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Abstract In this paper, the mesoscale model WRF is used to simulated mountain-valley wind
circulation in the region of south Gaoligong mountain in the dry season and wet season, in 2016,
respectively. Applicability of five layer parameterization schemes under complex underlying
surface of the Gaoligong mountain are compared. The results show that YSU scheme performs
best in temperature simulation. The mean absolute error of wind speed in simulation is the
smallest using ACM2. The absolute error of wind direction simulated by MYNNS3 scheme is the
smallest. The diurnal variation of wind direction simulated by the YSU and MYJ schemes is more
consistent with the observation. In the southern Gaoligong mountain, valley wind circulation
appears at 9:00 am and turns to mountain wind circulation at 7:00 pm. It is mostly southerly wind
in the daytime, and northerly and westerly wind at night. During the day, the air flow converges at
the top of the mountain while it diverges in the valley. At night, it is opposite. The wind speed in
daytime is greater than that at night. In the dry season, the west wind is weak, which is conducive
to the development of local circulation in the lower troposphere. In the wet season, the eastward
background wind is strong, which suppresses the development of local circulation, thus, the height
of the boundary layer is lower than that in the dry season. In the dry season, the westerly wind
encounters the Gaoligong Mountain, sinks on the west slope, forms vortices, and then the
turbulence on the west side is well mixed, leading to a deep boundary layer. In the wet season, the
easterly wind weakens the valley wind on the west side of Gaoligong Mountain, and the height of
the boundary layer between Tengchong and Baoshan is similar.
Keywords WRF model, Gaoligong mountain, boundary layer parameterization scheme,

mountain-valley wind, local circulation
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Fig. 2 (a) December 4, 2016 08:00 LST 850hPa geopotential height field (units: dagpm) and (b) sea level
pressure field (units: hPa) (c) September 28, 2016 08:00 LST 850hPa geopotential height field (units: dagpm) and

(d) sea level pressure field (units: hPa)
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Table 1 Daily average air temperature(units: C) and relative humidity(units:%) of Tengchong station and Baoshan

station throughout the year, dry and wet season
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Baoshan station
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Table 2 The mean absolute errors between observed and simulated values of air temperature (°C), wind direction

(° ) , windspeed (m/s) by five boundary layer parameterization schemes
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Fig. 9 Same as Fig. 7, but for wind field figure in the dry season
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4 Z5ip

AT AT ZR . PP RO Ll S O BR300 WRF RS Al 2
ST FAEZ TG T IE A, FEL AT s BT L R s IR TURHAE . B TR, =BT
a0 AR MR B WREER, R PRI T AR £ T XA A E . E 2Tl B
PRl X 2 X BLAE B4 9: 00 B, (L XU BIAE R4 19:00 B o SR hRI LLLLAS KR I M
E, ARZAMmEN, B mAERFRE R ARLTTSRES, AR, BRI .
AR RKGE R TN TR0 RIS, R TR 2R R R R o W 25 2R R
5, DMK RZ G, LREEERT TR 54, TREERITEXE R SR,
FEVGH T UURE B IE, PEMIRIRIE S 725, W R B T AR M. B2 R AR 1 5
RIS TP IR R R JE, R o5 O LD R 2 s A AR £

AR SO0 e 2T 1L R B X R IR R AT, SIS X S ARRRAE L 1 R XS
BOA—E, BA—mARERNE . ER AL T P A BUR R, 2T il e 5 R R
A G 7 28 XU R 2 RS IX (1 Je M AR, 3 5 91 T 22 1) b T 000 7 e AL B 5 S5 KL%
BT SE RN BT o



