
RICULTUR5 ROOM

Fire Weather Studies

Research Note No. 39

June 1959

State of Oregon

iyest Lands Research Center

Corvallis, Oregon

Dale N. Bever, Director

Al 11 it i '41

on Bald Mountain
by

Alan B. Berg, Silviculturist

and

William P. Lowry, Meteorologist

119 1959

'lam



Forest Lands Research Center

... Its Purpose
Develop the full potential of Oregon's timber resource by:

increasing productiveness of forest lands with improved forest
practices.

improving timber quality through intensified management and superior
tree selection.

reducing losses from fire, insects, and diseases-thus saving timber
for products and jobs.

Keep development of the forest resource in harmony with development of
other Oregon resources.

... Its Current Program
Seed production, collection, extraction, cleaning, storage, and germination.

Seedling production, establishment, and survival for new forests.

Growth and development of trees, quality of growth, and methods of
thinning and harvesting to grow improved trees.

Study of forest fire behavior and fire weather to prevent fires.

Insect pests and their control, to save trees.

Disease control and prevention in Oregon forests.

Mammal damage and the controls to help regrowth.

Soils and their relationship to growth.

Development of improved forests through selection and breeding.
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figure 1. Bald Mountain from Valsetz, looking east. Lukiamute Drainage in foreground.
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STATIONS

Bald Mt. Lookout with Fenno Mt. Lookout

Bald Mt Lookout with Valsetz Guard Station

DEGREE OF ACCEPTABLE AGREEMENT

None Poor Fair Good Excellent

PERCENT OF READINGS IN ACCEPTABLE AGREEMENT
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Bold Mt. Lookout
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Figure 2. Degree of acceptable agreement between selected stations in the Bald Mountain Area based upon a percentage of combined
temperature, relative humidity, and fuel moisture readings agreeing within ± 5°, zL 5%, and ± 21/2% respectively. Bald Mountain, Oregon,

1955.



Summary
A weather observation network consisting of eleven stations estab-

lished in the area surrounding Bald Mountain Lookout in the Coast
Range of Polk County, Oregon, reveals that the weather station at the
Lookout does not adequately represent the complex weather pattern in
the Bald Mountain area.

Observations of temperature, relative humidity, fuel moisture, and
wind on east and west slopes at intermediate elevations and in the Val-
setz Basin tend to disagree with the weather station on Bald Mountain.
Observations in local areas tend to agree.

Descriptions of five selected individual days during the 1955 fire
season based on an analysis of the values of the potential temperature,
the mixing ratio, and the wind, reconstruct the local weather patterns in
the Bald Mountain area.

The study illustrates the problems the fire weather forecaster and
the forester in fire control face in interpreting weather data.
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Fires in the Pacific Northwest occur
during periods of dry weather, com-
monly called fire weather. Although
foresters have, for many years, recog-
nized a relationship of weather and
forest fire danger, the influence of
weather elements on fire danger has
been understood only generally.

At the turn of the century, when
forest fire protection was in its in-
fancy, fire-weather stations were few
and far between. Some of the fire-
weather elements, such as fuel mois-
ture, were not measured and the rela-
tionship of the readings at the weather
station and the weather conditions
existing in the surrounding forest
were not clearly understood. Even so,
crude attempts were made to evaluate
the fire danger in terms of weather
conditions.

As fire protection efforts grew,
knowledge of the fire weather pattern
also grew. Various agencies interested
in keeping fire out of the forests added

to the store of fire-weather knowledge.
Important advances were made in
measuring and evaluating effects of
weather elements on both forest fuels
and forest fire behavior.

As more fire protection stations were
added to the protection system, more
weather stations were also added. It
became standard to locate the weather
station at the fire protection station
and to assume that the weather read-
ings represented the weather conditions
in the surrounding area regardless of
the differences in elevation, topog-
raphy, distance, or forest cover.

Fire seasons of unusual intensity
occurred periodically. During the sum-
mer of 1951 the Northwest experienced
a disastrous fire season. Although no
significant change in the number of
fires occurred, more acreage burned
and more timber was lost than during
the immediately preceding years due to
extremely dry field conditions caused
by an extended dry weather period.

Table 1. FIRE RECORD FOR STATE OF OREGON, 1947 TO 1952

Year Fires Burned Timber lost

A cres Board feet
1947 -------------- ----------------------------- 812 8,411 4,370,000
1948 --------------------------------------- 541 3,283 6,707,000
1949 ----------- 1,576 42,282 56,673,000
1950 -------------------------------------------- 1,055 17,611 41,476,000
1951 --- ----------- 997 132,907 449,269,000
1952 ------------------------------------------- 1,257 22,278 69,845,000

At the close of the fire season, fire
protection agencies met to discuss and
recommend improvements in both or-
ganization and methods for the control
of forest fires. One of the recom-
mendations was the creation of oper-
ational closure zones based upon sim-
ilar hazards, topographic features, and

climatic conditions. Logging shut-
downs, because of hazardous fire con
ditions, would be designated by one or
more complete zones.

The Oregon State Forestry Depart
ment, following the recommendations
of the committee, divided the western
part of the state into eighteen forest
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operational close-down zones. Estiina'
tion of weather conditions at a given
tittle in the zones is trade by averaging
the weather readings taken front
selected weather stations within the
zones. Although the selection of the
stations (from three to six in each
zone) was carefully made, the weather
stations, as in the pest, coincided with
fire protection stations. Consequently
the weather stations were located at
guard stations in the valley bottoms or
at lookouts on peaks and ridges.

Although the plan was an improve-
ment in forest fire prevention in that
fire danger rating was now based upon
measured weather evidence, it soon be-
came apparent that differences in wea-

Figure 3. Map showing closedown areas.

flier conditions existed within Tones
and sometimes within very short dis-
tances. Reports from the field indicated
that while some local weather condi-
tions were worse than the average
weather readings for the zone, other
local weather conditions were better
and frequently these differences were
not only striking but serious from the
fire protection standpoint Foresters
became concerned with the relation-
ship of the weather conditions as mea-
sured at existing weather stations and
the actual weather conditions in the
surrounding area.

If the forester is to understand the
fire hazard conditions in his district so
that he may take wise action in the
prevention and suppression of fires, he
must understand the weather condi-
tions locally within the area. To ac-
complish this he must also understand;
first, the relationship of weather and
fire danger in general; and second. the
relationship of the fire weather read-
ings taken at selected locations within
the district and the weather conditions
and fire danger actually existing in
various parts of the district.

The problem of local weather sari
ation is complex, especially in the
trough, mountainous terrain on which
the timberlands of Oregon are located.
That large variations in local weather
conditions can occur sinniltaneoush- in
uneven terrain is well known, but data
by which to evaluate these variations
quantitatively and in a routine manner
are lacking. Polit the., fire weather fore-
caster, faced with the problem of local-
izing his forecasts, and lie forester,
laced with the problem of evaluating
fire weather data, arc confronted with
only= spotty and specialized information
concerning the behavior of the atmos-
phere in mountainous terraic
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Introduction
In the summer of 1953 the Forest

Lands Research Center, then a part of
the State Forestry Department, set out
to explore the problem of the relation-
ship of the weather conditions as meas-
ured at existing weather stations and
the actual weather conditions in the
surrounding area. Two areas were
selected for investigations: one in the
Cascades and one in the Coast Range.
The Cascade area, located in the North
Santiam canyon near Mill City, sur-
rounded Monument Peak Lookout
weather station which is one of the
stations being used to determine the
fire danger in Zone 9. The Coast area,
on the divide between the Valsetz
basin and Pedee Creek valley in Polk
County, was around the lookout
weather station on Bald Mountain
which is one of the stations being used
to determine the fire danger in Zone 6.
This publication is a report on the
Bald Mountain portion of the study
only.

The study was conducted over a
period of three summers. During the
first year the study was, of necessity,
exploratory as information on the
problem was unavailable and no one
questioned could shed any light on re-
lationships to be found between a

weather station and the area it repre-
sented. The summers of 1953 and 1954
were wet, and it was not until 1955
that enough data was accumulated to
complete the study.

A secondary consideration of the
study was the development of sampling
procedures that might be necessary in
the testing of weather stations to de-
termine their representativeness. As
the study progressed it became appar-
ent that preliminary estimates of the
relation of large scale weather patterns
to local weather patterns in mountain-
ous country would be possible and that
from these estimates more specific pro-
jects could be developed to facilitate
understanding of the total picture. This
developed naturally as a result of the
work.

The report does not attempt to show
where a weather station should be es-
tablished but does attempt to illustrate
and explain some of the variations of
weather locally and the differences that
might be expected between a weather
station and the area surrounding it. It
is also an attempt to demonstrate what
the fire weather forecaster and the for-
ester in fire control face in interpreting
the weather data that is received from
a weather station.

Field Procedures

Location and description
of Bald Mountain
weather stations

In 1953 the Bald Mountain weather
observation network consisted of the
Bald Mountain Lookout weather sta-

tion and nine temporary weather sta-
tions at intervals in an east-west direc-
tion over Bald Mountain. In 1954 and
1955 additional stations were estab-
lished at Valsetz Guard Station and on
Fanno Peak Lookout. All of the sta-
tions were located in the open with the
exception of Station 7, which was

7



located in a dense stand of young scibes the location, aspect, elevation,
Douglas fir along the Luckiamute and the general conditions of each
River. The following tabulation de- station.

