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Table 1 Statistics of potential soil loss, actual soil loss, and wind erosion control service from 2019 to 2023.

A
TR H 24

2019 2020 2021 2022 2023

VAR B/ (kg m™) 49.353 28.958 38.408 45.591 45.346
e/ ME/(kg-m ™) 0 0 0 0 0

T H{E/(kg - m™) 0.281 0.118 0.181 0.107 0.242

HAR/10" kg 7.326 3.068 4.733 2.785 6.330

SR KU e K /(kg-m™) 35.136 26.903 20.636 16.879 22.248
e/ IMHt/ (kg m™) 0 0 0 0 0

FHE/ (kg m™) 0.129 0.035 0.090 0.040 0.063

/10" kg 3.211 0.886 2.254 0.992 1.559

7 IR 7 1 e KAl /(kg-m™) 49.185 26.379 38.270 45.443 45290
fe/ME/(kg-m™) 0 0 0 0 0

T H{E (kg m™) 0.152 0.084 0.091 0.067 0.179

/10" kg 4.115 2.182 2.479 1.793 4.771
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SR R R AR T AR R e, L AUk g AR
ANFEA

2019—2023 4175 7 e Jt 1 DX A B XU [ 7 A o
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2023 4ER KUV SN T 0.656x10" kg
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2023 AF H A 1] AR B R VD SF B E S i T 0.027
kg -m?, SRR ETHER
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Fig.2 Trends in potential soil loss, actual soil loss, and wind erosion control service
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Fig.3 Transport trajectories of the wind erosion control service from monitoring sites
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Fig.4 Extent of benefiting areas from the wind erosion control service
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Fig.5 Material flow of the wind erosion control service
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B2 A8 Ak (6 2) . 2019 4F32 25 M AN 7.34312,
2023 4EZ 55 N M 7.62242 , H A E B O HE
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Table 2 Beneficiary population and proportion under

different service scenarios from 2019 to 2023

=0 /Y% Z s N i 4 EA/%
2019 0~2 7.050 50.356
2~6 0.281 2.005
6~15 0.012 0.087
15~35 0.00014 0.0011
35~100 0.00004 0.0001
B 100 7.343 52.449
2020 0~2 4,988 35.33
2~6 0.376 2.665
6~15 0.133 0.940
15~35 0.013 0.089
35~100 0.001 0.010
Bt 100 5511 39.024
2021 0~2 6.983 49.436
2~6 0.377 2.667
6~15 0.023 0.162
15~35 0.002 0.013
35~100 0.000015 0.000001
Bt 100 7.385 52.278
2022 0~2 7.645 54.150
2~6 0.389 2.757
6~15 0.049 0.344
15~35 0.014 0.100
35~100 0.001 0.0034
B 100 8.098 57.3544
2023 0~2 6.911 49.023
2~6 0.649 4.605
6~15 0.057 0.406
15~35 0.004 0.026
35~100 0.001 0.000059
Rt 100 7.622 54.060

Rt A et S v B o S, R A A R G
55 AN TR) b M) FH 28 B A 52 o BLAT R . X R
PRt B 22 Mt AR | RIS F AR
B DA S A ORI T i R A R I 55 N R R A A )
RO o A2 4 DXON 1% 88 A B 5 28 TR ) =5 ] o
M AR PE T ASREM S 2L E. 2

i XA AN FT A P DRI T RS R A 2 o o
A1 2 X 86 DI AT T8 i B B AR S R GRS
IO 24 A HE A AMEE I BT 2
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41 TEXMEBTHLERE
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380 (%) 4 BR AR 2 B2 (9 A | Yao 55 DA X R
SRR BRI T K RlAk 3G 0T R ik X ) -
VR B A 5 A2 B AUk, 3K 5 2019—2023 45
T R DX A R i 5 S B AU AR AR
RETAFHA o LA, 7 i T X 19 X o 2 B2 I A
Z B 9 S A S R R X AR SR R B R T
R A BRI (2021—2035 4 ) ) S5 BUIR 52 M0, 2R 440K
e R T A A PR AR I A B MR R
TERBCR & 1, AT T XS o 7 55 5 . TN A
BEAE R KU A% OBl 4P 2, 55 BE B A 2L T
i FE MR 55 X)X 4 0 L R, DA
HFAEBRG A S PIMERRFIE BUIE M 5. BUR
O B0 R A i A A R B T R T, R
AR R SRR BN PR R AR SR AFAE , [H 1 X0 XUk
HYHRAH BE WA AW IR & o X APEUR S — AN
WA —A B S A PR HL , L E 3 2019—2023
AR XU 7D S L 4.115% 10" kg 16 5 4.771x10" kg,
HAWE 29 15.9% , Fe 26 5L Bk i 920

