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FOG CLIMATOLOGY AT SPOKANE, WASIDNGTON 

Paul Frisbie 
National Weather Forecast Office 

Reno, Nevada 

Abstract 

Fog climatology at Spokane, Washington is established to aid in the preparation of 
terminal aviation forecasts. Two software applications correlate specific surface weather 
to jog for parameters five winters of hourly surface observations. The programs only 
consider data when the spread between the temperature and dewpoint temperatures is 2 oF 
or less. FOGGEG produces graphical outputs for fog probability versus temperature, 
wind speed, wind direction, barometric pressure, and time of day. FCSTFOG provides 
conditional probabilities of fog for LIFR, IFR, and MVFR conditions. 

Fog and dense fog are most likely to occur under calm winds. For wind speeds under 
11 kts, the most favorable wind direction is from the northeast. For wind speeds greater 
than 11 knots, the preferred direction is south or southwest. Fog rarely forms with a 
northwest wind. When temperatures are around 5°F, dense fog is possible with a dew­
point depression of 3 or 4°F. In this instance, the atmosphere is saturated with respect 
to ice, not water. 

I. INTRODUCTION 

Forecasting fog at the Spokane Airport (GEG) 
can be challenging to any forecaster, particularly 
during the winter. For the period 1961-1990, 
climatology shows an average of 37 dense fog 
days per year during November through 
February. Excluding periods of precipitation 
(except when drizzle and ice crystals are 
observed), fog occurs at Spokane 22 percent of 
the time. Dense fog fonns 6 percent of the 
time. Since fog frequently occurs at Spokane 
and affects aviation, there is a need to better 
understand its formation and dissipation. 

The intent of this study is to establish a fog 
climatology at Spokane for the purpose of 
preparing terminal aviation forecasts (FTs). 
When certain meteorological factors as expected, 
the forecaster may accurately predict fog and 
visibility in regards to LIFR, IFR, and MVFR 
conditions, as well as a no fog event. However, 
only visibility is used in this study without 
consideration of ceiling. In surface 
observations, the visibility requirements for fog 

occurrence is 6 miles or less. When the 
visibility drops to a quarter mile or less, the fog 
is considered dense. 

There are a number of reasons for dense fog at 
Spokane during the winter months. Foremost is 
that Spokane resides in a modified marine air 
mass during most of the winter. Other factors 
to consider include: 1) nocturnal radiational 
cooling; 2) warm air advection over a colder, 
possibly snow-covered surface; 3) adiabatic 
cooling (Spokane is upslope in a southwesterly 
flow); 4) evaporative cooling; and 5) any 
combination of the aforementioned possibilities. 

There are occasions when Spokane does not 
reside in a marine air mass during the winter 
months. A dry continental air mass periodically 
will occupy the region after the passage of a 
modified arctic front. A mesoscale feature that 
modifies the air mass, although an infrequent 
occurrence, is the relatively dry chinook winds 
that develop off the Washington Cascades. 



These winds may partially mix out the maritime 
air mass, but are uncommon and normally occur 
during periods of little precipitation. 

The Spokane Airport sits in a prairie field on the 
western edge of the city and is not highly 
urbanized. Many small lakes and creeks are 
situated around the airport. Four miles northeast 
of the airport, Hangman Creek flows into the 
Spokane River, about 500 feet lower than the 
airport elevation. These rivers, creeks, and 
lakes supply moisture to the boundary layer. 
During the winter months, the Spokane River 
and Hangman Creek may not necessarily freeze 
over (occasionally, the river and creek will 
freeze), consequently, the Spokane River almost 
always continues to supply moisture to the air 
mass, even during periods of persistent freezing 
temperatures. Initially, fog forms and thickens 
along the river and creek. Once it reaches the 
prairie level of the airport, it spreads out. When 
the wind is from the northeast, the fog moves 
towards the airport. 

The waste-to-energy plant, located just northeast 
of the airport, began operation in November 
1991. The impact of the facility on visibility 
and fog, if any, is not understood. Because of 
this uncertainty, no consideration will be given 
to the waste-to-energy plant on fog formation. 
Therefore, the winter seasons of '91-'92 and 
'92-'93 are not included in the study. 

II. PROCEDURE 

Five winters of hourly surface aviation 
observations were used for a period from 
November 1986 through February 1991 for a 
total of 14,400 observations. Hourly 
observation elements included in this study are 
visibility, obstruction to visibility, temperature, 
dewpoint, wind speed and direction, and 
barometric pressure. 

Two programs have been developed utilizing the 
five-year database. The output from both 
programs only consider data when the dew-point 

2 

depression is :::;; 2 oF. The first program, 
FOGGEG, graphs five plots; percentage of fog 
versus temperature, wind speed and direction, 
barometric pressure, and time of day. The 
second program, FCSTFOG, uses specific data 
input by the forecaster. The program's output is 
statistical guidance for expected meteorological 
conditions. All precipitation events, except 
drizzle, are excluded from any calculation. 