Table 2. LOCATION, ASPECT, ELEVATION, AND GENERAL CONDITIONS AT STATIONS IN BALD
MOUNTAIN WEATHER OBSERVATION NETWORK

Station Location Aspect Elevation General Conditions

1 NESE Sec 1 Valley Floor 1000 Logged. Ground cover of low weeds.
T9S, R7W East of Bald Plot at bottom of slope exposed to

Mountain southwest.

2 SENE Sec 14 East 1775 Logged. Ground cover of blackberry,
T9S, R7W Western brake-fern, D. F. reproduc-

tion poorly stocked, scattered clumps
of ocean spray.

3 SENW Sec 14 East 2100 Logged. Same as Station 2.
T9S, R7W

4 SWNE Sec 16 Ridge top 2800 Logged. Ground cover of Western
T9S, R7W brake-fern, grass, lupine, small salal.

Station located in saddle on ridge run-
ning N & S with exposure to east
through a draw and directly exposed
to west.

Bald Mt. SESE Sec 9 Top of peak 3240 Grassy knob. All exposures.
T9S, R7W

5 NWSE, Sec 16 West 2550 Logged. Ground cover of Western
T9S, R7W brake-fern, grass, lupine, small salal.

Closed to east against steep cliff.

6 SESE Sec 8 West 1800 Logged. Ground cover blackberry,
T9S, R7W pearly everlasting, small alder, willow,

scattered 10-year-old Douglas fir.

7 SENW Sec 19 Valley floor 700 Not logged. Ground cover of duff and
T9S, R7W litter under a canopy of young Doug-

las fir, 12 to 18 inches DBH.

8 SENW Sec 13 Valley floor 700 Large opening in stand of young 20-
T9S, R8W year-old Douglas fir. Ground cover of

grass, Western brake-fern, and goat
weed.

9 NWNW Sec 13 Valley floor 700 Same as Station 8.
T9S, R8W

Valsetz SWNW Sec 6 Valsetz Basin 1180 Station in open yard of Guard Station
Guard T9S, R7W located in a stand of young Douglas
Station fir and alder.

Fanno Top of peak 3300 Logged. Open peak. All exposures.
Peak
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Station instrumentation and
the collection of data

At each temporary station the
weather elements customarily meas-
ured at fire weather stations were ob-
served- Relative humidity and air temp-
erature were measured by the standard
sling psychrometer. Extra care was
taken in open stations to keep the psy-
chrometer in the shade and away from
the effects of the observer's body cur-
ing observations.

Fuel moisture was determined by the
standard -inch moisture indicator
sticks developed by the United States
Forest Service which were placed at
each station several weeks in advance
of the first measurements. A portable
fuel moisture scale was developed that
could be carried by the observer. from

BALD MOUNTAIN
OBSERVATION ROUTE
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Figure 4. Map showing Bald Mountain weather observation network.
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station to station. Year the top of ati
standard fuel moisture scale, a small
hole was drilled from which a cord
and plumb was suspended. With the
100 gram check weight hung on the
scale arm and the arm pointing to zero,
a mark was inscribed on the lower
edge of the scale where the plumb line
crossed. The weight of the fuel mois,
tore indicator stick could then be de-
termined on the fuel moisture scale
while held in the hand by centering
the cord and plumb on the inscribed
mark and reading the indicator arm.
In many cases the stick and scale
needed to be sheltered from breezes
to obtain a true reading.

Rain was recorded by rain gauges
as described in Oregon State Board of
Forestry Research Note No. 23, "An
A ncxpensive' Rain Gauge," March,



1955, by Berry and Berg. Rain was
measured at each station the day fol-
lowing the rain period.

Wind velocity was determined by a
portable anemometer developed for the
project. A hollow metal shaft approxi-
mately six feet in length and -inches
in diameter was provided with a solid,
sharp point that could be inserted in
the soil. The detachable anemometer
head, a standard 4-half cylinder type,
was then attached on top of the rod by
means of a special fitting. Batteries
and buzzer were fitted in a special box.
Direction was established by means
of wooden crosses oriented to the card-
inal directions and mounted at each
station. Wind direction was recorded
using an eight-point compass.

Cloud cover, stability, and other
weather phenomena were estimated or

determined by observation. With ex-
perience the observers became adept at
picking out and recording important
phenomena that were invaluable in the
evaluation of data.

Three men, each equipped with an
automobile and set of instruments, were
needed to obtain an observation at
each temporary station approximately
once every hour. The rough, steep, and
winding road was rigorous for both
men and equipment. The most frequent
method of station coverage was for
one observer to observe stations 1, 2,
and 3, the second to observe 4, 5, and
6, and the third to observe 7, 8, and 9.
Another method used was the "hare
and hounds" system which allowed ob-
servers to visit stations in rotation with
one observer following another from
station to station. This system, where
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Figure 5. Observer measuring weather data at temporary weather station. Bald Mountain in back-
ground.
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it is practical, is preferred because it
provides more variety, and interest for
the observers and also provides a check
on each observer's data by the follow-
ing observer.

Depending upon the weather, the
observations were started between 7
and 8 o'clock in the morning and con-
tinued throughout the day until ap-
proximately 6 p.m.

Weather readings at the lookouts
and guard station were recorded each
hour on the hour during the days of
observation beginning at 8 a.m. and
continuing until 6 p.m. by the fire
guard on duty.

100

Figure 6. Observations il-
lustrating the variation in
relative humidity found dur-
ing the summer of 1953 on

Bald Mountain.
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1953, fire season
Preliminary work on the study was

initiated in 1953. During the spring
and early summer the areas were se-
lected and the stations established. The
main objective at that time was to test
both the method of study and the need
for the study. Data collecting did not
begin until September and only enough
days were sampled to indicate that
local variations in weather did occur
between stations and that the method
of study was feasible. Travel routes
permitting readings to be made at each
station approximately one hour apart
were established and tested. A team of
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three observers, using automobiles for
transportation and traveling independ-
ently, could each cover three or four
stations.

1954 fire season
In the summer of 1954 the study in

the Bald Mountain area was expanded
to include Fanno Mountain Lookout
and the Valsetz Guard Station. How-
ever, the summer was wet and few
observation days were added to the
fund of data. Time after time the team
of three men was driven from obser-
vation areas by heavy, cold rains. A
considerably different set of weather
conditions was encountered the second
summer.

1955 fire season
Experiences during the 1953 and

1954 fire seasons pointed out the need
for an experienced meteorologist if
the problem of fire weather and its
relation to fire danger was to be at-
tacked with efficiency. On July 1,
1955, a meteorologist was added to the
staff of the organization and proceeded
on the problem with a crew of three
observers. Fire weather did develop
during the season. In all, fifteen ob-
servation days were obtained, 2 during
the last part of July, 10 scattered
throughout August, and 3 during the
first part of September. Various
weather patterns were observed.

Analysis and Results
Temperature, relative
humidity, fuel moisture,
and fire danger

To show the relationship between
stations, simultaneous readings for
temperature, relative humidity, fuel
moisture and fire danger ratings were
plotted as a graph with Bald Moun-
tain Lookout Weather Station as the
independent variable and each of the
other stations as the dependent vari-
able. A second set of graphs with
Valsetz Guard Station Weather Sta-
tion as the independent weather vari-
able and selected stations as the de-
pendent variables was also developed.
The resulting scattergrams indicated
the patterns which the weather read-
ings assumed for the fifteen days of
observation during the 1955 fire sea-
son. In order to show variation
throughout the day the readings were
divided into those about 0800, those
about 1200 and those about 1630.

In analyzing the data, two properties
were considered, the agreement of
readings between stations and the rela-
tionship of readings between stations.

Degree of Agreement. Protection
personnel using weather data need to
know if the data represents the area
for which it is intended. If a tempera-
ture reading of 78° F. is observed at
the lookout can the area surrounding
the lookout be depended upon to have
the same or nearly the same reading?
On the scattergrams developed for
study, readings of equal value fall on
a line bisecting the graph diagonally.
The less the readings are in agreement,
the farther away from this line on
either side the point will fall. How-
ever the chances of simultaneous read-
ings being identical at two or more
separated stations are remote. In order
to develop a more practical approach,
temperature readings within plus or
minus 5 degrees, relative humidity
readings within plus or minus 5 per-

12
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cent, and fuel moisture readings within
plus or minus 21 percent of being equal
were considered in agreement. The
measure of agreement was expressed
as the percentage of the readings fall-
ing within these limits.

Agreement in fire danger ratings of
the fire danger meter used by, the For-
estry Department of the State of Ore-
gon was also determined between sta-
tions.

As a measure of general agreement
between selected stations, all the meas-
urements of temperature, relative hu-
midity, and fuel moisture falling with-
in the limits of agreement for the en-
tire day were determined and ex-
pressed as a percentage. A graph of
these percentages appears opposite the
summary page.

Generally the agreement between
Bald Mountain Lookout and the other
high elevation station, Fanno Moun-
tain Lookout, was good while the
agreement between Bald Mountain
Lookout and the intermediate stations
and the low level stations was poor.
Agreement between local areas as ex-
emplified by Stations 6 and S and Sta-
tions 2 and 3 was excellent. Agree-
ment between Valsetz Guard Station
and stations in the Valsetz Basin was
good but agreement was only fair with
stations on the east side of Bald Moun-
tain.

