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1. Introduction
The Model-Output-Statistics (MDS) maximum temperature forecasts have exhib

ited a marked warm bias in mid-winter synoptic situations in which there exists 
a shallow cold air mass near the surface. This condition is frequently observed 
in the Rockies in association with intrusions of intense but shallow Arctic air 
nesses on the High Plains east of the Continental Divide. It is also observed 
in regions of trapped cold air in high western slope valleys. This paper will 
present recent examples of this phenomenon.

2. Data
The MDS temperature forecasts are based, in large part, on the thickness 

prognostications. The thickness is, in fact, one of the most heavily weighted 
terms in the MDS equations. Derived from the hypsometric equation, thickness is 
proportional to the mean temperature in the layer. It follows then that in the 
case of shallow surface-based cold air masses, thickness becomes a poor repre
sentation of surface tenperatures, and tarperature forecasts based on thickness 
(and height) will be prone to error. The following examples illustrate this;

A. February 5, 1988, Denver

LFM MDS 3rd pd maximum temp forecast........... 30
observed..... 15

NGM perfect prog 3rd pd maximum tarp forecast.. .38

Little improvement was noted even in the first period forecast for this
day. Slightly smaller errors were observed for the day at Colorado Springs
(CDS) and Pueblo (PUB) where the Arctic air mass was even shallower and later in
arriving.

1 Now affiliated with National Weather Service Headquarters, Office of 
Meteorology.
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B. February 10, 1988, Denver
LFM MOS 4th pd naxiittum temp forecast........... 39
NGM perfect prog 4th pd iraximun tanp forecast.. .42

observed..... 21
LFM MDS 3rd pd iraximum teirp forecast...........35
NGM perfect prog 3rd pd maximum temp forecast.. .37

It is interesting to note that while the MDS temperature forecasts per
formed very poorly cn both these days, corresponding height and thickness progs 
verified quite well. Indeed, had the vertical lapse rate more closely ap
proached dry adiabatic, the temperature forecast would have been quite reason
able based cn the forecast height and thickness. This was far fran the case as 
is obvious in the observed vertical profiles of the day (Fig. 3) . The 48H LFM 
and NGM MSL pressure and thickness progs were suggestive of an Arctic air mass 
moving southward along the eastern slopes of the Rockies (Fig. 1). Since the 
main thrust was to be through the Central Plains states, the air mass would 
likely be quite shallow, not extending west of the Continental Divide. The 
vertical profiles of the day showed this to be true with the Arctic air mass 
less than 3 km deep. The 48H 500 mb, MSL pressure, and thickness progs as well 
as the 700 mb temperature prog all verified quite well. In spite of this, the 
MDS temperature forecasts were essentially "blind" to the presence of a shallow 
Arctic air mass.

Similarly, problems arise with the MDS temperature forecasts cn the western 
slope of Colorado when a persistent shallow cold air mass is trapped in high 
valleys, undergoing little mixing or modification with time. This problem is 
nost prevalent during mid-winter lew—sun vhen there is a snow cover.

The results of a local study (Markkanen, 1988) have shown a strong warm 
bias of the LFM MDS temperature forecasts at Grand Junction (GJT) for all the 
irenth of January 1988. The average error was 7.1 degrees for all periods, and a 
whopping 9.1 for just the 4th period. This is extraordinary for a station whose 
tonperature normally changes little from day to day. (January 1988 was no 
different than normal, the average day-to-day change in maximum temperature was 
3.7 degrees.) This month was unusual for Grand Junction in that there vas snow 
cover throughout the month. Snow cover in the high valleys of western Colorado 
tends to enhance low lwel inversions and these trapped pools of cold air under
go little vertical mixing or diabatic modification in mid-winter as long as snow 
cover persists. Daily rawinsondes at GJT revealed a shallow surface-based 
inversion which persisted through much of the month. Even moderately strong 
Pacific frontal systems seemed to have little effect. MDS equations are not 
available for the 12Z model runs, but the 00Z equations only use snow cover for 
the 1st period maximum. There is no snow cover in the 3rd period. Previous 
days iraximun also appears in the 1st period maxima from the 00Z run but not in 
the 3rd period. Cbserved temperatures appear twice in 1st period maxima and 
only once in the 3rd period maxima. Thus, it is obvious that with increasing 
tine projection, the effects of the unusual prevailing conditions have less and 
less influence in the MIS forecasts.

The temperature bias in these mid-winter situations is further exacerbated 
by model terrain characteristics. Figure 4 represents the initialized NGM
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terrain for a particular day in September 1988. Note that the difference 
between the actual station pressure and terrain pressure height at both DEN and 
GJT is 56 nib and 70 mb, respectively. That means that in this situation the 
lowest 56 to 70 rib of the atmosphere is essentially "underground" as far as the 
model is concerned and doesn't exist. This was a day in which the MSL pressure 
gradient was quite weak. In a typical winter situation the discrepancy can be 
much greater, and a shallow surface-based cold air mass could go largely unde
tected in model initialization.

3. Conclusions
There appears to be little hope of genuine improvement with regard to LFMr- 

based MDS temperature forecasts in these situations. However, we have recently 
received word (Dallavalle, 1988) regarding the future of NOt-based MDS tempera
ture guidance. It has been stated at IWSH with reference to Denver MDS and 
perfect prog forecasts?

"The large errors produced by the perfect prog guidance 
during the cool season definitely concern us. We're now 
beginning a project to improve these forecasts. If we are 
successful, you should see better perfect prog guidance 
sanetime during the 1988-89 winter. In addition, we are 
working to produce NGM-based MDS guidance by the summer of 
1989. To accomplish this goal, we will need to run the NQ4 
on historical data. Whether we will be able to do this and 
then derive reliable MDS forecast equations is still an 
unanswered question."

Until there are definitive answers to that and other questions, the repeat
ed occurrence of these two situations in mid-winter? Arctic intrusions on the 
High Plains and trapped cold air on the western slope, present a unique and 
continuing opportunity for significant improvement by the forecaster ever numer
ical guidance.
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