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Abstract Based on reanalysis data, multiple sets of satellite retrieval data and the WRF model 

simulation data, a gravity wave event is identified over Tibetan Plateau on 10 January 2005. The role 

of the waves in snowfall over western plateau is also studied. It is found that gravity wave covered 

most part of the plateau from southwest to northeast, situated to the left exit of jet stream. The wave-

like temperature advection pattern and strengthening unbalanced flow provided environment in favor 

of gravity waves. Wavelet cross spectrum analysis shows that vertical vorticity and horizontal 

divergence in middle troposphere were consistent with polarization relation in ducted gravity waves. 

Snowfall was detected over the updraft region in the western plateau, which can be simulated by WRF. 

Simulation can also present mesoscale gravity wave that can hardly be identified in reanalysis data. 

Numerical simulation shows that the strong diabatic heating near the surface resulted in static 

instability. Convections were thus easily initiated over warmer region and led to latent heat release by 

condensation over high altitude. The melting-induced cooling near the ground associated with 

convection forced the gravity wave development. The formation of solid hydrometers took place over 

updraft regions, and subsequent arrival of cold air provided favorable condition for water vapor 
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transport. Weak large-scale ascent replaced the strong updrafts that entered the snow region 

intermittently. Solid hydrometers then fell onto the ground and the precipitation event finally 

happened over western Tibetan Plateau. 
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1  2005 1 10 12:00 ERA- Interim Ῥ№ 400hPâ ã № ̂ ̕ ᵝ̔Pa/s̃̕  

( b)  № ̂ ̕ ᵝ̔10
- 5
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- 1
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̂ 1500m ̂Ҋ ̃̂̕ãҬ AB 2 ╩ ᵝ ̃ 

Fig. 1 The distribution of (a) vertical velocity (colors, unit: Pa/s̃ and (b) horizontal divergence (colors, unit: 10-5s-1) at 

400hPa derived from ERA-Interim at 12:00, 10 Jan 2005 

(The reddish brown bold line indicates 1500-meters elevation (the same below); Purple Bold line óABô in (a) annotates 

the location of wavelet analysis data in ˻ ⌠ Ȃ) 
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2 2005 1 10 12:00 ˻ ⌠ Ȃ AB 300hPa ҍ ֜

№  

̂ ף ↓ ῏ ̆ ҹ Ȃ ῏ ԍ 0.5 ̆

ᵝ Ȃ ҹ A ̃ 

Fig. 2 Wavelet coherence analysis of 300hPa vertical vorticity and horizontal divergence at locations AB shown in ˻

⌠ Ȃ at 12:00 in 10 Jan 2005.  

(Magnitude-squared coherence (colors), cone of influence (white dash line) and phase lag between vorticity and 

divergence at locations where coherences exceed 0.5. The abscissa axis labels the horizontal distance from A) 
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3 2005 1 10 ̂ãTRMM̂ ̆ ᵝ̔mm̃̆ ̂c̃HAR 10km№ ̂ ̆ ᵝ̔mm̃̆ ̂d̃

WRF ̂ ̆ ᵝ̔mm̃ 24h № ̂̕ b̃MODIS ̆ 2005 1 11-

27 ҹ 2004 12 29 - 2005 1 14 ҹ ̆  

Fig. 3 The distribution of daily accumulated precipitation derived from (a) TRMM (colors, unit: mm), (c) HAR 10-km 

simulation (colors, unit: mm), (d) WRF outer domain simulation (colors, unit: mm) on 10 Jan 2005; (b) MODIS snow-

cover data, blue pixels indicate that there were snow cover detected from 11 Jan-27 Jan 2005 but not from 29 December 

2004 to 14 Jan 2005, grey pixels annotate missing value 

1 10 00:00 ҍ 06:00 ˻ ⌠ Ȃ ,  00:00 ̆
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4 2005 1 10 ̂ã̆̂c̃00:00̂b̃̆̂d̃06:00 500hPa ל  

̂aȁb לᵝ̔ל ̂ ṿ ̆ ᵝ̔dgpm̃̆ ̂ ̆ ᵝ̔Ņ̃̆ ̂ ̆

4m/s̃ ̆ ̂ ̆ ᵝ̔ɫ/daỹ̆ ̂ ף ԍ 30m/s̃ ̆ Cף

‛Ҭ ̆ L ף ᵞ Ҭ ̆ Wף Ҭ ̕cȁd ̔ ̂ ̆ ᵝ̔

dgpm̃̆ ̂ ̆ ᵝ̔m/s̃ ̃ 

Fig. 4 500hPa synoptic and unbalanced flow evolution at (a), (c) 00:00, (b), (d) 06:00 on 10 Jan 2005. 

( a, b synoptic evolution: geopotential height (black solid contours, unit: dgpm), temperature (red dash contours, 

unit: Ņ), wind field (wind barbs, a full barb indicates 4m/s), horizontal temperature advection (colors, unit:ɫ/day), jet 

stream (purple shaded regions showing where wind speed exceeded 30m/s), blue letter C means cold center, black L 

low, red W warm; c, d unbalanced flow evolution: unbalanced geopotential height (colors, unit: dgpm), unbalanced 

wind (vectors, unit: m/s)) 

 


