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ABSTRACT: Temperature and humidity were com- 
pared and precipitation measured during an %year 
period (1958-1966) for two types of harvest cuttings 
on the Redwood Experimental Forest, north coastal 
California. Only small differences in temperature and 
humidity were found between clearcuttings and selec- 
tion cuttings in old-growth stands on west-facing and 
east-facing aspects, and between westerly and easterly 
clearcuttings. The bioclimate data reported can help 
researchers in evaluating regeneration and growth 
studies and in extending the experimental results to 
other areas, and in ecological studies of the redwood 
region. 

OXFORD: 174.7 Sequoia sempmirens: 1 11.86: 22 1 .O. 
RETRIEVAL TERMS: Sequoia sempervirens; bio- 
climate; cutting systems; ambient temperature; humid- 
ity; precipitation; Redwood Experimental Forest. 

Forest events such as seed germination, seedling 
establishment, height development, and vegetation 
encroachment and growth are affected by many 
environmental factors, including air temperature, 
relative humidity, and precipitation. When all or only 
part of the forest cover is removed in harvesting the 
timber, there is often conjecture about what changes 
have been made in the forest environment and their 
effects. Some changes are beneficial to renewal of the 
forest; others are harmful if some limiting factors 
may have been created. As an illustration of possible 
improvement, average air temperatures may be 
changed by removing all forest cover. Recent research 
has determined that under controlled laboratory 
conditions, redwood seedlings showed optimal 
growth at a day temperature of 66OF. and night 
temperature of 59O~.l If temperatures near these 
levels are achieved during the growing season, seed- 
lings should respond in kind-unless other environ- 
mental factors are limiting. 

To fmd out if air temperature and relative humid- 
ity differed between silvicultural cuttings on two 
different aspects, these bioclirnate elements were 
measured during an 8-year period (1958-1966) on the 
Redwood Experimental Forest, north coastal Califor- 
nia (fig. 1). The paired weather stations were installed 
on a clearcutting and a selection cutting for 1 year on 
west-facing aspects, for another year on east-facing 
aspects, and a third year on a west-facing and an 
east-facing clearcutting. At one site on the Experi- 
mental Forest, precipitation was measured for 8 
years. 

The differences we found in temperature and 
humidity between cuttings and aspects may appear to 
be small and not particularly significant. But the real 
values of these bioclimate measurements lie in their 
use as reference records. Such records can-along with 
other information-help explain seedling success, 
stand development, vegetation changes and responses, 
and other forest events. And the data will be helpful 
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Forest and study areas. 

in interpreting results of current and future studies at 
the Redwood Experimental Forest. When augmented 
by such reports as "The Climate of Humboldt and 
Del Norte Counties"* and "Clunate of Calif~rnia,"~ 
the data provide a broad base for interpretation and 
expansion of results of the studies to other parts of 
the redwood region. Therefore, the information and 
observations reported here should be of value to 
foresters, ecologists, biologists, and others concerned 
with redwood forest lands. 

THE STUDY 

U.S. Weather Bureau-type hygrothermographs, 
maximum and minimum thermometers, and sling 
psychrometers were housed in instrument shelters to 
measure air temperature and relative humidity (fig. 
2). Each standard shelter was oriented with its door 
to the north and its floor elevated 4 feet above 
ground. One shelter was set up on each of two harvest 
cuttings and one aspect for 1 year, then moved to the 
other study sites in turn for a year's record each, as 
follows: Figure 2- Insmtment shelters and a rain gauge 

1. A selection cutting at 525 feet elevation and a were set up on theRedwood Experimental Forest, 
clearcutting at 450 feet elevation on a westerly Del Norte County, Califamia to record tempera - 
aspect. ture, relative humidity, and precipitation. 



2. The westerly-facing clearcutting and an east- 
erly-facing clearcutting, both at 450 feet elevation 
and about 1-118 miles apart. 

3. A selection cutting at 550 feet elevation and a 
clearcutting at 450 feet elevation on an easterly 
aspect. 

On both selection cuttings, trees of many sizes 
provided intermittent shade. The number of trees per 
acre, by d.b.h. size group, averaged: 

Selection cutting 
West-facing East-facing - 

(No. treeslacre) 
D.b.h. size 
group (inch): 

1-10 4.2 5.5 
11-30 4.8 7.8 
3 1-60 7.8 7.8 
61+ 8.0 10.8 

All sizes 24.8 31.9 

No trees were left standing on the clearcuttings. Only 
scattered shrubs, from 2 to 3-feet tall, were growing 
on both selection and clearcuttings during the study. 

