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ABSTRACT

Between January 1, 1947, and December 31, 1950, hourly tempera-
ture and relative humidity and daily precipitation and cloud cover data
were collected at the 1,460 ft.,, 3,850 ft., 5,000 ft., and 6,300 ft.
elevations in the Great Smoky Mountains National Park. These four
years were part of a period of data collection extending from January,
1946, through March, 1951. These data were processed by a digital
electronic computer, IBM 7040, under the control of data surmary and
potential evapotranspiration programs. Selected statistical tests were
employed to compare the similarity of variation in some monthly mean
values or to determine the degree of variation between some of the cli-
matic elements.

The findings showed that cloud cover increased with elevation
and decreased in the warmer part of the year. Tempereture decreased
with elevation at a curvilinear rate. As altitude increased, the de-
crease in temperature per 1,000 ft. decreased. lLapse rate increased
from a minimum in December-Jamiary to a maxdmum in July. Relative
humidity also increased with altitude, except that microclimatic influ-
ences were strongly reflected in these data. Wind probably reduced the
relative humidity at the 6,300 ft. elevation and lack of wind allowea
atmospheric moisture build-up. Distribution of relative humidity had
greater range in colder months than in the summer. Vapor pressure de-
ficit decreased with elevaticn; however, the difference among the means
of the three highest stztions was small, reflecting the difference in
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temperature and relative humidity at the different elevations. Precipi-
tation increased with an increase in elevation; however, the two highest
stations showed the results of microclimate and precipitation type on
amounts collected. The 5,000 ft. station had the highest precipitation
in the winter when precipitation was predominantly cyclonic. The 6,300
ft. station had the highest rainfall in the summer when much of the high-
elevation precipitation was orographic.

Soil moisture balance, calculated by the Thornthwaite method,
reflected only the variation in temperature and precipitation. When the
assumptions were made that rooting depth was 6 feet and field capacity
was 12,00 inches of water, soil moisture content increased and evapo-
transpiration decreased with an increase in altitude. Many other re-
search workers have stated that these two climatic elements are not suf-
ficient to calculate water balance and other factors were suggested for
use in meking such calculations.

The use of climate alone as the parameter for defining species
distribution in the Smokies has been omitted because species ranges re-

flect a complex of environmental factors beyond those analyzed here.
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I. INTRODUCTION

The Great Smoky Mountains National Paik is an area with excep-
tional opportunities for ecological research. The diverse flora and
fauna have made this area the object of many studies of organism-
environment relationships. In spite of this, there has been no attempt
to characterize the details of the climate of the area with data
gathered over long time periods. Shanks (1954) dealt with the general
climate pattern, Tanner (1963) with short term data, and Smallshaw
(1953) with only one climatic element, precipitation.

There were four objectives to this study which attempted to fill
a portion of the void in the climatological characterization of the
Smokies:

1. To provide a detailed description of the climate of the

Smokies, by elevation.

2. To provide a climatic description based on hourly and

daily data summed to give monthly means of high precision.

3. To determine if climatological trends or relations exist

between the elevations being studied.

L, To determine the feasibility of making predictions about

upper elevation climatic conditions from conditions occur-

ring at the base station (1,460 ft.).

This study used data originally collected in a cooperative program

conducted by the U. S. Weather Bureau, the National Park Service, and the

Tennessee Valley Authority. Stations were set up in Tennessee and North

1



Carolina to collect precipitation and at some station, to record rela-
tive humidity and temperature in addition to precipitation. The data
used in this study were collected from January 1, 1947, to December 31,
1950. The total period of data collection was from January 1, 1946, to
March, 1951, but the 1947 through 1950 period had the most complete data
at the four stations of interest.

Three of the four stations were located in Sevier County, Ten-
nessee. The four stations were located along a south to north line.
The Park Headquarters station was located at the 1,460 ft. elevation.
T. V. A, Station 209, which was operating prior to the time of data
collection and is still operating, was used to collect data for the Park
Headquarters station. The Alum Cave Bluff Parking Area station (3,850
ft.) was located in the draw through which the West Prong of the Little
Pigeon River flows. The Newfound Gap station was located at 5,000 ft.
in a gap along the crest of the mountains. The fourth, the Clingman’'s
Dome station, was logated in Swain County, North Carolina, at an eleva-

tion of 6,300 ft.



II. IESCRIPTION OF STUDY AREA

Geology
The major portion of the bedrock of the Great Smoky Mountains

dates to the late Precambrian Period when the sediments now making up
the Ocoee Series of rocks were originally deposited in an inland sea.
A period of tectonic movement involving three major faults, the Green-
brier Fault of Paleozoic origin, the Great Smoky Fault of late Paleo-
zoic origin, and the Gatlinburg Fault also of late Paleozoic origin,
raised the relatively newly formed rocks high above sea level. There
followed continuous erosion and uplift resulting in the mountains as
they exist today (King, et al., 1964).

The 1,460 ft. station was located on Roaring Fork Sandstone, a
member of the Snowbird Group of rocks which were deposited in the later
Precambrian. The 3,850 ft. and 6,300 ft. stations were located over
Thunderbird Sandstone, a member of the Great Smoky Group of rocks. The
Great Smoky Group was deposited in the later Precambrian. The other
station, located at 5,000 ft. elevation, was situated over Anakeesta
Formation rocks, also a member of the Great Smoky Group of later Pre-

cambrian rocks (XKing, et al., 1964).

Vegetation
Each of the four stations was located in a different vegetation

type. The 1,460 ft. station was located at the Park Headquarters on a
lawn and received cold air drainage from higher elevations. Little of

the original vegetation remained in the immediate vicinity of the

3



station, but remnants indicated that cove hardwood had existed in the
area earlier (Shanks, 1954).
The 3,850 ft. station was situated in a relatively open stand

of yellow birch (Betula lutea Michx. f.) and hemlock [Tsuga canadensis

(L.) Carr]. A dense stand of Rhododendron maximum L. surrounded the

instrument shelter and may have retarded wind flow through the area
(Shanks, 19543 Whittaker, 1956).
The 5,000 ft. station was located near Newfound Gap which was

at one time a beech gap dominated primarily by Fagus grandifolia Ehrh.

On nearby slopes and ridges red spruce (Picea rubens Sarg.) occurred

(Shanks, 1954; Whittaker, 19563 Russell, 1953).
The high station (6,300 ft.) was located on an exposed position
at the edge of the Forney Ridge Parking Area near Clingman's Dome. The

site originally was covered with Fraser fir [Abies fraseri (Pursh)

Poir.] and red spruce. Due to clearing, secondary vegetation consisting

of fire cherry (Prunus pennsylvanice L. F.) and yellow birch replaced the

original spruce and fir (Shanks, 1954; Whittaker, 1956; Cain, 1934;

Oosting and Billings, 1955).

Soils

The soil is an important part of the plant habitat and is the
primary source of internal water and nutrients. However, due to the rela-
tively small agricultural value of the soils of the Smokies, they have not
been as extensively surveyed and mapped &s had those in the rest of Se-
vier County, Tennessee (Hubbard, et al., 1956). Several studies have

been conducted which described soils in limited areas such as the beech



and spruce-fir communities (Wolfe, 1967; McCracken, et al., 1962;
Oosting and Billings, 1951).

The two high elevation stations (5,000 ft. and 6,300 ft.) were
located on an area classified by Hubbard, et al., (1956) as rough moun-
tainous land (Ramsey soil material). This is residual soil derived
from quartzite, sandstone, or conglomerate parent material., It is
highly acid and low in fertility. McCracken, et al., (1962) reported
that the soils are higher in organic matter and browner than the Ramsey
soil material. Soil texture at Clingman's Dome is a sandy loam and at
Newfound Gap, a silt loam (Wolfe, 1967).

The 3,850 ft. station was situated on a valley deposit of al-
luvium derived from the Ramsey soil material upslope. Hubbard, et &l.,
(1956) classified this as Barbourville stony fine sandy loam-rolling
phase. This is a well drained, immature soil which has not yet devel-
oped distinct horizons.

The Park Headquarters station (1,460 ft.) was located on a
typical level, bottom land soii, Staser fine sandy loam. This aliso is

an alluvial soil derived from Ramsey soil material. In extensive areas
along streams and in valleys, this soil is agriculturelly important due
to its high organic matter content, availability of nutrients, water-

holding capacity, and position on the landscape (Hubbard, et al., 1956).

Climate
The climate of the region is influenced by different weather
patterns in each of the four seasons. The climate of eastern Tennessee

is characterized by maximum precipitation in late winter—early spring



6
with a secondary maximum in July. The winter precipitation results from
depressions moving from northwestern North America into Texas after
which they move northeastward. During the southern leg of the route
this depression picks up moisture from the Gulf of Mexico which is de-
posited as it moves northeastward (Trewartha, 1966; Dickson, 1960).

The July secondary peak in precipitation results from midtropos-
pheric troughs and ridges located over Florida. The effect of this
condition is lessened in a northerly direction by a mid-continent pres-~
sure ridge resulting in July precipitation being characterized by
showers and thunderstorms (Trewartha, 1966; Dickson, 1960).

The period of minimum precipitation, October, coincides with the
return of the polar front, the major storm tracks, and the jet stream to
their most northerly position. This is also coincident with the most
western extension of the Atlantic high pressure system located east of
North Carolina (Trewartha, 196€s Dickson, 1960).

In the Great Smoky Mountains National Park precipitation follows
the same pattern as described above except that at higher elevations
July-August is the period of primary maximum precipitation (Shanks, 1954;
Smallshaw, 1953), The mean annual precipitation based on 42 years of
data for the 1,460 ft. station is 55.54 inches per year and 83,71 inches
per year at 6,300 ft. based on 28 years of data (T. V. A., 1967). The
42 and 28 years represent the length of time precipitation records had
been kept for the 1,460 ft. and 6,300 ft. stations. The monthly pre-
cipitation means did not always show the steady increases of precipita-
tion with altitude, since the 5,000 ft. station showed higher precipita-

tion than the 6,300 ft. station in the winter months. This might have



been due to the position of the station in a gap in the crest of the
mountains through which there is much turbulence and a funneling effect
on advancing storm fronts (Russell, 1953; Smallshaw, 1953).

The annual average temperature decrease with altitude was 2.23° F
per 1,000 ft. increase in elevation. The cooling gradient resulted in
about a month's delay in the development of conditions suitable for the
breaking of buds from the 1,460 ft. station to tne 6,300 ft. station
(Shanks, 1954). Long-term temperature date were not available for any
station other than the one at the Park Headquarters. The coldest
monthly mean temperature was January at 39,7° F, and the warmest was
July at 74.4° F (Hubbard, et al., 1956).

According to the 1948 Thornthwaite c¢limetic classification, the
stations ranged from a mesothermal-humid at 1,460 ft. to microthermal-
perhumid class at 6,300 ft. (Shanks, 1954). The spruce~fir zone of the
Smokies was considered comparable c¢limatically to the spruce-fir zone

of the White Mountains of Vermont (Oosting and Billings, 1951).



ITI. YMETHODS

Data Collection

The equipment used in data collection was described by Shanks

(1954) ., In addition to the data he described, notation was made by the

criginal observers if precipitation had been snow or rain and if snow
were on the ground. Snowfall was converted to equivalent rainfall so
that a daily total of rainfall or eguivalent rainfall was recorded. Sky

conditions were recorded as clear, scattered clouds, partly cloudy,

cloudy, overcast, or fog. The cloud cover was recorded once each day as
the result of a visual observation. The observation for a station was
usually 1 hour later than the observation at the preceding station. The
;bservations were made in order from the 1,460 ft. station to the 6,300
ft. station.

Prior to data processing, the bocks in whicb’temperature and rela-
tive humidity were logged were scanned to check for missing data. Since
the stations were checked daily, missing data were usually limited to a
few hours on a single day. In accordance with Conrad and Pollak (1950)
the days immediately preceding and following the day with missing data
were checked for trends such as time of maximum or minirum temperature,
and with this in mind, values were calculated by interpolation to fit the
missing hours. The gaps frequently were only 1 or 2 hours long but occa-=
sionally extended for 6 or 8 hours. These computed values were then in-

szerted in place of the missing data.

Data Summary Progranm

The hourly temperature and relative humidity and daily precipita-
ticn data were punched onto cards for use with digital electronic comput-
ers. The program (see Appendix A) which compiled the data into daily,

8



weekly, and monthly values was written for the IBM 7040 computer. The
computer output also included machine punched cards bearing the daily in-
formation to be used in a subsequent program for the calculation of poten-

tial evapotranspiration. The daily values computed were temperature maxi-

mum, minirmum, range, mean based on 24 hourly values, mean based on maximum

and minimum, and mean based on values taken at 4~hour intervals. The same
data were computed for the relative humidity. The daily amount of pre-
cipitation was also printed. In addition, a value for mean daily vapor

pressure deficit was calculated from temperature and relative humidity.
The weekly mean values were computed by summing daily mean values
and dividing by seven except in the determination of temperature and rela-
tive humidity maximum, minimum, and range. The weekly values computed
were maximum and minirmm, mean maximum and minimum, range, and means based
on maximum-minirmum, hourly values, and L-hour interval values. These were
calculated for both temperature and relative humidity. Total precipita-

tion and mean vapor pressure deficit were also determined on a weekly

basis.

The monthly values were also computed by summation of daily mean
values for the specified number of days and division by that number of
days except for monthly maximum, minimum, and range for both temperature
and relative humidity. In addition to those values, mean maximum, mini-
mum, and range, and monthly means based on the three sets of values pre-
viously mentioned were calculated for both temperature and relative hu-
midity. Total precipitation and a value for mean vapor pressure deficit
were also included.

For each month the distribution of temperature and relative humid-
ity data was studied. The distribution was derived by examining each
hourly value and adding one to the number of values already in its class.

For relative numidity each class had the range of 5 per cent points so
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that there were 20 classes, from class 1 (0 per cent to 4 per cent) to

class 20 (95 per cent to 99 per cent). The values of 100 per cent rels-

tive humidity were in class 21, Temperature values were also divided
into similar classes; however, there were 22 classes instead of 21. This
was done so that class 1 contained values of less than 0° F and class 22
contained values of 100° F or greater. A cut-off line was drawn onto the
table showing these percentage values. The cut-off line encloses all

values of 1 per cent or greater.

Potential Evapotranspiration Program

A computer program (see Appendix B) was written which computed
daily potential evapotranspiration and the soil moisture balance based on
the Thornthwaite (1957) method. The program used the data cards of daily
values punched by the preceding program. The print-out included the date,
station number, daily mean temperature, i value, correction factor for day-
length, unadjusted and adjusted potential evapotranspiration, precipita-
tion, precipitation minus potential evapotranspiration, soil moisture con-
tent, change in soil moisture content, moisture deficit or surplus, avail-
able gravitational water, gravitational water storage, and total soil
moisture balance.

From daily information the following monthly values were computed;
mean temperature, potential evapotranspiration, precipitation, precipita-
tion minus potential evapotranspiration, méan soil moisture content,
storage change from the preceding month, monthly moisture deficit and
surplus, available gravitational water, gravitational water storage, and
mean soil moisture balance.