The first program, FOGGEG, requires the user 
to enter the name of the desired datafile. After 
the user inputs the desired visibility range, the 
program executes and outputs the four graphs 
mentioned above. However, since some weather 
parameters occur more frequently than others, 
there are spikes in the dataset. To smooth the 
curve, a weighting function is assigned to each 
datapoint, for temperature, wind speed, wind 
direction, pressure, and time of day. Let X; 

equal the chance of fog for a given 
meteorological datapoint defined by i; x;' 
represents the new weighted meteorological 
datapoint. Extreme values for temperature and 
pressure are thrown out of the dataset because of 
the small number of cases; the lower limit for 
consideration is 10 cases. 

I X4_2 +2 *X4_1 +4 *X .+2 *X·+1+x .. X·= ~ ~ . ~ . ~ ~+. 

~ 10 

Figures. 1 and 2 show conditional probabilities 
for dense fog and arty fog, respectively, when 
the dew-point depression is :::;; 2°F. Both 
figures display five charts of probabilities versus 
temperature, wind direction, wind speed, surface 
pressure, and time of day. 

The output from the second program, 
FCSTFOG, is used for statistical guidance. The 
program user enters meteorological parameters 
such as temperature (select a value that is 
expected to be representative for the time 
period), wind speed and direction, and time of 
day. Since meteorological parameters are not 



steady state, the program allows for variance. 
For temperature, it considers ± 3°F. For wind 
speed, the variance is within 20 percent of the 
requested value; for wind direction the variance 
is ± 30°. The program also considers the time 
of day, since there is a diurnal variation in fog 
occurrence. After the program executes, the 
output displays probabilities for certain 
visibilities and, if fog occurs, conditional 
probabilities for those visibilities given. Again, 
the output is only valid if the temperature and 
dew-point temperature spread does not exceed 
2°F! 

Both programs accommodate the special 
condition of calm winds. In surface 
observations, calm winds have no direction since 
it is reported as "0000". There are no reported 
values for wind speeds of 1 or 2 knots; wind 
speeds less than 3 knots are entered as "0000". 
To allow for this, the first program treats wind 
speeds of 0, 1, and 2 knots as equals. Program 
FCSTFOG gives no variance for calm winds. 

Given the following conditions: 
1. Time of Day: AM 
2. Wind Direction: 07 

(entered in tens of degrees) 
3. Wind Speed: 6 (knots) 
4. Temperature: 32°F 

The output from FCSTFOG would be: 
Number of Events: 198 

VSBY < = 1/4 MILE 28 46 
1/4 MILE < VSBY < 1 MILE 10 17 
1 MILE < = VSBY < 3 MILE 7 11 
3 MILE < = VSBY < = 5 MILE 13 22 
VSBY = 6 MILE 3 4 
ANYFOG 60 
NO FOG 40 

Climatology for the above weather 
conditions state that fog is probable; 
however, there is still a good chance for no 
fog. And if fog does occur, LIFR conditions 
are likely. The output should only be 
considered as statistical guidance, i.e., the 
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program does not weight any 
meteorological possibilities other than the 
parameters entered. 

III. DISCUSSION 

The meteorological parameter with the 
greatest affinity to fog and dense fog is 
dew-point depression. The probability of 
fog decreases nearly by one-halfwith a l°F 
increase in dew-point depression. Table 1 
summarizes the fog and dew-point 
depression relationship. The vast majority 
of fog events occur when the dew-point 
depression is 0 - 1 °F. Since values are 
rounded when reported, e.g., a temperature 
of 32.5°F and a dew-point temperature of 
32.4°F will show a one degree difference, 
all cases with the dew-point depression :s:: 

2° F are considered. Instances where the 
dew-'point depression is ~ 2°F constitutes 
a special scenario and will be discussed 
later. (All events and percentages exclude 
periods of precipitation, except drizzle and 
ice crystals.) 

Table 2 stratifies fog occurrence with 
respect to wind speed and direction for all 
particular wind events. Table 3 is the same 
as Table 2, except it only applies for dew­
point depressions :s:: 2° F. Referring to 
Table 2, fog is most likely to occur with 
calm winds (i.e. wind speeds less than 3 
mph). Of the 749 calm wind observations, 
43 percent are associated with fog. For 
winds 3-5 knots, fog occurrence is relatively 
similar among all wind directions with a 
maximum from the southeast (41 percent) 
and a minimum from the northwest (26 
percent). For slightly higher winds (6-8 
knots), fog is most likely to occur with a 
southwest wind (31 percent). The other 
wind directions are in the 20 percent to 28 
percent range, except for the northwest 
wind (13 percent). The number of fog 
events drops off significantly with wind 
speeds greater than 8 knots with the best 



chance when the wind is from the 
northeast (18 percent). Fog hardly ever 
occurs with a northwest wind with speeds 
greater than 8 knots (0 occurrences in 50 
chances). For wind speeds in excess of 15 
knots, fog occurrence is extremely rare and 
only occurs with a south or southwest 
wind. 