Bar graphs were developed to illus-
trate the degree of agreement between
two high level stations and a high and
a low elevation station and two local
area stations.

1 1,

I

1f

i

Figure 7. View of Fanno Mountain looking north from Valsetz Basin. The lookout is on the rounded
high point near the center of the photograph. The town of Valsetz is directly below the lookout.
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Table 3. DEGREE OF ACCEPTABLE AGREEMENT BETWEEN SELECTED STATIONS BASED UPON PERCENTAGE OF TEMPERATURE, RELATIVE HUMID
ITY AND FUEL MOISTURE READINGS AGREEING WITHIN ± 5 DEGREES, ± 5 PERCENT, AND -!- 221 PERCENT RESPECTIVELY. FIRE DANGER

RATING WITHIN A BURNING INDEX OF + 2.

Comparison of agreement of
Bald Mt. Lookout with respect to

Variable and Time Fanno Station Station Valsetz Guard
Mountain 6 2 Station

0800..............................................---..-.-.-- Good .78 Fair .47 Good .67 None .00
1200.... ----------------------- ..............._...._....... Exc. 1.00 Poor .36 None .07 Poor .21

Temp. 1600------------ ..---------------------------------- ......... Exc. .91 Poor .33 None .14 Poor .27
All day ........................................................ Exc. .90 Poor .40 Poor .30 None .18

0800--------------------------------------------------------- , None .11 Fair .47 Poor .33 Poor .27
Fuel 1200-- ......................._---.----................... Exc. 1.00 Exc. .85 Good .64 Fair .58
Moisture 1600 .......................................................... Exc. .91 Exc. .93 Exc. .92 Good .67

All day -------------------------------------------------------- Good .71 Good .74 Good .64 Fair .53

0800-------------------- ------------------------------------ .- Fair .44 Poor .21 Poor .21 None .10
Relative 1200--------- ................................................. Fair .45 None .14 None .14 None .14
Humidity 1600 ......... -------------------------------------------- None .18 Poor .23 Poor .29 None .20

All day..................................................._--- Poor .35 None .19 Poor .21 None .15

All All
readings day Good .66 Fair .45 Poor .37 Poor .28

Fire 0800----.---..--- ...................................---------- Good .78 Fair .60 Good .67 Good .69
Danger 1200 .......................................................... Exc. .82 Good .67 Poor .23 Good .64
Rating 1600 .......................................................... Fair .55 Exc. .83 Good .67 Poor .23

(*) All day .................................. --------------- .----- Good .71 Good .71 Fair .54 Fair .52



Comparison of agreement of
Valsetz Guard Station with respect to

Station 6 Station 2
Variable and Time and and Fanno Station Station

Station 5 Station 3 Mountain 2 6

0800 ................ Exc. .83 Exc. 1.00 None .17 Poor .31 Fair .57
1200 ................ Exc. .93 Exc. .92 Good .70 Good .80 Exc. .93

Temp. 1600 ................ Exc. 1.00 Exc. 1.00 Poor .36 Exc. .93 Exc. 1.00
All day.-. ........... Exc. .92 Exc. .98 Poor .39 Good .69 Exc. .83

0800 .... ------ Poor .36 Good .79 None .00 None .08 None .14
Fuel 1200 ................ Exc. 1.00 Exc. 1.00 None .10 Fair .43 Good .64
Moisture 1600 ................ Exc. 1.00 Exc. 1.00 Poor .36 Fair .50 Good .64

All day .............. Exc. .81 Exc. .93 None .16 Poor .34 Fair .48

0800 ................ Exc. .85 Exc. .86 Poor .25 Poor .36 Good .64
Relative 1200 ................ Good .67 Good .69 Fair .45 Good .79 Exc. 1.00
Humidity 1600________________ Fair .57 Good .73 Good .63 Exc. 1.00 Exc. 1.00

All day .............. Good .69 Good .76 Fair .44 Good .71 Exc. .88

All All
readings day Exc. .81 Exc. .89 Poor .33 Fair .58 Good .73

Fire 0800 ................ Exc. .84 Exc. .93 Good .70 Good .79 Exc. 1.00
Danger 1200 ................ Good .79 Exc. .86 Fair .50 Fair .43 Exc. .86
Rating 1600 ................ Good .75 Good .77 Fair .45 Fair .46 Good .62

(*) All day___.---------- Good .80 Exc. .85 Fair .55 Fair .56 Exc. .83

The ratings in this table were determined by establishing the following ranges of the percentage of readings in each variable in agreement
between two stations.

Percentage
0-20

21-40
41-60
61-80
81-100

Rating
None
Poor
Fair
Good
Excellent

(*) J. B. Melin, "Fire Danger Meter," State of Washington, December, 1950.



DEGREE OF ACCEPTABLE AGREEMENT

None Poor : Fair : Good Excellent

PERCENT OF READINGS IN ACCEPTABLE AGREEMENT
20 40 60 80 100

TEMPERATURE

within ± 5 1200
degrees 1600
Fahrenheit A// Day

RELATIVE
HUMIDITY 0800

1200
within ± 5 1600 ,

percent All Day .::..............

FUEL
MOISTURE 0800
within - 2k 1600percent All Day

Figure 8. Degree of acceptable agreement between Bald Mountain Lookout and Valsetz Guard Station
based on a percentage of combined temperature, relative humidity, and fuel moisture readings agree-

ing within ± 5°, ± 5%, and ± 2'/2% respectively.

DEGREE OF ACCEPTABLE AGREEMENT

None Poor Fair Good Excellent

PERCENT OF READINGS IN ACCEPTABLE AGREEMENT
20 40 60 80 100

TEMPERATURE 0800
t 5withi n 1200

degrees 1600Fahrenheit All Day
RELATIVE
HUMID! TV

within ±5
percent

0800
1200
1600

A/I Day
FUEL 0800MOISTURE

1 1200within ±2/ 1600percent A/I Day

Figure 9. Degree of acceptable agreement between Station 2 and Station 3 based on a percentage of
combined temperature, relative humidity, and fuel moisture readings agreeing within ± 5°, ± 5%,

and ± 21/2% respectively.
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DEGREE OF ACCEPTABLE AGREEMENT
None Poor Fair Good Excellent

PERCENT OF READINGS IN ACCEPTABLE AGREEMENT
1

20 40 60 80 100

TEMPERATURE0800

within ± 5 1200
degrees 1600Fahrenheit All Day

RELATIVE
HUMID/ TY 0800

1200within ± 5
percent 1600

Al! Day
FUEL
MOISTURE 0800

within ± 2% 1 200
0-percent All Day

r//'A/viii

- ---- :........
-

Figure 10. Degree of acceptable agreement between Bald Mountain Lookout and Fanno Mountain
Lookout based on a percentage of combined temperature, relative humidity, and fuel moisture readings

agreeing within ± 5°, -L 5%, and -L 2'/2% respectively.

Degree of Relationship. Agree-
ment is the most desirable form of re-
lationship between two sets of read-
ings. However other relationships may
exist. For instance if a temperature
reading of 78 degrees is observed at
one station, a temperature of 70 de-
grees may be predicted for a second
station. The readings are not in agree-
ment, but a relationship between the
readings at the two stations exists. In
order to determine if such a relation-
ship existed in the Bald Mountain
data, linear regression equations were
calculated for each of the selected sta-
tion combinations. The calculated equa-
tions are listed in the appendix.

To determine the value of the linear
regression, correlation coefficients were
determined and are presented in table
4. The squares of the correlation co-
efficients represent the percent of total
variation in the weather element at
the predicted station which is explained
by the variations at the predicting sta-

tion during the sampling period. In
other words they demonstrate the de-
gree to which one station represents
another. For example, the correlation
coefficient for fuel moisture near noon
at the Guard Station and the Lookout
is 0.20. That is, only 4 percent of the
variation in noon fuel moisture read-
ings at the Guard Station can be ex-
plained by variations in noon fuel
moisture readings at the Lookout.

A comparison of the tables of de-
gree of agreement and the degree of
relationship shows that in some cases
when the degree of agreement was
low the degree of relationship would
be higher indicating that prediction
was possible although not on an agree-
ment basis.

Bar graphs illustrating the degree of
relationship between two high eleva-
tion stations, a high elevation and a
low elevation station, and two local
area stations were developed.
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Table 4. DEGREE OF RELATIONSHIP BETWEEN SELECTED STATIONS BASED UPON CORRELATION COEFFICIENTS.

