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Abstract Based on the dataset of observations of precipitation, visibility and winds since 1954 at the top of Huashan
Mountain, the ratio between the precipitation at Huashan Mountain and at the nearby plain stations, which is de-
fined as the orographic enhancement factor (R,), and the relationship between R, and visibility, were used to quan-
titively study the ways that air pollution aerosols suppress orographic precipitation. R, decreased 14 %—-20% gradu-
ally during the measurement period, which means that the precipitation at the top of Huashan Mountain decreased
14%-20% compared with the precipitation at the plains stations. The indicated trend of R, matched well with the

decreasing visibility and increasing aerosol, which suggests that enhanced pollution aerosols suppress the orographic
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precipitation. The decreasing trend of R, is mainly caused by days of the light and moderate rain (daily precipitation
less than 30 mm), but not by days with precipitation more than 30 mm, which suggested that the thin short living
orographic clouds are much more susceptible to precipitation suppression by air pollution aerosols. The precipitation
less than 30 mm and 5 mm, respectively, can be affected by the aerosols entering the clouds for Huashan Mountain
and Xi’an stations, which suggests that the more aerosols enter the clouds. the deeper precipitation clouds will be
influenced by the aerosols to suppress the precipitation. In the spring and autumn when dynamical lifting plays the
leading role, the suppression of aerosol to clouds at the mountain top is stronger than that in plains, and causes a-
bout 20% decrease with a maximum of 25% in precipitation at Huashan Mountain. In the summer for the thermody-
namically driven clouds, the suppression of aerosol to the clouds at the mountain top and in plains is equivalent .
The variations of R, in different wind directions show that the decreasing trend of R, increases with the wind speed,
and the decrease of orographic precipitation exceeds 30% for 240 - 030 wind direction and wind speed greater than 5
m/s. The quantitative analyses of R, and visibility show that R, decreases from about 1. 8 to 1. 2 when the visibility
changes from 14 to 8 km, and the decrement exceeds 30%. R, at Huashan Mountain to Huayin stations is linearly

correlated with the visibility, and the regression coefficient is 0. 81. Finally, a brief physical model that aerosols

suppress orographic precipitation is summarized based on the results.
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Fig. 1  Topography and meteorological stations for the study area
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Fig. 3 The trends of annual precipitations and their ratios between Mt. Huashan and the plain stations of (a) Xi’an, (b) Weinan

and (¢) Huayin. R stands for the regression coefficient of annual precipitation with time
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IXHE B R, Z e, 55 KU A 0. 98, i KU A
0. 815 XE 35 55 KURF g 0. 90, BRIKURF g 0. 805 X
PG 22355 KU A 0. 86, 3 XU A 0. 64, 555 AU ]
YERIFRBA BN Fomi (kO . LB eI, B
T AR R AR (R B0 1V T JE A 2 .
SRR ULAE RIS T AW BN HUTE 2= FOG 1 5
WX = BERZRARY, gidnE, Tt—2F

x4 BEFTERNEREKSFETHER R, LLE
Table 4 The multi-year average summer precipitation and ra-
tio of R, at the ending to starting years for different wind

speeds at Mt. Huashan, Xi’an, Weinan and Huayin Stations

f&/KHE/mm R Ro #F% R, HUfH

<2.4m/s HIl 186
41 119 0.87  —0.0008  0.98
B 106 0.75  —0.0044 0. 90
[ 113 0.74  —0.0055  0.86
>2.4m/s eI 184
H[] 145 0.76  —0.0095  0.81
B 124 0.74  —0.0083 0. 80
(RS 115 0.58 —0.0164  0.64

