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Abstract: Xinjiang is situated in the interior of the Eurasian continent. It is
characterized by arid climatic conditions, presenting an uneven spatial and temporal
distribution of water resources and a paucity of accessible water resources. Lakes
constitute one of the primary means of water resource storage in Xinjiang. They play
a pivotal and irreplaceable role in combating desertification within the arid region.
Through complex multi-interface and multi-factor physical processes occurring within
the atmospheric boundary layer, lakes modulate the regional exchange and circulation
of water and heat materials. In this research endeavor, Bosten Lake was chosen as the
focal point. The WRF-CLM model was employed to simulate the local circulation
patterns over a span of 92 days from June to August in the summer of 2020. By
meticulously analyzing the near-surface wind fields and water vapor distribution, and
in conjunction with lake-removal experimental setups, the mechanism underlying the
influence of local circulation on the evaporation of the lake surface was unearthed.
The details unfold as follows: When the lake breeze holds sway, the water vapor that
evaporates from the lake surface is ferried towards the land, propelled by the onshore



air currents. Concurrently, under the sway of the updraft at the lake breeze front, it
disperses into the upper atmosphere. Under the combined forces of the valley wind
and background wind, the lake breeze circulation drives the water vapor downward,
congregating it along the lakeshore to form discretely scattered water vapor
accumulation zones. The specific humidity within these areas persists at an elevated
level. The water vapor accumulation area of Bosten Lake is predominantly distributed
on the western flank of the lake. Notably, the boundary layer height in these regions is
lower than that of the neighboring land surfaces, and the underlying surface is largely
blanketed by vegetation.

Keywords: lake evaporation, local circulation, numerical simulation, lake land breeze,
Bosten Lake
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Fig. 1 Geographical location of Bosten Lake.
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Fig. 2 Topographic situation of the research area of Bosten Lake (To highlight the topographic
difference, the terrain here is processed five times).
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Fig. 3 Study area of Bosten Lake (d03) and three observational stations within the study area:
Yanqi Meteorological Station (86.6 E, 42.05N), Hejing Meteorological Station (86.37 E,
42.33N), and Heshuo Meteorological Station (86.85E, 42.26N).
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Table 1 Parameterization scheme of lake model.
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Fig. 11 Vertical profiles of the wind field in the lake area for the experiment with lakes (a, c)
and the experiment without lakes (b, d) (the blue - dotted area represents the original range of
Bosten Lake): (a, b) vertical profiles along 42.0N, 86.4E - 87.6 E; (c, d) vertical profiles along
87.0E, 41.5N - 42.5N (at 04:00 on July 11, 2020)
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Fig. 12 (a) Satellite image of the research area. (b) Divergence value of the near-surface wind
speed field at 16:00 on July 25, 2020. The color fill is the divergence value. The black curve on
the edge is the contour line. The same below.
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Table 2 Location of divergence and convergence areas in the Yangi Basin.

X3 AR (B, ND RV RREEES (km)

1 (86.30, 42.23) 47.30
2 (86.66, 42.18) 16.96
3 (86.83, 41.95) 9.59
4 (86.50, 41.82) 19.83
5 (86.43, 42) 27.39
6 (87, 41.85) 6.66
7 (87.50, 41.75) 9.79
8 (87.53, 42.06) 23.13
9 (87, 42.23) 16.65
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Table 3 Frequency and probability of occurrence of divergence and convergence areas.

X35 A H SR EUE A I (2020 £8)

R 6 H 7H 8 H KA AEAY)
1 187 205 193 585 26.5
2 375 348 355 1078 48.8
3 232 241 228 701 31.7
4 344 352 335 1031 46.7
5 162 193 178 533 24.1
6 262 271 258 791 35.8
7 138 142 115 395 17.9
8 182 174 168 524 23.7
9 78 90 72 240 10.9

X £ 158 A 2020 4E 5 2= 3 N BAUNZE Sl [ AT B A
gt R 9 MERURE S X IR SR ECH IO, 155 3R 3t i
ISR MR ZEE (R 4).