The relationship between wind direction 
and dense fog is different than for fog with 
any other visibility (Table 2). The best 
chance for dense fog occurs with calm 
winds (18 percent), similar to the above 
cases. Differences arises when there is 

. wind. In the 3-5 knot range, the 
percentage difference between the 
extremes is threefold. The maximum 
(minimum) occurs with an east (south) 
wind with a percentage of 15 percent (5 
percent). For the 6-8 knot range, fog 
occurrence is 9 percent (98 in 1129) from 
the northeast versus 2 percent from the 
southwest (9 in 433). For wind speeds 
between 9 and 11 knots, dense fog 
generally occurs when the wind is from the 
northeast (7 percent) and N (3 percent). In 
the 12 to 14 knot range, fog formation is 
relatively rare with the highest chance 
from a northeast (10 percent) or east wind 
(12 percent). In excess of 14 knots, fog 
development, although infrequent, does 
occur in a south (3 percent) or southwest 
wind (2 percent). 

Table 3 illustrates more trends than Table 
2. Dense fog is most likely to occur with 
east or northeast wind. With wind speeds 
9 to 14 knots from the northeast, the 
chances of dense fog are between 10 to 20 
percent. This may be indicative of mixing 
within the boundary layer and fog 
advecting from the Spokane River. Strong 
winds in excess of 14 knots inhibit any fog 
formation from any direction except in a 
south to southwest wind. This may reflect 
upslope fog as well as recent precipitation 
that saturates the boundary level. 

4 

Northwesterly winds have a drying effect 
on the air mass since there are hardly any 
observations with northwest wind 
exceeding 9 knots coinciding with a moist 
air mass. In any instance, the best chance 
for fog formation is with light and variable 
winds from any direction. 

Another parameter to consider for fog at 
Spokane is time of day. The chances for 
fog and dense fog, regardless of dew-point 
depression, reaches a maximum at 7:00 
a.m. (32 percent) and 8:00 a.m. (12 
percent), respectively (Fig. 3). The least 
likely time was 4 p.m. when the chances 
drop to 13 percent and 2 percent for fog 
and dense fog, respectively. Table 4 
summarizes time of day and fog. The 
likelihood of fog at sunrise is more than 
double that at sunset. For dense fog, the 
difference is significantly greater, in fact, 
six times greater at sunrise than sunset. 

When the dew-point depression stays s: 
2° F, the implication is significant. Table 5 
shows that the chance of any . fog is 
greatest at 12:00 p.m. than at any time in 
the day (see Fig. 2e). The .best times for 
dense fog are between 1:00 a.m. to 12:00 
p.m. with a peak at 8:00 a.m. From 12:00 
p.m. to 1:00 a.m., the chances of dense fog 
are consistently between 10 to 15 percent. 
Table 4 shows a strong correlation between 
time of day and fog, but as Table 5 
illustrates, if the dew-point depression 
remains within 2° F, then fog is likely to 
persist throughout the day. 

Lesser correlations could be made with 
respect to temperature. Fifty-eight 
percent of the fog events occurred when 
the temperature is between 26 and 35°F. 
However, climatology for Spokane shows 
the temperatures are frequently within 
that range. Sixty-three percent of the 
dense fog events also occur within that 
temperature range. The chances of fog are 
greater than 20 percent for most 
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temperaturesfrom 1 to 35°F. The chances 
of fog decreases with temperatures higher 
than 35°F; dense fog behavior is similar. 

A correlation can be made between fog 
events and surface pressure by looking at 
Figs. 1d and 2d. Higher surface pressure 
may be indicative of subsidence; likewise, a 
lower surface pressure may signify positive 
vertical motion and no fog. However, 
Fig. 4 shows this may not always be the 
case; the best chance for fog development 
is with constant, steady pressure. 

IV. DEW-POINT DEPRESSION 
GREATER THAN 2°F 

This study relies heavily on the dew-point 
depression. With the presence of ice 
crystals, this relationship fails. Referring 
to Table 1, there are circumstances when 
dense fog occurs with a dew-point 
depression of either 3 or 4 oF. This 
happens only about 3 percent of the time, 
and it would be easy to ignore these data 
as observational errors, rounded 
temperature values, or faulty 
instrumentation. Upon closer examination, 
the data depict a relatively rare 
phenomena at Spokane. The surface air 
mass may be saturated with respect to ice! 

The equilibrium vapor pressure is less over 
ice than water at the same temperature. If 
ice crystals exist with a large number of 
supercooled (or undercooled) water 
droplets, the ice crystals grow by the 
diffusion of water vapor, such that the 
water droplets evaporate. The transfer of 
water vapor depends on the difference in 
equilibrium vapor pressure between water 
and ice. Temperatures most efficient for 
these processes are at about 7°F. This 
description is generally used to explain the 
Bergeron-Findeisen process and rain 
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initiation, but may justify dense fog events 
when the dew-point depression is greater 
than 2°F. 

Table 1 revealed 20 dense fog events with 
a dew-point depression of 4°F. This 
phenomena occurred between 
December 23, 1987 through January 2, 
1988. The temperature ranged between 0 
to 6°F, ideal for vapor transfer from water 
to ice. Figure 5 shows the probability of 
fog and temperature specifically for a dew­
point depression of 4°F. These particular 
dense fog events formed after clear days, 
and many times the observer reported 
partial obscuration of the sky. Hence, the 
fog layer was not very thick. Besides one 
occurrence each day on December 9 and 
10, 1986 (the dew-point depression was 
3°F), this phenomena did not occur at any 
other time during the five-year period. 
Since the phenomena rarely occurs, 
forecasting this event will be a challenge, 
especially if one used the dew-point 
depression to forecast fog. 