THRERT AT RS B REKBPE . B85 X
P A =S FEEEER T T sl i 8oRs R <
BIHRE Az IR ISR & 5 FESHR s A =
PURIAAFAEA T XA, A = R R A Y, 2R
VR IRE RS M PO R B LR Y 5 KU A L G 2 53503
ZRMIC S 1T, A RBRES KT
FIEXR 2

g5 BT . ORI HUTE 2= 4 ]
FEKVER ST R IX A2 (220~10%0), 8 IfEH
T SR HOIE 2 (A R KA il 18 F BH 258 1 - i
HX, WD REK 202 245 4
4.2.3 Rk e W6 64 %

IR E 7 (D A LGN H i
W B (B 6) s 4853 R AR B S 1 0], XL
W48k 3 2%, MR 240°~30°, 5 K. 30°~150°,
MR 150°~240%, KGN 73R/ XL (<22 m/s) | H
K C<o<5m/s). KX (v=5m/s). NTEITH
ARNE, PRUEFIIEAZAY . HTIEA L TR
IKEAR/N s 32 IE X TR T = AR B P e B, AN
[ LR R, MG R 25 R L3R 5 gk 6,

TR IK H Y 3850, 4520 F1 17 %6 FR 7K & A=
AN A RGE R KT . #E 629 KK T 2
m/s REZK A e R XRS5 1) 0 3 o T
33% . 16% A0 13% (F5)., M 6 pMral . (D
R, 33 Y Bl WG S I e s (2) XUl R, 38 I8
ST T XU X, A0 Bt PR 8 R T g, 92>
Rk 3020, BT XLy 4R 3 41 s Ja i P
GG, RBARELT
4.2.4 RRILEATERKE X &

K 7 (LSCE#ED R 1980~2004 44211 Fil4E
FIH K Sl ae W EE e R, B R, 2
Tl A BR) TR KR Z IR . Bl 7
AIOL, REDLEE SN 14~28 km B, Wb FEK 22 A8k
RN Ry 2 107 iy e DL RSB Wi/ N 25 (B8
Wl CYEEDLEE/NT 8 km B, ZHBETEE R,
M2 A4 WUNT 30% . METRE WL IR
FALH, HIATIW: BBULEE KT 14 km B
1, XHRILEK IR E AR . /N 14 km 5
AR 2 B, 25/ T 8 ko BRI AR 5 ]
., BEBTREE. Wit 78 14 km fHTfA7E
— AN DA LU Y 2 B K 1) 4

H T BE R WE S R, IER. 8
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Fig. 6 Scatter diagram of wind speed and direction during rain days at Mt. Huashan station
x5 LN L AR KE THIEK R, REZITE
Table 5 The multi-year average precipitation, R, and its statistics at Mt. Huashan, Xi’an, Weinan and Huayin Stations for dif-

ferent wind speed classes

[&7K /mm

IRk A1l it Bk R PE R, A R, %

P§% (1954~2004 4F) SR 837 568 0.71 0. 007 0.81 —0. 0062
ESP 318 227 0. 85 0. 232 0. 88 —0. 0037

45 373 247 0. 69 0. 010 0.75 —0. 0091

FH, 146 94 0. 68 0. 017 0. 65 —0. 0145

THRF (1959~2004 4F) 4 X 816 563 0.76 0. 002 0. 80 —0.0072
K 300 207 0. 88 0. 056 0. 86 —0. 0060

g 373 261 0. 82 0. 094 0. 83 —0. 0060

F 143 95 0.71 0. 0004 0.55 —0. 0206

AR (1970~2004 4E) EN R 800 576 0. 84 0. 036 0. 86 —0. 0062
55X 276 202 0.92 0. 144 0.79 —0. 0065

rhsg 386 281 0. 86 0.029 0.81 —0. 0089

F A, 136 93 0. 83 0. 657 0. 94 —0. 0030

TE: P2l Ro ARALRYLRIEINT ¢ 3G FIMER(E CRRD .

