
University of Tennessee, Knoxville University of Tennessee, Knoxville 

TRACE: Tennessee Research and Creative TRACE: Tennessee Research and Creative 

Exchange Exchange 

Masters Theses Graduate School 

12-1969 

A Comparison of Climatic Elements at Four Elevations in the A Comparison of Climatic Elements at Four Elevations in the 

Great Smoky Mountains National Park Great Smoky Mountains National Park 

Luther Allin Stephens Jr. 
University of Tennessee - Knoxville 

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes 

 Part of the Life Sciences Commons 

Recommended Citation Recommended Citation 
Stephens, Luther Allin Jr., "A Comparison of Climatic Elements at Four Elevations in the Great Smoky 
Mountains National Park. " Master's Thesis, University of Tennessee, 1969. 
https://trace.tennessee.edu/utk_gradthes/1430 

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and 
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE: 
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu. 

https://trace.tennessee.edu/
https://trace.tennessee.edu/
https://trace.tennessee.edu/utk_gradthes
https://trace.tennessee.edu/utk-grad
https://trace.tennessee.edu/utk_gradthes?utm_source=trace.tennessee.edu%2Futk_gradthes%2F1430&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1016?utm_source=trace.tennessee.edu%2Futk_gradthes%2F1430&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:trace@utk.edu


To the Graduate Council: 

I am submitting herewith a thesis written by Luther Allin Stephens Jr. entitled "A Comparison of 

Climatic Elements at Four Elevations in the Great Smoky Mountains National Park." I have 

examined the final electronic copy of this thesis for form and content and recommend that it be 

accepted in partial fulfillment of the requirements for the degree of Master of Science, with a 

major in Botany. 

E. E. C. Clebsch, Major Professor 

We have read this thesis and recommend its acceptance: 

H. A. Fribourg, H. R. DeSelm 

Accepted for the Council: 

Carolyn R. Hodges 

Vice Provost and Dean of the Graduate School 

(Original signatures are on file with official student records.) 



December 3, 1969 

To the Graduate Council� 

I am submitting herewith a the sis written by Luther Allin 
Stephens ,  Jr . ,  entitled ".A Comparison of Climatic Elements at Four 
Elevations in the Great Smoky Mountains National Park. •• I recommend 
that it be accepted for nine quarter hours of credit in partial ful­
fillment of the requirements for the degree of Master of Science , with 
a major in Botany . 

Major Profe s sor 

We have read this the sis 
and racommend its acceptance: 

I / 

.Accepted for the Council� 

Vice Chancellor for 
Graduate Studie s and Re search 



A COMPARISON OF CLD'.tAT IC ElEMENTS AT FOUR 

ELEVATIONS IN THE GREAT SMOKY 

MOUNTAINS NAT IONAL PARK 

A The sis 

Pre sented to 

the Graduate Council of 

The University of Tenne s see 

In Partial Fulfillment 

of the Requirements for the Degree 

Master of Science 

by 

Luther Allin Stephensp Jr. 

December 1969 

q 1JS8ihu 



ACKNOWI.EIXJMENTS 

For his sugge stion of this study and helpful advice during the 

study, the author is  indebted to Dr. E. E. C. Clebsch, Appreciation 

is expre s sed to Drs . H .  R .  DeSelm and H. A. Fribourg for their advice 

and critici sm of the manuscript. Y�. Tom Elmore, of The University of 

Tenne s see Computing Center, ha s also been of great service in an ad­

visa� c apacity pertaining to the writing of the computer programs. 

Appreciation also goe s  to the Tenne s see Valley Authorityp Hy­

draulic Data Branch, who cooperated by permitting the use of the data 

on which this study was based . Appreciation is also expre ssed to the 

National Science Foundation who partially supported the cost of com­

puter operations through the NSF Re search Grant No. GB-6103. 