Comparison of relationship of
Bald Mountain Lookout with respect to

Variable and Time Fanno Station Station Valsetz Guard
Mountain 6 2 Station

0800 ................... .---------- ......------------------- .. Exc. .90 Fair .41 Good .61 Fair .41

1200- ....................................................... Exc. .90 Good .77 Exc. .90 Good .70

Temp. 1600------------------ ----------------.------------.. ...... Exc. .82 Exc. .81 Good .69 Good .78

All day ........................................................ Exc. .87 Fair .45 Good .68 Poor .40

0800-..- ..................................................... Good .64 Fair .59 Good .77 None .02

Fuel 1200------------------------------------ - . Exc. .92 Good .75 Exc. .95 None .20

Moisture 1600 .......................................................... Exc. .84 Good .72 Exc. .89 None .20

All day...----------------------- ............................. Good .79 Good .76 Exc. .91 Fair .48

0800 ------------ ..---- .------------- .----------------------- _ Good .74 Poor .29 Fair .45 None .12

Relative 1200- ........................................................ Exc. .81 Fair .54 Fair .55 Good .77

Humidity 1600 .......................................................... Good .74 Good .65 Fair .56 Poor .40

All day.............. ----------------------- ------------------- Good .76 None .16 Poor .39 None .10

Fire 0800 .......................................................... Exc. .88 None .08 Poor .23 None .14

Danger 1200----------------- ------------ ............................. Exc. .93 Good .78 Poor .37 Fair .43

Rating 1600--------------------------------------------- .--.--------- Good .71 Good .73 Good .73 Fair .43

(*) All day..-....... ............. .......... ................... .... Exc. .83 Fair .60 Fair .51 Fair .42



Comparison of relationship of
Valsetz Guard Station with respect to

Station 6 Station 2
Variable and Time and and Fanno Station Station

Station 5 Station 3 Mountain 2 6

0800------ --------- Good .80 Exc. .95 Fair .52 Good .75 Good .73
1200- .............. Exc. .88 Exc. .90 Exc. .88 Exc. .94 Exc. .87

Temp. 1600 ................ Exc. .82 Exc. .85 Good .68 Exc. .97 Exc. .86
All day -------------- Exc. .92 Exc. .91 Fair .59 Exc. .91 Good .79

0800- ............. Good .69 Good .61 None .14 None .14 Poor .83
Fuel 1200 ................ Exc. .87 Exc. .96 None .17 Good At Good .67
Moisture 1600 ................ Exc. .85 Exc. .92 Poor .37 Good .61 Good .71

All day______________ Exc. .83 Exc. .81 Fair .43 Exc. .82 Exc. .89

0800.... ............ Exc. .93 Exc. .91 None .17 Poor .32 None .03
Relative 1200 ...... ..-------- Good .76 Exc. .92 Good .71 Good .69 Exc. .82
Humidity 1600-------- .------- Good .62 Exc. .89 Poor .40 Fair .53 Exc. .88

All day -------------- Exc. .86 Exc. .92 Poor .36 Good .73 Good .78

Fire 0800 ................ Fair .59 Exc. .81 Fair .42 Exc. .89 Good .74
Danger 1200________________ Exc. .81 Exc. .88 Good .71 Poor .38 Exc. .89
Rating 1600 ................ Poor .25 Exc. .84 Fair .59 Fair .51 Exc. .91

*O All day ______ ..... Fair .58 Exc. .83 Poor .29 Good .62 Exc. .92

The ratings in this table were determined by establishing the following ranges of the value of the linear correlation coefficient between each
variable measured at two stations. No negative correlation coefficient was found for these data.

Value of r Rating
0- .20 None

.21- .40 Poor The correlation coefficients are

.41 - .60 Fair listed with the rating

.61 - .81 Good

.81-1.00 Excellent

(*) J. B. Melin, "Fire Danger Meter," State of Washington, December, 1950.
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Figure 11. Degree of relationship between Bald Mountain Lookout and Fanno Mountain Lookout
based upon correlation coefficient.
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Figure 12. Degree of relationship between Bald Mountain Lookout with Valsetz Guard Station based
upon correlation coefficient.
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Figure 13. Degree of relationship between Station 2 and Station 3 based upon correlation coefficient.

Wind
A frequently used method of show-

ing the variability of the wind direc-
tion at a station over a period of time
is the station wind rose. Figure 14
shows a sample station wind rose in
which are grouped all the wind direc-
tion observations taken at Bald Moun-
tain Lookout during the hours 0800-
1000 on the fifteen observation days.
A total of 18 observations of north-
east wind were made and the length of
the bar on the northeast point of the
circle is 18 times as long as the line on
the north point, representing only one
observation of north wind. The num-
ber 5 in the circle denotes 5 observa-
tions of calm.

Wind roses for 10 stations of the
Bald Mountain network, divided into
three periods of the day, 0800-1000,
1100-1300, and 1400-1600, and totaled
for the 15 observation days of 1955,

explained some of the gross wind fea-
tures of the local terrain and climate.
In the morning, the lookout showed a
modal NE wind which was interpreted
as a land breeze circulation. That no
other station except Fanno Mountain
Lookout had such a mode indicated a
gentle smooth flow of air above the
inversion which is known to occur fre-
quently over the Willamette Valley at
about 3000', the general elevation of
the peaks and high passes of the Coast
Range at that latitude. Points on the
east-facing slope of the mountain
showed a reliably E and SE prefer-
ence, probably a thermal valley wind
blowing upslope after heating by the
morning sun. Calms were normal in
the basin and upper slopes to the
west of the peak at this time of day.
Through the day the peak station, as
far as wind direction was concerned,
appeared more and more representa-
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Figure 15. Cosine of an angle representing re-
lationship between two simultaneous wind direc-

tions.

nearby, while upslope wind on the
Figure 14. Bald Mountain weather station wind east side was the usual case.

rose. Wind roses, however, show the rela-
tionships between different wind direc-

tive of the predominantly NW flow tions at one station over a period of
observed on the west-facing areas time. Of more practical importance is

13

Fonno\i 3 ML.L.O.

Figure 16. Chart showing Bald Mountain area wind direction frequencies for 15 observation days,
0800-1000 PST.
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the relationship of wind directions at
two stations at the same, or nearly the
same, time. This relationship may be
represented by the value of the cosine
of the small angle between the lines
parallel to the wind directions at the
two stations, as in figure 15.

A value of the cosine represents
wind directions observed at two sta-
tions at one time. The average value
of many such cosines will give a meas-
ure of the simultaneous agreement be-
tween stations over a long period of
time. Since a 0° angle has cosine = 1,
a 90° angle has cosine = 0, and a 180°
angle has cosine = -1, a value near
+1 indicates that the wind direction
observations agree well at the two

stations in question. A value near
-1 indicates the wind at the two
stations is reliably opposite in direc-
tion. A value near zero indicates that
the winds are reliably at right angles,
or that the winds over a period of
time have no consistent relationship
between the two stations. Values near
zero must be further analyzed to de-
termine which of these two conditions
exists.

The climatological wind roses com-
bined with the mean cosines for the
Bald Mountain wind data indicated
that for the most part winds in this
area tended to blow upslope during the
day, except in times of vigorous gen-
eral wind activity. The peak, being up-

`oo

Figure 17. Chart showing Bald Mountain area wind direction frequencies for 15 observation days,
1100-1300 PST.
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slope from all immediate surroundings,
tended to experience wind directions
in accordance with general broad scale
wind movement over the area. Based
upon the data, the observations of
wind direction made at Bald Mountain
Lookout did not adequately represent
the surrounding areas. However, there
were local areas in the Bald Mountain
area in which, at any given time, wind
directions were reasonably uniform.

Stability and air
mass properties

Air temperature and relative humid-
ity are indicators of heat content and
moisture content of the air in which
measurements are taken. However, it

is well known that with other things
equal, air temperatures are lower at
higher altitudes. It is also true that the
warmer air becomes, the greater its ca-
pacity for holding moisture.

A volume of air obeys the general
gas law, which states that pressure
and volume are directly proportional
to temperature (pV = RT) . If heat
content of the air remains constant, a
reduction in pressure will be accom-
panied by a fall in temperature, pro-
vided the volume is not changed. Since
air pressure is less at higher altitudes,
air of a given heat content will have
a lower temperature the greater its al-
titude. This relationship is shown for
an air sample in figure 20a. The tem-

Figure 18. Chart showing Bald Mountain area wind direction frequencies for 15 observation days,
1400-1600 PST.
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Table 5. SUMMARIZES THE MAJOR FEATURES OF THE REPRESENTATIVENESS OF WIND OB-
SERVATION FOR BALD MOUNTAIN.

Station

Station
Period of

Day 2 5 6

Valsetz
Guard
Station

Bald 0800-1000 None-* None Good
Mountain 1100-1300 Poor- Poor Fair
Lookout 1400-1600 None- Fair Exc.

0800-1000 Exc.
2 1100-1300 Exc.

1400-1600 Exc.

0800-1000 Exc.
6 1100-1300 Good

1400-1600 Exc.

Average Cosine
0 to ± .20

-L .21 to -L .40
-!- .41 to -L .60
± .61 to ± .80
±.81 to ±1.00

Agreement Description
None
Poor
Fair
Good
Excellent

* Minus signs mean a negative average cosine

perature which an air sample would
have if observed at sea level is called
its "potential temperature, 0." The po-
tential temperature 0 is a measure of
the heat content of air. No matter how
many times a given body of air is
raised or lowered in altitude, as long
as the heat content is the same, the po-
tential temperature will be the same.
Therefore, one air mass lying about a
mountain peak will have a lower tem-
perature at the summit than at the
base of the peak, but one potential
temperature throughout.

Since warmer air has a greater ca-
pacity for holding moisture than cool
air, and since

relative Amount of
moisture present

humidity = Amount of moisture 100
the air can hold at

present temperature

a given sample of air, if heated,
will have a lower relative humid-
ity. Therefore, rather than relative

humidity which changes with alti-
tude in an air mass, the actual
amount, of moisture present is used
as a measure of moisture content.

weight of water

Expressed as
in a sample

weight of air and
water in the sample

the content of moisture is called the
"mixing ratio, w."