When calculating soil moisture balance, a value must be considered

as field capacity for the soils being examined. Since the field capacity

was not known for the soils at the sites in this study, hypothetical.



11
values were assigned to field capacity. This value was the one suggested
by Thornthwaite for a mature forest on silt or sandy loam with a rooting
depth of 6 feet. The value was 12.00 inches water in the soil at field

capacity.

Data Analysis

After compilation of data into daily, weekly, and monthly values,
monthly values were then graphed to examine visually the seasonal or
elevational variation, Only monthly values were used because of the ex-
tensive nature of the accumulated data. More work remains to be done
on the weekly and daily data to determine more precisely cycles that
occur dufing the year, weather variations with movement of frontal sys-
tems into the area, and other information necessary for a complete cli=-
matic characterization of the Great Smoky Mountains.

Coefficients of determination (rz) were calculated where there
seemed to be correlation between climatic variables. Monthly mean tem-
perature range was correlated with monthly mean precipitation and monthly
mean vapor pressure deficit with monthly mean temperature range. Monthly
mean, mean maximum, and mean minimum temperatures at the 3,850 ft.,

5,000 ft., and 6,300 ft. stations were correlated with the corresponding
values at the 1,460 ft. station. Coefficients of determination were
also calculated for all possible station combinations for monthly mean
precipitation. From the correlation calculations linear regression
equations were calculated for the monthly mean, mean maximum, and mean
minimm temperatures with the 3,850 ft., 5,000 ft., and 6,300 ft. ste-

tions as the dependent variables and the 1,460 ft. station as the
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independent variable. Regression equations were also calculated to ex-
press the relationship between the 1,460 ft. station and each of the
3,850 ft., 5,000 ft., and 6,300 ft, stations, between the 3,850 ft. sta-
tion and the 5,000 ft, and 6,300 ft. stations, and between the 5,000 ft.
station, and the 6,300 ft. station.

Chi square values were computed to determine the significance of
the difference between various means. Monthly temperature and relative
humidity means calculated from daily max-min data and from 4=hour inter-
val data were compared with the monthly means calculated from 24 hourly
values. The 4-year monthly temperature means for the 1,460 ft. station
were compared with the 42-year temperature means. Four-year monthly
precipitation means for the 1,460 ft. and 6,300 ft. stations were tested
against the long term monthly precipitation means. If the Chi square
values were low, depending upon the degrees of freedom, the probability
of getting greater difference between the means would be high.

The number of occurrences in the distribution tables for cloud
cover types, relative humidity, and temperature were converted to per-
centage values (Conrad and Pollak, 1950; Barger and Nyhan, 1960; Brooks
and Carruthers, 1953). The information given in the distribution tables
is not the actual number of occurrences.,

In addition to the calculation of daily potential evapotranspira-
tion and the resultant monthly values, the water balance was calculated
also in accordance with the Thornthwaite (1957) method using only mean
monthly data. This was done to determine the significance of difference

occurring between the monthly values of potential evapotranspiration,
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soil moisture content, and total soil moisture balance when calculated
by the two different methods. Chi square values were calculated for
the comparison of potential evapotranspiration (daily basis) with po-
tential evapotranspiration (monthly basis), soil moisture content (daily
basis) with soil moisture content (monthly basis), and total soil mois-
ture balance (daily basis) with total soil moisture balance (monthly

basis).



IV. RESULTS AND DISCUSSION

Cloud Cover

The cloud cover data are presented in Tables I, II, III, and IV.
The percentage of days with a certain type of cloud cover showed three
general trends. First, February, May, and October were the months with
least cloudiness. There was also a decrease in percentage of clear and
scattered cloudy days with increase in altitude. Secondly, usuelly less
than 10 per cent of the cloud cover occurred in the partly cloudy cate-
gory. According to Griffiths (1966) conditions are usually either favor-
able or uﬁfavorable for cloud formation, and 40 per cent to 60 per cent
cloud cover is usually a transitional occurrence, Thirdly, the percent-
age of days with fog increased with elevation. The number of days with
fog also showed a seasonal trend with a higher percentage of occurrences
in the October to March period, but at the 5,000 ft. and 6,300 ft. sta-

tions there was a smaller maximum in July.

Temperature Relations

The growing season is sometimes defined as the number of days be-
tween the last occurrence in spring and the first occurrence in fall of
a killing frost (Wang, 1963). However, photosynthesis and respiration
may be minimal even though temperatures are above freezing (Conrad and
Pollak, 1950; Peattie, 193€), and quite often the growing season may be
considered the days between temperatures as high as 40° F (Burnett,
1964) ,

The number of consecutive days above various threshold tempera-=

tures (32° F, 36° F, 40° F) and the dates of the last occurrence in the
14



TABIE I

SUMMARY OF OCCURRENCE OF PER CENT CLOUD COVER FOR
1947-1950 AT THE 1,460 FT. STATION

Scattered Partly
Month Clear Cloudiness Cloudy Cloudy Overcast Fog
Jan, 14.5 12.1 8.4 26.4 36,2 2.4
Feb. 23.2 23.2 5.4 5.3 L42.0 0.9
Mar, 23.4 14.5° 3.1 15.3 L2.8 0.8
Apr, 30.8 18.3 4,2 20,0 26.7 0.0
May 40,3 21.8 3.2 21.8 12.9 0.0
June 25.8 22.5 9.2 23.3 19.2 0.0
July 33.9 27 4 4.8 16.1 17.8 0,0
Aug. 37.1 16.9 3.4 20.1 22.5 0.0
Sept. 32.5 25.8 0.8 15.0 24,2 0.0
Oct. 37.1 22,5 2,5 13.3 24,1 2.5
Nov. 29.2 21.2 1.6 21.9 26.7 2,6
Dec, 33.1 12.1 2.4 15.3 36.3 0.8




TABLE II

SUMMARY OF OCCURRENCE OF PER CENT CLOUD COVER FOR
1947-1950 AT THE 3,850 FT. STATION

Scattered Partly
Month Clear Cloudiness Cloudy Cloudy Overcast Fog
Jan., 16.9 8.9 5.0 25.0 41.0 362
Feb. 2896 18-8 0-0 1837 33-9 0,0
Mar. 26,6 12.1 4.8 12.1 42.5 0.8
Apr. 25.8 17.5 4.3 20,0 31.6 0.8
May 29.3 19.4 262 24,2 24,1 0.8
June 11.6 27.5 8.5 25.8 26.6 0.0
July 18.5 22.6 5.6 29.3 24.0 0.0
Aug, 15.3 26,6 4.0 33.0 19.3 0.8
Sept. 23.3 31.1 5.8 24,9 14.1 0.8
Oct, 43,5 20,9 L.4 9.1 22.1 0.0
Nov. 33.3 14,2 2,5 17.5 30.0 2.5
Dec, 36.3 11.3 1.7 13.7 34,6 2.4




TABIE III

SUMMARY OF OCCURRENCE OF PER CENT CLOUD COVER FOR
1947-1950 AT THE 5,000 FT. STATION

Scattered Partly
Month Clear Cloudiness Cloudy Cloudy Overcast Fog
Jan. 28.6 6.6 3.6 16.3 39.3 6.6
Feb. 26.8 15.2 2.7 14.3 34,7 6.3
Mar. . 26.6 12.9 3.4 12.9 39.4 4.8
Apr. 26.6 15.8 7.0 18.3 30.7 1.6
May 25.8 23.4 4.9 18.5 18.5 1.6
June 12.5 30.8 6.0 30,0 17.4 3.3
July 12.9 23.4 8.9 23.4 29.8 1.6
Aug. 12.1 26.5 8.3 25.8 26,5 0.8
Sept. 22,5 21.6 6.0 30.8 17.5 1.6
Oct. 36.3 19.8 2,9 14.5 26.5 0.0
NOV. 35.0 15:8 207 1106 3303 106
Dec. 33.1 10,5 2.5 15.3 4.6 L0




TABLE IV

SUMMARY OF OCCURRENCE OF PER CENT CILOUD COVER FOR

1947-1950 AT THE 6,300 FT. STATION

Scattered
Clear Cloudiness Cloudy Overcast

23.4 7.3 2.5 18.5 39.5 8.8
23.6 16.1 3.4 12,9 33.3 0.7
17.8 11.6 6.6 16.0 38.3 9.8
24,2 17.5 6.7 13.3 33.3 5.0
23.4 23.5 3.1 16.9 25.8 7.3
9.2 24,2 4,2 27.5 29.1 5.8
7.3 16.1 6.5 30.6 31.4 8.1
8.9 19.4 4.8 36.3 27.4 3.2
17.5 25.8 1.7 29.2 21.6 4,2
28.2 20.9 1.0 14.5 28,1 7.3
32.5 16.2 3.4 14.2 27.4 3.3
34,6 13.7 2.5 11.3 31.4 6.5
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spring and the first occurrence in the fall of these temperatures are
recorded in Table V. For the 320 F and 360 F temperatures similar pat-
terns appeared., Consecutive number of days declined with the increase in
altitude, but the number of consecutive days at the 6,300 ft. station cor-
responded more closely to the number for the 1,460 ft. station than would
be expected at 6,300 ft. The dates of last occurrence of 32° F and 36° F
temperatures followed a trend similar to the consecutive days. As ele=
vation increased, occurrence was later in the year except for the 6,300
ft. station where the date of last occurrence either preceéed or was near
the date for the 1,460 ft, station. The dates of first occurrence of 32°
F showed that frost occurred earlier at higher elevations. The pattern
for the first occurrence of 360 F was just as expected with that tempera-
ture having been reached earlier in the year except for the 6,300 ft.
station which reacted similar to a lower elevation station,

The number of consecutive days above 40° F decreased with an in=-
crease in altitude and was accompanied by the corresponding date changes
for the first and last occurrence of that temperature except for the 3,850
ft. station. The data for the 3,850 ft. stetion were more similar to the

data for the 6,300 ft. station than to the data expected for a station
that was located between the 1,460 ft. and 5,000 ft. stations.
Temperature lapse rate is defined by Conrad and Pollak (1950) as
the amount of temperature change per a given elevational change. Shanks
(1954) gave the lapse rate for the Great Smoky Mountains as 2.23° F/1,000
ft. To determine if lzpse rate varied either seasonally or altitudinally,

a lapse rate was calculated for each month using the monthly mean, mean



TABIE V

MEAN NUMEER OF DAYS BETWEEN THE IAST OCCURRENCE IN SPRING AND
THE FIRST OCCURRENCE IN FALL OF 32° F, 36° F, AND 40O F AS
MINIMUM TEMPERATURES AND THE AVERAGE DATE OF THE IAST
AND FIRST OCCURRENCE OF MINIMUM TEMPERATURES

Avg., Date Avg, Date
Number of of Last of First
Temperature Station Consecutive Days Occurrence Occurrence
32° 1460 155.75 May 3 Oct. 7
3850 . 152.25 Mey 4 Oct. 4
5000 148.00 May 9 Cct. 4
6300 152.25 Apr. 30 Oct. 2
36° 1460 135.50 May 3 Oct. 7
3850 125,00 May 28 Sept. 30
5000 116.75 May 31 Sept. 25
6300 136.25 May 14 Sept. 27
40° 1460 122,25 May 18 Sept. 17
3850 94,75 June 11 Sept. 13
5000 104.50 June 3 Sept. 16

6300 96.50 : June 4 Sept. 8
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maxirmum, and mean minimum temperatures over three altitudinal ranges
(1,460 ft.-3,850 ft.; 1,460 ft.-5,000 ft.; 1,460 ft.-6,300 ft.). The
lapse rate data are presented in Tables VI, VII, and VIII.

lapse rate based on the monthly mean temperatures decreased. with
altitudinal range, indicating that the temperature-altitude relation
was not linear. In addition, it was found that lapse rate increased at
all altitudinal ranges to a peak in July and decreased to the lowest
lapse rate in December. The lowest lapse rate was 1.28° F/1,000 ft. for
December across the 1,460 ft.-6,300 ft. range, and the highest was 3.86°
F/1,000 ft. for July across the 1,460 ft.-3,850 ft. range.

When lapse rates based on monthly mean maximum temperatures were
examined, they were found to vary similarly to the variation that occurred
in the monthly mean lapse rates. However, two exceptions were noted.

The lapse rates for maximum temperatures were higher than the correspond-
ing monthly mean lapse rates, and the increase in lapse rate with the
approach of the hotter months was more rapid. As a result, the highest
lapse rate was 5.85° F/1,000 ft. for the 1,460 ft.-3,850 ft. range in
July and the lowest, 2.54° F/1,000 ft., occurred in December for the
1,460 ft.-6,300 ft. range.

The third set of lapse rates, based on monthly mean minimum temp-
eratures, showed a different set of relations. The lapse rates did not
show the consistent decrease with increase in elevational range. Several
points overlapped between the values of the different rates. Also the
increase in lapse rate toward July and the subsequent decrease was not as

smooth as for the mean and maximum values although a general trend toward



TEMPERATURE LAPSE RATES (DEGREES F) PER 1,000 FT. BASED ON MEAN,

TABIE VI

MEAN MAXIMUM, AND MEAN MINIMUM TEMPERATURES FOR 1947-1950

AT EIEVAT IONS OF 1,460 FT. TO 3,850 FT.

22

Mean Temp. Max. Temp. Min. Temp.,
Month Lapse Rate Lapse Rate Lapse Rate
Jan. 2.40 3.64 1.38
Feb. 2.82 3.55 1.25
Mar. 3.65 3.34 2.30
Apr. 3.23 3.47 1.67
May 3.65 L.u7 1.88
June 3.65 5.35 1.75
July 3.86 5.85 2,21
Aug, 3.04 5.77 1.75
Sept. 3.02 5.52 1.67
Oct. 2.71 5.02 .62
Nov. 2,40 4,26 .75
Dec. 1.98 3.89 .62




TABLE VII
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TEMFERATURE LAPSE RATES (IEGREES F) PER 1,000 FT. BASED ON MEAN,
MEAN MAXIMUM, AND MEAN MINIMUM TEMPERATURES FOR 1947-1950

AT EIEVATIONS OF 1,460 FT. TO 5,000 FT.

Mean Temp, Max. Temp. Min. Temp.
Month Lapse Rate lapse Rate Lapse Rate
Jan, 2,16 3.53 1.27
Feb, 2,61 3.47 1.27
Mar, 3.45 4,03 1.92
Apr, 3.24 4,03 1.41
May 3,10 3.95 1.27
June 3,10 4,32 1.18
July 3.95 4,60 2,34
Aug, 3.17 L. 46 1.83
Sept. 2.74 L4.29 1.63
Oct. 2,32 3.81 022
Nov. 2,32 3ol .84
Dec. 1.54 3.33 .28
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TABIE VIII

TEMPERATURE LAPSE RATES (IEGREES F) PER 1,000 FT. BASED ON MEAN,
MEAN MAXIMUM, AND MEAN MINIMUM TEMPERATURES FOR 1947-1950
AT EIEVATIONS OF 1,460 FT. TO 6,300 FT.