Examination of the observations prove that 
the surface air mass is saturated ·with 
respect to ice, not water. For temperatures 
between 0 to 6°F and a dew-point 
depression of 4°F, the relative humidity 
with respect to water is 83 percent. Using 
the relationship below, one can calculate 
the relative humidity with respect to ice 
with S = 83 percent (Table 6). 

S and Si are saturation with respect to 
water and ice, while e and ei are the 
saturation vapor pressures (from the 
Smithsonian Meteorological Tables) with 
respect to water and ice. 

... ,~ 



Since ice crystals must be present·for this 
phenomena to occur and are not easily 
detected by the forecaster, the aviation 
forecaster must recognize the possibility 
for dense fog formation with temperatures 
around 5°F and a dew-point depression of 
3 or 4 oF. This situation can recur as long 
as the air mass does not change. 

V. OTHERFACTORSTOCONSIDER 

There are many factors that contribute to 
fog development that cannot be discerned 
on hourly surface observations or are not 
considered in the programs FCSTFOG and 
FOGGEG. These factors include the state 
of the ground, sky cover, and. absolutely 
calm winds. 

Ground conditions influence fog formation. 
Dry ground may inhibit fog development, 
whereas a moist ground contributes to a 
radiational fog may not develop because, as 
mentioned before, the saturation vapor 
pressure over ice is less than water (fog 
may still form .with recently fallen snow 
since the boundary layer may remain 
saturated). The exception to the above 
statement is at a temperature at 32° F, 
when the saturation vapor pressure 
between water and ice is the same. 

Clouds have a major role whether fog 
occurs since they may inhibit development. 
However, one cannot easily discern cloud 
cover from surface aviation observations. 
Fog partially, and sometimes completely, 
obscures the sky for an accurate cloud 
observation. ASOS observations only 
observe sky condition up to 12,000 ft, so 
forecasters will need to rely more on 
satellite interpretation skills. IR satellite 
loops and daytime visual pictures are 
helpful to resolve cloud types. 

6 

When calm winds are reported, how calm 
are they? Slight air movement is necessary 
for fog formation; this allows for the 
coldest air at the surface to mix upward. 
Absolute calm winds only create dew or 
frost. This characteristic is difficult to 
assess in surface aviation observations 
unless the forecaster cormnunicates with 
the observer. 

Radiosonde information is not incorporated 
in this study. Even though RADAT 
observations are included in hourly 
observations (at 0000 and 1200 UTC), it 
does not give enough data on the structure 
of the air mass. The upper-air sounding 
provides valuable clues related to 
subsidence, depth of the inversion layer, 
moisture distribution, etc. A fog forecast is 
incomplete without considering sounding 
information. 

VI. CONCLUSION 

This study provides good statistical 
guidance for fog forecasting at Spokane, 
Washington. It should provide insightr-to 
the aviation forecaster on whether IFR 
conditions will prevail or forecasting MVFR 
will be sufficient. Foremost, the current 
synoptic conditions, cloud cover, state of 
the ground, etc., must be considered. 
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Figure 4. Probability of Fog versus ~2-hour Pressure Tendency. 
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TABLE I 

Dew Denression # ofEvents Fog % Dense Fog % 
0 1294 1093 84 429 33 
1 1774 888 50 170 10 
2 1785 434 24 62 3 
3 1357 158 12 36 3 
4 1039 56 5 20 2 
5 848 10 1 0 0 



TABLE2 
., 

'· Fog probabilities Relative to Wind Speed and Direction 

Calm 
#of Cases 749 
Fog(%) 319 (43%) 
Dense Fog (%) 137 (18%) 

3-5(kts) 6-8(kts) 9-11(kts) 12-14(kts) > 15(kts) 

North (340-020) 
# ofCases 564 382 72 36 26 
Fog(%) 186(33%) 87(23%) 7(10%) 0(0%) 0(0%) 
Dense Fog(%) 62(11%) 25(7%) 2(3%) 0(0%) 

Northeast (030-060) 
#of Cases 854 1129 299 78 145 
Fog(%) 267(31%) 288(26%) 53(18%) 8(10%) 0(0%) 
Dense Fog(%) 89(10%) 98(9%) 20(7%) 3(4%) 0(0%) 

East (070-110) 
#of Cases 436 227 50 16 7 
Fog(%) 157(36%) 56(%) 8(16%) 2(12%) 0(0%) 
Dense Fog(%) 64(15%) 16(7%) 0(0%) 1(6%) 0(0%) 

Southeast (120-150) 
#of Cases 288 422 239 105 56 
Fog(%) 117(41%) 103(24%) 17(7%) 0(0%) 0(0%) 
Dense Fog(%) 20(7%) 24(6%) 4(2%) 0(0%) 0(0%) 

South 
# ofCases 427 434 370 439 776 
Fog(%) 149(35%) 196(28%) 80(15%) 25(7%) 14(3%) 
Dense Fog(%) 23(5%) 22(3%) 12(2%) 3(1%) 1( <0.5%) 

