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700-MB WARM AIR ADVECTION AS A FORECASTING TOOL 
FOR MONTANA AND NORTHERN IDAHO 

I. INTRODUCTION 

The purpose of this report is to describe and show synoptic weather 
patterns and case histories in which 700-mb level warm air advection 
was one of the important tools in forecasting precipitation over 
Montana and northern Idaho. Because of the mountainous terrain, it 
is felt that the 700-mb chart represents more clearly the temperature 
advection, wind field, and available moisture than either the 850-mb 
or 500-mb charts. 

In this report three ideal 700-mb flow patterns with wind direction 
from the southwest, west, and north wi I I be shown. A case study wi I I 
be presented for each flow pattern and wi I I show the 12-hour synoptic 
trend at the surface and 700-mb levels, usually 12 to 24 hours prior 
to the onset of precipitation. From the 12-hour synoptic trend, a 
basic criterion is established to be used as a guide in the forecast
ing of warm air advection precipitation. 

I I . AREA OF STUDY 

This study is particularly aimed at the Great Fa I Is FAWS forecasting 
area of Montana and northern Idaho, but effects described usually 
extend westward to the Pacific coast and northward into Canada. 

I I I. PHYSICAL REASONING 

In the analysis of the 700-mb chart, it is possible in many cases to 
identify areas of appreciable vertical motion, either upward or down
ward. This is done by simply noting intersections of isotherms with 
contours. In middle latitudes, at the 700-mb level, one usually finds 
that under most weather patterns, isotherms are not advected with the 
speed of the winds but rather at a slower rate. The stronger the wind 
field upstream and the more pronounced the intersection of the isotherms 
with the contours, the greater w i 1-1 be the vert i ca I motion. If warm 
advection continues long enough and sufficient moisture is present, 
precipitation wi I I occur. 

The adiabatic equation for vertical velocity [I] is as follows: 

w = 
3T + v ~ 
3-f as 

Yd Y 



where, 

W =vertical velocity in em/sec. 

aT at = temperature tendency, usually 12-hour change. 

aT 
v as = product of gradient wind speed and the spacing of the 

isotherms along the contours= temperature advection. 

Yd =dry adiabatic lapse rate. 

= actua I I apse rate. 

If C is the speed with which an isotherm moves along a stream! ine, then 

ar ar at = - C 3S and the adiabatic equation becomes: 

w = 
(V - C) 

From"th~ adi~batic equation, the vertical motion is seen to be directly 
proportional to the temperature gradient and the deficiency of movement 
of the isotherms with respect to the gradient wind. With indicated 
warm advection the air is ascending, and with indicated cold advection, 
descending. 

The following basic criteria should be met in the forecasting of warm 
air advection precipitation: 

I. Pronounced warm air advection upstream. 

2. Good source of moisture. 

3. Wind field upstream should be stronger than over the fore
cast area. 

4. Preferably, a minor upper trough to move into the forecast 
area. 
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IV. 700-MB SOUTHWESTERLY PATTERN 

The 700-mb southwesterly warm air advection pattern is normally brought 
about by the combination of a polar high over Montana and northern Idaho, 
and a surface frontal system with associated minor upper trough moving 
northeastward through northern California and southern Oregon. The 
surface frontal system wil I usually come in strong on the coast but 
weaken considerably during the next 12 to 24 hours, and can often be 
followed to the south of the polar high. The typical 700-mb flow pat
tern is shown in Figure I. Because of the southerly trajectory, an 
abundant supply of moisture wi I I accompany these systems resulting in 
moderate to heavy precipitation, mostly snow, over most sections of 
Montana and northern Idaho. In the example given for February 15, 1959 
(Figures 2 and 3), which show the synoptic change through a 12-hour 
period, the polar air mass had moved into Montana and was accompanied 
by scattered I ight snows of short duration. Precipitation from the 
poI ar system at Great Fa I Is resu I ted in I ess than I inch of snow on 
the ground with a moisture content of .01 inch. Warm air advection 
precipitation began early on the 16th of February, and by late fore
noon and early afternoon, extended into alI sections of Montana and 
northern Idaho. The snow continued for the next 30+ hours and 0as 
reported as moderate to heavy at times. Locally in Great Falls the 
storm left 12 inches of new snow on the ground with a moisture content 
of . 76 inch. 