Y5 T 1980~2004 AREIREILBE FARILANAEBH 2 13.5 km Bf, R, 1.3 7 ETHE] 1. 42 BEULEE R
BREAKEZ L R, GE D MAMRIAE., mFE 7 M 14,22 km Bf, R, Ak 1. 83, 4fg UL EEAkZ14
S (1) MAEMEN 1~8 km if, R, [Blzge W, R, XHEZE 1.7 F RGN, 1.6~1.8, (2) ik
L2 EF¥sh, ML1~13; BEEWERN 9~  FREEERRWESS MR, 28 R4
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Table 6 The multi-year average precipitation, R, and its statistics at Mt. Huashan, Xi’an, Weinan and Huayin Stations for dif-

ferent wind direction classes

f&7K /mm
A X e A e T L AHIE AL Py R, tbfH R, #1%
240°~30° [ig7g g 187 99 0. 81 0. 099 0.70 —0.0141
FR 86 44 0. 84 0. 106 0.67 —0.0164
HE 45 184 110 0.77 0.011 0.71 —0.0127
KR 81 44 0.72 0.063 0. 66 —0.0170
e[ 45 192 130 0.73 0. 207 0. 84 —0. 0077
TR 79 47 0. 88 0. 500 0. 89 —0. 0059
150°~240° [ig7g g 93 69 0.58 0. 357 0.76 —0. 0076
F XL 42 35 0. 20 0. 494 1.01 0. 0082
NERES] g 94 80 0.63 0.633 0. 85 —0. 0043
FRL 43 36 0.29 0. 052 0.63 —0.0126
e[ h&g 97 74 0.91 0. 664 0.93 —0. 0029
KR 41 34 0. 45 0.518 1. 25 0. 0088
30°~150° P2 h&g 93 79 0.77 0.477 0. 85 —0. 0039
FRL 18 15 0.79 0. 651 0. 82 —0. 0056
NEREs] hk 95 71 0. 85 0. 382 0. 83 —0. 0057
FRL 19 15 0. 88 0. 266 0. 58 —0.0153
AE[H hk 97 77 0. 86 0.131 0.75 —0.0110
FRL 16 12 0. 86 0. 255 1. 64 0.0243
PEGEHF R, HIERECH 0. 81, HIEEE ¢ Sitk o
E/ﬂ\ Pﬁjﬂ 1.21X10°%), ,ﬁ\:éé/%:—ttjﬂ R,=1.153+ ====y=1.1532+0.020888x R=0.81392 P=1.21X10'5:
0. 0209V, » Hirh Vi FURAEILEE . N o
3 BLIE R LI N I A B B R D f o0 LT
R N2 S e A I 5 CON Sl il 4 1L e o
Ko SR, WIS, WA R B repm Vo ]
A LUAKRELEE 5 R, WAt 2GR, SRT. B 8 dik = o
U ARAF I GE A . REDLEREAR, R, /N, B S R P ’
A AT BRI, R, /O B P L T4 s
FEHTIA e A i M T 2 WK B (TR 0L 2 B 1 e L2 0P 8
AR BEAIT 40 2 :
AR AE LB AR T 06 2 AT UKL 4 5 41y e T T T
SRR L I = B K B B, e R Visibility/km

mr.
3.192
V=—T",
2 TC?%?’I,‘K
Hrp, VRREEWEE: v By 43RBT A2 A
Bk s K Fonulidimee, —MBch 2. Bk 7 5L
REDLEEBIE N 14. 22 ke, MR HESTIE B0 B 7K kL
TRARYEE N 0. 01~1 pm®, RN JERTi . 0%

8 1980~2004 4E4E 1L HE WL 5 A6 1L A4 B SR AR B K o LU (E
Ry MMM S

Fig. 8 Linear fitting of different visibilities at Mt. Huashan with
the ratio of accumulated precipitation at Mt. Huashan to Huayin sta-

tions from 1980 to 2004
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5 36~360000 cm 3,
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R7T  1980~2004 F 4L AREBEIL B T L FI4ERA RFRpEK
ERHILER,