Mean Temp. Max. Temp., Min, Temp.
Month lapse Rate Lapse Rate Lapse Rate
Jan, 1.64 3.03 1.11
Feb, 2.31 3.16 1.13
Mar., 2,68 3,51 1.42
Apr. 3.19 4.33 1.50
May 2,92 4,38 1.19
June 3.04 L,s4 1.28
July 3.14 4,40 1.92
Aug. 2.83 3.98 1.69
Sept. 2.47 3014 1.44
Oct. 1.85 3.57 U1
Nov, 1.64 2.93 .51
Dec., 1.28 2.54 .24
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higher rates in late spring, summer, and early autumn did exist. The
monthly minimum lapse rates were consistently lower than the mean lapse
rates ranging from On5° F to 2.50 F lower.

Table IX shows the mean, absolute maximum, and absolute minimum,
and mean maxirum and mean minimum temperatures for the hottest and
coldest months for all stations. February was consistently the coldest
month and July the hottest.

Figure 1 illustrates the variation of mean monthly range with
altitude and season. In general range decreased with altitude. A gen-
eral gradient of decreasing range with increasing altitude existed but
was not consistent throughout the year.

The data for mean monthly range appeared to vary inversely with
the monthly amount of precipitation. The highest ranges corresponded to
the months in which precipitation amounts were the lowest, and the range
was lowest in the months in which the precipitation was highest. The
r? values for a correlation of monthly range with monthly precipitation
were .527, .053, .095, and .754, arranged from the 1,460 ft. to the
6,300 ft. station, respectively.

The monthly mean temperatures, as stated previously, were calcu-
lated on three different bases. The mean using 24-hourly readings per
day was considered the true mean. As stated in the methods, the other
two means were compared with the true mean to determine the significance
of difference between the true mean and the other means. In all years

and at all elevations the Chi square values obtained in each comparison

showed that there was greater than a .995 probability of obtaining a



TABIE IX

MONTHLY MEAN, MEAN MAXIMUM AND MEAN MINIMUM, AND MAXIMUM AND
MINIMUM TEMPERATURES (IEGREES F) FOR THE HOTTEST AND
COLIEST MONTHS AT THEE 1,460 FT., 3,850 FT., 5,000
FT., AND 6,300 FT. STATIONS FOR 1947-1950

Hottest and 1,460 Ft. 3,850 Ft. 5,000 Ft. €,300 Ft.
Coldest Months Station Station Station Station
Coldest Month Feb. Feb. Feb. Feb.
Mean Temp. 40.0 33.2 30.7 28.7
Mean Max. Temp. 53.0 Ly,5 Lo.7 37.7
Mean Min. Temp. 27.7 24,7 23.2 22.2
Abs, Max. Temp. 81 66 65 €0
Abs, Min. Temp. 2 -5 -8 -12
Hottest Month July July July July
Mean Temp. 71.7 62.5 57.2 56.5
Mean Max. Temp. 86.5 72.5 70.2 65.2
Mean Min. Temp. 60.5 55,2 52.2 51.2
Abs., Max. Temp. 100 89 89 80

Abs. Min. Temp. Ly L1 39 L1
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Figure 1. Monthly mean temperature range (degrees F) for
1947-1950 for the 1460 ft., 3850 ft., 5000 ft., and €300 ft. stations.
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larger Chi square. The data used in the comparisons of monthly tempera-
ture means are presented in Tables X1, XLI, XLII, and XLIII, Appendix C,
The conclusion was that the relative ease in obtaining maxdmum and mini-
mum temperatures for each day made this the preferred basis for computing
a daily mean to be used in deriving a monthly mean. If the daily mean
were to be used for purposes other than computation of monthly means,
then the 24=hour mean would be preferable since variation of as much as
5 or 6 degrees occurred between the true and the max-min mean for 1 day.
The mean based on 4<hour interval values was the same as the true mean
50 per cent of the time with deviation mostly of 1° F per day, occasion-
ally 2° F per day, and very rarely 3°F per day.

Wheﬁ monthly mean, mean maximim, and mean minimum temperatures
for the 3,850 ft., 5,000 ft., and 6,300 ft. stations were tested for
correlation with the 1,460 ft. station to determine the uniformity of

variation among the stations, the ré

values were all very high (above
+900), indicating that the general pattern of seasonal temperature varia-
tion was the same for all stations. As might be expected, the rl values
decreased as the distance between the bése station and the other stations
increased. Table X gives the r? values for these relations and the re-
gression equations which express the relationship between the base station
and each individual station,

Tables XI, XII, XIII, and XIV give the frequency of temperatures
in groups of 5° F ranges. The values in the tables are in percentage
of the total number of hourly readings for the month. The lines in each

table enclose all values of 1 per cent occurrence or more. Two trends

should be noticed. The bulk of each table (area between cut-off lines)



TABIE X
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CORRELATION AND REGRESSION RELATIONS BETWEEN THE 3,850 FT.,
5,000 FT,, AND 6,300 FT. STATIONS AND THE 1,460 FT.

STATION FOR THE MONTHLY MEAN, MEAN MAXIMUM, AND
MEAN MINIMUM TEMPERATURES (IEGREES F)

FOR 19471950

Temperature Regression
Group X Y r? Equation
Mean 1460 3850 0993 = =2,63 + 914X
Mean 1460 5000 «97h = =1.13 + .836X
Mean 1460 6300 - 968 = =198 + 819X
Max, 1460 3850 . 987 = =1,04 + ,860X
Max. 1460 5000 .901 = =3.93 + 856X
Max, 1460 6300 . 789 = 0.88 4+ 754X
Min, 1460 3850 . 978 = =809 + 930X
Min. 1460 5000 .973 = =224 + ,897X
Min, 1460 6300 . 966 = o395 + .858X
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TABIE XI

STATION FOR 1947-1950
Jan. Feb. Mar. Apr. May June Julv Aug, Sep. Oct. Nov. Dec.

NUMEER OF HOURLY VALUES PER MONTH AT THE 1,460 FT.

DISTRIBUTION OF HOURLY TEMPERATURES IN PER CENT OF TOTAL

Temp.
Class
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TABIE XII

DISTRIBUTION OF HOURLY TEMPERATURES IN PER CENT OF TOTAL
NUMBER OF HOURLY VALUES PER MONTH AT THE 3,850 FT.

S?ATION FOR 1947-1950

Temp.
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TABLE XIII

STATION FOR 1947-1950

DISTRIBUTION OF HOURLY TEMPERATURES IN PER CENT OF TOTAL
NUMBER OF HOURLY VALUES PER MONTH AT THE 5,000 FT.

Temp.
Class

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
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TABIE XIV

STATION FOR 1947-1950
Jan, Feb, Mar, Apr. May June July Aug. Sep. Oct., Nov., Dec,

NUMBER OF HOURLY VALUES PER MONTH AT THE 6,300 FT.

DISTRIBUTION OF HOURLY TEMPERATURES IN PER CENT OF TOTAL

Temp,
Class
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shifted slightly toward cooler temperatures as the elevation of the sta-
tions increased. Secondly, the minimum cut-off line varied 50 per cent
to 100 per cent more than the maximum cut-off line as the bulk of tempera-
tures varied seasonally. Because of this the cold months had a wider
distribution of temperatures and the July hourly temperature values were
concentrated into a smaller range.

Table XV gives monthly mean, mean maximum, and mean minimum tempera-
tures for all stations. A consistent rise to a peak in July occurred for
all three means. Table XVI shows that the extreme values for each month
followed the same pattern as the means; however, the peaks for some of
the values occurred in August instead of July.

When the monthly mean temperatures for the 4 years were tested
against the long-term monthly means (norm) for the 1,460 f+. station, the
difference was not significant, although the norm was higher 11 of the
12 months. The test showed a probability of obtaining a larger Chi square
value to be greater than .995. This indicated that, although the 4 year

means Were consistently low, the difference was not significant.

Relative Humidity

Because of the nature of relative humidity, it is only briefly
discussed. For instance, a relative humidity of 90 per cent at 68° F
requires only half as much moisture to reach saturation as a 90 per cent
relative humidity at 87° F. Relative humidity is used primarily as an
indicator of atmospheric moisture saturation. For this reason vapor
pressure deficit is calculated from temperature, relative humidity, and

vapor pressure for a specific temperature.



TABLE XV

MONTHLY MEAN, MEAN MAXTMUM, AND MEAN MINIMUM TEMPERATURES
(DEGREES F) AT THE 1,460 FT., 3,850 FT., 5,000 FT.,
AND €,300 FT.

STATIONS FOR 1947-1950
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TABIE XVI

MONTHLY MAXIMUM AND MINIMUM TEMPERATURES (LEGREES F) FOR THE
1,460 FT., 3,850 FT., 5,000 FT., AND 6,300 FT.
STATIONS FOR 1947-1950

1,460 Ft. 3,850 Ft. 5,000 Ft. 6,300 Ft,
Month Max. Min. Max. Min. Max. Min, Max. Min.
Jan. 80 -3 64 -4 60 -6 57 -8
Feb. 81 2 66 -5 65 -8 60 -12
Mar. 86 8 82 4 71 3 64 0
Apr. 91 17 85 9 79 9 67 6
May 94 27 87 24 82 23 74 25
June 99 L2 85 35 86 35 77 38
July 100 Ly 89 41 89 39 80 41
Aug, 99 L9 83 L2 86 45 81 40
Sept. 93 30 83 29 77 27 75 29
Oct. 88 19 76 20 80 16 74 16
Nov, 82 3 69 -11 71 -11 70 =17

Dec. 74 5 €1 2 57 2 60 1
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The relative humidity information for the period 1947-1950
(Table XVII) shows that there was an annual cycle. January and August
had the highest mean monthly relative humidities, and the lowest oc-
curred in April. A secondary low occurred in November. The 1,460 ft.
and 6,300 ft, stations were consistently the lowest with overlap be-
tween the two. The 3,850 ft. station had the highest set of monthly
relative humidity means, but the 5,000 ft. station showed little dif-
ference from the 3,850 ft. station. Relative humidity means were high
for all stations, with 14 of the 48 months involved being over 90 per
cent, and 43 of the 48 being over 80 per cent.

The relative humidity frequency tables (Table XVIII, XIX, XX,
and XXI) show that 42 of the 48 months had more than 50 per cent of the
hourly readings at 100 per cent relative humidity. The cut-off lines
(excludes frequencies of less than 1 per cent) follow approximately the
same curve as the monthly mean values if they were plotted on a graph.
This means that in July and August the range of relative humidity was
not as large as in the other months with more of the hourly values con-
centrated at the higher end of the scale. The widest distributional
range occurred in different months at the different stations.

When the max-min mean and the 4=hour interval mean were tested
against the true relative humidity mean, the probability of getting a
larger Chi square was greater than .995 for all stations using the 4-hour
interval mean. However, there was a .500 probability of getting s larger
Chi square value for the 1,460 ft. station, .750 at the 3,850 ft. station,

.950 at the 5,000 ft. station, and greater than .995 at the 6,300 ft.



TABIE XVII

MEAN MONTHLY PER CENT RELATIVE HUMIDITY AT THE 1,460 FT.,
3,850 FT., 5,000 FT,, AND 6,300 FT. STATIONS
FOR 1947-1950

1,460 Ft. 3,850 Ft. 5,000 Ft. 6,300 Ft.
Month Station Station Station Station
Jan, 86 o4 89 83
Feb. 81 89 86 79
Max, 74 86 84 ) 80
Apr. 72 82 81 80
May 81 87 86 82
June 86 2 92 89
July 88 95 oL 92
Aug. 89 96 oL 93
Sept. 87 95 93 88
Oct. 86 95 87 82

Nov, 84 90 84 76
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TABIE XVIIT

DISTRIBUTION OF HOURLY REIATIVE HUMIDITY VALUES IN PER CENT OF

THE TOTAL NUMBER OF MONTHLY VALUES AT THE 1,460 Ft.

STATION FOR 1947-1950
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TABIE XIX

DISTRIBUTION OF HOURLY RELATIVE HUMIDITY VALUES IN PER CENT OF
THE TOTAL NUMBER OF MONTHLY VALUES AT THE 3,850 FT.
STATION FOR 1947-1950
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TABLE XX

STATION FOR 1947-1950
Jan., Feb. Mar., Apr. May June July Aug. Sep. Oct. Nov. Dec.

DISTRIBUTION OF HOURLY REIATIVE HUMIDITY VALUES IN PER CENT OF
THE TOTAL NUMEER OF MONTHLY VALUES AT THE 5,000 Ft.
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TABIE XXI

Apr, May June July Aug, Sep. Oct. Nov, Dec.

STATION FOR 1947-1950

Mar,

THE TOTAL NUMBER OF MONTHLY VALUES AT THE 6,300 FT,
Jan. Feb.

DISTRIBUTION OF HOURLY REIATIVE HUMIDITY VALUES IN PER CENT OF
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station when the max-min mean was compared with the true mean. There
was a decrease in the significance of difference as the stations in-

creased in elevation.

Vapor Pressure Deficit

Vapor pressure deficit is a better indicator of atmospheric
moisture demand than relative humidity. A vapor pressure deficit value
indicates the same atmospheric capacity for additional water regardless
of the temperature (Anderson, 1936; Kittredge, 1948; Neumann, 1954).

The mean monthly vapor pressure deficits (Table XXII) for the
1,460 ft. station were consistently the highest of the four stations.
The other three stations were considerably lower with very little dif-
ference among them. The 6,300 ft. station did have the highest deficit
of the three stations during 9 of the 12 months. The annual variation
showed that the months with greatest deficit were April and May-with
the least deficit occurring in January. Figure 2 is a graph of the data
from all the stations.

Coefficients of determination were calculated to see if vapor
pressure deficit correlated with factors that could be indicative of a

wet month and a resultant high atmospheric humidity. The r2

values for
correlations between vapor pressure deficit and monthly total precipita-
tion and between vapor pressure deficit and number of days per month with
precipitation were below .250 for all stations. When vapor pressure
deficit was correlated with monthly temperature range, there was little
correlation at the 1,460 ft. station (r2 = .195), but the rZ increased

2

as altitude increased (3,850 ft.:r“ = .473: 5,000 ft.:rz = .756: 6,300



TABLE XXII

MONTHLY MEAN VAPOR PRESSURE DEFICIT IN mm Hg AT THE
1,460 FT., 3,850 FT., 5,000 FT., AND 6,300 FT.
STATIONS FOR 1947-1950

1,460 Ft. 3,850 Ft. 5,000 Ft. 6,300 Ft.
Month Station Station Station Station
Jan, 1.31 .28 L6 .71
Feb. 1.32 «53 .64 .89
Mar. 2,30 .82 .84 1.03
Apr. 3.09 1.27 1.41 1.25
May 2.69 1.37 1.41 1.60
June 2,77 097 .97 1.16
July 2.65 .65 .83 .90
Aug, 1.96 45 o 5l .79
Sept. 1.91 .50 065 1.06
Oct. 1.49 .63 1.03 .97
Nov, 1.18 053 .86 1.44
Dec. .91 36 .80 1.43
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Figure 2. Monthly mean vapor pressure deficit (mm Hg) at the
1,460 ft., 3,850 ft., 5,000 ft., and 6,300 ft. stations for 1947-1950.
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ft.=r2 = .779). Graphically, there was indication of some correlation
between vapor pressure deficit and temperature range; however, the

reasons for it are not apparent.