Southwest 
#of Cases 306 164 114 64 125 
Fog(%) 99(32%) 33(20%) 16(14%) 1(2%) 0(0%) 
Dense Fog(%) 30(10%) 5(3%) 1(1%) 0(0%) 0(0%) 

West (250-290) 
#of Cases 306 164 114 64 125 
Fog(%) 99(32%) 33(20%) 16(14%) 1(2%) 0(0%) 
Dense Fog(%) 30(10%) 5(3%) 1(1%) 0(0%) 0(0%) 

Northwest (300-340) 
# ofCases 154 70 29 13 8 
Fog(%) 40(26%) 9(13%) 0(0%) 0(0%) 0(0%) 
Dense Fog(%) 13(8%) 3(4%) 0(0%) 0(0%) 0(0%) 



TABLE 3 

Dense Fog Probabilities Relative to Wind Speed and Direction 

Calm 
#of Cases 441 
Fog(%) 271(61%) 
Dense Fog (%) 34(8%) 

3-5{kts} 6-8{kts} 9-11{kts} 12-14{kts} > J..&kt:s} 
North (340-020) 

#of Cases 302 132 9 0 0 
Fog(%) 173(57%) 81(61%) 6(67%) 0(0%) 0(0%) 
Dense Fog (%) 23(8%) 11(8%) 2(22%) 0(0%) 0(0%) 

Northeast (030-060) 
# ofCases 472 477 90 11 0 
Fog(%) 248(53%) 280(59%) 52(58%) 7(64%) 0(0%) 
Dense Fog(%) 43(9%) 38(8%) 10(11%) 2(18%) 0(0%) 

East (070-110) 
#of Cases 257 96 19 6 0 
Fog(%) 146(57%) 53(55%) 8(42%) 2(33%) 0(0%) 
Dense Fog (%) 24(9%) 9(9%) 0(0%) 0(0%) 0(0%) 

Southeast (120-150) 
#of Cases 165 200 76 19 4· 
Fog(%) 104(63%) 96(48%) 16(21%) . 0(0%) 0(0%) 
Dense Fog (%) 4(2%) 12(6%) 1(1%) 0(0%) 0(0%) 

South (160-200) 
#of Cases 239 373 215 93 91 
Fog(%) 131(55%) 183(49%) 73(34%) 20(22%) 12(13%) 
Dense Fog (%) 10(4%) 6(2%) 2(1%) 0(0%) 0(0%) 

Southwest (210-240) 
#of Cases 133 220 141 123 99 
Fog(%) 81(61%) ' 126(57%) 45(32%) 31(25%) 12(12%) 
Dense Fog(%) 3(2%) 2(1%) 0(0%) 0(0%) 1(1%) 

West (250-290) 
#of Cases 144 67 36 6 3 
Fog(%) 71(49%) 30(45%) 14(39%) 1(17%) 0(0%) 
Dense Fog (%) 3(2%) 1(1%) 0(0%) 0(0%) 0(0%) 

Northwest (300-340) 
#of Cases 69 24 1 0 0 
Fog(%) 34(49%) 8(33%) 0(0%) 0(0%) 0(0%) 
Dense Fog (%) 4(6%) 2(8%) 0(0%) 0(0%) 0(0%) 



TABLE 4 

Relates Fog and Dense Fog with Time of Day 
Regardless of Dewpoint Depression 

Hour Event Fog % Dense Fog % 

1 500 130 26 34 7 
2 501 136 27 45 9 
3 495 134 27 46 9 
4 464 138 28 46 9 
5 499 146 29 46 9 
6 499 150 30 47 9 
7 496 158 32 52 10 
8 489 150 31 60 12 
9 489 153 31 45 9 
10 490 132 27 32 7 
11 488 121 25 26 5 
12 492 102 21 17 3 
13 491 81 17 11 2 
14 493 69 14 9 2 
15 493 66 14 10 2 
16 501 64 13 12 2 
17 497 68 14 16 3 
18 505 72 14 18 4 
19 501 74 15 19 4 
20 511 87 17 27 5 
21 502 94 19 24 5 
22 499 102 21 27 5 
23 504 106 21 26 5 
24 506 121 24 30 6 



TABLE 5 

Relates Fog and Dense Fog Events to Time of Day 
With Dewpoint Depression .$.. 2 F 

Hour Event Fog % Dense Fog % 

1 248 122 49 29 12 
2 264 126 48 42 16 
3 258 122 47 40 16 
4 258 123 48 39 15 
5 290 137 47 40 14 
6 296 137 46 41 14 
7 297 146 49 67 16 
8 279 142 49 47 16 
9 247 141 57 44 18 
10 187 121 65 30 16 
11 151 106 70 25 17 
12 110 80 73 16 15 
13 99 65 66 11 11 
14 84 56 67 9 11 
15 78 53 68 10 13 
16 99 55 56 11 11 
17 137 63 43 15 11 
18 168 68 40 18 11 
19 187 72 93 19 10 
20 ( 204 80 39 27 13 
21 208 85 41 23 11 
22 220 96 44 25 11 
23 241 98 41 23 10 
24 243 112 46 27 11 