Table 7 Accumulated precipitations at Mt. Huashan and Huayin
stations from 1980 to 2004 and their ratios for different visibilities

at Mt. Huashan
SEHIREULRE /km REKREL/d ARILRBEZK /mm AERAREK /mm R,

0. 00 137 2019.0 1701. 3 1.19
0.72 149 1970. 4 1893.7 1. 04
2.48 44 419.5 346. 1 1.21
3.34 100 1129. 5 981. 8 1.15
4.41 112 1462. 6 1102. 9 1.33
5.28 110 980. 6 830. 9 1. 18
6. 38 115 1040. 7 823.3 1. 26
7.42 107 913.2 759. 8 1. 20
8. 40 101 738.2 609. 1 1.21
9.61 125 1136. 8 864. 3 1.32
11.15 162 1407. 1 1026. 2 1.37
12. 37 91 672.2 481. 4 1. 40
13. 45 106 682. 4 480. 2 1.42
14. 22 80 631.8 344. 8 1. 83
15. 54 154 1003. 7 628.5 1. 60
17. 39 107 764.9 490. 3 1. 56
19. 60 134 541.7 316. 8 1.71
21.77 76 418. 6 240. 8 1.74
25.97 90 379.6 238.6 1.59
33.94 35 142. 4 87.3 1. 63

HRIELA_ B4, FRATAT AV G4 H S e ol 2
WA T 2 K A5y ERAS R

(D BARSE WA B HE—k B (D
i PR P F 4G B, i 5 v J3E 3 o ) 7 FH A
B R, 3k

(2) XTI A A i S0 (4 A K 2 0 o R A
TR CH KRB » X6 IO PR A8 I 400 1 W /K 14
B

(3) BTN F R T TRRIK IR S 5
XA, LARGMERAKN EENE, W BT
R , B RRIK 20 %0 254

(4) I P il XGRS R TG 38 IR ] ) 41
VR SR R RURIA IR I e R 34 R T A
R AT LA 3024,

5 #ig

UIRIEA B2 AR VR R i ol s LAA
ZARIRBO R R BB e, R

M3t 556 LSl Rk 2 e R, AR AL 3 K 5 RE UL ¢
o RN T Z IS X R U 2 B K i i
HYEM .

AP R, B8R IR 1476 ~20%
UL HA 52 3 5 5 H 3l A B B K s> T 1406 ~
20% . R, DB/ RA S5 HE DL BE S U . A M 1A
Wit s FRWIEEBSE I G] T HIE =B

SN IR K FEZIE D T /N B R EL
T M oy R 18 A= i B Rt ) b 2 B A FH B
. TR BRI = AR, i1
VA TRE T 86 7K 1) % el 230 S TR B . X AR L
30 mm DA (9 BEIK HR 25 52 B = A I 4 A
Mo XFPLHHT A WIBEREE N, DX
5 mm PUNRIRKAMEIER . A= B
1o SR BRI R 7K 2 2 A S e T s 2
K.

TELABI B s BRSSO BH
LMY = FEK 2000 2247, e R AT ik 25%., FE#
XA » R BT HIE 2= - J5 i X = 19 /E
FEARY

A L AR 5 RE DL REFD R, W8 =i fe
K. BBILES R, 2B RGNS ITTLMECR,
HARC B3R5 0. 81, REWLEE KT 14 km B R, 7£
L. 6~1.8 Z[u) A4k, b g WEEIREAK, R, & ¥
N MREVLEE /N T 8 km J5AESN 1.2 Ay, B/l
T 30%.,
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Fig. 5  The occurrence probability of daily precipitation not exceeding the amount shown on the y axis at (a) Xi’an and (b) Mt. Huashan
stations for the decades of 1954 — 1964, 1965 - 1974, 1975- 1984, 1985 - 1994, 1995 - 2004
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Fig. 7 The relation between daily rainfall at Mt. Huashan and Huayin stations with the visibility at Mt. Huashan from 1980 to 2004



