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Introduction

Model topography can have a significant effect on precipitation patterns over the Sierra.
After being conditioned to seeing very little, if any, QPF generated by the Eta model at Reno
for much of the winter, forecasters at WSFO Reno were quite surprised when the Eta model
generated precipitation over Reno on March 4, 1994. The Eta model was actually forecasting
much more precipitation than the NGM (Fig. 1) in the 30 to 48 hour period on Sunday,
March 6, 1994

The synoptic weather pattern on March 6, 1994 could be classified as a typical precipitation
event for the east slopes of the Sierra. A moist east to northeast flow in the low and middle
levels resulted in clouds and precipitation confined to the east slope of the Sierra and extreme
western Nevada, despite the strong synoptic-scale descent indicated by the NMC models
(Fig. 2). The NGM and AVN models rarely forecast QPF in this situation since the flow is
interpreted by these models to be downslope and the northeast flow is most often
accompanied by cold advection at low levels.

The Eta model is a finite differencing model, similar to the NGM in many aspects. The Eta
model, however, does have a more realistic representation of mountainous terrain and terrain
gradients, since the eta coordinate, which is a variation of the sigma coordinate, allows step-
like representation of the mountains. The NGM topography is representative of the mean
ground height surrounding each grid point, but is very smoothed.

The Eta model, in this case, was able to minimize the downslope effect due to its enhanced
resolution stepwise topography. By using PCGRIDS fields, one can actually compute vertical
motion caused by the wind field advecting the surface pressure field, which approximates the
model topography.

Evaluating the Results from Orographic Effects

By simply overlaying the pressure/topography fields of the Eta model and NGM with the 850
mb wind, one can see (Fig. 3a) that the downslope gradient on the Eta model begins near the
northern California/Nevada border, as noted by the 984 mb pressure surface, while the NGM
gradient begins farther east over west-central Nevada (Fig. 3b). By computing the advection
~of the pressure-topography by the 850 mb wind, one can quantify the upslope and downslope—
effects. Negative (positive) values show downslope (upslope) (Fig. 4). In this case, the Eta
model indicated the strongest downslope effect near the northern California coast (Fig. 4a)

while the NGM had the maximum downslope values near Lake Tahoe (Fig. 4b).



Model Output and Verification

On the morning of March 4, 1994, the forecaster was presented with major differences in the
Eta model and NGM with respect to the vertical motion and QPF forecasts over western
Nevada. This can be seen by comparing the FOUS output at Reno from 1800 UTC Saturday,
March 5, to 1200 UTC Sunday, March 6, 1994 (Fig 1). The NGM had forecast only 0.07
inches of precipitation ending at 0000 UTC Sunday, followed by strong sinking motion of
around 9 pb s early Saturday morning. The Eta model, by contrast, forecast 0.22 inches of
precipitation and much weaker downward motion through 1200 UTC Sunday. In fact, rain
ended at Reno around 1200 UTC Sunday morning, totalling 0.54 inches the previous 12 hours,
double the Eta QPF and nearly 8 times the amount forecast by the NGM. Snow continued
to fall along the east slopes of the Sierra until around noon Sunday, with 12 inches of new
snow measured at the Mount Rose ski resort (northeast exposure), located about 15 miles
southwest of Reno. Most other ski areas around Lake Tahoe measured only 2 inches of snow
or less.

Conclusion

The Eta model finally outperformed the NGM with its better depiction of topography under
a northeast flow. The Eta model did not forecast upslope in this case, however, it was able
to minimize the effects of model downslope forecast by the NGM. While it is possible to
quantify the upslope and downslope using PCGRIDS, one must remember that representing
model terrain by the surface pressure field is still rather crude and, in some cases, synoptic-
scale vertical motions may enhance or diminish the effects of downslope. This case shows the
usually wet NGM QPF can be drier under certain flow patterns which result in downslope
flow. The stepped Eta model should become more advantageous as model resolution
increases, since model slopes will tend to be steeper and more numerous as higher resolution
topography is described. The use of high resolution topography is essential for mesoscale
forecasting of such quantities as wind and precipitation. This should become better defined
with the higher resolution (30 km) Eta model.
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. 1 ETA/NGM FOUS output from 1200 UTC, March 4, 1994 for Reno
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Fig.2 48 hour forecast from NGM valid 1200 UTC Sunday, March 6,1994
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Fig. 3 Pressure/Topography overlayed with 48 hour forecast of 850
mb wind field. a) by ETA model, and b) by NGM model.
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Fig. 4 Forecast of Advection of Pressure/Topography by 850 mb winds
valid 1200 UTC, Sunday March 6, 1994: a) by ETA, b) by NGM