In the general vicinity of the instrument shelters 
on westerly aspects, the slopes averaged 15 to  25 
percent; and on easterly aspects, 20 to 30 percent. 

Precipitation was measured by a recording rain 
gauge installed at the administration building near the 
mouth of the Experimental Forest watershed, at an 
elevation of 100 feet. The gauge was 112 to  1 mile air 
line distance from the temperature-humidity study 
sites. 

RESULTS 

Temperature 

West-Facing Clear and Selection Cuttings 

The two contrasting silvicultural cuttings-clear- 
cuttings and selection-were expected to cause some 
difference in air temperature because of partial 
shading on the selection cut. But the largest mean 
mohthly difference for the year studied (1960-61) 
was only 1°F. higher on the clearcutting, in August 
(fig. 3AJ. During that year, monthly mean tempera- 
tures ranged from 45O to  57OF. (table I). 

Mean maximum and extreme maximum tempera- 
tures tended to be higher throughout the year by lo 
to S°F. on the westerly-slope clearcutting than on the 
selection cutting (fig. 3A). Again the greatest mean 
difference was in August. 

The mean minimum monthly temperatures tended 
to be the same or slightly lower on the clearcutting 
while the extremes were more variable - lower on the 
selection in August and on the clearcutting in 
December (fig. 3A). 

An examination of mean air temperature by each 
hour within a month was explored next to determine 
any relationships between cuttings and by day or 
night (fig. 3B). During all daylight hours, tempera- 
tures averaged slightly higher on the westerly clear- 
cutting than on the westerly selection cutting for the 
four selected months-April, June, August, October- 
measured in 1960. 

Temperatures during night hours were mainly alike 
on the two cuttings in April, June, and August. But in 
October there was a consistent pattern for slightly 
higher temperatures on the selection cutting. Except 
in April, night temperatures averaged close to 50°F. 

The maximum day temperatures indicate the level 
of heat stress that new plants will be subjected to. 
The general characteristic pattern of maximum tem- 
peratures, by days, in four representative growing- 
season months (fig. 33C) suggests that they were 
slightly higher on the clearcutting than on the 
selection cutting on the westerly aspect. The amount 
of difference varied from about 1 to 5 degrees. 

The time of occurrence of the daily maximum 
temperature on the selection cutting relative to that 
on the clearcutting varied throughout the study 
period. Maximum temperatures were not consistently 
earlier or later on the selection cutting than on the 
clearcutting. Such variability could be caused by fog, 
clouds, wind, and partial shading affecting the 
weather instruments at slightly different times 
because they were one-fourth mile apart. 

Not only are high temperatures important to  the 
young plants, but perhaps more critical is their 
duration. The hygrothennograph charts show this 
duration for a particular day. This information can be 
useful for pinpointing the temperature factor in 
relation to  a specific event. To show the more general 
relationships and to compare between cuttings, the 
frequency that each high temperature was of the total 
hours for the month were plotted (fig. 3D). During 
the  4 selected months-April, June, August, 
October-high temperatures were more frequent on 
the clearcutting than selection cutting. In June 1960, 
while the clearcutting experienced 102OF. and a 
frequency of 0.4 percent of total hours, the selection 
cutting had 98OF. and a frequency of 0.3 percent. 

kt-Facing Clear and Selection Cuttings 
The other main aspect available for study of air 

temperature differences between a clearcutting and 
selection cutting was east-facing. Like those recorded 
on the westerly aspects, monthly mean temperatures 
between selection and clearcuttings on east aspects 
varied only slightly (fig. 4A). The greatest difference 



was only 2'F.higher in the selection cutting,which for 
the year of record (1964) was in February (table I). 

Like the relationships on the westerly cuttings, the 
mean maximum temperatures (range: 4S0 to  66OF.) 
were slightly higher in the easterly clearcutting than 
those in the selection cutting (fig. #A). Extreme 
maximums were alike for 6 months and variable the 
remainder. 