42 BREDPRSZHEXAOS T HER
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2020 FZ g M AN H FBER S5, G2 E
% 22 39.02% , 3X 5 2 4F Vb 20 A% iy AR B B0 D
(DN 1535 450 28 360 55) ELEEAH G . LA, 6%~15%
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Table 3 Area of each land cover type under different service scenarios in 2019-2023 (x10* km?)
A o o
1% Bt it WA Bl e il i ARif K B
2019 0~2 120.24 109.70 1.11 131.13 9.06 1.84 83.05 19.44 0.045
2~6 5.31 9.10 0.15 22.47 0.68 0.47 5.87 0.33 0.042
6~15 0.32 0.73 0.01 2.87 0.03 0.04 0.44 0.003 0.0091
15~35 0.006 0.10 0 0.22 0.01 0.0042 0.05 0.001 0.001
35~100 0 0.01 0 0.10 0.001 0.001 0.024 0 0
100 125.876 119.64 1.27 156.79 9.781 2.3552 89.434 19.774 0.0971
2020 0~2 79.794 77.032 0.687 64.301 5.003 1.259 13.234 12.270 0.018
2~6 7.03 10.566 0.218 20.764 0.575 0.130 4.588 0.601 0.031
6~15 1.757 2.690 0.051 5.679 0.113 0.027 1.278 0.195 0.016
15~35 0.339 0.532 0.029 1.151 0.020 0.012 0.144 0.01 0.002
35~100 0.032 0.225 0.005 0.302 0.003 0.002 0.282 0 0
100 88.952 91.045 0.99 92.197 5.714 1.43 19.526 13.076 0.067
2021 0~2 115.528 97.212 0.942 107.117 7.028 0.885 25.741 18.565 0.053
2~6 7.662 9.199 0.200 19.329 0.728 0.104 2.486 0.582 0.019
6~15 0.458 0.878 0.027 3.133 0.045 0.051 0.542 0.024 0.004
15~35 0.026 0.130 0.000 0.494 0.002 0 0.027 0.001 0
35~100 0 0 0 0.053 0.001 0.002 0.002 0 0
100 123.674 107.419 1.169 130.126 7.804 1.042 28.798 19.172 0.076
2022 0~2 119.788 119.549 1.313 107.066 8.36 1.194 62.711 20.210 0.058
2~6 7.434 8.919 0.217 29.957 0.760 0.319 7.036 0.462 0.019
6~15 0.871 0.885 0.049 9.373 0.235 0.121 0.601 0.020 0.004
15~35 0.1 0.202 0.007 1.577 0.016 0.059 0.126 0.010 0.004
35~100 0.010 0.052 0 0.097 0.001 0.001 0.234 0 0
100 128.203 129.607 1.586 148.07 9.372 1.694 70.708 20.702 0.085
2023 0~2 110.694 99.834 0.941 92.989 7.123 1.017 62.083 19.368 0.027
2~6 10.866 15.162 0.225 27.588 1.089 0.255 4.736 1.025 0.018
6~15 1.031 2.109 0.032 7.4 0.219 0.086 2.623 0.033 0.013
15~35 0.048 0.274 0.006 1.295 0.055 0.005 0.271 0.003 0
35~100 0.002 0.002 0.003 0.488 0.003 0.001 0.021 0 0
100 122.641 117.381 1.207 129.76 8.489 1.364 69.734 20.429 0.058

T+ 21056 251 = 7K FAHY) &

2023 4E A2 25 BN O 7622142, 5 4 H L )
54.0%, 2 HAHXT R E A HE I e X (15%~
35%) A MK 2022 4E 14 0.014 12 T FE 2 0.004 12, , %
WA 71.4% , 75 IRk 55 Uk 3 i A28 1) 43 A 50 hn 34 2 82
FE o 0~2% %2 g X 52 42 N H 7 L 2019 4F 1

50.36% [% 25 2023 4F i 49.02%, MK T F% ; 2%~6%
% 26 X A2 #5 N5 He R 2019 4F 19 2.01% T+ =
4.61%;6%~15% 32 1 IX 32 £z N H 5 HE i 2019 4FE /Y
0.09% F+ 2 0.41%, B & EFb . XARE T B JRH %
Oy DX [ A3l P A7 25 U A