The values of the potential tempera-
ture, 0, and the mixing ratio, w, are
convenient ways to describe the heat
and moisture properties of an air mass,
since they do not change rapidly while
the air is moving and flowing over the
earth. The values do change some-
what as heat or moisture is added or
subtracted, but the change over short
periods of time is small. For example,
if one air mass has 8 = 25° C and w =
7 parts (water) per thousand (air)
and another air mass has 0 = 20° C
and w= 10, the first air mass is
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marked as being warmer and drier
than the second, no matter where or
when they are observed.

The situation pictured in figure 20a
in which the air temperature falls reg-
ularly with height is frequently ob-
served to be complicated by the fact
that one air mass lies above another
air mass with different properties.
Such a situation is pictured in figure
20b in which a warmer air mass (high
0) lies above a cooler air mass (low B)
with an inversion layer, in which the
temperature actually increases with al-
titude between them. A three-layered
system is also common, and four or
even five layers might be observed.

Stability in the atmosphere
if warm water is poured gently into

a glass partly full of cold water, the
warm water will float on top of the
cold. But if cold water is poured into

a glass containing warm water, the
cold water will sink beneath. So it is
with air. The lighter (warmer and/or
wetter) air will remain above the
heavier (cooler and/or drier) air. This
situation, warm above and cold be-
neath, will remain stratified for a long
time. Such a situation is called stable.
However, if heavier air is forced to
flow above lighter air, there is an over-
turning and mixing because the situa-
tion is unstable. This unstable over-
turning is most frequently associated
with gusty wind and fire "blowups."
The matter of stability is of great im-
portance to fire, protection personnel
concerned with wind behavior on a
going fire.

Stability and air mass
properties on Bald Mountain

The values of B and uw, and subse-
quently stability values, were computed

Figure 19. Bald Mountain from Pedee Creek, looking west. Lookout to right of cut-over area in saddle.
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Figure 20a. Relationship of temperature and alti-
tude, one air mass overlying.

for each set of temperature and hu-
midity readings taken.* Differences in
air mass could then be identified and
a reconstruction of the behavior of the
atmosphere surrounding Bald Moun-
tain on each observation day was pos-
sible.

Figure 21 shows the results of a
frequency tabulation of three stability
classes, (stable, neutral, and unstable),
for five elevation - exposure groups
(2800' pass to the peak station, upper
slope west, lower slope west, upper
slope east, and lower slope east), and
for four times of day (0800-0900,
1100, 1300, 1600-1700) for the 15 ob-
servation days of 1955. Stability is
modal in each sector during the earliest
period of the day except in the upper
east slope. Instability is never the
usual case for the lower slopes on
either aspect, though it is for the
upper east slope throughout the day,
with the exception of the late after-
noon. Neutral stability is normal in

* For the benefit of meteorologist readers, com-
putations of B and w assumed a U. S. Standard
Atmosphere.

High 6

0.

0 Low a

TEMPERATURE

Figure 20b. Relationship of temperature and alti-
tude with two air masses and inversion layer

overlying.

every sector during the period 1600-
1700. Predominance of days featur-
ing a strong, stable temperature in-
version at about 3000' over the Wil-
lamette Valley during the morning and
early afternoon, followed by a sea
breeze invasion of marine air in mid-
afternoon explains these trends. The
sea breeze has an unstable, mixing
effect tending to break down layering
of air masses and calm, hazy condi-
tions.

Description of five observation
days on Bald Mountain

Previous descriptions of weather
variables have dealt with the total or
the average picture for all observation
days together. Following are descrip-
tions of 5 of the 15 days on which
observations were made at Bald Moun-
tain during the summer of 1955. The
descriptions attempt to reconstruct and
describe what happened in the atmos-
phere in the Bald Mountain area dur-
ing each of the five days. Several of
the days had occurrences in common,
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Figure 21. Frequencies of temperature lapse rate between ground stations on Bald Mountain during
15 days of summer 1955, by hour, by elevation, by aspect.

but each exhibited one or two phe-
nomena not present in any of the
other cases. It is believed that the in-
dividual patterns described are com-
mon in the area, and that the general
principles pointed out as the physical
reasons behind most of the occur-
rences would be valid if applied to other
similar areas. Each example is instruc-
tive in itself as regards details of a
particular pattern, and the five ex-
amples together display something of
the variety of conditions commonly
observed in the Oregon Coast -Range.

1. An example of a day domi-
nated by sea breeze (August 18,
1955) : In midmorning (0900) the sit-
uation was typical of summer (lays in
western Oregon when slight differ-
ences of barometric pressure exist over

the Northwest. A moderate tempera-
ture inversion layer, in which tem-
perature increases upward rather than
downward, lay low over the Willam-
ette Valley and the Valsetz Basin and
sloped upward to the elevation of the
high passes in the vicinity of Bald
Mountain. The bottom of the inversion
laver was marked by low stratus clouds
and a spreading out of (lust and smoke
as if under a ceiling or lid. Such a
layer marks an actual physical bound-
ary between two stratified air masses
any one or all of whose properties
may he markedly different from one to
the other. In this case the midmorning
situation found a warm, moist flow
from the east in the upper layer, with
only the tip of Bald Mountain project-
ing through the inversion. In the lower
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layer, temperatures were slightly cooler
and winds light and variable, but the
moisture content was about the same
as above the inversion. With light gen-
eral winds there is a tendency for up-
slope winds to begin locally on a slope
lying perpendicular to the sun's rays.
The light SE winds on the upper cast
slopes of Bald Mountain below the
inversion in the present case is an in-
stance of this occurring.

The morning hours were rather
quiet with two distinct strata of air
lying across the area: the upper one
warm with a flow from the east, the
lower one cooler with light and vari-
able winds, and with cloud patches and
smoke accumulated along the bound-
ary between.

About 1030 the leading edge of the
sea breeze circulation moving from the
coast reached the area. Vigorous wind
movement, as usual, accompanied the
sea breeze arrival, and with it the de-
struction of the stable stratification and
temperature inversion which had ex-
isted previously.

By 1300 the mixing of the air by
the vigorous circulation had resulted
in uniform vertical distribution of heat
and moisture on the western slopes and
the upper eastern slopes. However, the
mass of maritime air moving from the
west was now overriding the remnant
of the dense air mass in the bottom of
the Willamette Valley. This was evi-
denced by low moisture content at sta-
tion 1 on the lower cast slope, by
south and southeast winds at all east
slope stations, and by a band of small
clouds forming over Bald Mountain
summit and dissipating toward the east.
With the exception of the Valsetz
Guard Station all wind observations on
the western slopes and at the peak
showed strong west or northwest wind-
flow.

At 1600 there was an abrupt wind
shift from southeast to northwest at
the two stations on the middle east
slope, 2 and 3. Now the entire ob-
servation network, with the exception
of Valsetz Guard Station and Station
1, showed strong northwest winds
and uniform vertical distribution of
heat and moisture. The sea breeze inva-
sion of the area was essentially com-
plete.

2. An example of a day domin-
ated by a gentle foehn (east wind)
(August 4, 1955) : During the hours
from 0800 to 1000 the weather situ-
ation in the Bald Mountain area was
quiet. Skies were clear, but a definite
haze layer with restricted visibility
lay below 4000 feet. Although temp-
eratures in the observation area were
quite uniform within this layer, mois-
ture was concentrated at the higher

WARM ORY CLEAR

coot I
ORY,

HAZY

Figure 22. Case 1. August 18, 1955. A day
dominated by sea breeze.
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levels just under the 4000 foot bound-
ary, as evidenced by a distinctly higher
humidity at the Lookout than at other
stations. The air lying against the
western slopes of Bald Mountain was
slightly cooler and drier than that on
the eastern slopes. Winds were light
and generally upslope throughout the
network, with a very light east wind
at the Lookout.

The 1300 observations showed that
winds throughout the area had fresh-
ened, and the air flow pattern was now
the reverse of that described for this
hour on the sea breeze day. Winds
were easterly everywhere except on the
upper west slopes, where they were
westerly. Unlike the reverse wind flow
in the sea breeze case, this westerly
flow behind the peak was a large turbu-
lent swirl much as a swirl behind a
rock lying in a flowing stream, for the
Lookout and all western slope stations

Figure 23. Case 2. August 4, 1955. A day dom-
inated by a gentle foehn (east wind).

reported a quite uniformly hot dry air
mass. The haze layer was now re-
stricted to the eastern slopes below
about 2500 feet, for the humidity was
distinctly higher at Station 3 than at
any west slope station except that in
dense timber in the Valsetz Basin, and
the lower east slopes humidities were
only slightly lower. A flow of dry air
was gently descending from high above
the Williamette Valley, westward past
the Lookout, and then heating and dry-
ing still more as it continued down the
western slopes into Valsetz Basin.

By 1600 skies were still clear, and
the same descending dry air mass, with
westward moving flow and a high
swirl behind the peak, covered the
lower eastern slopes as well as the
western slopes of Bald Mountain. The
otherwise unaccountably high humid-
ity at Station 5, midway up the west-
ern slope, may have been in some
way connected with the definite inflow
of warm moist air now taking place
from the west in the very lowest drain-
ages of Valsetz Basin.