&E ik (References)
Arritt R W, Pielke R A. 1986. Interactions of nocturnal slope flows with ambient
winds[J]. Boundary-Layer Meteorology, 37 (1-2):183-195
Barr S, Orgill M M. 1989. Influence of External Meteorology on Nocturnal Valley
Drainage Winds[J]. Journal of Applied Meteorology, 28:6(6):497-517
Bougeault P, Lacarr & re P. 1989. Parameterization of orographic induced turbulence
in a mesobeta scale model[J]. Monthly Weather Review, 117(8):1872-1890.
PRit, T—C, BF4, %. 2006. AARIMEN =i EZMEL A EREASRE e [JI].
KA, 30(1):25-37. Chen Yan, Ding Yihui, Xiao Ziniu, et al. 2006. Effects
of water vapor transport on monsoon outbreak and precipitation anomalies in
early summer in Yunnan [J]. Chinese Journal of Atmospheric Sciences,
30(1) : 25-37.
Clements WE, Archuleta J A, Hoard D E. 1989. Mean Structure of the Nocturnal Drainage
Flow in a Deep Valleyl[J]. Journal of Applied Meteorology, 28(28):457-462.
Chen F, Dudhia J. 2001. Coupling an Advanced Land Surface Hydrology Model with the
Penn State NCAR MM5 Modeling System. Part I: Model Implementation and
Sensitivity[J]. Monthly Weather Review, 129(4):569-585

Dudhia J. 1989. Numerical study of convection observed during the winter monsoon
experiment using a mesoscale two—dimensional model[J]. Journal of the
Atmospheric Science. 46, 3077 - 3107

Doran J C. 1991. The effects of ambient winds on valley drainage flows[J].
Boundary-Layer Meteorology, 55(1-2):177-189.

Gross G. 1987. Some effects of deforestation on nocturnal drainage flow and local
climate — A numerical study[J]. Boundary-Layer Meteorology, 38(4):315-337

Holt T, Raman S. 1988. A review and comparative evaluation of multilevel boundary
layer parameterizations for first - order and turbulent kinetic energy closure
schemes[J]. Reviews of Geophysics, 26(4):761-780.

Hong S Y, Y Noh, J Dudhia. 2006. A new vertical diffusion package with an explicit

treatment of entrainment processes[J]. Monthly Weather Review, 134(9),2318-2341



Jimé nez P A, Dudhia J. 2012. Improving the Representation of Resolved and Unresolved
Topographic Effects on Surface Wind in the WRF Model[J]. Journal of Applied
Meteorology and Climatology, 51(2):300-316.

Jim é nez P A, Dudhia J. 2013. On the Ability of the WRF Model to Reproduce the Surface
Wind Direction over Complex Terrain[J]. Journal of Applied Meteorology and
Climatology, 52(7):1610-1617

Jin L, Li Z, He Q, et al.2016. Observation and simulation of near—surface wind and
its variation with topography in Urumqi, West ChinalJ]. Journal of
Meteorological Research, 30(6):961-982.

Kain J S, Fritsch J M. 1993. Convective Parameterization for Mesoscale Models: The
Kain-Fritsch Scheme[J]. Meteorological Monographs, 24:165-170.

X EB, KRB, 1996, XF L (BEZX L) ZREF RN AREN]. BRAKE
¥4, 11(4):347-354. Liu Yuhong, Zhang Keying, et al. 1996. Distribution
characteristics of air humidity resources in Ailao mountains (southwest monsoon
mountains) [J]. Journal of Natural Resources, 11(4):347-354.

XL, dtersr, REE 2001 AR E P LR RAEERENUT]. ABESTEAR,
2001, 6(3):305-311. Liu Huizhi, Hong Zhongxiang, and Sang Jianguo. 2001.
Numerical simulation of crossing mountain flow in convective boundary layer [J].
Climate and Environment Research, 2001, 6(3):305-311.

AR, xIME, HAE, %, 2012, MM5 F2 WRF 2t 4t 5 XK B AR5 H IR L6 A7 o xt
AR [J]. FER 3k A %, 2012(2):301-312. Liu Zhenxin, Liu Shuhua, Hu Fei,
et al. 2012. Comparative study of MM5 and WRF on the simulation capability of
local circulation in the lower atmosphere of Beijing region [J]. Chinese Science:
Earth Science, 2012(2):301-312.

FIT, BRESEL 2013 ZBETHEERNGHERFTENNIRFELRKI]. HRpEF
#, 56(1):27-37. Li Ding, Ju Jianhua. 2013. Comparison of climatic
characteristics between southwest monsoon from the bay of Bengal and tropical
monsoon from the south China sea [J]. Chinese Journal of Geophysics,

56 (1) :27-37.

