE SRS RY, R RS 2]
BIE: N

3.2 TIEFRMA A EFAE

321 TEEMEENZE LA 2 415104 2010
12020 RIS X - A2 1l BE () 2= ) A A . R

BRI, BN RIE XA A FRREE R 820, 2
Blrh AR P B AR L R Rl 3t DX AR Rl 2R R AE
2 AN ST AR R ) 2 TR R S A AR AL, B
H R 2 A A IR 23 A AR 5 (R L (R EAT P
AR o TN P AR Ak S A T 4 XV 5 o R o

(a)

N 24°0'0"

2010
IR R
Soil erosion intensity
[ |t stight
B i gt
- " Moderate
_I:I 51 Intense
- e g1 Extreme
B 7 severe

r T T T
0 25 50

N 23°0'0"

N 22°0'0"

1
100 km

N

A

E 111°00" E 112°0'0"

E 113°0'0”

E 114°0'0" E 115°0'0"

(b)

N 24°0'0"

I 2020
TR
Soil erosion intensity

|| e stight

B ) Light
- 1 Moderate

i l:l G Intense

- i 2] Extreme
- J#IZ1 Severe
[ T [ T

0 25 50

N 23°0'0"

N 22°0'0"

S

|
100 km

E 111°00" E 112°0'0"

E 113°0'0"

E 114°0'0" E 115°0'0"

B2 2010 Fi1 2020 AR X A 4R ko 2 (6] 7347
Fig. 2 Spatial distribution of soil erosion intensity in the GBA in 2010 and 2020
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Fig. 3 Spatial distribution of soil erosion variation in the GBA from 2010 to 2020
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Tab.5 Relationship between elevation and soil erosion
548 Elevation/m 12 L (EquTipin 2 TR L A1 2 LA
Soil erosion modulus/(t-hm “-a ) Erosion area/km’ Percentage of area/% Percentage of soil loss/%
< 200 14.32 41795.33 74.67 86.11
>200 ~ 400 6.02 9 463.54 16.91 8.20
> 400 ~ 600 5.73 3123.55 5.58 2.58
> 600 ~ 800 8.42 1078.96 1.93 1.31
> 800 ~ 1 000 15.77 362.40 0.65 0.82
>1000 46.93 146.07 0.26 0.99
&6 TEKEHTIREMFHE ®7 FRELHF AL TRFREKR
Tab. 6 Characteristics of soil erosion on different slope Tab.7 Soil erosion under different land use type
gradients AL R AR
3 B 1A E T AR THIFH EE A5 IR Soil erosion modulus/ Erosion area/
Land use type s )
Slope gradient/ Soil erosion modulus/ Erosion area/ Percentage of area/ (thm™a ) km
(°) (thm™>a™) km’ % #Hb Cultivated land 13.43 12301.09
0~5 4.17 24 150.45 43.15 #Hb Forest land 8.81 27 618.11
>5~10 13.75 8 844.65 15.80 i Grass land 13.96 1213.11
>10~15 18.94 6 657.00 11.89 7K Waters — -
>15~20 24.62 5787.40 10.34 % % i Urban land 11.97 8296.56
>20 ~ 25 30.35 4 649.58 8.31 A F £ #h Unused land 5.12 7.39
>25~30 3231 3113.86 5.56 W —RoRZ LR R BTE L2 . Notes: — indicates that
>30~35 33.03 1 696.08 3.03 there is no soil erosion for this land use type.
>35~40 36.77 732.09 1.31 Y N ESTANASEN N 2 N =
oas e o s bE, PRHBAZ DB Ay 8.81 t/(hm™a) . — J7 [HIAZ
‘ ' ' R] DAy A M A e 7 5 2 v, R ) [ E 8 ) B0,
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