Precipitation

Smallshaw (1954) showed that precipitation increased with eleva-
tion in the Smokies. The information presented here verifies this con-
clusion. The normal precipitation for the 1,460 ft. station and the
6,300 ft. station is 55.54 inches and 83.71 inches, respectively. The
precipitation for the 4 years studied was 59.31 and 90.48 inches per
year. The normal and study period precipitation followed the same pat~
terns, except that the 1947-1950 January mean monthly precipitation was
higher than the normal. The unusually high amount for January could be
accounted for by a high amount of precipitation that fell in January,
1947, The amounts for that month ranged from 10,47 inches at the 1,460
ft. station to 17.47 inches at the 6,300 ft. station. Where the 4=year
monthly precipitation means were compared with the norms, the probability
of getting a larger Chi square was greater than .995 for the 1,460 ft.
station and .500 for the 6,300 ft. station. Graphical comparison of the
means is presented in Figures 3 and 4.

Microclimatic variation seemed to be best exhibited by precipita-
tion. For the three highest stations (3,850 ft., 5,000 ft., 6,300 ft.)
January was the wettest month, but August was the wettest at the 1,460
ft. elevation (Table XXIII). The second wettest month was August at the
6,300 ft. station, February for the 3,850 ft..and 5,000 ft. stations,

and July for the 1,460 ft. station. The month of lowest precipitation
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Figure 3. Comparison of the 1947-1950 mean monthly precipitation
with the 42-year mean monthly precipitation at the 1,4€0 ft. station.
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Figure 4. Comparison of the 1947-1950 mean monthly precipitation
with the 28-year mean monthly precipitation at the 6,300 ft. station.



TABIE XXIIT

MEAN MONTHLY INCHES OF PRECIPITATION AT THE 1,460 FT.,
3,850 FT., 5,000 FT., AND 6,300 FT,
STATIONS FOR 1947-1950

1,460 Ft, 3,850 Ft. 5,000 Ft. 6,300 Ft.
Month Station Station Station Station
Jan, 6.80 10.19 12.83 11.86
Feb. 5.09 6.57 8.12 6.05
Mar. 5.74 8,05 9.25 8.25
Apr, 3.69 4,52 4,71 5.01
May 3,60 5.83 6.04 6,76
June 5.03 4,89 5.74 8.36
July 6.93 6.79 7.67 9.59
Ayg, 7.03 6.73 7.71 10.14
Sept. 3,09 3.95 5.21 5.71
Oct. 3.53 4,45 L.o4 4,97
Nov, L.39 7.51 8,13 7,66
Dec, 4,39 6.70 7.46 6.12

L9
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was September for the 1,460 ft. and 3,850 ft. stations, April for the
5,000 ft. station, and October for the 6,300 ft. station.

The increase of precipitation with increasing altitude in general
held true except for the two highest stations (5,000 ft. and 6,300 ft.).
From November through March the 5,000 ft. station had greater precipita-
tion than the 6,300 ft. station. However, during the rest of the year
the 6,300 ft. station exhibited the greater amounts of precipitation.

Results of the correlations between the mean monthly precipita-
tion data for the four stations are presented in Table XXIV, Between
the 1,460 ft. and 3,850 ft., stations and the 1,460 ft. and 5,000 ft.
stations the r2 values were very nearly the same (.503 and .505) and
showed only a moderate correlation. The r2 for the correlation between
the 1,460 ft. and 6,300 ft. stations was considerably higher (.787).

The r2 between the 3,850 ft, station and the 6,300 ft. station was .582,
and between the 5,000 ft., station and the €,300 ft. station it was .601.

However, the r2

value for the correlation between the 3,850 f+. and 5,000
ft. stations was .959. This indicated that there was similarity in the
variation of the 1,460 ft. and 6,300 ft. stations, and there was simi-
larity in the variation of the 3,850 ft. and 5,000 ft. stations. How-
ever, there was a moderate amount of variation in the first pair of sta-
tions that was independent of the variation in the second pair of sta-
tions.

The number of days per month on which measurable precipitation
occurred is an important indicator of the distribution of rain, Table

XXV shows that precipitation occurred at some of the stations on at least



TABIE XXIV

COEFFICIENTS OF IETERMINATION AND REGRESSION EQUATIONS FOR
THE MONTHLY MEAN PRECIPITATION FOR SIX COMBINATIONS OF

STATIONS FOR 1947-1950
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X Y r? Réiiiiiiﬁn
1460 3850 .503 = 1.96 + .886X
1460 5000 .505 = 1.51 + 1.17X
1460 6300 787 = 77 + 137X
3850 5000 959 = -.88 + 1.29X
3850 6300 .582 = 1.56 + 942X
5000 6300 .601 = 2.26 + 723X




TABIE XXV

MEAN NUMBER OF DAYS PER MONTH ON WHICH PRECIPITATION WAS
MEASURED AT THE 1,460 FT., 3,850 FT., 5,000 FT., AND
6,300 FT. STATIONS FOR 1947-1950

1,460 Ft. 3,850 Ft. 5,000 Ft. 6,300 Fi.
Menth Station Station Station Station
Jan, 16.25 7.25 18.25 17.25
Feb. 12.25 14.5C 14.25 14.75
Mar. 13.25 15.25 15.75 15.00
Apr. 10.25 12.25 13.25 12.25
May 13.00 2.50 13.25 13.75
June 13.50 13.75 15.25 14.50
July 15.25 14,50 15.25 16.50
Aug, 14,00 13.00 17.25 18.00
Sept. 8.75 9.00 9.50 10.25
Oct. 9.00 10.00 10.25 10.75
Nov. 12.00 12.75 12.75 12.25
Dec. 12.00 12.00 12.50 12.00

52
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33 per cent of the days in every month except September and October and
occurred on 50 per cent of the days in 15 of the 48 months. Table XXV,
page 52, also shows that there was a general increase in number of days
with precipitation as the altitude increased except at the 5,000 ft. and
€,300 ft, stations. At those two stations, season was more important
than altitude in determining the statiorn with the highest number of days
with precipitation.

The average amount of precipitation per day with precipitation
(Table XXVI) varied with the other precipitation data. The average
amount of precipitation per day generally increased with elevation, and
it was less during the drier months and more during the wetter months.
211 daily averages were at least 0.25 inches or higher, and half of the
total months involved had an average daily precipitation of 0.50 inches
or more.

The average number of consecutive days with and without precipita-
tion give a very good indication of the distribution of rainfall (Tables
XXVII and XXVIII). The variation with altitude was not as pronounced as
the change in monthly precipitation, but the trend did exist. In g;nr
eral the number of consecutive days with precipitation increased with
altitude and the length of the period of time between periods of rain
decreased. The shortness of the average time between periods of rainfall
and of the time making up periods of rainfall along with the number of
days per month on which reinfall occurred indicates the even distribution
of precipitatior in all months.

The average number of days on which snowfall was recorded and on



TABIE XXVI

AVERAGE INCHES OF PRECIPITATION PER DAY WITH MEASURABLE
PRECIPITATION AT THE 1,460 FT., 3,850 FT., 5,000 FT.,
AND 6,300 FT. STATIONS FOR 1947-1950

1,460 Ft. 3:.850 Ft, 5,000 Ft. 6,300 Fi,
Month Station Station Station Station
Jan. 411 . 0585 .70€ ,681
Febo, 417 U476 . 587 .513
Mar. . 568 <527 561 5%
Apr. 0 357 . 368 <357 LOE
May . 278 L2 457 .500
June 0372 < 364 .388 . 575
July 454 .500 506 .581
Aug. 502 A48 46 565
Sept. 353 453 . S48 557
Oct. ¢392 445 482 460
Nov. . 394 . 589 . 614 ,625

Dec, . 366 558 «598 .603
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TABIE XXVII

AVERAGE NUMEER OF CONSECUTIVE DAYS PER MONTH ON WHICH
PRECIPITATION OCCURRED AT TEE 1,460 FT., 3,850 FT.,
5,000 FT., AND 6,300 FT. STATION FOR 1947-1950

1,460 Ft. 3,850 Ft. 5,000 Ft. 6,300 Ft.
Month Station Station Station Station
Jan, 2.87 3,50 2.63 3.45
Feb. 2.59 3.25 2.66 2.83
Mar. 2,07 2.30 2.40 2.35
Apr. 1.87 2,03 2.19 2.43
Mey 2.33 2.56 2.41 2.69
June 2,47 2.65 2.61 2.61
July 3.31 3.15 3.55 3,94
Aug. 3.04 2,79 2,80 3,26
Sept. 1.69 1.65 2,31 2.31
Oct, 2.62 2,05 2,42 2.35
Nov,. 1.92 2.36 2,18 2.03
Dec. 2.24 20,10 2.00 1.97
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TABLE XXVIIT

AVERAGE NUMEER OF CONSECUTIVE DAYS PER MONTH EETWEEN PERIODS
OF PRECIPITATION AT THF 1,460 FT., 3,850 FT., 5,000 FT.,
AND 6,300 FT., STATIONS FOR 1947-1950

1,460 Ft, 3,850 Ft, 5.000 Ft. 6,300 Ft,

Month Station Station tation Station
Jan. 2,39 2.23 2,00 2.18
Feb., 2.76 20,52 2,08 2.06
Mar, 2,42 2022 2.19 2.42
Apr. 2.88 2.50 2.52 2.90
May 3.28 3025 3.00 2,95
June 2,73 2.45 2,00 2.00
July 3.21 3.05 3.25 2,78
Aug, 3.15 2,10 2.34 2.45
Sept. 3.24 3.59 3.61 3.08
Oct. 4.31 3.61 4.10 4,52
Nov. 2,51 2,54 2.44 2.50
2.12 2,22

Dec, 2.51 2.24




n
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which snow was on the ground (Tables XXIX and ¥XXX), being primarily
temperature dependent, was very seasonal and altitudinal in distribu-
tion. The number of days with snowfall increased with altitude except
for a slight drop from the 5,000 ft. station to the €,300 ft. station,
That followed the same pattern as total number of days with messurable
precipitation. Eowever, because of the generally lower temperstures at
hisher elevations snow persisted for greater lengths of time on the
grounc. Daily snowfall amounts were not recorded as such but were in-

cluded in the total monthly precipitation as equivelent precipitation.

Soil Moisture Balance

Soil moisture balance was calculated in two different ways, both
according to Thornthwaite (1957). The monthly calculations used monthly
mean temperature, monthly total precipitatiqn, and latitude (Tables XXXI,
XXXII, XXIII, and XXXIV). The daily calculations used daily mean
temperature and ceily precipitation. The deily values were then treated
appropriately to get the desired monthly values (Tables XXXV, XXXVI,
XCVIT, and XSGVIII). -

Since potential evapotranspiration increased with increasing
tempereture, its curve followed the same pattern as the tempersture curve
with the low in February and/or December and the high in July. In
Tables XXXI through XXX1IV, which are based on monthly means, only 1 month
of the 4& involved showed potential evapotranspiration to exceed pre-
cipitation. As a result only 1 month had soil moisture content depart-
ing fron field capascity (May at Park Beadguarters station). Actual

evapotranspiration equalled the potential, a moisture deficit did not



TABIE XXIX

MEAN NUMBER OF DAYS PER MONTH ON WEICH SNOWFALL WAS RECORIED
AT THE 1,460 FT., 3,850 FT.. 5,000 FT., AND 6,300 FT,
STATIONS FOR 1947-=1950

Station Jan, Feb. Mar. Apr. Oct., Nov. Pec,
1.460 2.00 1.75 1.25 0.00 0.00 0.75 1.00
3,850 3.50 5.00 5.00 0.75 0.25 3.00 L.00
5,000 L.75 5.25 6.25 1.25 0.50 3.75 375

6,300 3.7 5,00 6.00  1.50 0.50  3.75 5,56
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TABIE XXX

MEAN NUMEER OF DAYS PER MONTH WITE SNOW ON THE GROUND AT TEE
1,460 FT., 3,850 FT., 5,000 FT., AND 6,300 FT.
STATIONS FOR 1947-1950

tation Jan. Feb. Mar., Apr. Oct, Nov, Dec.
1,460 2,75 4.00 1.00 0,00 €.00 0.75 1.00
3,850 7.00 9.50 9.75 1.75 0.25 3.25 €.50
5,000 8.00 13.00 12.25 2.50 0.50 5.00 8.25

6,300 7.25 13.25 13.25 3,00 0,75 L,00  10.25




TABIE XIXI

ANNUAL SOIL MOISTURE BALANCE IN INCHES AT THE 1,460 FT.

STATION BASED ON MONTHLY MEANS FOR 1%47-1950
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Mont:  Temp. PETl Prec.,  P-PET¢  SMY MD* ¥s®  SME®
Jan. 42,7 .52 6,80 6.28 12,00 0 6,28 15,14
Feb.  40.0 51 5,09 4,58 12,00 0 4,58  15.86
Mar. L45,2 .92 5.74 L.82 2,00 0 L.82 16.34
Apr.  55.5 2.31  3.69 1.38  12.00 0 1.38 14,91
Moy 63.5 3.63  3.60 -.03  11.97 0 0.00 13.48
June 69,7 4.75  5.03 28 12,00 0 25 12.83
July  71.7 5,20 6.93 1.73  12.00 0 1.73  13.28
Aug.  70.0 L.52 7,03 2,51 12.00 0 2.51  13.89
Sspt.  €3.5 3.09  3.09 0.0C 12.00 0 0.00 13.89
Ozt.  55.7 2.03  3.53 1.50  12.00 0 1.50 13,22
Nov. 42,0 .51 L.39 3.88 12,00 0 3.88  1k.55

1PET - Potential evapoiranspiratis

2P—PET = Precipitation minus pctential

3SM = Soil mcisture content.
AMD = Moisture deficit.,
5MS = Moisture surplus.

6SMB = Soil moisture balanze.

L

e

evapotranspiration.



TLBIE DXIT

ANNUAL SOIL MOISTURE BALANCE IN INCHES AT THE 3,850 FT.
STATION BASED ON MONTHLY MEANS FOR 1947-1950

Month Temp. PETL Prec.  P-PET® SN T Ms5  sMBP
Jan.,  37.0 .52 10.19 9.67  12.00 0 9.67  16.84
Feb.  33.2 .25  6.57 6.35  12.00 0 €.35 17.59
Mar.  36.7 .61  8.05 7.4 12,00 0 7.4 19,02
Apr.  L7.7 1.98 4,52 2.54  12.00 0 2.54  16.28
May 54,7 3.26 5.86 2.57 12.00 0 2,57 15.42
June 61,0 4,02 4,89 .87 12.00 0 .87 14,15
July  62.5 b6 6,79 2.33  12.00 0 2.33  14.24
Aug.,  61.7 3.82  6.73 2.91  12.00 0 2.91 14.62
Sept.  56.2 2.78 3.9 1.17  12.00 0 1.17 13.85
Oct. 49,2 2.03  L,b5 2.42  12.00 0 2.42 14,13
Nov.  36.2 .51 7.51 7.00 12,00 0 7.00  16.57
Dec.  32.0 0.00  6.70 6.70  12.00 0 6.70 17.58

lPET = Potential evapotranspiration.
2P-PET = Precipitation minus potential evapotranspiration.