Both on this day and on the day of
the vigorous sea breeze just described
the surface weather map for the
Northwest was flat, showing very little
difference in barometric pressure over
large distances. The former case was
one in which there was a slight tend-
ency for general air movement from
west to east, which reinforces a local
sea breeze and allows complete, vigor-
ous invasion of interior valleys by
maritime air. However, in the latter
case, the general tendency was for
gentle air movement from east to west,
which is a deterrent to the local sea
breeze circulation so that the maritime
air frequently, as in this case, gets no
farther inland than the coastal lowlands
and the lowest drainages of mountain
basins such as Valsetz.

f yi
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3. An example of a day with
heavy, low cloud cover in the morn-
ing followed by a frontal passage
about noon (August 11, 1955) : A
deck of strato-cumulus clouds lay over
the lower portions of the observation
area at 0900. The cloud tops were at
about 3000 feet to both east and west,
but the bottom of the clouds reached
to only about 2600 feet to the east of
the peak and all the way down to about
1700 feet over the Valsetz Basin. The
Lookout and Station 4 were in bright
sunshine with clear skies above. Ob-
servations showed a strong inversion
layer above the cloud deck with the
Lookout reporting temperatures ten
degrees higher than Station 4 on the
upper edge of the clouds. Winds at
the peak were gentle NE but were
light and variable beneath the inversion.

According to U. S. Weather Bureau
maps a trough of low pressure passed
over the area from the west about
noon. At that time skies cleared rapidly
and winds strengthened noticeably. The
1300 observations indicated that wind
movement was moderate from the west
on the western slopes of Bald Moun-
tain and moderate from the east on
the eastern slopes. At the peak the
wind was almost calm. A few frag-
ments of cumulus cloud were forming
over the peak and dissipating slowly
to the east. The air appeared quite
hazy in all directions from the Look-
out. All the upper mountain slopes
had been warmed rapidly by the sun
after skies cleared, upslope winds had
begun locally throughout the network,
and a moderate tendency for general
air movement from the west was forc-
ing warm moist air to override the
slightly cooler and slightly drier air
remaining in the lower elevations of
the Willamette Valley.

By 1600 the picture had changed in

but one major respect. Skies were still
clear and temperatures warm, but the
moist air moving from the west had
apparently become a 1000 foot thick
layer, or wedge, flowing above a cool,
dry layer and under a warm, dry layer.
This interpretation is based on the ob-
servations of low humidity and strong
NE wind at the lookout, low humidity
and light variable winds at stations be-
low about 2000 feet, and higher humid-
ity with west winds at stations in be-
tween.

The main point to be illustrated by
this case is the general mechanism of
stratification, or layering, of air of dif-
ferent densities, sometimes with quite
complex results. Air which is cooled
becomes more dense than air with the
same moisture content. Air to which
moisture is added becomes lighter than

Figure 24. Case 9. August 11, 1955. A day with
heavy, low cloud cover in the morning followed

by a frontal passage about noon.
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air of the same temperature to which
no moisture is added. Different combi-
nations of heat content and moisture
content may result in a great variety
of densities, buoyancies, and stratifi-
cations. Therefore, masses of air with
different properties frequently stratify
and separate into layers much as gas-
oline and water, though they may not
look greatly different.

4. An example of a day with
heavy, high cloud cover all day and
a frontal passage about noon (Au-
gust 25, 1955) : Morning observations
showed the results of an influx of cold,
dry air from the north over the entire
Northwest during the preceding two
or three clays. A solid layer of stratus
cloud lay at about 6000 feet elevation
above the entire Bald Mountain and
Willamette Valley area. Fog patches

Figure 25. Case 4. August 25, 1955. A day with
heavy, high cloud cover all day and a frontal

passage about noon.

lingered locally in pockets, tempera-
tures as late as 1000 remained in the
middle fifties, visibility under the
clouds was excellent in all directions,
and wind movement was gentle and
variable. Heat and moisture were
mixed quite uniformly in the vertical
beneath the cloud deck.

As in the case described previously,
Weather Bureau maps showed the
movement of a low pressure trough
across the area during the day. How-
ever, unlike the previous case, only
occasional small breaks in the cloud
deck resulted; thus heating of slope
areas by the sun was greatly retarded.
By 1300 clouds over Bald Mountain
were recorded as 9/10 of stratus;
winds on and to the west of the Look-
out were moderate westerly; winds on
the east slopes were southeasterly; and,
though temperatures over the area gen-
erally remained low, a layer of mois-
ter air was moving from the west
above about 2000 feet and beneath the
clouds, bringing a slight temperature
rise to the upper western slopes.

The 1600 observations showed a
cloud cover of 4/10 strato-cumulus.
Temperatures and moisture content
continued to rise on the upper western
slopes under the influence of the con-
tinuing influx of slightly warmer,
moister air from the west and the late
afternoon sunshine. Winds remained
about as at 1300; moderate westerly
at and to the west of the Lookout, and
southeasterly to southerly on eastern
slopes.

Heavy cloud cover persisting late in
the (lay and over an entire region re-
stricts drastically the surface heating
by the sun, and the resulting air temp-
erature difference between ocean and
interior land areas is not nearly as
great as on a clear day. This air temp-
erature difference is the basic driving
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force of the sea breeze; so, on cloudy
(lays, even though the barometric pres-
sure pattern is flat, the onset of the
sea breeze circulation is delayed con-
siderably and its intensity reduced.

Of the four days described thus far,
three (examples 1, 3, and 4) have
shown a distinct change to vigorous
west-northwest winds on the western
slopes of Bald Mountain about noon.
One had clear skies all (lay; another
had heavy low clouds all morning and
rapid clearing at the time of increased
wind activity; and the third had a
heavy high cloud cover all morning,
with only slight clearing during and
after the time of increased wind activ-
ity. Without more information than is
available it would be impossible to say
exactly in which cases the heightened
wind activity was due primarily to sea
breeze and in which it was due to a
frontal passage. On the basis of the
idea that clear skies allow a sizeable
ocean-land temperature difference to
develop and a resulting vigorous sea
breeze circulation, we have chosen to
call the clear day a sea breeze case and
the distinctly cloudy days cases of
frontal passage. An additional import-
ant point in this regard is the fact
that on the sea breeze day (Case 1)
the upper east slope stations became
enveloped in the general northwest flow
by mid-afternoon, but on the two cases
designated as frontal passages the flow
from the west continued to override
the residual air mass in the Willamette
Valley to the east.

5. An example of a day with a
warm front overrunning from the
southwest (September 1, 1955) :
Midmorning observations (0900-1000)
disclosed the same basic pattern as has
already been described and noted as
a typical morning situation in summer.
Although skies were clear, there was

a marked temperature inversion below
Bald Mountain Lookout, moderate
northeast winds and very warm dry
air at the peak, light upslope winds and
cooler, moister air below the inversion,
and a very moist layer just beneath
the inversion at about 2500 feet on the
east slopes. From the Lookout the vis-
ibility above the inversion was ob-
served to he exceptionally good, while
below the distinct boundary of the in-
version the air was smoky and hazy.
Wisps of fog accompanying marine
air were reported entering the low
drainages of Valsetz Basin through
several gaps to the west.

Shortly after noon the stations on
and to the west of the peak reported
gentle, steady southwest winds. Station
1 low on the east slope also reported
southwest winds, while the two stations

Figure 26. Case 5. September 1, 7955. A day
with a warm front overrunning from the south-

west.
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on the middle east slope reported
gentle southeast winds. Skies were
clear and heat was mixed fairly uni-
formly through the entire depth of the
atmosphere below the peak. However,
two areas of distinctly higher moisture
content were observed. The inflow of
maritime air at low level was making it-
self felt in the form of higher humid-
ity at the westernmost station in the
Valsetz Basin, while an apparent over-
riding of very warm, moist air borne
on the southwest wind was noted at
the Lookout and at Station $ 4 just
below the peak. The top of the haze
layer was observed to have risen over
the Willamette Valley with the result

that lower moisture content than ear-
lier was observed at the middle stations
on the eastern slopes.

By 1600 all the stations on the west-
ern slopes of Bald Mountain were re-
porting high moisture content; how-
ever, the local, maritime, low level in-
flow and the general overrunning
southwesterly flow were probably still
distinct from one another as evidenced
by much higher temperatures at the
high level stations than at the low level
stations on the west. Warm, dry air
and upslope southeast winds persisted
on the eastern slopes as a further in-
dication of an overrunning current
from the southwest.

Figure 27. From east slope of Bald Mountain looking east into Pedee Creek and Willamette Valley.
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Suggested Application
The detailed weather information

required for an analysis of weather
patterns is not available in most forest
protection districts. However, with
proper data, such as that utilized in
this report, the meteorologist and the
fire control forester would be more
likely to forecast with significantly
greater accuracy the local variations in
weather on a short range basis.

