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Motivation and questions addressed 

To assess the impact 
numerical weather 
model resolution has 
on integrated water 
vapor transport and 
resultant precipitation, 
and to determine the 
role of key mountain 
ranges in redirecting, 
or blocking, the 
incoming water vapor.  

To what extent was the extreme precipitation in this case caused 
by local topography, in-situ synoptic-scale forcing, and/or 
remote orographic or dynamical enhancement processes?  

Fig. 18. Conceptual representation of the atmosphere at 0000 UTC 22 January, and 24-h precipitation accumulations 
ending at 1200 UTC 22 January 2010.  (Top) Plan-view schematic of IVT magnitude (red contours, with units of kg 
s-1 m-1; bold red arrow shows the IVT vector direction in the AR core), the 85 m-s-1 isotach (gray dashed contour; 
interior shading >85 m s-1), the melting level at 2.5 km MSL [blue contour; estimated from the CFSR 0°C altitude at 
2.7 km, with the assumption that the melting level is located ~200 m below the 0°C isotherm (e.g., Stewart et al. 
1984; White et al.2002)], and the 75-mm isohyets (thin dotted contours; interior shading >75 mm).  The black 
dashed line along SW–NE shows the baseline for the cross section in the bottom panel.  Standard notation is used 
for the near-surface fronts.  Cities and terrain are as in Fig. 2.  (Bottom) Cross-section schematic across the 
Mogollon Rim (along SW–NE in the top panel) showing the melting level (gray-shaded bar), the atmospheric river 
(red arrow), and representative 24-h precipitation totals (mm) at three locations (bold black dots).  The following 
vertical profiles at the southwest end of the cross section are also shown: wind velocity (flags and barbs are as in 
Fig. 5b), water vapor flux (kg s-1 m-1; directed from 220°), and moist Brunt-Väisälä frequency squared (×104 s-2).

From Neiman et al 2012 
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We assess the impact 
the resolution has on 
precipitation in four 
regions that received 
major precip.: 
1)  Over central Baja 
2)  AZ/Mexico 

(skipped) 
3)  Mogollon rim 
4)  CO/San Juan 

mountains 
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Region maximum precip Region average precip 

Region 1: 
Baja 

Region 3: 
Mogollon 

Region 4: 
CO/ 
 San Juans 

81 27  9   3    1 
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3 km CTRL terrain height Tall Baja terrain height 



3 km CTRL precipitation Tall Baja precipitation 



Region 1 (Baja) Region 3 (Mogollon) 

Region 4 (CO/ San Juans) 

Mean: +86%  
Max: + 147% Mean: - 45%  

Max: - 51% 

Mean: - 15%  
Max: - 4% 



¨  Better-resolved terrain makes little difference in 
integrated vapor transport (IVT) and resultant, 
area-averaged precipitation beyond about 9 km 
grid spacing 

¨  Maximum precipitation amounts generally 
increase with finer grid spacing up to 1 km 

¨  Preliminary results with a ‘tall Baja’ experiment 
support the assertion that the atmospheric 
river’s crossing location – south of Baja’s 
higher terrain – contributed to the large 
precipitation over the Mogollon rim 



¨  Investigation of the impact of cumulus 
parameterization (i.e., having it on or off at 
varying resolutions), vertical resolution, the 
impact of the Gulf of California, and full terrain 
removal to quantify synoptic contribution 

¨  Further quantitative investigation of IVT and 
precipitation at different resolutions, including 
quantitative comparison to observations, and 
possibly pseudo moisture budgets 

Thanks! 