Figure 4 shows precipitation occurrences at 6-hourly intervals from 
0500 MST on February 15 to I 100 MST February 16, 1959. Note that by 
late evening on the 15th, precipitation associated with the polar 
front had ended throughout Montana and northern Idaho and also note 
the erratic but rapid increase in precipitation from the warm air 
advection early on the 16th. The ba$iC criteria for warm air advection 
precipitation had been met, namely: 

I. Strong warm air advection. 
2. Good moisture supply. 
3. Stronger wind field directly upstream. 
4. Minor trough aloft approaching as indicated by 700-mb 

height fa I Is. 

V. 700-MB WESTERLY PATTERN 

The 700-mb westerly pattern is similar to the southwesterly pattern, 
with a polar air mass over Montana and northern Idaho, and a Pacific 
weather system approaching the West Coast. The Pacific system provides 
the moisture, and the warm air advection, of course, I ies east of the 
Pacific front. Figure 5 shows the typical 700-mb flow pattern associa
ted with this type. 

In the example given for 1700 MST January 22 through 0500 MST January 
25, 1964, Figures 6 and 7 show the surface and 700-mb synoptic trend 
through a 12-hour period, and Figure 8 shows the flow at the 700-mb 
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level through 0500 MST January 25. Note from Figures 6 and 7 the east
ward advance of the warm advection and moisture increase from observa
tion stations at longitude 135°W. and ship Papa. 

Precipitation from this system reached the Washington-Oregon coast 
during the evening of January 23 and spread eastward at a fairly steady 
rate, reaching extreme eastern Montana during the forenoon of January 
25. Figure 9 shows the 12-hour eastward movement of the edge of the 
precipitation area. 

The warm air advection precipitation was quite extensive and from the 
Weather Depiction Chart at 1800 MST January 24, precipitation extended 
from the Continental Divide in Montana westward to the Pacific coast. 
This is a much larger area of weather than .that which would have been 
indicated from the area of positive 500-mb vorticity advection (not 
shown). The 700-mb and surface progs for January 24 along with the 
progged 1000 - 500-mb thickness I ines indicated strong warm air advec
tion approaching the West coast. Upward motion was indicated on the 
vertical velocity progs. 

VI. 700-MB NORTHERLY PATTERN 

The 700-mb northerly warm air advection pattern (Figure 10) occurs 
rather infrequently and is the most difficult to forecast. One of the 
most important things for the forecaster to recognize is that when 
u~der a meridionalr flow, with a polar air mass over Montana, he should 
be alert for both the warm air advection and moisture moving inland 
upstream. From examples of this particular weather pattern studied to 
date, the lowering of. cloudtness and the precipitation have first 
appeared over the central sections of Alberta. 

The rapidly developing system of December 10- I I, 1963, is shown in 
Figures I I and 12. In Figure I I note the strong warm air advection 
and moisture working inland and downstream in Yukon Territory. The 
frontal system on the Surface Synoptic Chart for 0500 MST December I I, 
was analyzed by the Canadians as a Maritime Trowal and by the Washington 
Analysis Center as a strong cold front. A smal I area of snow was 
reported in the immediate frontal zone. However, during the forenoon 
snow developed wei I ahead of the front in the central sections of 
Alberta and by early afternoon in the central sections of Montana. 
Figure 13 shows frontal positions and the time snow began south of the 
front in Alberta and Montana. 