The mean minimum and extreme minimum 

monthly temperatures were the same or slightly lower 
in the easterly clearcutting compared to the adjoining 
selection cutting. 

The comparison of mean air temperature by each 
hour within a month showed differences between 
cuttings and between aspects. A similar daytime 
temperature pattern prevailed in both the east-facing 
(fig. 4B) and west-facing cuttings (fig. 3B). Tempera- 
tures were higher in the clearcutting than in the 

Table 1 -Tempemture means and extremes, by silvicultuml cutting and aspect, Redwood Experimental Forat, 
1960-1 964 

Clearcuttinewest: l 
Highest 
Mean maximum 
Mean 
Mean minimum 
Lowest 

Selection-west:' 
Highest 
Mean maximum 
Mean 
Mean minimum 
Lowest 

July Cutting and aspect 

Degrees F. 

Apr. 

clearcutting-west:2 
Highest 
Mean maximum 
Mean 
Mean minimum 
Lowest 

Aug. Jan. 

Clearcutting-east: 
Highest 
Mean maximum 
Mean 
Mean minimum 
Lowest 

Sept. May Feb. Mar. 

Clearcuttineeast: 
Highest 
Mean maximum 
Mean 
Mean minimum 
Lowest 

June 

selection-east :3 

Highest 
Mean maximum 
Mean 
Mean minimum 
Lowest 

lapr.-Dec., 1960; Jan.-Mar., 1961. 2~eb . -~ec . ,  1962; Jan. 1963. 3~an.-~ec.,1964. 
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Figure 3-Air temperatures were compared on a west-facing clearcutting and a selection 
cutting in old-growth redwood, at 450 to 525 feet elevation: (A) monthly means and 
extremes, and for selected growing season months; (B) hourly means; (C) daily 
maximums; and ( D )  frequency of high hourly temperatures. 
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Figure &Air temperatures were compared on an east-facing clearcutting and a selection 
cutting in old-growth redwood, at 450 to 550 feet elevation: (A) monthly means and 
extremes, and for selected growing season months; (B) hourly means; (C) daily 
maximums; and (D)  frequency of high hourly temperatures. 
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Figure 5-Air temperatures were compared on a west-facing and an east-facing 
clearcutting in old-growth redwood, at 450 feet elevation: (A) monthly means and 
extremes, and for selected growing season months; ( B )  hourly means; ( C )  daily 
maximums; and ( D )  frequency of high hourly temperatures (in October, the hygrother- 
mograph on the east-facing cutting was not in service). 

selection cut. But this difference was much less on 
easterly slopes than on the westerly slopes. 

Night temperature profile relationships on easterly 
cuttings essentially matched those on westerly slopes. 

The maximum temperatures in the selection cut- 
ting and in the clearcutting on the easterly aspects 
were quite similar for most of the 4 representative 
months of record (fig. 4C). During several consecutive 
days in June and August, however; the highest 
temperatures were measured on the clearcuttings. 

On easterly slopes (fig. 4D), the clearcutting had 
high temperatures only slightly more often than did 
the selection cuts. 

West- and East-facing Clearcuttings 
Temperature measurements on two opposite fac- 

ing clearcuttings show only small differences both in 
degree and time of occurrence. Between easterly- and 
westerly-facing clearcuttings (fig. 5A), mean tempera- 
tures ,were virtually the same; they ranged from 40' 
to 56OF. 

Slightly hlgher mean maximum temperatures and 
corresponding extremes occurred in summer in the 
east-facing clearcutting than in the west-facing cut- 
ting. Differences, however, were only 1 to 3OF. 
maximum and 8OF. extreme. 

Mean minimum and extreme temperatures were 
mainly alike (fig. 5A). In 1962, the lowest tempera- 
ture was 23OF. in February (table I ) .  

Whether warmer mornings will have a greater 
influence on developing vegetation on east-facing 
clearcuttings than on west-facing has yet to  be 
determined. The morning daylight hours were up to 
4OF. warmer in the east-facing clearcutting than in 
the west-facing cutting-mainly in August and Sep- 
tember (fig. 5B). No temperature differences were 
found during the other daylight hours. The afternoon 
ocean breeze may have helped to equalize tempera- 
tures; usually west slopes have been considered 
warmest because of the afternoon sun. 

