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Abstract: The Gobi Desert is a critical source area for cross-border dust transport, where the interaction between surface gravel
coverage and the near-surface wind pressure gradient exerts a significant influence on the dust emission mechanism. Through two-
phase flow wind tunnel experiments, the near-surface wind field characteristics of the Gobi were simulated. Nonlinear regression
models and two-factor analysis were employed to reveal the regulatory mechanisms. (1) The wind pressure increase exhibits
stratified variation, with the wind pressure gradient decaying linearly or exponentially with increasing height. (2) Gravel coverage
significantly regulates the vertical differentiation of the wind pressure gradient. (3) Incoming wind speeds directly controls the
intensity of the wind pressure gradient, while gravel coverage induces energy absorption and momentum transfer. Surface
heterogeneity in the Gobi Desert dynamically regulates wind pressure gradient through the interplay between near-surface

roughness and wind forces. Maintaining optimal gravel coverage (40% —50%) effectively balances aeolian erosion control and
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momentum transfer, providing a mechanistic foundation for refining dust emission models and developing precision windbreak-

sand stabilization strategies in arid ecosystems.
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9.12X10°) 5 M A8 1 95.3% , 26 B b 2 ML BE
2 F BV J) 1Y 23 (8] 40 S AL &, ok I XU
By RN B OR 3 (F=4.95, P=0.018) , {H 57 it %
5 2.6% , ERIE 59 U 2 B & 43 e 52 b 3% S T P 0
il R 3 A V2 B R Y R A AR T i — 2P
1k (F=451.82, P=5.73X10"",SS {5 £ 98.5%) ,
Sz WA R TC 8 U6 T 3L 2 BB T A3 TE L 51 Kk e B T
JEE T 3 AN S BURE T 1) 4% 34 AZ BHL, {H K T i
% 05 Ok XU 52 m AT 88 (F=4.91, P=
0.019) , BTl R A B 1%, 8 ¥ )2 o id 2
2 M e A0 Ak g5 Sk BORR PR 2 B A B T R AL
NGO 55 (F=15.35, P=1.15X10"*, SS & It
72.3%) , 10 i KU B AE R A X 48 o (F=3.85,
P=0.039) , 5T #k K ik 13.6% , & H & 2 i & 2 i
B R R W U R, 5 R R 4R R R R

=l AR (R 5) 5 R b (D) [ B
] F 5% 2 W], 0k A 2 5 B 5 F It JXU 3 X XU A B
R g I = R R e (R )= R B =



9 1 R B A L RE ST 3 XU A B X R A A R 1 4 SR e 3527
&1 WEEHWH
Table 1 Two-factor analysis

Ah I SS F P F crit
e ke gt ALk 2.48X10° 8.28 % 10" 4.95 0.018 3.49

TR A 5 9.12x10° 2.28%10° 136.20 6.88>101° 3.26

— Ofe it XL 3 1.65x 10" 5.51x10° 4.91 0.019 3.49

Wh AT 7 5 2.02x10° 5.06 < 10° 451.82 5.73x 107" 3.26

‘ ENEES 6.29 <10 2.10X 10 3.85 0.039 3.49
)= R A 7 i 3.35x10° 8.36 10 15.35 1.15x10™" 3.26

JE 3 AR 325 5 U0 A A, B0 R I XU X KU A
JE /N B R 4 A2 )T Ml SR S M 5 I B B R b
GANE X 17 % =S N NS /R i AR (AT B R
BTk R T T R W A 9 9 T K st 4 R
JRGHE 6 B 30 30 0 2 ), — 3 b ) A R R TR Sy A R
X IR (CV) X Bk 20 5% FE 1Y 0 3 5 e L i T
LA SRR AR GIE S T M 3 RLRE B 9 AR T 0 B
A ZE AL - R R S 45 i KR B 5 AR Ak
() 4 R o, e PO B DL 35 A T A0 RE R
W 1 gl AL 3k O R O 3 W) A2 M s A
3 i

AR 3C 3 g R A L K RE S, X [ kA
T SO KU B B E AT TS, & AR
o3 J2 S R R B B R L TR AP B
U, T M R BT V) )2 R BT D) ) 4E b 5 0 I R A A
B, B B 82 0.12~0.50 m 2 7/ 1~2 Sk g, 1
AT BT Rk R R S T 649 ~73%, R ZE R
D i B 1 % 0 il N X (I ) 5 Bk 0 B 6
i AR Hb 2R R B G 2 R e XU B B S ) 4 A
B8 ) J2 78 55 B AR 10% , XU Bh B S 24 45 T
TY%~17Y% ;i 3 )2 AE 55 R 4050 I RS (A [
P REAR 790 ~18% , 18 71 Bk A1 X 1 28 7K - 4% i A7 7
I 2 R R (TR ) 5 B D) )2 KR B 7
Wk 78 55 S, KU A S 5 i R R
BE 5 M 2 00 SR ok T R B ) L e R
(>40% ) 5w K (=18 m/s) 414 I il it 37 ik 30
2 WY M 2 S 0T 5 R R BE i T Y 2 A TR LD

WF 9% 3 55 Bk A1 7 55 B KU B R Y R 2R
P E R Ud B R BE Y Hb 3R S T A R
M XU H A6 BE, HAE — o a5 [ N BR R VARl X
Je U AR L BR A S OF AR O g, R
BE Bl AU TR S 43 2 A AR SR W O Hb 3R R A
Je Yk 5 40%~50% P 36 B DL B0 By b2 Ak =

A [ o a3 R Sl BRSO B SR L OBE 5
ATy AR By T R Kk R R Y 2 Ak R R S
B S A E M T TR DX BE M SR Y B XL B2
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