4 AR £ X 0 IR0 TOAORT H B % LT A R

Table 4 Frequency and probability of occurrence of divergence and convergence areas and the
amount of change.

e DX 35k P B0 R (1) A9 (2020 4F) B (%)
6H 7H 8H SR (AR ED B ED
1 177 193 169 539 (-46) 244 (-2.1/-7.9)
2 132 128 102 362 (-716) 16.4 (-32.4/-66.4)
3 24 33 28 85 (-616) 3.8 (-27.9/-87.9)
4 48 52 39 139 (-892) 6.3 (-40.4/-86.5)
5 36 44 31 111 (-422) 5.0 (-19.1/-79.2)
6 233 257 261 751 (-40) 34.0 (-1.8/-5.1)
7 98 143 127 368 (-27) 16.7 (-1.2/-6.8)
8 126 133 139 398 (-126) 18.0 (-5.7/-24.0)
9 73 83 91 252 (12) 11.4 (+0.5/+5.0)

ZhAgEh, 6T 9 AN REREGE G X8, AR S IR I T
Ak, HFR 4TI, X3k 2. 3. 4. 5 HIHUEEUE S IR AR I Bg, 45
/> T 32.4%. 27.9%. 40.4%. 19.1%, XTSI E 58> T 66.4%. 87.9%.
86.5%. 79.2%, i BIX JLAN X I SZ RS R AR X3 1. 64 7. 8. 9 HI



HBUR S IR IR AN, AU N-2.1%. -1.8%. -1.2%. -5.7%. +0.5%, #H
X T JRHE R AR AL B -7.9%. -5.1%. -6.8%. -24.0%. +5.0%, #]LIIAN5H IR
L TS o A 7 N S e

ARABZEATT 6 2 8 AL — I BOL X 48 BURE HUE 5 5 SONFT X, Toill
FA N R AR AR G SONEE Y, MR ARBUE X (A1) w1 il
DXak i (i=1,2,3,...,9) RARBUES IR S, H4E X Vil
ABUNT 05 IR XA A AR AR & ILR A S M R S IR B TE R M i, 2
fF Xi Yi AR REORT 0.

Cov(X)Y)

pXY=mm (1)

XA Cov(X, V) NFHME X Y BFIth £, DX)s DONDRFEMH XL Y WTE, WTF
PN IS, A OC RECR I T AN B O, BRI 1 U R B P SR IR AR
KPER, Hl-1 KPP FAE A . XK 1 21X 9 HAE XL Y SRR
W 5 Fis:

R5 AR TCIRE R AR R S DLG AR LS 25 6 T Ja % XA AR AR O B
BT
Table 5 Frequency of divergence and convergence phenomena occurring with and without a lake
body and correlation coefficients of divergence phenomena in each area before and after the lake

removal experiment.

X35, 6 A 7H 8 A FRARE

1 167 184 150 0.85
2 30 15 22 -0.33
3 5 6 2 -0.09
4 10 4 7 -0.20
5 2 4 3 -0.10
6 212 231 230 0.79
7 65 112 103 0.67
8 92 120 115 0.63
9 71 82 85 0.96

HI3% 5 FIAHSGHE T ol 0, X3 1. 64 7. 8. 9 MUAREGR & K AEAIK 51
AZETEARDGPESS, RZIXIK 2. 3+ 4. 5 MIFEHEE & K AR S W9 R AH 5
AL R HERT, X3 1. 6. 7. 8. 9 MUIRHUE S ILAA MR, 117 X3 2. 3.
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Fig. 13 The simulation results of the daily variation of the mean evaporation amount within the
Yangi Basin in the summer of 2020.
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Fig. 14 The simulation results of the daily variation of the mean specific humidity at a height of 2
meters within the Yangi Basin in the summer of 2020.
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Fig. 15 Statistical mean of specific humidity at 2-meter height of Bosten Lake in summer 2020: (a,
c, e, g) lake control experiment, (b, d, f, h) lake removal experiment.

#6 A THAS XK 2 m & BRI EE (g/kg)
Table 6 Mean variation of specific humidity at 2 meters above the ground in regions with and

without lake (g/kg).
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g) lake control experiment, (b, d, f, h) lake removal experiment.
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