23 4037, B, %E.2017. WRFEXFHRESB N FTEERAT &4 T2 mEFMEH



#1J). mEA%, 36(2):340-357. Li Fei, Zou Jian, Zhou Libo, et al.2017.
Applicability study of boundary layer parameterization scheme in WRF model for
complex underlying surface in southeast Tibet [J]. Plateau Meteorology,
36(2) : 340-357.

Lim K S S, Hong S Y. 2010. Development of an Effective Double—Moment Cloud
Microphysics Scheme with Prognostic Cloud Condensation Nuclei (CCN) for Weather
and Climate Models[J]. Monthly Weather Review, 138(138):1587-1612.

Lee J, Shin H H, Hong S, et al. 2015. Impacts of subgrid - scale orography
parameterization on simulated surface layer wind and monsoonal precipitation
in the high-resolution WRF model[J]. Journal of Geophysical Research
Atmospheres, 120(2):644-653

L%, B, T4 2008. PR B EA F AR E RNSENA T 247 [T]. Rk 5
FIEAF S, 13(2) : 189-198. Ma Shupo, Zhou Libo, Wang Wei. A preliminary analysis
of the surface wind characteristics of the Rongbuk valley on the northern slop
of Mount Everest [J]. Climate and Environment Research, 2008, 13(2):189-198

Mellor G L, Yamada T. 1982. Development of a turbulence closure model for geophysical
fluid problems[J]. Reviews of Geophysics, 20(4):851-875

Mlawer E J, Taubman S J, Brown P D, et al. 1997. Radiative transfer for inhomogeneous
atmospheres: RRTM, a validated correlated—k model for the longwavel[J]. Journal
of Geophysical Research Atmospheres, 102(D14):16663-16682.

M. G. Cogliatia, N.A. Mazzeo.2006. Air flow analysis in the upper RI ~ o Negro
Valley(Argentina) [J]. Atmospheric Research 80 (2006):263 - 279

Nakanishi M, H Niino. 2004. An Important Mellor—Yamada Level-3 Model with
Condensation Physics: Its Design and Verification[J]. Boundary-Layer
Meteorology, 112(1),1-31.

Pleim J E. 2007. A Combined local and nonlocal model for the atmospheric boundary
layer. Part Il :Application and evaluation in mesoscale meteorological model[J].
Journal of Applied Meteorology and Climatology, 46 (9),1396-1409.

Prasad KBR RH, Srinivas CV, Rao TN, et al. 2017. Performance of WRF in Simulating

Terrain Induced Flows and Atmospheric Boundary Layer Characteristics over the



Tropical Station Gadankil[J]. Atmospheric Research, 185(1):101-117.

FEE, HAE. 1992 L LARGHHHIRI]. FRAFFREAFFE, 1992(4) : 146-156.
Qi Ying, Fu Baopu. 1992. Air flow crossing mountain and topographic shape [J].
Journal of Nanjing University, Science, 1992(4):146-156.

BEN, BV &, FRES. 2005 AEF M. AT WRAF HARAE, 277 - 281. Sheng
Peixuan, Mao Jietai, Li Jianguo, et al. 2005. Atmospheric Physics (in Chinese)
[M]. Beijing: Peking University Press, 277 - 281.

IR, R, ZB%. 2015, TEERVE LR EABIHE R Kimin il &6 E LR
[J]. AELE5FEHK, 20(4):369-379. Sun Jihua, Fan Feng, Xu Anlun, et al. 2015
Variation characteristics of wind field and turbulence flux in the surface layer
of Dali before and after the outbreak of southwest monsoon [J]. Climate and
Environment Study, 20(4):369-379.