BSM = Soil moisture content.

"MD = Moisture deficit.
5MS = Moisture surplus.
6

SMB = Soil moisture balance.
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TABLE XXXTITI

ANNUAL SOIL MOISTURE BALANCE IN INCHES AT THE 5,000 FT.
STATION BASED ON MONTHLY MEANS FOR 1947-1950

PET1  Frec. P-PET?  SM3

Month  Temp. MD* ms>  sMef
Jan. 35.0 .52 12,83 12.31 12.00 0 12.31 18.1¢
Feb. 30.7 0.00 8.13 8.13 20.13 0 0.00 23.21
Mar. 33.5 .30 9.25 8.95 12,00 0 8.95 24,52
Apr. 44,0 1.65 4,71 3.06 12.00 0 3.06 21.01
May 52.5 2.90 6.04 3.14 12.00 0 3.14 17.30
June 57.0 3.66 5.75 2.09 12.00 0 2.09 17.01
July 57.2 3.72 7.67 3.95 12.00 0 3.95 15.69
Aug. 57.0 3.48 7.71 4,23 12.00 0 4,23 17.15%
Sept. 53.7 2.78 5.21 2.43 ° 12,00 0 2.43 1€.3¢9
Oct. 48,5 2.03 4,94 2.91 12.00 0 2.91 15.15
Nov. 34.7 .51 8.13 7.62 12.00 0 7,62 17.38
Dec. 31.2 0.00 7,46 7.46 19.46 0 0.00 22,14

1PET - Potential evapotranspiration.

2P—PET = Precipitation minus potential evapotranspirstion.
35K = Soil moisture content.

YD = Moisture deficit.

Sms

Moisture surplus.

6SMB = Soil moisture balance.



TABLE XXXIV

ANNUAL SOIL MOISTURE BALANCE IN INCHES AT THE 6,300 FT,

STATICN BASED ON MONTHLY MEAKS FOR 1947-1950

Month Temp. PETL Prec.  P-PET¢  SMJ MO rs®  sMEf
Jan,  33.2 0.26 11.86  11.60  12.00 0 11.60 17.80
Feb. 28,7 0.00 6.05 6.05 18.05 0 0.00 20.95
Mar.  32.3 0.00  8.25 8.25 12,00 0 8.25 22,43
Apr.  L0.5 1.32 5.0l 3,69 12,00 0 3.69 19.82
ay 49,2 2.54 6,76 4,22 12.00 0 4,22 17.81
June  55.0 3.29 8,36 5,07 12,00 0 5,07 18.78
July  56.5 3.72 9,59 5.87 12,00 0 5.87 18.31
Aug. 56,0 3,13 10,14 7.0l 12,00 0 7.01 18,66
Sept.  51.0 2,47 5.71 3,24 12,00 0 3.24 16,95
Oct,  L46,7 1.74  L,97 3,23 12,00 0 3,23 16.09
Nov. 34,0 0.25  7.66 7.1 12,00 0 7.41 17.75
Dec.  30.5 0.00  6.12 6.12 12,00 0 0.00 20.99

1PET = Potential evapotranspiration.

2p.PET - Precipitation minus potential evapotranspiration.

3sm

I

6

SMS
6

Soil moisture content.

Moisture deficit.

Moisture surplus.

SMB = Soil moisture balance,



TABLE X)XV

ANNULL SOIL MOISTURE BALANCE IN INCHES AT THE 1,460 FT.

STATICK BASED ON DAILY VEAKS FOR 1947-1950

Month  Temp. PETl  Frec.  F-PETZ2  SMJ Mot NSO svet
Jan.  42.7 0.87  6.80 5.92  11.96 0.01  6.33  13.18
Feb. 40,0 0.62  5.09 L€ 11,97 0.00 4,79  13.69
Mar.  45.2 1.18  5.74 4,55  11.95 0,01 5.2k  13.27
Apr.  55.5 2.26  3.69 1.87  11.77 0.02  2.96  12.82
May 63.5 3.64 3,60 -0,04  11.31 0.13 2.41  12.06
June  69.7 L.70 5,03 1.19  10.6€ 0.32  3.33  11.55
July  71.7 5.07  €.93 2,05 10,60 0.21  L.£¢  11.83
Aug.  70.0 L,55  7.03 2,46 11.13  0.20 5.2 12.47
Sept.  63.5 3.15  3.09 -0.06  10.93 0.19 2,18  11.92
Oct.  55.7 2,02 3.53 2,16 10.60 0.13  2.9%  11.18
Nov,. 42,0 0.68 4,39 3.95 11.77 0.02 4,23 12.00
Dec. 37,0 0.40 4.39 3.98 11.98 0,00 4,18 13.22

lPET = Potential evapotranspiration.

2P-PET = Precipitation minus potential

2
“SK =

"D =

[
~

6

¥S

SMB =

Soil mocisture content.
Moisture deficit.>
Moisture surplus.

Soil moisture balance.

evapotranspiration.



TABIE XXXVI

ANNUAL SOIL MOISTURE BALANCE IN INCHES AT THE 3,850 FT.
STATION BASED ON DATLY MEANS FOR 1947-1950

Month Temp. PET! Prec. P-PETZ  SMJ Mo Ms5  sMmt
Jen.  37.0 0.72 10.19 9.47  11.97 0.01 9.70 12,93
Feb. 33,2 0.43  6.57 6.13  11.97 0.00 6.27 1k.26
Mar.  36.7 0.78 8,05 2,26 11.97 0.00 7.68 13,95
Apr. 47.7 1.84 4,52 4,88 11,87 0,01 3.82 13.37
May 54,7 2,93  5.86 2,89 11.65 0.05 L.7¢  12.81
June 61,0 3.79  L.89 1,10 11.44 0.10 3.49 12,68
July  62.5 L,ob 6,79 2,74 11.61 0.08 5,02 132,22
Aug.  61.7 3,70 6.73 3,03 11.56 0.08 5.09 12.91
Sept. 56.2 2,68  3.95 1.27  11.25 0.12 3,17 12.47
Oct. 49.2 1.79  L.hs 2,65  11.34 0.05 3.79 12,0k
Nov. 36.2 0.5  7.51 6.9 11.96 0.01 7.23 13,9
Dec.  32.0 0.29 6.70 6.39 11.99 0.00 6.53 13.95

1PET = Potential evapotranspiration.
2P-PET = Precipitation minus potential evapotranspiration.

3SM = Soil moisture content.

MMD - Moisture deficit.
OMS = Moisture surplus,
é

SME = Soil moisture balance,



TABLE XXXVII

ANNUAL SOIL MOISTURE BALANCE IN INCHES AT THE 5,000 FT.

STATION BASED ON DATLY MEANS FOR 1947-1950

66

Month Temp. PETY  Prec,  P-FET?  sM ¥p' MSS sweb
Jan.  35.0 0.65 12.83 12.19 11.98 0.01 12.31 14,49
Feb.  30.7 0,36 8,13 7.76 11.98 0,00 2.86 14,85
Mar. 33.5 0,64 9.25 8.61 11.97 0.00 8.94 14,35
Apr. 44.0 1.63 4,7 3,08 11.87 0,01 4,07  13.53
Vay  52.5 2,84 6,04 3,19 11.67 0,05 4,97 12,87
June  57.0 3.66 5,75 2,26 11.64 0,05 4,40 13.10
July 57.2 3.80 7.67 3.86 11.70 0,06 €.08  13.43
kug.  57.0 3.49 7.71 4,21 11.69 0,07 5,87 13.31
Sept. 53.7 2.52 5,21 2,68 11.59 0,05 4,43 13,04
Oct. L48.5 1.85 L 9k 3,08 11,69 0,03 4,30 12.55
Nov, 34,7 0.56 8,13 7056 11.97 0,01 7.84 14,11
Dec, 31.2 0.34 7,46 7.11 11.99 0.00 7.28 14,14

1pgr - Potential evapotranspiration.

2

3sm

o

Sms
6

1

Soil moisture content.

Moisture deficit.

Moisture surpluse.

SMBE = Soil moisture balance..

P-PET = Precipitation minus potentiel evapotranspiration.



TABIE XXXVIII

ANNUAL SOIL MOISTURE BALANCE IN INCHES AT THE 6,300 FT.
STATION BASED ON DAILY MEANS FOR 1947-1950

Month Temp. FETT Prec.,  P-PETZ  SM3 Mo ms5  smef
Jan. 33,2 0.57 11.86  11.29  11.98 0.00 11.40 14.68
Feb, 28,7 0.44  6.05 5.78  11.98 0.00 5.91 14.28
Mar., 32,3 0.60 8.25 8.31  11.97 0.00 8.62 14.04
Apr. h0.5 1.34  5.01 4,01  11.88 0.01 4.87 13.46
May 49,2 2,61 6,76 3.89 11.72 0.0k 5.53 13.17
June  55.0 3.37  8.36 L.83  11.78 0.02 6.81 13.78
July  56.5 3.65  9.59 6.55  11.72 0.05 8.50 14,17
kug. 56,0 3.1 10,14 6.22  11.69  0.05 11.69 13.92
Sept. 51,0 2.52 5,71 3.07°  11.53 0.06 4.82 13.41
Oct. 46,7 1.83  4.97 3.37 11.59 0,04 4,55 12.53
Nov, 34.0 0.64  7.66 6.77  11.9% 0.01 7.19 13.87
Dec.  30.5 0.3  6.12 6.31  11.98 0.00 6.4h 13.99

]'PET = Potential evapotranspiration.
2‘P-—PE’I‘ = Precipitation minus potential evapotranspiration.

38M = Scil moisture content.

4

MD = Moisture deficit.

5MS = Moisture surplus.

6

SMB = Soil moisture balance.
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occur, and a soil moisture surplus was common. As a result, the total
soil moisture balance was high, always exceeding field capacity and in-
creasing with elevation except at the two high elevation stations. The
soil moisture balance at the 5,000 ft. station was higher than that of
the 6,300 ft. station from November through Merch. The reverse was true
from April through October.

Tables XXXV through XXXVIII, pages 64 through €7, giving the in-
formation calculated on s daily basis, should give & more accurate
evaluation of the soil moisture balance. The total monthly potentiel
evapotranspiration showed the same pattern of distribution when calcu-
lated by either method. The main difference occurred during menths with
a mean temperature of 320 F or less. The potential evapotranspiration
calculated on a menthly basis was zero, but it was as much as 0.50
inches greater for the month when calculated on a daily bzsis than when
calculated on a monthly basis. The month; even though it had a mean
temperature of less than 32° F, still had days above the temperature at
which evapotranspiration could occur. The 6,300 ft. station showed no
potential evapotranspiration during March using the monthly data, but
showed 0.60 inches potential evapotranspiration using the daily data.

Soil moisture content alsc exhibited differences when calculated
by the two different methcds. The 1,460 ft. station showed only one
month (May) witk a soil mecisture content (11.97 inches) of less than
field capacity (12.00 inches). Soil moisture when calculated on the
ceily besis was contanuslly below field cepacity during 21l months, drop-
ping as low &s 10.€0 ainches at the 1,440 f1. stetion, 11:.25 inches at

the 3,850 ft. station, 121.59 inches at the 5,000 ft. station, and 11.53
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inches at the €,300 ft. station. These low values all occurred in
September which combined moderately high temperatures and low precipi-
tation to result in soil moisture depletion greater than in any other
month, In spite of the consistent difference between the monthly and
daily derived soil moisture contents, there was still e greater than
.995 probability of getting a larger Chi square based on the difference
of the means.

According to the calculations based on monthly data, no moisture
deficit occurred during any month, and a moisture surplus occurred in
42 of the 48 months. The daily information, however, showed moisture
deficit occurring in 36 of the 48 months, but a surplus occurred in
the same months. That happened when there was a period of several rain-
less days with simultaneously occurring evapotranspiration. If the
rainfall oocurring at the end of the rainless period was more than suf-
ficient to recharge the soil, then a surplus occurred.

Soil moisture deficit was highest in the same months when po-
tential evapotfanspiration was highest (June-September) and decreased
with altitude. Moisture surplus, in general, increased as altitude in-
creased. Moisture surplus was not as dependent on potential evapo-
transpiration as moisture deficit but was more precipitation dependent.
The curve of moisture surplus was similar to the precipitation curve.

Table XXXIX gives the one day values of maximum and minimam soil
moisture content. The maximum values were in evidence many times during

each month, but the minimm occurred only once. All stations reached
field capacity in all months. The minimum values followed a curve

similar to the inverse of the temperature mean curves. The minimum



TABIE XXXIX

SOIL MOISTURE MAXIMUM AND MINIMUM IN

INCHES FOR EACH

MONTH AT THE 1,460 FT., 3,850 FT., 5,000 FT., AND
6,300 FT. STATIONS FOR 1947-1950
1,460 Ft. 3,850 Ft. 5,000 Ft. 6,300 Ft.
Station Station Station Station
Month Max. Min, Max, Min, Max. Min, Max, Min.
Jan. 12,00 11.64 12,00 11.74 12,00 11.79 12.00 11.76
Feb. 12,00 11.71 12.00 11.84 12.00 11.89 12,00 11.93
Mar, 12,00 11.44 12.00 11.76 12.00 11.76 12,00 11.78
Apr. 12,00 10.99 12.00 11.05 12,00 11.08 12.00 11.08
May 12,00 10,13 12.00 10.62 12.00 10.69 12.00 10.65
June 12,00 8.82 12.00 10.59 12,00 10.79 12,00 11.21
July 12.00 8.74 12.00 10.51 12.00 10.82 12.00 10.77
Aug. 12,00 9.25 12.00 9.96 12.00 10.20 12.00 10.63
Sept. 12,00 8.34 12.00 9.66 12,00 9.90 12.00 10.34
Oct. 12.00 8,03 12.00 10.05 12.00 10.88 12.00 10.57
Nov. 12.00 8.88 12.00 11.52 12,00 11.47 12.00 11.37
Dec. 12.00 11.85 12.00 11.81 12,00 11.88 12.00 11.91
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monthly value was usually highest in February and lowest in September.
There was a lag between the highest monthly temperature mean and the
lowest soil moisture content, because July, the hottest month, was &lso
one of the wettest. The minimum value reached by any station was 8.03
inches in October at the 1,460 ft. station. The 8.82 inches, 8.72
inches, 9.25 inches, and 8.34 inches of June, July, August, and Septem-
ber occurred either in 1947 (June and July) or 1948 (August and Septem-
ber). In each situation the lows occurred during a dry period overlapping
the two months. Two periods, one of 25 days in June and July, 1947, and
one of 64 days in August, September, October, and November, 1948, were
the only periods with soil moisture content as low or lower than 10,00
inches. Both occurred at the 1,460 ft. station. At the other three
stations, soil moisture was consistently above 10.50 inches with 19 of
the 36 months shown for the three stations being above 11.00 inches.
These were extreme values which were rarely approached during the 4 years
of study, and it is quite obvious that soil moisture content remained at
high levels throughout the year.