Fire protection agencies sometimes
have high hazard areas or high risk
areas which are a cause of concern
from a fire protection standpoint. By
establishing temporary weather stations
in these areas using methods similar to
those developed in this study, a com-
parison of weather conditions and fire

I

n

;L_

f 4

I,-

danger between the areas and existing
weather stations might be obtained.
The organization, in all probability,
would not require detailed information
covering the entire district under its
control but only on and near the areas
of concern. The final decision as to
how much money and time is to be
spent and how much weather informa-
tion is necessary for the proper pro-
tection of the district remains with
the protection organization. The use of
recording instruments, such as hygro-
thermographs, in place of manually op-
erated instruments in such surveys
should be considered in planning. Also,
temporary weather stations set up in
active logging operations could be util-

I

Figure 28. From Bald Mountain Weather Station looking west into Valsetz Basin.
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ized to add to knowledge of the
weather patterns, but a sufficient va-
riety of weather conditions must be
sampled to establish readily usable re-
sults. If no relationship between a high

hazard area and an existing weather
station can be established, the location
of a permanent weather station within
the hazard area may be necessary.

Conclusions

In the Bald Mountain area of the
Oregon Coast Range there exists dur-
ing the summer fire season a complex
relationship between the weather vari-
ables and fire danger factors at Bald
Mountain Lookout and those in the
surrounding areas. This complexity of
local fire danger throughout the area
is probably the result of a variety of
combinations and movements of air
mass stratifications. It is likely that
such weather complexity will be found
in any similar area situated near the
sources of ocean air masses, inland air
masses, and modified forms of each.
Coastal Southern California, for in-
stance, is known to experience local
weather similar to that described in this
study.

The tables of degree of agreement,
degree of relationship, and representa-
tiveness of wind observations present

a summary of several aspects of the
relationship between Bald Mountain
and the surrounding area. The pre-
ponderance of high ratings within the
two local areas (Stations 2 and 3 and
Stations 5 and 6) and the tendency
toward lower ratings in the compari-
son of local areas with Bald Mountain
indicate that: (1) the entire Bald
Mountain area cannot be represented
by one station all the time; and (2)
fairly large local areas in the vicinity
of the Lookout behave uniformly in
a great variety of weather situations.

However, much more research re-
mains to be done, especially in the
effects of weather patterns upon local
areas, if the meteorologist and the for-
ester are to understand, in its entirety,
the variance of fire danger in moun-
tainous country.
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LINEAR REGRESSIONS AND CORRELATION COEFFICIENTS FOR SELECTED STATIONS OF BALD MOUNTAIN NETWORK

Bald Mt. Balt Mt. Lookout
Variable Lookout and and Bald Mt. Bald Mt.

and Fanno Mt. Valsetz Guard Lookout and Lookout and
time Lookout Station Station 2 Station 6

Linear Linear Linear Linear
regression r regression r regression r regression r
Y Y Y= Y

Temperature
0800__---------------- _______-_.-___......--------------- .83X + .93 .90 .40X + 30.8 .41 .64X + 23.1 .61 .56X + 252 .41

1200 -------------------------------------- ............ .90X + .88 .90 .80X + 17.7 .70 1.1OX + 1.9 .90 .80X + 18.5 .77
1600 ................. .....----------------- ._.-_____..-..__-____ .77X + 1.45 .82 .83X + 16.8 .78 .95X + 8.3 .69 .66X + 30.9 .81

All day.................--------------------- .....__...______ .87X + .90 .87 .83X + 12.8 .40 1.OOX + 4.7 .68 .79X + 17.1 .45

Rel. Humidity
0800------------------------------------------------------------ .79X + .91 .74 .21X + 71.6 .12 .60X + 30.4 .45 .56X + 40.9 .29
1200-------- ................. ................................... 1.O1X - .41 .81 .68X + 10.1 .77 .68X + 9.9 .55 .66X + 9.9 .54
1600----------------------------------------- ............. ...... 74X + 1.49 .74 .43X + 26.5 .40 .63X + 14.8 .56 .56X + 16.6 .65

All day .............................. .---------------- .......... .83X + .75 .76 .36X + 40.7 .10 .63X + 18.8 .39 .48X + 30.4 .16

Fuel Moisture
0800 ............................................................ .66X + 1.26 .64 .05X + 16.4 .02 .42X + 6.2 .77 .47X + 8.7 .59
1200 ............................................................ .94X + .04 .92 .21X + 8.9 .20 .55X + 3.4 .95 .57X + 4.1 .75
1600 ................ ....------------------- ......... ............ .84X + .22 .84 .24X + 6.8 .20 .57X + 2.9 .89 .63X + 2.6 .72

All day .......................................... .54X + .48 .79 .47X + 6.3 .48 .53X + 3.8 .91 .72X + 2.8 .76

Fire Danger
0800 ............._____-_.______._......... ..................... .81X + 1.25 .88 .11X + 0.9 .14 27X + 2.0 .23 .09X + 1.2 .08
1200 ...................................... .------------------- .. .75X + 1.36 .93 .67X + 2.2 .43 .66X + 4.8 .37 .88X + 1.8 .78
1600 ............................................................ 39X + 2.63 .71 .76X + 2.1 .43 1.15X + 1.4 .73 1.16X + 0.1 .73

All day.-.... ------- ........................... ................ .62X + 1.73 .83 .68X + 1.3 .42 .84X + 2.5 .51 .89X + 0.7 .60



Variable Station and Valsetz Guard Valsetz Guard Station 2 Station 6
and
time Lookout

Station and Station and and
Station 3

and
Station 5

Linear Linear

regression
Linear Linear

regression
Linear
regression r

Y= Y= Y= Y- Y=
Temperature

0800............ 23.59 + .72X .52 3.95 + 1.08X .75 14.75 + .81X .73 1.08X - 6.2 .95 .83X + 7.5 .80
1200.... ....... 7.90 + .85X .88 0.39 + 1.03X .94 20.38 + .74X .87 .90X + 7.2 .90 1.OOX - 4.9 .88
1600.--.-------- 22.33 + .61X .68 -6.24 + 1.08X .97 18.46 + .76X .86 .74X + 18.3 .85 .93X + 4.8 .82

All day. .----.--. 40.40 + .39X .59 18.37 + .78X .91 14.84 + .81X .79 .92X + 4.8 .91 1.03X - 4.1 .92

Rel. Humidity
0800--------- 26.41 + .33X .17 15.22 + .60X .32 79.37 - .05X .03 .95X + 5.5 .91 .96X + 3.0 .93
1200---- .-.----- 4.08 + 1.06X .71 18.15 + .63X .69 18.53 + .62X .82 1.15X- 5.3 .92 1.06X + 1.1 .76
1600----------- 30.48 + .54X .40 21.48 + ,62X .53 -18.81 + 1.35X .88 .88X + 7.5 .89 .57X + 26.2 .62

All day--........ -7.46 + 1.01X .36 23.81 + ,53X .73 16.05 + .69X .78 .99X + 2.4 .92 .87X + 10.5 .86

Fuel Moisture
0800........ ---- 6.88 + .41X .14 17.95 - .18X -.14 11.17 + .36X .33 .84X + 1.8 .61 .98X - 1.9 .69
1200............ 7.67 + .35X .17 0.92 + .79X .61 0.82 + .89X .67 1.19X- 1.3 .96 .93X + 0.2 .87
1600............ 3.70 + .71X .37 2.34 + .70X .61 -0.27 + 1.02X .71 1.25X - 1.2 .92 .98X + 0.1 .85

All day..--_---. 5.98 + .47X .43 2.39 + .69X .82 -0.09 + 1.O1X .89 .88X + 1.7 .81 .83X + 1.1 .83

Fire Danger
0800............ 2.10 + 2.15X .42 0.81 + 1.64X .89 0.38 + .78X .74 1.54X - 1.2 .81 1.13X + 0.4 .59
1200----....--.. 0.50 + .59X .71 6.02 + .40X .39 1.41 + .86X .89 .87X .88 1.11X - 0.1 .81
1600............ 1.28 + .42X .59 5.42 + .59X .51 0.54 + 1.06X .91 .79X + 0.2 .84 .43X + 5.1 .25

All day ---------- -87.40 + 17.80X .29 3.57 + .70X .62 0.53 + 1.01X .92 .83X + 0.4 .83 .77X + 1.7 .58

Valsetz

Fanno
Station Station

regression r regression r
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CASE 1-AUGUST 18, 1955

AN EXAMPLE OF A DAY DOMINATED BY SEA BREEZE

Hour
Eleva-

Station Aspect tion 0900 1100 1300 1600

68 20 77 ...... 84 29 82 28
1 ________________ Valley 1000 67 10.0 48 ... 37 9.6 45 10.4

68 24 75 79 30 78 30

2 ................ East 1775 67 10.6 58 ...... 50 11.0 49 10.8

68 25 72 ______ 78 31 75 30

3 ................ East 2100 71 11.4 61 ------ 53 11.6 51 10.2

66 26 75 77 31 75 31

4 ................ Saddle 2800 63 9.5 59 ...... 57 12.5 52 10.9

Bald Mt. 71 31 71 ___ 70 31 65 30

Lookout Peak 3240 54 9.7 54 65 11.6 64 10.9

66 25 72 __... 76 31 72
285 ................ West 2550 74 11.0 62 ...._ 56 11.8 58 12.8

63 22 72 78 30 77 29

6 ................ West 1800 80 10.4 62 ______ 54 11.9 50 10.5

7 62 18 73 .... 76 26 74 25

(Timber)__. Valley 700 89 10.7 61 ------ 62 11.8 61 11.0

70 23 81 ------ 81 28 80 28

8 ________________ Valley 700 72 11.0 48 _____ 48 11.0 44 10.3

Valsetz 63 20 72 ______ 78 28 76 27
Guard Sta. Valley 1180 79 10.3 57 ...... 53 11.7 51 10.2