Night temperatures were consistently higher by 1 



to 3OF. in the east-facing cutting (fig. 5B). In spring, 
night temperatures averaged 4S°F., and summer, 
50°F. 

Maximum temperatures, by days of selected 
months, verified similarities between east and west 
aspects. For two spring months (April and June) 
maximum temperatures differed only slightly (fig. 
5C). 

The duration of higher temperatures in the west- 
facing clearcutting, as depicted by frequencies of 
total hours, was slightly greater in April and June (fg. 
5D) than in the east-facing cuttings. A slight reversal 
of this trend was measured in August. Incomplete 
records prevented comparisons in October. 

Relative Humidity 

West-Facing Clear and Selection Cuttings 
The effect on relative humidity of removing all 

timber compared to partial removal is qot known for 
redwood in its coastal climate. This environmental 
factor relates to transpirational stress and surface 
drying of the soil. Low humidity can be a critical 
factor-especially in the growth of tiny seedlings. The 
relative humidity monthly means (range: 77 to 89 
percent) did not vary much and were only slightly 
different between the westerly-facing clearcutting and 
selection cutting (fig. 6A; table 2). In June, when 
highest temperatures were recorded, the mean 
humidity dropped to the yearly low. 

Mean maximum humidities on the clearcutting 
tended to be the same as that on the selection cutting 
or slightly higher. In July and August, maximum 
humidity remained consistently high in both cuttings 
(fig. 6A) because of frequent fog. 

As might be expected, the mean minimum humid- 
ities, with two exceptions, were consistently higher in 
the selection cut than the clearcutting. Extreme 
humidities were also generally higher. Partial shading 
and perhaps less wind on the selection cutting may 
have accounted for the differences. 

Relative humidities during daylight hours in the 
west-facing clearcutting and selection cutting were 
virtually the same in April and June but consistently 
lower on the clearcutting in August and October (fig. 
6B). Lowest humidities were at noon in April but 
later during the summer. 

Nighttime humidity was always higher in the west 
clearcutting than on the selection cutting (fig. 6B). 
The relatively small differences would not appear to  
have much impact on plant development. 

East-Facing Clear and Selection Cuttings 
In the easterly cuttings, humidity profies showed 

a consistent, but small, difference. The mean relative 
humidity (fig. 7A) was the same in the easterly 
clearcutting and the selection cutting in 4 winter 
months, then averaged consistently lower in the 
clearcutting by 2 to 7 percent for the remainder of 
the year (table 2). 

Maximum humidities were essentially alike in the 
two cuttings. And they were consistently highest in 
the summer (fog) months. 

Besides showing the same profde as mean relative 
humidities, the mean minimum and extremes were 
lower, in all months in the easterly clearcutting (fig. 
7A). Could these minimum humidities be sufficiently 
lower on clearcutting to cause an unfavorable envi- 
ronment for seedling establishment? 

The daytime relative humidity profiles showed 
lower percents in the easterly clearcutting than on 
selection for all 4 sample months (fig. 7B). By 
comparison to profiles in westerly cuttings, but in a 
different year (fig. 6B), only profiles in August and 
October were similar. 

Except for the night hours in October, night 
humidity was always higher on selection cuttings than 
clearcuttings on easterly slopes (fig. 7B). The oppo- 
site relationship was found for the westerly slopes, 
with humidity recorded in a different year. Again 
differences were small and perhaps not significant. 

West- and East-Facing Clearcuttine 
The mean relative humidity was consistently lower 

in the westerly clearcutting by 2 to 6 percent than in 
the easterly clearcutting (fig. 8A; table 2). Only once, 
in July, did the average drop below 80 percent. 

Mean maximums averaged consistently about 98 
percent in both cuttings during late winter, spring and 
summer months, dropping only slightly in fall and 
early winter. 

The average minimum and extreme humidities, by 
months, were generally lower on west-facing clear- 
cuttings (fig. 8A; table 2). 

The average humidity for all daylight hours and 
for the sample growing season months-April-Septem- 
ber-was lower on the west-facing clearcutting than 
on the east-facing cutting (fig. 8B). This difference 
suggests localized causes other than aspect because 
temperatures were so nearly alike (fig. 5B). The 
east-facing cutting was more sheltered from prevailing 
northerly summer winds. Daytime fog probably 
persisted longer there. 