The total soil moisture or soil moisture balance is the sum of
the soil water being held by the soil until lost by evapotranspiration
and runoff. These values were quite different for the total soil moisture
balance calculated by the two methods. The soil moisture balance com-
puted on a daily basis was considered to be the true value, and the total
soil moisture calculated on a monthly basis was tested against it. The
probabilities of getting a larger Chi square were .975, .850, less than
.005, and .010 for the 1,460 ft., 3,850 ft., 5,000 ft., and 6,300 ft.

stetions, respectively. The difference between the two values resulted
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because the entire precipitation surplus was added to the soil moisture
balance at one time when calculated on a monthly basis. However,
moisture was added to the soil in small increments, and runoff and
evapotranspiration occurred between moisture additions when computed
on a daily basis. As a result, the soil moisture build=up was never

as great in the daily values as in the monthly.

Soil moisture balance was much less when computed on a daily
basis and did not show as wide a range of variation as the monthly de-
rived values. True soil moisture balance showed fluctuation similar
to that shown by precipitation; however, since temperature was a2 vari-
able also affecting soil moisture balance, there was some deviation of
soil moisture balance from the curve followed by precipitation. The
February-March period was the period of peak soil moisture with a sub-
peak in July. The period of lowest moisture was October with a sub-

minimun occurring in the May-June period.



V. GENERLL DISCUSSION

When evaluating and interpreting the data previously presented,
three factors must be kept in mind which limit the use of the derived
information as true elevational means. A climatic dete collecting sta-
tion should be in a location representative of the area which the dats
will describe (Conrad and Follak, 1950). Because of changing vegeta-
tion; elevation, angle of slope, aspect, and other site factors, a
myriad of microclimates is present (Rumney, 1968) in the mountains. To
represent appropriately an esrea such as an elevational zone, a network
of stations must be used to determine a "norm.” From this network one
or a few stations which are representative of the area will become perma-
nent (Wilm, et al., 1939)., In this way extreme values such as the ef-
fect of cold air drainage on a daily mean temperature (Geiger, 1965) or
a2 rainshadow resulting from topographic variation (Corbett, 1967)
average out tc give a climatic value representative of the area of in-
terest. In this study only one siation was located at each altitude.
Because of this, it was impossible to tell how much of the variatién in
the data was due to change in elevation and how muich was due to micro-
climatic variation resulting from topographic diversity.

Geiger (1965) and Peattie (1936) described in detail the micro-
climatic variation that occurred from the north to south facing slopes.
Depending on the angle of the slope, exposure related to nearby slopes,
and aspect, the variation between the iwc slopes could be significant.
The stations involved in this study were located on a mountain crest, on

73
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north-facing slopes, and at the base of north-facing slopes. In view of
this, the values that resulted from this study were not applicatle to
the general climatic characterization of the Great Smoky Mountains.,

Thirdly, in many areas extreme values are more important than
mean values in eveluating plant-environment relationships because of
the tolerance limits for many species of plants (Daubenmire, 1968; Wang,
1963)., MNean values hide or smooth over extremes so that areas with
large ranges of climetic variables and resulting severe climates are
considered similar to climates with smaller ranges but similar means.

Cloud cover is very important in the energy balance of any area
(Pochop, et al., 1968). In an area with & high percentage of cloud
covey slope effects can be reduced by having received equal amounts of
diffuse radiation on both the north- and south-facing slopes (Geiger,
1965) or by having diurnzl iemperature ranges reduced (Sellers, 19€5).
Because of the rapid change of cloud cover and its irregularities,
standards set up by the International Meteorological Organization re-
quiring a minimum of three observations per day. evenly cdistributed,
must be met to obtain meaningful daily cloud cover values (Conrad and
Pollak, 1950). The cloud cover data for ihis study were collected by
visual observaticn cnce each day. Also> the cbservaticns were made at e
different time each day. Althoughk the dete did reflect altitudinal and
seasonal trends, thelr primary usefulness lay in the indication of trends
for which verificaiilon is needed.

Temperature normally decreases with an increase in elevation
(Peattie, 1936; Geiger, 1965). This was evident from the cdata presented

here. However, gracients could be modified by microclimatic effects
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associated with topography. Monthly means, mean maxima, and mean minima
generally decreased with altitude. The monthly mean minima, however,
did not show the pronounced decrease with altitude that the mean and
mean maximum temperatures did. This could probably be accounted for by
cold air drainage from the higher elevations through the valley of the
West Prong of the Little Pigeon River. The 3,850 ft. station was located
in a narrow, steep-sided pert of the valley where cold air drainage was
probably significant. The 1,460 ft. station was &lso located in an area
that would have received cold air drainage, but the effect was lessened
by an outlet in the valley so that cold air pooling would not result.
Geiger (1965) stated that cold air drainage may in fact cause low eleva-
tion stations to have colder minimum temperatures than higher stations.
This was particularly in evidence in the lengths of time between the dif-
ferent threshold temperatures. The occurrence of a low thfeshold temp-
erature was dependent on the last and first occurrence of the threshold
temperature as & minimur, In this study the £,300 ft. station showed
length of time between threshold temperatures to have varied similarly
to stations at lower elevations. The reason for this was probably‘the
effect of cold air dreinage on the lower elevatiorn stations causing the
last and first occurrence of the various threshold temperatures to occur
later and earlier, respectively.

In the Rocky Mountains temperatures do not decrease with altitude
on & straight line basis. As the elevation increases, the lapse rate
becomes smaller (Deubenmire, 195€). The same was found to have been
true ir the Smokies. The lapse rate from the 1,460 ft. station te the

3,850 ft. station was greater than the lapse rate froem the 1,460 ft.
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station to the 5,000 ft. station. This indicated that each additional
1,000 ft. increase in elevation was accompanied by a smaller change in
temperature than occurred in the previous 1,000 ft. The minimum lapse
rate helped to show the effect of cold air drainage on minimm tempera-
tures. The low minimum temperature lapse rate to all stations indicated
that the lowest station may in some months have had a minimum temperature
less than 4° F higher than the highest elevation station. Not only was
the lapse rate different depending upor altitudinal range, but lapse
rate was greater in the summer than in the winter. This indicated that
in winter there was a moderating influence to reduce the effect of alti-
tudinal change on temperature change.

With an increase in altitude the monthly temperature range de-
creases (Peattie, 1936). The temperature range date for this study
showed this to be true in the Great Smoky Mountains., Temperature fre-
quency tables showed that as altitude increased there was more concen-
tration of temperatures into a smaller distribution range. This could
be attributed to three factors:

1. A moderating effect on temperature by greater humidity At

higher elevations,

2, A moderating effect on temperature by greater cloud cover

at higher elevations.,
3. The inability of the less dense atmosphere to gain and lose
significant amounts of heat (Geiger, 1965).

Although there were microclimatic effects reflected in the tempera-

ture data, all elevational zones varied similarly through the year as

the r2 values in Table X, page 29, indicated. Even though the different
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areas did not react exactly as would have been expected; the generel
temperature changes for all stations showed no signs of influence on
any one station to cause its annual pattern of temperature to be sig-
nificantly different from the pattern of adjoining stations, and as
change occurred at the lowest station, a similar but smeller change
occurred at the higher stations (Tanner, 1963).

kelative humidity is the percentage of the moisture needed to
saturate the atmosphere which is actually present in the atmosphere
(Anderson, 1936). Relative humidity in stable conditions varies in=-
versely with air temperature (Fositer, 1948). This could be seen in the
hourly relative humidity data. As the hottest portion of the day ap-
proached, relative humidity dropped, and as the day began to cool, the
relative humidity rose. This was subject to modification as a result of
moist or dry winds. The relatiorship of relative humidity to tempersz-
ture indicated tha*t summer values should be lower than the winter ones,
but such was not trus in the Smokiez. The relative humicity freguency
tables show that relative humidity values were more concentrated toward
the saturated end of the scale ir the summer. In the colder months.
relative humidities were distributed over & broader range. In the sum-
mer the moisture capacity of the atmosphere is much greater than in the
winter. The combination of high relative nhumidity ard increased atmos-
pheric moisture capacity indicatecd that there was a greater supply of
moisture in surmer than in the winter. Tnis greater moisture supply
might have been the resutlt of intcreased evapotransciration.

tated that there is no

n

Daubenmire (1943} and Feattie {(1C2€}
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relatiorn between relative humidity and elevation. This appeared toc be
untrue in this study. There was a general trend toward increasing
monthly relative humidity means as altitude increased through the 5,000
ft. station. The 6,300 ft. station had relative humidity values similar
in magnitude to the 1,460 ft. station. This was probably a microclimetic
effect. The €,300 ft. station was on an exposed peak without protection
from the wind. The high wind movement across the peak probably lowered
the relative humidity by transporting the atrospheric moisture zwey from
the station to an area of a lower moisture concentration. The 5,000 ft.
station was also subject to wind movement (Russell, 1953), but fre-
guently clouds and moisture picked up from the valley below were fun-
nelled through the gap. This kept relative humidities high at the 5,000
ft. station.

Vapor pressure deficit is a much better indicator of atmespheric
moisture demanc than relstive humidity (Lnderson, 1936: Kittredge, 1948)
and is important in determining the magnitude of moisture stress in a
plant (Shaw and laing, 19£5; Kozlowski, 1968; Weatherly, 19€5; Slatyer,
1967). The altitudinal and seasonal variation in vapor rressure deficit
was based on the combined relations of temperature and relative humidity.
The 1,4€0 ft. station, which had the highest temperature and lowest
relative humidity, had the hichesit vapor pressure deficit. The €,300
ft. station had the second highest saturation deficit. Even though
temperatures were lower at €¢,300 ft., the relative humidity was also
low enough sc that a higher saturstion deficit occurred than at the
3,850 f+., and 5,000 f<. ststions. The 3,850 ft. stetion had the lowest

vapor pressure deficit of the four stations. This resulted from the
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combinatior of high relative humidity and cool temperatures. Conditions
at this station might have been influenced by the data collecting site.
Thick vegetation probably retarded the wind flow through the area and
permitted atmospheric moisture build-up (Shanks, 1954).

Vapor pressure deficit also followed an annual trend. Deficits
were largest in the surmer months in spite of high relative humidities.
This resulted from the higher temperatures which were accompanied by a
higher moisture demand to reach saturation. In the winter when relative
humidities were not as high as in summer, the saturation vapor pressure
of the atmosphere was small enough so that the difference between vapor
pressure and saturation vapor pressure was a smaller value than the cor-
responding value for summer.

Precipitation in the Great Smoky Mountains can generally be
classified as either cyclonic or orographic (Donley and Mitchell, 1939;
Dickson, 1959; Smallshaw, 1953). Orographic precipitation results from
moist air being lifted into a cooler zone where condensation occurs to
form droplets large enough to react to gravity and fall as rain (Burns,
1953; Elliot and Sheffer, 1962)., This is characteristic of higher_
elevations. Cyclonic reinfall is associated with frontal systems. Ele-
vation is not important in rainfall amounts unless a landform is high
enough to interfere with the movement of a system (Foster, 1948). Both
types of precipitation were common in the Smokies and each tyvpe probably
brought about different results.

Precipitatior normally increases with altitude until ar altitude

is reached at which the atmospheric moisture begins to diminish and
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precipitation amounts decrease (Donley and Mitchell, 1939). The Smokies
are not high enougk in elevetion so that there is a decrease in pre-
cipitation above a point of maximum precipitation. There was an excep-
tion to this which was probably a result of precipitation type and local
topography. In the winter months the 5,000 ft. station had greater pre-
cipitation than the 6,300 ft. station. Winter precipitation was pri-
marily of the cyclonic type. As the front approached the mounteins, it
might have been temporarily slowed or stopped by them. While the front
was moving across the mountains, a compression in the draws leading to
gaps might have occurred. As the front gained altitude, there was a
certain amount of funnelling effect through these gaps and higher amounts
of precipitation fell near the gaps than on nearby peaks. In the summer
much of the precipitation was orographic, and the highest stztions re-
ceived the highest amounts. As a result the €,300 ft. station had hicher
precipitation in the warmer months than did the 5,000 ft. station.

When considering the precipitation amounts of the €,300 ft. and
5,000 ft, stations, it must be kept in mind that wind is an important
factor in the measurement of true precipitstion (Helmers, 1954; Cofbett,
19€7; Brown and Peck, 19€2). The precipitation gauges used in this
study were equipped with alter shields which helped to compensate for
wind effect. Eowever, the 5,000 ft. station, located in Newfound Gap,
was associated with much air turbulence. This may have affected the
winter precipitation amounts which were the highest among the four sta-
tions. The data collecting station at £,300 fi. elevetion was also in
an exposed and windy site. This might have affected precipitstion mea-

surements.
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Total precipitation was measured in this study. This was neces-
sary to compare stetions without corrections of amounts collected de-
pending upon the possible sources of variation. In discussing plant
habitats, effective rainfall might be more important than the total.
Effective rainfall is the precipitation that reaches the soil. The
difference between the total and effective rainfall is accounted for by
interception, trapping, storing, and disposition of water without its
reaching the litter (Zinke, 19€7). Litter may also intercept appre-
ciable amounts of moisture (Eschners, 1967). Rogerson and Byrnes
(1968) stated that throughfall occurred only after .05 inches of pre-
cipitation in Fennsylvania hardwood forest and that only 80 per cent of
the summer precipitation reached the soil. Slatyer (1967) reported a
25 per cent loss of rainfell due to interception by spruce and fir and
a 7 per cent loss in beech. In considering the soil moisture regime of
an area, all intercepted precipitetion is not lost to the soil since
soil moisture losses due to evapotranspiration are reduced as long as
moisture is on the leaves. However, reductions in evapotranspiration
do not equal the amount of moisture intercepted (Thorud, 19¢7). Céﬁ-
parisons among stations in this study could be made because of uniform
precipitaetion sampling methods and equipment. Soil moisture calcula-
tions may be inaccurzte because total rather than effective precipite-
tion was used in the calculations.

The soil moisture balance showed an increazse in soil moisture
and a decreese in potential evapotranspiration with increasing altitude.

The use of this method mzy result in criticism for several reasons,



although Fitzgerald and Rickard (1960) and Zahner (1955) found good
agreement between computed and observed conditions using the Thorn-
thwaite method. To the contrary, Daubenmire (195€) said that this
method used mean climatic values when extremes might be of more import-
ance in the plant environment. Dickson (1959) stated that in the
Southern Appalachians evapotranspiration decreased with an increase in
elevation, but Daubenmire (196é8) said that evapotranspiration at 6,300
ft. was generally 2.5 times as high as at sea level because of reduced
atmospheric pressure. Daubenmire (1943) also stated that because of
other factors influencing evapotranspiration elevation was not a good
predictor of soil moisture.