"--

142 

143 

144 

146 
147 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 
159 
160 

161 

162 

163 

184 

165 

166 

167 
168 

169 

170 

171 

The Usefulness of Data from Mountaintop Fire 'Lookout Stations in Determining 
Atmospheric Stability. Jonathan W. Corey, April 1979. (PB298899/AS) . 
The Depth of the Marine Layer at San Diego as Related to Subsequent Cool Season 
Precipitation Episodes in Arizona. lra S. Brenner, May 1979. CPB298817/ASI 
Arizona Cool Season Climatological Surface Wind and Pressure Gradient Study. lra S. 
Brenner, May 1979. CPB298900/ AS) 
The BART Experiment. Morris S. Webb, October 1979. CPB80 155112) 
Occurrence and Distribution of Flash Floods in the Western Region. Thomas L. Dietrich. 
December 1979. CPB80 160344) 
Misinterpretations of Precipitation Probability Forecasts. Allan H. Murphy, Sarah 
Lichtenstein, Baruch Fischhoff, and Robert L. Winkler, February 1980. (PESO 1745761 
Annual Date and Verification Tabulation - Eastern and Central North Pacific Tropical 
Storms and Hurricanes 1979. Emil B. Gunther and Staff, EPHC, Aprill980. (PBBO 2204861 
NMC Model Performance in the Northeast Pacific. James E. Overland, PMEL-ERL, April 
1980. CPB80 1960331 
Climate of Salt Lake City, Utah. Wilbur E. Figgins (Retired) and Alexander R. Smith. 
Fifth Revision, July 1992. CPB92 220177) 
An Automatic Lightning Detection System in Northern California. James E. Rea and Chris 
E. Fontana, June 1980. CPBBO 225592) 
Regression Equation for the Peak Wind Gust 6 to 12 Hours in Advance at Great Falls 
During Strong Downslope Wind Storms. Michael J. Oard, July 1980. (PB91 108367) 
A Rai.ni.ness Index for the Arizona Monsoon. John H. Ten Harke!, July 1980. (PB81 
108494) 
The Effects of Terrain Distribution on Summer Thunderstorm Activity at Reno, Nevada. 
Christopher Dean Hill, July 1980. CPB81 102501) 
An Operational Evaluation of the Scofield/Oliver Technique for Estimating Precipitation 
Rates from Satellite Imagery. Richard Ochoa, August 1980. (PB81 108227) 
Hydrology Practicum. Thomas Dietrich, September 1980. (PB81 134033) 
Tropical Cyclone Effects on California. Arnold Court, October 1980. CPB81 133779) 
Eastern North Pacific Tropical Cyclone Occurrences During lntraseasonal Periods. Preston 
W. Leftwich and Gail M. Brown, February 1981. CPB81 205494) 
Solar Radiation as a Sole Source of Energy for Photovoltaics in Las Vegas, Nevada, for July 
and December. Darryl Randerson, April 1981. CPB81 224503) 
A Systems Approach to Real-Time Runoff Analysis with a Deterministic Rainfall-Runoff 
Model. Robert J.C. Burnash and R. Larry Ferra!, April 1981. CPB81 224495) 
A Comparison of Two Methods for Forecasting Thunderstorms at Luke Alr Force Base, 
Arizona. LTC Keith R. Cooley, April 1981. CPB81 225393) 
An Objective Aid for Forecasting Afternoon Relative Humidity Along the Washington 
Cascade East Slopes. Robert S. Robinson, April 1981. CPB81 23078) 
Annual Data and Verification Tabulation, Eastern North Pacific Tropical Storms and 
Hurricanes 1980. Emil B. Gunther and Staff, May 1981. CPB82 230336) 
Preliminary Estimates ofWmd Power Potential at the Nevads Test Site. Howard G. Booth, 
June 1981. CPBB2 127036) 
ARAP User's Guide. Mark Mathewson, July 1981, Revised September 1981. (PB82 196783) 
Forecasting the Onset of Coastal Gales Off Washington-Oregon. John R. Zimmerman and 
William D. Burton, August 1981. (PB82 127051) 
A Statistical-Dynamical Model for Prediction of Tropical Cyclone Motion in the Eastern 
North Pacific Ocean. Preston W. Leftwich, Jr., October 1981. CPB82195298) 
An Enhanced Plotter for Surface Airways Observations. Andrew J. Spry and Jeffrey L. 
Anderson, October 1981. CPB82 153883) 
Verification of 72-Hour 500-MB Map-'JYpe Pradictions. R.F. Qujring, November 1981. 
(PB82 158098) 

172 Forecasting Heavy Snow at Wenatchee, Washington. James W. Holcomb December 1981 
CPB82 177783) ' . 

, 173 ~~)San Joaquin Valley 'IYPe Maps. Thomas R. Croasan, December 1981. (PB82 

174 ARAP Test Results. Mark A Mathewson, December 1981. (PB82 198103) 
176 ApproX1matlons to the Peak Surface Wind Gusts from Desert Thunderstorms. Darryl 