FE 0~2% SR X[, #fsth TR 08 35 F%, H 2019
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A1) 83.05x 10 km’ [ % 2023 4F 62.083x10% km®, %
DX ol 388 o 0 I [ D N T 3 R S e it A Rs D B
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T AR FE S 3 K, i 2019 4F 19 109.70x10* km® 34 2
20224F 119.549x10* km®, 525 T = VLIRS
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PSR A Bl AR 1) UAZ O XA K, 3458 B JXUSH V> fiE
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22023 4 1.017x10* km*, 4= BRAS B8 7 2505 R vk )|
SIE I AR G E RTINS U S e e
5% RGP IS SR 3

+ M W A Bh AR 22 2 A 1A 3
[F) 2 e 1 Bl X b Bl 95 (4 4 308, A ol o 25 S Ak
AMERRAESR AL TR RS . AT E AR T AR RS
MR 55 I HE 25 0 B, I 5 R i T AR S5 1 B R T, —
HYINAE R AR S AMER e IR OB R . FRT,
3T Al R P R P R B Ak B I T X AR S R S
IR 55 A AR S , 7 224065 3ok T s IX 9 A AR S AR AR R
U IR & 5055 0 AMEHS JR)

43 BFR4

A 5% A T K e S5 A 138 XUk K B XU VD IR 55
it B AL T AR — o R (A AT
Jri

i FE RWEQ 5 HY SPLIT £ B fit i A B3 25 7]
A3 PEFRALA 1 kmx 1 km, B 8] 5335 5 J5) B T4 i R
JEE X DA v SR AT A M O R 2R M 28 & 1 XUk
FHIE, 75 5 AT S 25 20 BRI BE AR TR B

RWEQ A A S B (UnAE YL K 7 O - ks i
R K1) 3 T 522 1 5 DO, 7E w55 58 = T 4K Y
TR e R EE T A0 IS P 1 R FE A B0 AIE , AR 20 X 8
(i

G FAURH B B RGHE A R, 28
ot S i XU A X XU i B ) 2 AR D, AR ke g 1
ZINBS Bl XU S 8

HYSPLIT #8188 VA A diy Hhobi A2 43 1E
M AR A A2 N S L B AT A BRI T AZ 25
DRI A TREA 1 , 5 >R F BT A2 R AL i A

A3 HALEE T 2019—2023 4F 1 J 150 , K
WS R RE 1A Rr il — D4R T ROk N Y R [B]
G I 25515 e 0 DA S FE I AR A AR R

5 Zig

2019—2023 417 i = Jt 3 Uik 222 B 25 R R
AR AU B 1R 7.326% 10" kg %2 6.330%10" kg,
SEBR R 1 3.211x10" kg B2 1.559%10" kg, [ IR
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Modeling of soil wind erosion and wind erosion control
service flow in the Qinghai-Xizang Plateau

Ning Jie, Shi Mingchang, Chen Chunyang, Zhang Yanwei
(College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China)

Abstract: As the world's highest-altitude ecosystem, the Qinghai-Xizang Plateau plays a critical role in regional
and global ecological environments through its soil wind erosion processes. This study, leveraging multi-source
remote sensing and meteorological data from 2019 to 2023, employed the Revised Wind Erosion Equation
(RWEQ) model and the HYSPLIT atmospheric dispersion model to quantify soil wind erosion intensity and sim-
ulate the transport pathways of wind erosion control service. Our results indicate that the annual potential soil loss
in the study area decreased from 7.326x10" kg in 2019 to 6.330x10" kg in 2023, showing an overall decreasing
trend. The annual actual soil loss, meanwhile, declined from 3.211x10" kg in 2019 to 1.559x10" kg in 2023,
and also exhibited a general decline. Conversely, the annual amount of wind erosion control increased signifi-
cantly, with values rising from 4.115x10" kg in 2019 to 4.771x10" kg in 2023. Spatially, wind erosion was pre-
dominantly concentrated in the northern Xizang and southern Qinghai plateau region. HYSPLIT trajectory simu-
lations revealed that the total number of dust transport pathways from three representative sites (Qinghai Lake,
Wudaoliang, and Pari) decreased from 1 535 in 2019 to 811 in 2023, indicating a weakening trend in wind-
blown sand influence. This research elucidates the "supply-flow-benefit" pattern of ecosystem protective services
on the Qinghai-Xizang Plateau, providing a scientific basis for regional ecological conservation and sustainable
development.

Key words: soil wind erosion; RWEQ model; wind erosion control service; HYSPLIT model; Qinghai-

Xizang Plateau