The Thornthwaite method uses only temperature, precipitation,
and a correction factor for latitude to compute potential evapotrans-
piration and the soil moisture balance. Other researchers found other
climatic variables to be significant in determining soil moisture rela-
tions. Knoerr (1961), Bethlahmy (1953), Kittredge (1948), Kucera (1954),
and Neumann (1954) found vapor pressure deficit to be related to evapo-
transpiration. Johnston (1919), Kucera (1954), and Neumann (1954) found
that the combination of vapor pressure deficit and wind gave a higher
correlation with evapotranspiration., Johnston (1919) also found that as
vapor pressure deficit decreased, wind became more important. To the
contrary, Thornthwaite and Holzman (1939), Deacon (1958), and Budyko
(1963) stated that vapor pressure deficit was unimportant in determining
evapotranspirational restes. Evapotransriretion car still occur in an
area of low vapor pressure deficit as moisture is removed from the srea

by wind or by diffusion (Budyko, 19€3).
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Instead of determining evapotranspiration from temperature or
vapor pressure deficit data, Slatyer (1967), Foster (1948), and Budyko
(1963) stated that evapotranspiration is determined by:

1. Energy used in evaporation and transpiration.

2. A water vapor gradient allowing diffusion from the surface

of evaporation and transpiration.

3. Wind acting as the transporting agent.

Stearns and Carlson (1960) added soil and air temperature to energy,
wind, and vapor pressure gradient and got a .84 value for RZ using the
multiple regression method. Nash (1963) found that vegetation charact-
eristics were also to be added to the other climatic factors to get good
agreement between observed and calculated soil moisture as a result of
evapotranspiration.

If the assumption were made that vapor pressure deficit was a
significant variable in determining evapotranspirational rates, then it
would be necessary to revise the figures for the upper three stations
in the Smokies to account for very low vapor pressure deficits and
their effect. On the other hand, since wind was an important tranéport
mechanism of water vapor, it required a reising of evapotranspirational
rates at the 5,000 ft. and 6,300 ft. stations because of the windy nature
of the environment. From this discussion it could be seen that the po-
tential evapotranspiration and soil moisture balance values obtained in
this study were primarily important as values which integrated available
climatic veriables, temperature and precipitaztion, to give comparable
composite values for the four stations rather than true socil moisture

data,
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Associated with the soil moisture bslance is moisture stress on
a plant. lMoisture stress occurs when water loss due to transpiration
is greater than water gain due to absorption (Zahner and Stage, 1966;
Kozlowski, 1968; Weatherly, 1965). This condition can occur when soil
moisture is low and does not move to the roots (ares of lowest soil
moisture content) fast enough to keep up with the rate of ebsorption.
Moisture stress can also occur in well watered soils because of very
high transpiration rates due to a high atmospheric moisture saturation
deficit (Shaw and Leing, 1965; Kozlowski, 1968).

If the assumption were made that the soil moisture values com-
puted in this study were useful in evaluating the moisture balance of
the Smokies, there was agreement with Helvey and Hewlett (19€2). They
stated that in the high rainfall region of the Southern Appzlachians,
soil moisture was seldom, if ever, low enough to be limiting to the
vegetation. Patric, et al., (19€5) and Zahner (1967) stated that in
humid forest regions the shallow root zone was frequently supplied with
precipitation, Data from this study verified that rainfall was dis-
tributed evenly among the ststions and at frequent intervals in the
Smokies. The combination of high soil moisture, frequent wetting of
the surface horizons, and low vapor pressure deficits suggested that
moisture stress wes infrequent at the three upper stations in the
Smokies and might be of no consequence to the vegetation.

Much climatic research remains to be done in order to verify or
deny the implications of this study. The high elevations of the Great
Smoky Mountains provide a unique aree of study into evapotranspiration.

According to some authors, evapotranspiration should be high because of
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low atmospheric pressure and high wind, and others suggest it should be
an aree of low evapotranspiration because of low vapor pressure deficits
and low temperatures. The true value probably lies in the integration
of these different climatic variables.

According to Fowells (1965) most of the tree species in the
Great Smoky Mountain National Park occur in other areas characterized
by greater climatic extremes than occurred in the period involved in
this study. This leads the plant ecologist to question the validity of
microclimate as a sole parameter in the distribution of vegetation.
Actually climate is a factor in an integration of variables such as soil,
history, slope, aspect, parent material, etc., which determines the
range of a species. In the Smokies a group of species such as cove
hardwoods may correlate well with a group of climatic factors, but since
those species are not the only ones occurring in that climatic zone,
other limiting factors must be sought to help in the definition of spe-
cies range. The integration of these interrelating factors is a complex

problem which the ecologist is attempting toc achieve.



VI. SUMMARY

Between January 1, 1947, and December 31, 1950, hourly tempera-
ture and relative humidity end daily precipitation and cloud cover data
were collected 2t the 1,460 ft,, 3,850 ft., 5,000 ft., and €,300 ft.
elevations in the Grezt Smoky Mountains National Park. These four
years wWere part of a period of date collection extending from January,
194€, through March, 1951. These data were processed by a digital
electronic computer, IBM 7040, under the control of data surmary and
potential evapotranspiration programs. Selected stetistical tests were
employed to compare the similarity of variation in some monthly mean
values or to determine the decree of variation between some of the cli-
matic elements.

The findingzs showed that cloud cover increzsed with elevation
and decreased in the warmer part of the year. Temperature decreased
with elevation at a curvilinear rate. As altitude increased, the de-
crease in temperature per 1,000 ft. decreased. lazpse rate increased
from a minirum in Decembter-Jdanuary te & maxirum in July. Reletivek
kumidity alsc increased with altitude, except that microclimatic influ-
ences were strongly reflected in these cata. Wind probably reduced the
relative humidity at the €,300 fi. elevation enc leck of wand allowed
atmospheric moisture build-ur. Distribution of relative humidity had
greeter range in colder months than in the summer., Vapor pressure de-
ficit decreesed with elevetion: however, the cdiffsrence zmong the means
cf the three hirhest stzticns was smell. refliectiing the difference in

Bt



&7
temperature and relative humidity at the different elevations. Precipi-
tation increased with an increase in elevation; however, the two highest
stations showed the results of microclimate and precipitation type on
amounts collected. The 5,000 ft. station had the highest precipitation
in the winter when precipitation was predominantly cyclonic. The 6,300
ft. station had the highest rainfell in the summer when much of the high-
elevation precipitation was orogrsphic.

Soil moisture balance, calculated by the Thornthweite method,
reflected only the variation in temperature and precipitation. Wwhen the
assumptions were made that rooting depth was € feet and field capzcity
was 12.00 inches of water, soil moisture content increased and evapo-
transpiration decreased with an increase in altitude. Many other re-
search workers have stated that these two climatic elements are not suf-
ficient to czlculate water balance and other factors were suggested for
use in making such calculations,

The use of climate alone as the parameter for defining species
distribution in the Smokies has been omitted because species ranges re-

flect a complex of environmental factors beyond those analyzed here.
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APPENDIX A
DATA SUMMARY PROGRAM

INTEGER MMIR, MMRE, MRRN, TMNE, TSUM, RSUM, RMAX, RMIN
INTEGER RMN, ERNG, TSM6, RMNZ, RSME, STAT, DATL, DATE
INTEGER VP, VPD, TMLX, TMIN, TMN, TRNG, TMN2, RMN6
INTEGER WIML, WIMI, WIMN, STMN, WIMZ2, STM2, WTME, STME
INTEGER WRMI, WRMA., WRMN, SRMN, WRM2, SRM2, WEM&, SRME
INTEGER WIRN, WRRN, WTMX, STMX, WIMM, STMM, WRMX, SRMX
INTEGER WRMY,, SRMM, PREC, WPRE, WVPD, SVPD, FTEQ. FREQ
INTEGER DAY, DAYS, MONT, YR, MIMI, MIMX, MRMI, MRMX
INTEGER MMTX, MMTI, MTMN, MIM2, MTM2, MMRX, MMRI, MRMN
INTEGER MRM2, MRME, MVPD, MPRE, JF
DIMENSION FTEQ(22), FREQ(21), DATA(48), VP(101)
J=8

80 READ 81, (VP(K),K=1,100)

81 FORMAT (2€I3/2613/2513/2513)

136 YR=0

137 YR- YR+1

95 MONT=0

106 MONT=MONT+1

84 IF( MONT .EQ. 1) DAYS=31
IF(MONT . EQ. 2) DAYS=28
IF(MONT .EQ. 3) DLYS=31

96



IF(MONT .EQ.
IF(MONT .EQ.
IF(MONT .EQ.
IF(MONT .EQ.
IF(MONT .EQ.
IF(MONT .EQ.
IF(MONT .EQ.
IF(MONT .EQ.
IF(MONT .EQ.
76 DO 77 N=1,22
77 FTEQ(N)=0
78 IO 79 M=1,21
79 FREQ(M)=0
96 DAY=0
IF(J .LT. 8)

30 PRINT 31

4) DAYS=30
5) DAYS=31
6) DAYS=30
7) DAYS=31
8) DAYS=31
9) DAYS=30
10) DAYS=31
11) DAYS=30

12) DAYS=31

GC TC 107

31 FORMAT (1H , €E DATE , 4HSTAT, SE TMAX, 5H TMIN, SE TRNG, SH TMN ,

1 5H TMN2, S5E TMN6, SE EMLX, SE RMIN,

2 ZE RMN6, SE PREC, SE VPD)

J=1

107 DEY=DEY+1

10 READ 11, (DATA(I),I=1,48)

11 FORMAT (6X, (24I3/€X, 2413), 2X)

TMAX=0

TFIN=0

SH RRNG,

£u

ey

EMN

, SE RMNZ,



12
13

151
152
153
154

TRNG=0
TMN=0

TSUM=0

TSM6=0

TMN6=0

RMAX=0

RMIN=0

RRNG=0

RMN--0

RSUM=0

RMN2-0

RSM6=0

RMNE=0

DO 2 I=1,48

DATA(I)=DATA(I)*10

TMIN=DATA(1)

RMIN=DATA(2)

DO 14 I=1,47,2

IF(TMAX .IE, DATA(I)) TMAX=DATA(I)
TF(TMIN . GE. DATA(I)) TMIN=DATA(I)
F(DATA(I) .IT. O) GC TO 154
IF(DATA(I) .GE. 1000) GO TO 156
N=(DATA(I)/50)+2

GO TO 158

N=1

98



155 GO TO 158
156 N=22
157 GO TO 158
158 FTEQ(N)=FTEQ(N)+1
14 TSUNM~TSUV+ DATA( I)
15 TRNG=TMAX-TMIN
16 TMN=TSUM/240
17 TMN2={TMAX+TMIN)/20
DO 20 I=2,48,2
18 IF(RMAX .IE. DATA(I)) RMAX=DATA(I)
19 IF(RMIN .GE. DATA(I)) RMIN=DATA(I)
68 M=(DATA(I)/50)+1
69 FREQ(M)=FREQ(M)+1
20 RSUM=RSUM; DATA{I)
21 RRNG=RMAX-RMIN
22 RMN=RSUM/240
23 RMN2--/ RMAX+RMIN) /20
24 DO 25 I-1,41,8
25 TSME~TSME+DATA( I)
29 TMNS=TSME/60
26 DO 27 I=2.42,8
27 RSME=RSMS+DATA(I)
28 RMN6=RSM6/60
36 READ 37, DATE, STAT, PREC

37 FORMAT (If. TIi, I4)

\Q
O



141

85
8¢

87

88

89

g0

@ N O

IF(FREC .EQ. 2000) PREC=0000
IF(PREC .EQ. 3000) PREC=0000
IF(TMN-0) 86, 87, 87

K=1

GO TO 90

K=TMN

IF(100-RMN) 89, 89, 90
VPD=0

GO TO 3

VPD=(100-RMN)*VP(K)
TMAX=TVNAX/10

TMNIN=TMIN/10

TRNG=TENG/10

RMAX-RNMAX/10

RNIN=RIMIN/10

RRNG=RRNG/10

VPD=VPD/10

1ryJ .EQ. 1) GO TO 73

IF(J .GT. 1) GG TO 29

WITMA=0

WINI=0

WIM2=0

WTME=0

WRMI=0

WRMA=0
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75
39

WRMN=0
WRY.2=0
WRME=0
WIRN=0
WRRN=0
WIMX=0
WRMX=0
WRMM=0
WFPRE=0
WVPD=0
WTMF=0
WIMN=0
STMN=0
STr2=0
STM6=0
SRMN=0
SRM2=0
SEME=0
STMX=0
STMM=0
SRMX=0
SVPL=0
SRMM=0
IF(DLY .EQ. 1) GO TO 82

IF(DLY .GT. 1) GO TO 123
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82

122

124

MTMI=0
MTMX=0
MRMI=0
MMTX=0
MMT T=0
MMRX=0
MMRI=0
MTRN=0
MRRN=0
MTMN=0
MTM2=0
MTM6=0
MRMK=0
MR¥A=0
MRM2=0
MVPD=0
MPRE=0
MRMX=0
MMTR=0
MMRR=0
IF(s5 .EQ. 1) GO TC 58

IF(J .GT. 1) GO TO 50

58 WIMI=TMIN

60

50

WRMI=RMIN

IF(WTML .IE. TMAY) WTMA=TMAX



51
61
62
40
1
42
43
iy
45
b6
u7
48
49

IF(WIMI .GE. TMIN) WIMI=TMIN
IF(WRMA .IE. BMAX) WRMA=RMAX
IF(WRMI .GE. RMIN) WRMI=RMIN
STMX=STMX+TMAX
STMM=STMMs+ TMIN
STMN=STMN+TMN
STM2=STM2+TMN2
STME=STM6+TMN6
SRMX=SRMX+RMAX
SRMM=SRMM+RMIN
SRMN=SRMN+RMN
SRM2-SRM2+RMN2

SRME=SRME+RMNG

91 WPRE=WPRE+FREC

92

57

59

SVPD=SVPD+VPD

IF(DLY .EQ., 1) GO TO 57
IF(DAY .GT. 1) GO TO 59
MIMI=TMIN

MRMI=RMIN

MIMY=TMAX

IF(MTMI JGT. TMIN) MTMI=TMIN
IF(MIMX .IT. TMAX) MTMX=TMAX
IF(MR¥MI .GT. RMIN) MRMI=RMIN

IF(MRMX .IT. RMAY) MRIX=RMAX

103



104
74 MMTX=MMTX+TMAX
MMT 1-MMT I+ TMIN
MTMN=MTMN+TMN
MTM2=MTVM.2+TIMN2
MIME=MTMETMNG
MMRX=MMRX+RMAX
MYRI=MMR I+RMIN
MRM2-MRM2+RIN2
MRME=MRME+RMNG
MVPD=MVPD+VPD
MPRE=MPRE+FREC
MMTR=MMTE+TRNG
MMRR=MMRR+RRNG
MRMN=MRMN+RMN
32 PUNCH 33, DATE, STAT, TMAX, TMIN, TRNG, TMN2, TMN6, RMAX, RMIN, RMX,
1 RRNG, RMN2, RMN6, PREC, VPD
33 FORMAT (I6, 1M, 14I4)
34 PRINT 35, DATE, STAT, TMAX, TM.IN, TRNG, TMN, TMN2, TMN6, RMAX, -RMIB\I,
1 RRNG, RMN, RMN2, RMNE, PREC, VPD
35 FORMAT (1H , 16, 2%, 11, I6, 13I5)
J=d+1
142 IF(J .EQ. 8) GO TO 99
IF(J .IT. 8 .AND. DAY .IT. DAYS) GO TO 107
IF(J .1T. 8 .AND. DAY .EQ. DAYS) GO TO 83

