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Precipitation Response to Area-averaged, 
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LLJ and Precipitation Response to 
Ambient Zonal flow and Orography 
       Deviations from Climatology 
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U  <  β /(k2+l2 ) 



LLJ and Precipitation Response to 
Ambient Zonal flow and Orography 
     Deviations from Climatology 

Time correlation coefficients shown (DJF 1951-2000) 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(49 deg of 
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Summary 
. Low‐Level Jets modulate severe weather and precipita7on 

. Detailed ver7cal, horizontal, and temporal evolu7on of 
LLJs might be difficult to detect from space 

. Strong correla7ons of LLJs and related phenomena with 
upper level, cross‐mountain winds could mi7gate direct 
observa7onal difficul7es 

. Implica7ons for climate impacts: possible weakening of 
zonal circula7ons associated with some global warming 
scenarios and resul7ng changes of LLJs, moisture fluxes, and 
regional hydrological cycles 



Summer Simulations to test orographic 
mechanism: 

-UGM: hydrostatic; predicts vorticity, diver-
gence, thermal and moisture fields on 
pressure-based sigma coordinates 

-Adiabatic, 20-level primitive eqn version 
of the UGM, truncated at wavenumber 42, 
2º latitude spacing 

- Contains full and realistic spectrum of 
orography and ambient flows 

- Zonally averaged portion of the circulation 
is maintained by relaxation toward the 
climatology for each season (1951-2000) 

Wind diff. (m/s) 

sigma .78 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Wind diff. (m/s) 

sigma .78 

Difference in wind vectors 
averaged over last 30 days 
of a 40 day forecast: 

(Mountain minus No-Mtn) 



Summer 

Winter 

Simulations to test orographic 
mechanism: 

-UGM: hydrostatic; predicts vorticity, diver-
gence, thermal and moisture fields on 
pressure-based sigma coordinates 

-Adiabatic, 20-level primitive eqn version of 
the UGM, truncated at wavenumber 42, 2º 
latitude spacing 

- Contains full and realistic spectrum of 
orography and ambient flows 

- Zonally averaged portion of the circulation 
is maintained by relaxation toward the 
climatology for each season (1951-2000) 

- Orographically bound cyclone over Andes 
is apparent in both summer and winter 
difference fields; partly agrees w/obs 

Wind differences (m/s) 
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Winter 

Wind differences (m/s) 

sigma .72 Orographic mechanism over  
North America: 

-During January (top), mtn minus 
no-mtn effect produces a lower 
tropospheric anticyclone over 
the western U.S. and northerly 
flow east of mtns (extending to MX) 



Winter 

Summer 

Wind differences (m/s) 

sigma .72 

sigma .72 

Orographic mechanism over  
North America: 

-During January (top), mtn minus 
no-mtn effect produces a lower 
tropospheric anticyclone over 
the western U.S. and northerly 
flow east of mtns (extending to MX) 

-During July (bottom), orographic 
effect produces cyclonic curvature  
within lower troposphere above  
the south-central Rockies and south- 
westerly flow east of the mountains 
over the southern Great Plains 

-Qualitatively similar to observed 
climatologies / partial contribution of 
mechanical effects 