Schmidli J, Rotunno R.2011. Influence of the Valley Surroundings on Valley Wind
Dynamics[J]. Journal of the Atmospheric Sciences, 69(2):561-577

Sun,F., Y. Ma, Z. Hu, M. Li, G. Tartari, F. Salerno, T. Gerken, P. Bonasoni, P.
Cristofanelli, and E. Vuillermoz. 2018. Mechanism of Daytime Strong Winds on
the Northern Slopes of Himalayas, near Mount Everest: Observation and
Simulation[J]. Journal of Applied Meteorology and Climatology, 57(2):255-272

Tobias G, Tobias B, Wolfgang B, et al. 2014. A modelling investigation into
lake—breeze development and convection triggering in the Nam Co Lake basin,
Tibetan Plateaul[J]. Theoretical and Applied Climatology,2014,117(1-2).

B, MAZ, WAL 2012. TRAFEMGEEILESH M7 RN WA T). &R Lt
A ZH%,32(3):1-8. Tu Nini, He Guangbi, Zhang Lihong. 2012. Comparative
analysis of different parameterization schemes for boundary layer and land
surface processes [J]. Plateau Mountain Meteorology Research, 32(3):1-8.

T®E, K&, EBR, % 2012, = MM LA EE HIRRSES T I]. TREAK,
2012, 30(2) :169-177. Wang Jin, Zhang Lei, Wang Tengjiao, et al. 2012. Comparative
analysis of typical daily circulation characteristics in the valley near Lanzhou
[J]. Journal of Arid Meteorology, 2012, 30(2):169-177.

Wang W, Xiao W, Cao C, et al. 2014. Temporal and spatial variations in radiation



and energy balance across a large freshwater lake in ChinalJ]. Journal of
Hydrology, 511(7):811-824.

WEAT, FRE, AHE. 1984 BEZHA—EWEENEFW XA B AFFR:
BRA R, 1984(3):57-66. Xu jiaxing, Li liangmin, Liu minrong. 1984.
Relationship between heavy rain and monsoon activity in Yunnan in mid-summer
[J]. Journal of yunnan university: natural science, 1984(3):57-66.

Xie B, Fung J C H, Chan A, et al. 2012. Evaluation of nonlocal and local planetary
boundary layer schemes in the WRF model[J]. Journal of Geophysical Research
Atmospheres, 117(D12), 12103

P IE. 1956, /N AT AR EY R [T]. A& AR, 1956 (03) : 243-262. Ye Duzheng. 1956.
Effect of small topography on airflow [J]. Journal of
Meteorology, 1956 (03) : 243-262

PPE I, B E, KA. 1957, T B JR R L I S 3 2 M Ao xd i B K AL BE P (T,
A Z%¥,1957(02) : 108-121. Ye Duzheng, Luo Siwei, Zhu Baozhen. 1957. Flow field
structure of Tibetan plateau and its vicinity and heat balance in troposphere
[J]. Journal of Meteorology, 1957 (02):108-121.

FHE.2014. F T WRFEX 5 d KX A K2 7 BRAERWB L D]. LARIFE A, 2014.
Yin Xiangyu. 2014. Simulation study of atmospheric boundary layer
characteristics in Jinan region based on WRF model [D]. Shandong Normal
University, 2014.

kwek, BR&E, FHEERE. 1992, RELDLARAAEZLI]. HEFR, 1992,
11(3) :65-70. Zhang Keying, Ma Youxin, Li Yourong, et al. 1992. Climatic effects
of the flow across Ailao mountains [J]. Geographic Studies, 11(3):65-70.

KA, HE, FHH 2012. 2008 FHKF AL ARIMF R [T]. #wHELRFR,
28(1):134-139. Zhang Renwen, Fan Shaojia, Li Yingmin. 2012. Conghua autumnal
valley wind observation research in 2008 [J]. Journal of Tropical Meteorology,
28(1) :134-139.

KoM, R 2013, AWK WRF EX WML FESH AT TG T]. KARF
#4%, 36(1):68-76. Zhang Xiaopei, Yin Yan.2013. Evaluation of four boundary

layer parameterization schemes for WRF model in complex topographic areas [J].



Journal of Atmospheric Sciences, 36(1):68-76.
Za ngl G.2009. The impact of weak synoptic forcing on the valley-wind circulation

in the Alpine Inn Valley[J]. Meteorology & Atmospheric Physics, 105(1-2) : 37-53.