It appears in the above example that avai !able moisture for the warm 
air advection precipitation reached the central sections of Alberta 
during the early forenoon when snow first began at Rocky Mountain House 
(RM). Snow could then be expected to increase and develop downstream. 
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VI I. CONCLUSIONS 

Warm air advection precipitation over Montana and northern Idaho is 
well indicated on the 700-mb chart and wi II occur with wind directions 
from the southwest through west to north. Avai I able moisture is one 
of the critical parameters in forecasting warm air advection precipi
tation. The logical procedure is to go upstream and look tor an increase 
and lowering of cloudiness and precipitation. The Imp I ied upward verti
cal motion from warm air advection can be occurring, but if sufficient 
moisture is not avai !able, then the forecast has to be modified accord
ingly. 

Warm air advection precipitation is very critical to aviation interests 
because of the rapid development and deterioration of weather over a 
large area. Weather associated with these systems is not the type in 
which there is a gradual lowering of cloudiness from high cirrus through 
the middle and low type clouds, but rather goes from cirrus to snow 
cei I ings of less than 1000 teet and I mile visibi I ity within an hour or 
two. Also, systems moving from the southwest and west wil I produce 
moderate to heavy icing conditions. 

With the weather usually developing wei I upstream in Washington and 
Oregon, the southwesterly and westerly 700-mb patterns should be the 
easiest to recognize, while with the northerly pattern, weather wi I I 
often develop just a short distance upstream and is, therefore, the 
most difficult to forecast with any appreciable warning. 

If there are southwest winds along the east slopes of the Rockies in 
Montana suggesting the lack of CP air mass or only a weak one, then 
precipitation east of the Continental Divide wi II be confined generally 
to the mountain sections of the west portion tor the 700-mb southwesterly 
and westerly patterns. With the 700-mb northerly pattern, snow can 
occur with strong southwesterly downslope winds and extend into alI 
sections east of the Divide. 

In summary, the forecasting problem and guidance may be stated thus: 
With Montana under the influence of a cold air mass, the forecaster 
should be alerted to look upstream for: 

I. Warm air advection. 
2. Moisture supply. 
3. Stronger wind field directly upstream than over the 

forecast area. 
4. Minor trough aloft, usually indicated only by height 

fa II s. 

Other guidance that should be used tor warm air advection is the prognos
tic wind field below 20,000 feet and the prognostic thickness I ines 
(mean isotherms). 
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Figure I. 700 mb southwesterly warm air advection pattern. Contours are 
solid I ines, Isotherms dashed; mofsture source is shown by arrow. 

Figure 2. Surface and 700-mb maps for 0500 MST, February 15, 1959. 
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Figure 3. Surface and 700-mb maps for 1700 MST, February 15, 1959. 

CONTINUOUS Ll'HT SNOV * 
COIITllfUOUS LIGHT lUll •• 

I'IEASUIEAILE PCPII PAST I US ~ 

Figure 4. Precipitation occurrences at 6-hourly ihtervals, 0500 MST February 
15 to I 100 MST February 16, 1959. 
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Figure 5. 700mb westerly warm air advection pattern. Contours are solid I ines; 
isotherms dashed; moisture source ls shown by arrow. 

-9-



Figure 7. Surface and 700-mb maps for 0500 MST, January 23, 1964. 

January 24 and 25, 1964. 
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Figure 9. Eastern edge of precipitation at 12-hour intervals 1800 MST, 
January 23 to 0600 MST, January 25, 1964 (taken from Weather Depiction Charts). 

Figure 700mb northerly warm air advection pattern. 
I ines; isotherms dashed; moisture source shown by arrow. 
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Figure II. Surface and 700-mb maps for 1700 MST, December 10, 1963. 

Figure 12. Surface and 700-mb maps for 0500 MST, December I I, 1963. 
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Figure 13. Positions of the advancing surface cold front in Alberta on 
December I I, 1963 and isoc~rones of time CMSTl of hegtnning of 
snow in Montana. Time of snow onset at each station shown in 
parentheses. 
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