Randerson, June 1982. (PB82 253089) 
177 Climate of Phoelrix, Arizona. Robert J_ Schmidli, April 1969 (Revised December 1986) 

CPB87 142063/ASl · 
178 A::muru Data and Verification Tabulation, Eastern North Pacific Tropical Stol"IDI! and 

H~canes 19~. E.B. Gunther, June 1983. CPB85 106078) 
179 S~titiReed ~um Te"!perature Relationships Between Sixteen Zone Stations in Arizona 

an spective KeJ:' Stations. Ira S. Brenner, June 1983. (PB83 249904) 
180 SBtandard

1 
Da~yddrolog~c Exchange Format (SHEFJ Version L Phillip A Pasteris Vernon c 

l88e •. :Vl G. Bennett, August 1983. CPB85 106052) ' -
181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 
196 

197 

198 

199 

Quantitative and Spacial Distribution of Winter Precipitation along Utah's Wasatch F t. 
Lawre~ce B. Dunn, August 1983. (PB85 106912) ron 
500 Millibar S1gn Frequency Teleconnection Charts - Winter. Lawrence B Dunn Decembe 
1983. (PB85 106276) · • r 
500 Millibar Sign Freqnency Teleconnection Charts - Spring_ Lawrence B Dunn January 
1984. (PB85 111367) - • 
Collection and Use of Lightning Strike Data in the Western U.S. During Summer 1983 
Glenn Rasch and Mark Mathewson, February 1984. (PB85 110534) -
500 Millibar S~gn Frequency Teleconnection Charts - Summer Lawrence B Dunn, March 
1984. (PB85 111359) . . 
Annu& Data and Verification Tabulation eastern North Pacific Tropioal Storms and 
Hum"!"'es 1983. Ell. Gunther, March 1984. CPB85 109635) 
~~ ~;-S~)IgD Frequency Teleconnection Charts - Fall. Lawrence B. Dunn, May 1984. 

The Use and Interpretation of Isentropic Analyses Jeffrey L Anderson October 1984 
CPB85 132694) - . ' . 

Annual Data & Verification Tabulation Eastern North Pacific Tropioal Storms and 
Humcanes 1984. E.B. Gunther and R.L. Cross, April 1985. (PB85 1878887AS) 
Great Salt Lake Effect Snowfall: Some Notes and An Example. David M Carpe te 
October 1985. (PB86 119153/AS) - n r, 
Large Scale Pat_terns Aasociated with M,Uor Freeze Episodes in the Agricultural Southwest. 
Ronald S .. Hamilton and Glenn R. Luasky, December 1985. (PB86 144474AS) 
NWR Vo1ce Synthesis Project: Phase I. Glen W Sampson January 1986 (PB86 
145604/ASI . ' . 

TbGl e MR.CCL- An Overview and Case Study on Its Impact in the Western United States 
enn uasky, March 1988. CPB86 170651/AS) . 

Annual Data and Verification Tabulation Eastern North Pacific Tropical Storms and 
Humcanes 1985 .. E.B. Gunther and R.L. Cross, March 1986. (PB86 170941/AS) 
Redid Interpretation. Gwdeiines. Roger G. Pappas, March 1986. CPB88 177580/AS) 
A Mesoscale Convective Complex Type Storm over the Desert Southwest Darryl Randerson 
April 1988. (PB86 190998/AS) . ' 
!!'e Effects of Eastern North Pacific Tropical Cyclones on the Southwestern United States 
oalter Slnlth, August 1986. (PB87 106258AS) · 
Preliminary Lightning Climatology Studies for Idaho. Christopher D Hill Carl J Gorski, 
and Mi~el C. Conger, A~ril 1987. (PB87 180196/AS) - ' · 
Heavy Rains and Flooding m Montana: A Case for Slantwise Convection. Glenn R. L ........ 
April 1987. (PB87 185229/ASJ _,, 

200 Annual Data and Verification Tabulation Eastern North Pacific Tropical Storms and 
Hurricanes 1986. Roger L. Cross and Kenneth B. Mielke, September 1987. (PB88110895/AS) 

201 An Inexpensive Solution for the Mass Distribution of Satellite Images. Glen W. Sampson and 
George Clark, September 1987. (PB88 114038/ AS) 

202 Annual Data and Verification Tabulation Eastern North Pacific Tropical Storms and 
Hurricanes 1987. Roger L. Cross and Kenneth B. Mielke, September 1988. 
CPB88 101935/ASI 

203 An Investigation of the 24 September 1986 "Cold Sector" Tornado Outbreak in Northern 
California. John P. Monteverdi and Scott A Braun, October 1988. (PB89 121297/AS) 

204 Preliminary Analysis of Cloud-To-Ground Lightning in the Vicinity of the Nevada Test Site. 
Carven Scott. November 1988. (PB89 128849/AS) 

205 Forecast Guidelines For Fire Weather and Forecasters -- How Nighttime Humidity Affects 
Wildland Fueis. David W. Goens, February 1989. (PB89 162549/AS) 

206 A Collection of Papers Related to Heavy Precipitation Forecasting. Western Region 
Headquarters, Scientific Services Division, August 1989. (PB89 230833/AS) 