99 WIRN=WTMA-WTMI



100 WRRN=WRMA-WRMI

93 WVPD=SVPD/?
52 WIMX=STMX/7
53 WIMM=STMM/7
54 WTMN=STMN/7
55 WIM2=STM2/7
56 WTME=STM6/7
63 WRMI=SRMX/7
64 WRMM=SRMM/7
65 WRMN=SRMN/7
66 WRM2=SRM2/7
67 WRM6=SRM6/7

97 PRINT 98

105

98 FORMAT (1H , SH WIMA, SH WIMI, SH WTRN, S5H WIMX, 5H WIMM, 5SH WTMN,

1 5E WIM2, S5H WIM6, SH WRMA, S5H WRMI, SH WRRN, S5H WRMX, 5K WRMY,

2 5H WRMN, 5H WRVM2, SH WRME, SH WPRE,

S5H WVPD)

120 PRINT 121, WIMA, WTMI, WIRN, WIMX, WTMM, WIMN, WTM2, WIM6, WRMA,

1 WRMI, WRRN, WRMX, WRMM, WRMN, WRM2, WRM6, WPRE, WVPD

121 FORMAT (181I5)
IF(DAY .LT. DAYS) GO TO 30

83 MMTX=MMTX/DLYS

MMT I-MMT I/DAYS
MIMN=MTMN/DAYS
MTMz=MTN2/DAYS

MIME=MTME / DAYS



106
MMEX=MMEX / DAYS
MMRI=MMRI/DAYS
MRMN=MRMN /DAYS
MRM2=MRM2/DAYS
MRMES=MRM6 / DAYS
MVPD-MVPD/DAYS
MMTR=MMTR /DAYS
MMRR=MMREK/DAYS
MIRN=MTMX~MTMI
MRRN-=MRMX~MRMI
101 CONTINUE
129 PRINT 133
133 FORMAT (1H ., SH MTMX, SH MTMI, 5H MRMX, S5H MRMI, GSH MMTI, 5H MMTX,
1 SH MMRX, S5H MVRI, 5K MMTR, SK MMRR, GSH MIMN, SH MIVM2, SH MTM6,
2 ©SH MRMN, SH MRM6, SH MRM2, S5H MVPD, SH MTRN, 5H MRRN, SE MPRE)
134 PRINT 135, MTMX, MTMI, MRMX, MRMI, MMI'I, MMTX, MMRX, MMRI, MMIR,
1 MMRR, MTMN, MTM2, MTME, MRMN, MRM6, MRM2, MVPD, MIRN, MRRN, MPRE
135 FORMAT (1H , 20I5) |
161 PRINT 162
162 FORMAT (4HFT1 , W4HFT2 , W4HFT3 , 4HFT4 , LHFTS , UHFT6 , U4HFT? ,
1 LHFT8 , 4EFTG , 4HFT10, 4HFT11, 4HFT12, 4HFT13, U4HFT14, 4HFT1S,
. UHFT16, 4HFT17, 4HFT18, LHFT19, LHFT20, UHFT21, 4HFT22)
163 PRINT 164, (FTEQ(N), N=1,22)
164 FORMAT (2214)

165 PRINT 166
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166 FORMAT (4HFR1 , 4HFR2 , 4HFR3 , 4HFR4 , UHFRS5 , WHFR6 , L4HFR7 ,
1 L4HFR8 , 4HFR9 , W4HFR10, 4HFR11, 4HFR12, 4HFR13, U4HFR14, 4HFR15,
2 YHFR1€, U4HFR17, 4HFR18, 4HFR19, 4HFR20, 4HFR21)
167 PRINT 168, (FREQ(M), M=1,21)
168 FORMAT (211I4)
138 IF(MONT .EQ. 12 .AND. YR .ILT. 3) GO TO 137
139 IF(MONT .EQ. 12 .AND. YR .EQ. 3) GO TO 105
160 CONT INUE
GO TO 106
105 CONTINUE
CALL EXIT

END



APPENDIX B
POTENTIAL EVAPOTRANSPIRAT ION PROGRAM

INTEGER IND, UDPE, CF, UADP, SMRT, DATE STAT, T, P
INTEGER DIN, YIN, DFE, PMPE, ACT, STC, MOD, MOS, TERM
INTEGER GRWS, AGW, SMB, MONT, DAY, YR, DAYS,

DIMENSION LIM(365), LIM(3€5), KLM(365), IND(€8),
DIMENSION UDPE(24,47), CF(365), UADP(20), SMRT(500)
DIMENSION DATE(365), STAT(365), T(365), P(365), DIN(365)
DIMENSION DPE(365), PMPE(365), ACT(365), STC(365)
DIMENSION MOD(365), MOS(365), GRWS(365), AGW(365)
DIMENSION SMB(365)

1 READ 2,(IND(J), J=1,68)

2 FORMAT (17I4/17I4/1714/171K)

3 READ 4, ((UDPE(K,L)., K=1,24), L=1,47)

L FORMAT (2412)

5 READ 6, (CF(I), I=1,365)

6 FORMAT (26I3/2613/2613/2613/2613/2613/2613/2613/2613 [2613/2613/

1 2613/2613/2613/2613/2613)

7 READ 8, (UADP(N), N=1,20)

8 FORMAT (2012)

% READ 10, (SMRT(M), M=1,500)

10 FORMAT (20T4/20I4/20I4/20Ik/2014/20I4 /2014 /2014 /2014 2014 /2014 /

)

20T4 /2074 /20 T4/ 2014 /2014 /20 T4 /20T4 /2014/20 10/ 20I4/2014/20T4/

20I4/20I4)

lab
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92
11
36
12
13
14
15
16
17
18
19

20

22
23
2k
25
2¢

27

29
30
34
32

YE=YE+1

YIN=0

M=1

DO 13 I=1,365

READ 14,DATE(I), STAT(I), T(I), P(I)
FORMAT {(If, T, EX%,I4, 36X, I4)
DO 19 I=1, 365

IF(T(I) .LT. 33) J=1

IF(T(I) .GE. 33) J=T(I)-31
DIN(I)=IND(J)

YIN=YIN4 DIN(I)

YIN=YIN/30

DO 35 I=1,3€5

TF(T(I) .1T. 34) GO TO-27
TF(T(I) .GE. 34 . AND. T(I) .LT. 81) GO TO 29
IF(T(I) .GE. 81) N=T(I)-80

DPE( I)=UADP(N)

GO TO 32

DPE(J}=0000

GO TO 32

K={(¥YIN-2500) /250)+1

L=T{I)-33

DPE( I)=UDPE(K,L)*CF(I)

CONT INUE

TF(T{I).LT. 34) LDM(I)=0
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IF(T(I) LT. 34) LIM(I)=0
TF(T(I) .GE. 81) LIM(I)=UADP(N)
IF(T(I) .GE. 34 .AND. T(I) .LT. 81) LIM(I)=UDPE(K,L)
86 P{I)=P(I)*100
PHPE( I)=P(I)-IPE(I)
IF(PMPE(I) .GE. 50 .AND. PMPE(I) .IE. 100) PMPE(I)=100
35 CONTINUE
37 DO 90 I=1.365
LV=0
IM=IM-PMPE( I)
IM-1M/100
LIM{ I)=1NM
MoeMe 1N
29 IF(M IT. 1) M=2
KIM( )=V
4O ACT(I}=SMRT(M}
71 IF(I .EQ. 1) GO TO 72
41 STC{I)=ACT(I)-ACT(I-1)
73 GO TO 42
72 STC(1)=0
42 TFIPMPE(I) .IT. 0) GO TO 45
43 TP(PMPE(I) GT. 0) GO TO 48
bi, TR{PMPE(I) .EQ. 0) GC TO 5¢

Lt MOD{ T)-(PMPE( T)/102)-STC{ 1)

47 GO TO 58



49
50
51
52

Sk
55
56
o7
58

90

120

121

83

TERM=PMPE ( I)+ACT( I)

IF(TERM .GT. 1200) GO TO 53
MOD(I)=0

MOS(I)=0

GO TC 58

MOS( I)=TERN=1200

MOD(I)=0

GO TO 58

MOS{I)=0

MOD{I)=0

IF(MOS{I) .GE. 50 .AND. MOS(I) .IE.

MOS(I)=MCS(I)/100
CONT INUE

PRINT 121, YIN

FORMAT (1H, 110)

DO 66 I=1,3€5

IF(I .EQ. 1) GO TO 63
AGW(I)=MOS(I)

GO TO €5

AGW(I)=MOS(I)

i GO TO 65

5 GRWS{ I)=(AGW(I)*9)/10

SMB( I)=ACT( I)+GRWS( I)
DO 85 I=1,365

P(I)=P(T)/100

100) MOS(I)=100

111

PRINT 84, DATE(I), STAT(I), T(I), DIN(I). CF(I), 1LI¥(I), DPE(I).



1 p(I1), PMPE(I), ACT(I), STC(I), MOD(I), MOS(I),

2 SMB{I), KIM(I), LIM(I)
84 FORMAT (1H , 18I6)

85 CONTINUE

105 MONT=0

104 MONT=MONT+1
IF(YR .IT. 8) GO TO 131
IF(YR .EQ. 8) GO TO 132

131 IF(MONT .EQ. 1 .OR. MONT
IF(MONT .EQ. 2) DAY=28
IF(MONT .EQ. 4 .OR. MONT
IF(MONT .EQ. 5 .OR. MONT
IF(MONT .EQ. & .OR. MONT
IF{MONT .EQ. 9 .OR. MONT
IF (MONT .EQ. 12) DAY=31

133 GO TO 130

132 IF(MONT .EQ. 1 .OR. MONT
IF(MONT .EQ. 3 .OR. MONT
IF(MONT .EQ. 4 .OR. MONT
IF(MONT .EQ. 7 .OR. MONT
TF(MONT .EQ. & .OR. NONT
TF{VMONT .EQ. 11) DAY=31

130 IF(MONT .EQ. 1) GO TO 122
TF(¥ONT .GT. 1) GC TO 125

122 KAP=1

EQ.

-EQ.
EQ.
-EQ.

EQ.

EQ.
-EQ.
EQ.
EQ.

EQ.

3) DAY=31

6) DAY=30
7) DAY=31
10) DAY=31

11) DAY=30

2) DAY=31
5) DAY=30
6) DAY=31
9) DAY=31

10) DA&Y=3C

112

AGW(I), GRWS(I),



|-
N
)

3 L0T=31

GO TC 127

KAP=10T+1

> LOT=10T+DLY

MACT=0

MGHRW-=0
MAGW=0

MP=0O

IC 11¢ I-KLF, 10T
FT=MT+T( D)

1 PE=MFE+DPE( I)
1FLFLP(I)

PP} PLFL+PMPE( I)
VACE= 0T ACT{T)
FNOLD=}H0T MOD{ T)
1140S=}MOS+MCS{ I)

S0
- dh -

Ty oy v
MAGW=2AGW- AGw \ .L)

FGRW=MGEI-GRWS{ I)
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100 MSIE=LSMEBE+SHE( I)

11C CONTINUE
113TC=MSTC/DLY
MACT=WACT /DLY
MT=MT /DLY
ISIR.NSMB/DLY
IONW=1GRW/DEY

FAGW=IAGW /DAY

101 PRINT 102, MT', MPE, MP, MPMF, MACT, MSTC, MMOD, MMOS,

s VSME

102 FORMAT (11 , 11I€)

IF(VCNT LIT.
TF(HONT WEQ.

103 CCNT INUE

F(Yx .EQ. 8) GO

IF(YR .IT. &) GC

91 CCNTINUE
CLll EXIT

ERD

GO TC 104

GO TO 103

TO 91

TO 92

114

MAGW, MGRV/,



APPENDIX C

TAELE XL

MONTHLY MEAN TEMPERATURES (DEGREES F) CALCULATED FRON 24-HOURLY
VALUES, DAILY MAXTMUM AND MINIMUYM, AND 4-HOUR INTERVAL VAIUES
AT THE 1,460 FT. STATION FOR 1947-1950

Month 24-Hour Mean Max-Min Mean 4-Hour Interval Mean
Jan, 42,7 43.5 L2.7
Feb. 40.0 40,5 40.0
var. 45,2 45,7 bs5,0
Apr. 55.5 54,0 54,7
May €3.5 €3.7 63.5
June €S.7 70.5 69.7
July 71.7 73.2 72.0
Aug. 70.0 71.7 70.2
Sept. €3.5 €5.2 4.0
Ozct. 55.7 58.0 5€.0
Nov. 42,0 43,0 42:0
Dec, 37.0 38.0 36.7
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11€

TABIE XLI

MONTHLY MEAN TEMFERATURES (DEGREES F) CALCULATED FROM 24~-HOURLY
JALUES, DAILY MAXIMUNM AND MINIMUM, AND 4-HOUR INTERVAL VALUES
AT THE 3,850 FT. STATION FOR 1947-1950

Month 24~Hour Mean Max-Min Mean L-Hour Interval Mean
Jan, 37.0 37.7 47,2
Feb. 33.2 34.5 33.2
Mar, ’ 36.7 39.0 37.7
Apr. 47,7 49,0 7.7
May 54,7 5€.5 55.2
June €1.0 6€2.0 61.2
July 62.5 €3.7 62.5
Aug. 61.7 €2.7 2,0
Sept. 56,2 57.5 56.7
Oct. 49,2 51.0 49,5
Nov. 36.2 37.2 36.2
Dec, 32.0 32.7 32.0
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TABIE XLII

MONTHLY MEAN TEMPERATURES (IEGREES F) CALCULATED FROM 24-HOURLY
VALUES, DAILY MAXIMUM AND MINIMUM, AND 4-HOUR INTERVAL VALUES
AT THE 5,000 FT.STATION FOR 1947-1950

Month 24~Hour Mean Max-Min Mean L-Hour Interval Mean
Jan, 35.0 35.2 35.0
Feb, 30.7 31.7 30,7
Mar, 33.5 3.2 33.7
Apr. 44,0 45,2 L4 .2
Mzy 52.5 54,2 54,7
June 57.0 61,0 58.5
July 57,2 61.2 59.5
Aug, 57,0 61,0 58,7
Sept. 53.7 55.7 53.7
Oct. 48,5 50.5 48,5
Nov, 3L.7 35.5 35.0
Deo, 31.2 31.2 31.2




TABIE X1LIII

MONTHLY MEAN TEMPERATURES (DEGREES F) CALCULATED FRON 24-HOURLY
VALUES, DATLY MAXIMUM AND MINIMUY¥, AND 4-HOUR INTERVAL VALUES
AT THE 6,300 FT. STATION FOR 1947=1950

Month 24-Hour Mean Max-=Min Mean L-Hour Interval Mean
Jan. 33.2 32,5 32.2

Feb, 28,7 29.5 28.7

Mar. 32.3 33.0 32.6

Apr. L4o.5 41.0 Lo.5

May L4L9.2 50.2 49,2

June 55 .0 56C5 55 o0

July 5€.5 58,0 5€.7

Aug. 56,0 55.0 56,2
Sept. 51,5 53,5 52,0

Oct. L6,7 48,5 L6.5 -
Nov. 34.0 35.0 34.5

Dec, 30.5 31.0 30,5
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