* Key to data for
observed values:

Temperature-°F Potential Temperature-°C
Relative Humidity-% Mixing Ratio-parts per 1000
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August 4, 1955 Bald Mountain Area
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Case 2. Recorded weather readings for Bald Mountain area during a day dominated by a gentle

foehn (east wind). August 4, 1955.
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CASE 2-AUGUST 4, 1955

AN EXAMPLE OF A DAY DOMINATED BY A GENTLE FOEHN (EAST WIND)

Hour
Eleva-

Station Aspect tion 0900 1000 1300 1600

70 _.___. 75 25 851 30t 85t 30
1 _......._._.__ Valley 1000 57 ...._. 51 9.4 35t 9.1t 30 7.8

70 ----- 75 28 82 32 80 31

2. . East 1775 57 ------ 48 9.9 37 9.3 35 8.0

66 ------ 73 28 80 32 79 31
3 ................ East 2100 63 55 10.5 42 9.9 36 8.3

65 ------ 69 27 76 32 79 33
4 ________________ Saddle 2800 53 ------ 48 7.9 37 7.8 33 7.7

Balt Mt. 621 ----- 63 27 72 31 74 33
Lookout Peak 3240 93t ...... 90 13.1 44 8.6 35 7.5

62 ______ 66 25 78 32 76 30
5 ................ West 2550 62 62 9.4 41 9.4 50 10.5

66 ...... 70 25 78 32 79 30
6 ---------------- West 1800 62 ------ 48 7.9 41 9.4 29 6.5

7 601 64 19 74 25 79 27

(Timber)... Valley 700 791 ---- 79 10.7 F54 10.0 54 11.8

57 ...._. 67 21 85 31 84 31

8 ----- ...... Valley 700 94 75 10.9 36 9.4 50 13.0

Valsetz 61 ------ 69 23 81 30 80 30
Guard Sta. Valley 1180 78 ___- 59 9.2 29 7.0 35 8.0

* Key to data for
observed values:

1 Interpolated estimate

Temperature-°F Potential Temperature-°C
Relative Humidity-% Mixing Ratio-parts per 1000
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Case 3. Recorded weather readings for Bald Mountain area during a day with heavy, low cloud

cover in the morning followed by a frontal passage about noon. August 11, 1955.
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CASE 3-AUGUST 11, 1955

AN EXAMPLE OF A DAY WITH HEAVY, Low CLOUD COVER IN THE MORNING FOLLOWED BY
A FRONTAL PASSAGE ABOUT NOON.

Hour
Eleva-

Station Aspect tion 0900 1100 1300 1600

58 15 62 ------ 72 23 73 24
1 ---------------- Valley 1000 83 9.0 75 ___- 58 9.9 55 9.9

55 17 64 ------ 69 24 70t 25t
2---------------- East 1775 88 8.9 75 ----- 64 9.9 61t 9.9t

54 18 62 ------ 66 24 b9 26
3 ----------------

4 ----------------

East

Saddle

2100

2800

94 9.6

53 19
100 10.0

79 ------

62 ------

75 ------

72 10.8

70t 28t
60t 10.2t

64 10.2

68 27
64 10.6

Bald Mt. 64 27 61 ------ 64 27 65 28
Lookout..... Peak 3240 66 9.9 74 ------ 71 10.5 67 10.1

50t 16t 56 ------ 70 27 72 28
5 ................ West 2550 100t 8.5t 94 ....__ 65 11.0 58 10.4

51 15 56 ------ 72 27 73 27
6 ---------------- West 1800 100 8.5 94 ___. 59 10.3 57 10.4

7 54 14 57 ------ 63 19 68 22
(Timber)... Valley 700 100 9.5 88 ------ 74 9.7 76 11.4

8 ................ Valley 700
54 14
94 8.9

62 ___:__

79 ------

73 24
57 9.9

73 23
57 9.6

Valsetz 52 14 57 ------ 62 19 69 23
Guard Sta._ Valley 1180 87 7.0 82 ______ 83 10.4 55 8.8

* Key to data for
observed values:

t Interpolated estimate

Temperature-°F Potential Temperature-°C
Relative Humidity-%o Mixing Ratio-parts per 1000
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Recorded weather readings for Bald Mountain area during a day with heavy, high cloud

cover all day and a frontal passage about noon. August 25, 1955.
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CASE 4-AUGUST 25, 1955

AN EXAMPLE OF A DAY WITH HEAVY, HIGH CLOUD COVER ALL DAY AND A FRONTAL
PASSAGE ABOUT NOON.

Hour
Eleva-

Station Aspect tion 1000 1300 1600

* * *

59 15 64 18 67t 20t
1 ------------------------------------------ Valley 1000 68 7.4 57 7.8 55t 7.7t

2 ------------------------------------------ East 1775
56 17
72 7.6

60 19
64 7.6

62 20
61 7.8

53 17 50 20 59 20
3 ------------------------------------------ East 2100 76 6.8 68 8.3 68 8.1

52 18 58 21 60 22
4 Saddle 2800 75 6.4 67 8.1 73 9.0

Baldt Mt. 48 18 55 22 55 22
Lookout_ ............................ Peak 3240 79 6.7 72 8.3 82 9.0

52 17 59 21 65 24
5 ------------------------------------------ West 2550 75 6.7 68 8.2 66 9.4

53t 16t 58t 19t 63 22
6 ------------------------------------------ West 1800 75t 7.1t 67t 7.8t 60 8.4

7 51 13 59 16 63 19
(Timber)--------- ..............._. . Valley 700 87 7.0 72 7.9 64 8.8

54 14 62 18 71 24
8 ------------------------------------------ Valley 700 82 7.8 64 7.9 52 8.5

Valsetz 54 15 60 18 65 21
Guard Sta. Valley 1180 82 7.8 63 7.4 56 7.9

* Key to data for
observed values:

t Interpolated estimate

Temperature-°F
Relative Humidity-%

Potential Temperature-'C
Mixing Ratio-parts per 1000
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CASE 5-SEPTEMBER 1, 1955

AN EXAMPLE OF A DAY WITH A WARM FRONT OVERRUNNING FROM THE SOUTHWEST.

Hour
Eleva-

Station Aspect tion 0900 1000 1300 1600

* * * *
71 ------ 78 26 85 30 85 30

1 ................ Valley 1000 64 ...... 53 11.1 44 11.5 36 9.4

72 ------ 75 28 86 34 80 31
2________________ East 1775 61 ------ 59 11.8 31 9.0 38 8.7

70 ------ 74 29 85 35 78 31
3---------------- East 2100 65 .___ 63 12.6 34 9.5 44 9.8

71 ------ 74 30 79 33 80 34
4 ................ Saddle 2800 41 ------ 50 10.0 50 12.0 51 12.3

Bald Mt. 71 ------ 73 33 75 34 76 34
Lookout...... Peak 3240 33 ---- 29 5.8 59 13.0 50 11.0

62 ------ 70 27 80 33 .... ----

5 ................ West 2550 69 ..__ 59 10.0 44 10.6 __.. ....

65 ----- 66 23 79 30 78 30
6________________ West 1800 70 71 10.3 50 11.0 57 12.5

7 55t _.---- 59 16 74 24 74 24
(Timber)._. Valley 700 91t ------ 89 9.8 63 11.4 66 12.0

55 ----- 62 22 84 30 79t 27t
8 ________________ Valley 700 100 ----- 90 11.0 48 12.5 60t 13.41

Valsetz 59 ------ 67 22 79 29 80 29
Guard Sta. Valley 1180 89 ------ 66 9.6 46 10.1 57 13.1

* Key to data for
observed values:

t Interpolated estimate

Temperature-°F Potential Temperature-°C
Relative Humidity-% Mixing Ratio-parts per 1000
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THE OREGON FOREST LANDS RESEARCH CENTER program is guided by
representatives of public and private land owners who are interested in the best
use of Oregon's forest land resources.

The following men constitute current membership:

NAT GIUSTINA, Principal .

DAVE BURWELL, Alternate

Tree Farm Association

GENE KNUDSON, Principal . . . . Industrial Forestry Association
WILLIAM D. HAGENSTEIN, Alternate

T. J. ORR, Principal.
A. W. MOLTKE, Alternate

Willamette Valley Lumbermen's
Association

.- Western Pine Association

B. SAM TAYLOR, Principal . , ., Southern Oregon Conservation and
ROBERT KLINE, Alternate

JOSEPH W. MCCRACKEN, Principal
SAM R. KONNIE, Alternate

R. W. CowLIN- a

RUSSEL GETTY :,,

GEORGE H. BARNES

D. L. PHIPPs ,
Ft

a

School of Forestry

9;,. . State Forester

The Forest Protection and Conservation Committee, established in 1953,
administers research funds and approves research projects, Present members
are :

GEORGE BURR

CHARLES W. Fox

ELIOT JENKINS

WALTER F. MCCULLOCH

FREEMAN SCHULTZ

R. M. KALLANDER

9,

Member at Large

Willamette Valley Lumbermen's Association

West Coast Lumbermen's Association

School of Forestry

Western Pine Association

Administrator

. Western Forest Industries
Association

Pacific Northwest Forest and
-Range Experiment Station

Bureau of Land Management

pl

. . . . .