207 Tbe Las Vegas McCarran International Airport Microburst of August 8, 1989. Carven A Scott, 
June 1990. CPB90-240268) 

208 Meteorological Factors Contributing to the Canyon Creek Fire Blowup, September 6 and 7, 
1988. David W. Goens, June 1990. CPB90-245085) 

209 Stratus Surge Prediction Along the Central California Coast. Peter Felsch and Woodrow 
Whitlatch, December 1990. CPB91-129239) 

210 Hydrotools. Tom Egger. January 1991. (PB91-151787/AS) 
211 A Northern Utah Soaker. Mark E. Struthwolf, February 1991. CPB91-168716l 
212 Preliminary Analysis of the San Francisco Rainfall Record: 1849-1990. Jan Null, May 1991. 

CPB91-208439l 
213 Idaho Zone Preformat, Temperature Guidance, and Verification. Mark A Mollner, July 1991. 

(PB91-227405/AS) 
214 Emergency Operational Meteorological Considerations During an Accidental Release of 

Hazardous Chemicals. Peter Mueller and Jerry Galt, August 1991. CPB91-235424) 
215 WeatherTools. Tom Egger, October 1991. (PB93-184950) 
216 Creating MOS Equations for RAWS Stations Using Digital Model Data. Dennis D. Gettman, 

December 1991. (PB92-131473/AS) 
217 Forecasting Heavy Snow Events in Missoula, Montana. Mike Richmond, May 1992. CPB92-

196104) 
218 NWS Winter Weather Workshop in Portland, Oregon. Various Authors, December 1992. 

CPB93-1467851 
219 A Case Study of the Operational Usefulness of the Sharp Workstation in Forecasting a 

Mesocyclone-lnduced Cold Sector Tornado Event in California. John P. Monteverdi, March 
1993. CPB93-178697) 

220 Climate of Pendleton, Oregon. Claudia Bell, August 1993. (1'893-227536) 
221 Utilization of the Bulk Richardson Number, Helicity and Sounding Modification in the 

Assessment of the Severe Convective Storms of 3 August 1992. Eric C. Evenson, September 
1993. CPB94-131943) 

222 Convective and Rotational Parameters Associated with Three Tornado Episodes in Northern 
and Central California John P. Monteverdi and John Quadros, September 1993. 
CPB94-131943) 

223 Climate of San Lula Obispo, California Gary Ryan, February 1994. CPB94-162062) 
224 Climate of Wenatchee, Washington. Michael W. McFarland, Roger G. Buckman, and Gregory 

E. Matzen, March 1994. (PB94-184308) 
225 Climate of Santa Barbara, California. Gary Ryan, December 1994. (PB95-173720) 
226 Climate ofYakinla, Washington. Greg DeVoir, David Hogan, and Jay Neher, December 1994. 

(PB95-173688) 

227 Climate of Kalispell, Montana. Chris Maier, December 1994. (PB95-169488) 
228 Forecasting Minimum Temperatures in the Santa Maria Agricultural District. Wilfred Pi and 

Peter Felsch, December 1994. CPB95-171088) 
229 Tbe 10 February 1994 Oroville Tornado-A Case Study. Mike Staudenmaier, Jr., April1995. 
280 Santa Ana Winds and the Fire Outbreak of Fall1993. Ivory Small, June 1995. 
231 Washington State Tornadoes. Trestt Huse, July 1995. 



NOAA SCIENTtFIC AND TECHNICAL PUBLICATIONS 

The National Oceanic and Atmospheric Administration was established as part of the Department of Commerce on 
October 3, 1970. The mission responsibilities of NOAA are to assess the socioeconomic impact of natural and 
technological changes in the environment and to monitor and predict the state of the solid Earth, the oceans and 
their living resources, the atmosphere, and the space environment of the Earth. 

The major components of NOAA regularly produce various types of scientific and technical information in the 
following kinds of publications. 

PROFESSIONAL PAPERS--Important definitive 
research results, major techniques, and special 
investigations. 

CONTRACT AND GRANT REPORTS--Reports prepared 
by contractors or grantees under NOAA sponsorship. 

ATLAS--Presentation of analyzed data generally in 
the form of maps showing distribution of rainfall, 
chemical and physical conditions of oceans and 
atmosphere, distribution of fishes and marine 
mammals, ionospheric conditions, etc. 

TECHNICAL SERVICE PUBLICATIONS--Reports 
containing data, observations, instructions, etc. A 
partial listing includes data serials; prediction and 
outlook periodicals; technical manuals, training pa­
pers, planning reports, and information serials; and 
miscellaneous technical publications. 

TECHNICAL REPORTS--Journal quality with extensive 
details, mathematical developments, or data listings. 

TECHNICAL MEMORANDUMS--Reports of preliminary, 
partial, or negative research or technology results, 
interim instructions, and the like. 

Information on availability of NOAA publications can be obtained from: 

NATIONAL TECHNICAL INFORMATION SERVICE 

U. S. DEPARTMENT OF COMMERCE 

5285 PORT ROY·AL ROAD 

SPRINGFIELD, VA 22161 

\ 

I' ,, 
'I 