Except for April, for which no explanation seems 
apparent, night humidities were alike in all cuttings 
(fig. 8B). 
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Figure 7-Relative humidiry was compared on 
an east-facing clearcutting and a selection cut- 
ting in old-growth redwood at 450 to 550 feet 
elevation: (A) monthly means and extremes; 
and (B) hourly means for selected growing 
season months. 
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Figure 8-Relative humidity was compared on a 
west-facing and an east-facing clearcutting in 
old-growth redwod at 450 feet elevation: (A) 
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means for selected growing season months. 



Table 2 -Means and extremes in rehtive humidity, by sisiiculhrrel cutting and aspect, Redwood Experimental Forest, 
1960-1964 

I Percent 

Cuttingandaspect 

Clearcuttingwest: l 
Highest 
Mean maximum 
Mean 
Mean minimum 
Lowest 

Selectiowwest: ' 
Highest 
Mean maximum 
Mean. 
Mean minimum 
Lowest 

Jan. 

Clearcuttingwest :' 
Highest 
Mean maximum 
Mean 
Mean minimum 
Lowest 

~1earcu tting-east: 
Highest 
Mean maximum 
Mean 
Mean minimum 
Lowest 

Feb. 

Clearcuttingeast: 
Highest 
Mean maximum 
Mean 
Mean minimum 
Lowest 

Mar. 

Recipitation 
Wet winters and dry summers are characteristic of 

the climate at the Redwood Experimental Forest and 
of north coastal California (table 3). About 75 
percent of the average annual precipitation (76 
inches, $-year average) falls from November to March. 
The amount of rainfall for a specific month over a 
period of years varies widely; for example, in Novem- 
ber the rainfall ranged from 1.8 inches to 20.2 inches 
during 8 years. December rains ranged from 5.7 

selectioweast : 
Highest 
Mean maximum 
Mean 
Mean minimum 
Lowest 

inches in 1963 to 28.6 inches in 1964-a year of 
disastrous floods in northern California. Only about 3 
percent of the total rainfall comes in June, July, and 
August. Beginning in April, average rainfall decreases 
consecutively each month until July and August, 
generally the two driest months of the year. Increas- 
ing rain in September and October usually precede 
the wet winter months. 

The winter rains varied greatly in intensity, dura- 
tion, and time between precipitation periods in the 

Apr. 

100 100 100 100 100 100 100 100 100 100 100 100 
99 93 98 98 99 98 99 99 96 97 99 98 
93 79 90 85 91 91 92 90 86 88 92 94 
76 59 71 65 74 76 77 71 66 71 77 80 
66 36 43 35 57 51 65 44 37 33 44 51 

May June July Aug. Sept. Oct. Nov. Dec. 



Table 3 -Precipitation at the Redwood Experimental Forest, California, 1958-1965, by month 

Date, Jonuary 1964 

Average 

- - - -- 

.31 .77 1.46 5.26 13.47 10.54 12.30 9.46 11.44 5.62 4.69 .81 76.14 
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Figure 9 -Intensity of winter rains at the Redwood Experimental 
I Forest was interpolated from min gauge charts based on 1-hour 

intervals. 
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8-year period. To illhtrate these characteristics, the 
data for November 1963 and January 1964 were 
compared (fig. 9). Rainfall intensities were interpo- 
lated for hourly intervals from the 7day charts of the 
automatic recording rain gauge. This intensity interval 
is one often used in climatology reports. 

Winter rains during the period measured were of 
"storm" types that reached moderate to high inten- 
sity rates per hour for only a small portion of the 
total rain period (fig. 9). Included were moderate 
periods of light rain and drizzle, such as during the 
Janbary 18-20 storm. This entire 51-hour precipita- 
tion period, however, was generally regarded as 
stormy because of several intensity rates of more than 
0.3 inch per hour. A shoa storm lasting about 5 
hours with a high and moderate peak intensity was 
recorded on November 1. Another of moderate 
length was recorded on November 7 and 8 when there 
were several high intensity peaks during a 36-hour 
rain storm. 

The highest intensity per hour was 0.68 inch 
during a November storm (&. 9). Precipitation from 
five other storms in November and two in January 
exceeded 0.40 inch per hour. 

The periods between storms, of no rainfall, can 
last from one to many days. Four days was the 
longest such period recorded in November 1963 and 
January 1964. 
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