The author must acknowledge assistance given by his wife, Sarah 

Lee Stephens, who assisted in the preliminary typing and editing of the 

manuscript. 

ii 



ABSTRACT 

Between J anuary lr 19479 and December 31, 1950, hourly tempera­

ture and relative humidity and daily precipitation and cloud cover data 

were collected at the 1P460 ft.P )9850 ft.P 5 , 000 ft.P and 6,)00 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 �mrch0 1951. These data were processed by a digital 

electronic computer, IBM 7040r under the control of data summary 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. Temperature decreased 

with elevation at a curvilinear rate. As altitude increased, the de­

crease in temperature per lpOOO ft. decreased. Lapse rate increased 

from a minimum in December-,January to a maximum in July. Relative 

humidity als� increased with altitude, except that microclimatic influ­

ences were strongly reflected in these data. 1-Jind probably reduced the 

relative h�idity at the 6,300 fto elevation and lack of wind allowed 

atmospheric moisture build-up. Distribution of relative humidity had 

greater range in colder months than in the summer. Vapor pressure de­

ficit decreased �th elevation; howeverr the difference among the means 

of the three highest sta�ions was smallP 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 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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I. JNTRODUCTION 

The Great Smoky Mountains National Pa1k is  an area with excep­

tional opportunitie s for ecological re search. The diverse flora and 

fauna have made this area the object of many studie s  of organism­

environment relationships. In spite of this, there has been no attempt 

to characterize the d�tails 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 e lement , precipitation . 

There were four objective s to this study which attempted to fill 

a portion of the void in the climatological characterization of the 

Smokie s: 

1. To provide a detailed de scription of the climate of the 

Smokie s ,  by elevation. 

2.  To provide a climatic de scription 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 e levations being studied .  

4. To determine the fea sibility of making predictions about 

upper elevation climatic conditions from conditions occur­

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

This study u sed data originally collected in a cooperative program 

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

Tennes see Valley Authority. Stations were set up in Tennes see  and North 
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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 collecte d  from J anuary 1 ,  1947 , to De ce mber 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 inte re st. 

Three of the four stations were located in Sevier County, T en­

ne ssee . The four stations were located along a south to north line. 

The Park Headquarters station wa s 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 u sed to collect data for the Park 

Headquarters station. The Alum C ave Bluff Parking P�ea 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 cre st of the mountains. The fourth, the Clingman's 

Dome station, was located in Swain County, North Carolina, at an eleva­

tion of 6 , 300 ft . 



Geology 

II. DESCRIPTION OF STUDY AREA 

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 (King, 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 ),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, 1954; 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, 1956; 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 pennsylvanica L. F.) and yellow birch replaced the 

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

Oosting and Billings, 195)). 

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 as 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' }1cCrackenl et al., 19621 

Oosting and Billings, 1951) . 

5 

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 (Wolfev 1967 ). 

The ),850 ft. station was situated o n  a valley deposit of al­

luvium derived from the Ramsey soil material upslope. Hubbard, et sl. v 

( 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 (10460 ft.) was located on s 

typical level, bottom land soilP Staser fine sandy loam. This also is 

an alluvial soil derived from Ramsey soil material. In extensive areas 

along streams and in valleys, this soil is agriculturslly important due 

to its high organic matter content, availabil�ty 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 
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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 (Trewartha9 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 (Trewartha0 1966� Dicksonp 1960 ) . 

The period of minimum precipitation9 October0 co:incides with the 

return of the polar frontp 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 (Trewartha0 1966� 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 (Shanks0 1954i 

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 60)00 ft. based on 28 years of data (T. V. A.0 196? ) .  The 

42 and 28 years represent the length of time precipitation records had 

been kept for the 10460 ft. and 6 , 300 ft. stations. The monthly pre­

cipitation means did not always show the steady increases of precipita­

tion with altitude0 since the 50000 ft. station showed higher precipita� 

tion than the 60300 ft. station in the w1nter months. This might have 
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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) o 

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 lp460 fto sts.tion to tne 6,300 ftc station 

(Shanks, 1954). Long-term temperature data were not avs.ilable 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 climatic 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 climatically to the spruce-fir zone 

of the White Mountains of Vermont (Oosting and Billings, 195l) o 



III. METHODS 

Data Collection -
The equipment used in data collection was described by Shanks 

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

original 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 equivalent rainfall was recorded. Sky 

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

cloudy, overcast, or fog. The cloud cover was recorded once e ach day as 

the result of a visual observation. The observation for a station was 

usually l hou� later than the observation at the preceding station. The 

obse�ations were made in order from the 1,460 ft. station to the 6,300 

ft. station. 

Prior to data processL�g, the books in which temperature and rela­

tive humidity were logged were scanned to check for missing data. Since 

the stations were checked daily t missing data were usually linli ted to a 

few ho�rs on a single day. Ir. 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 �imum or minimum temperature, 

and with this in mind, values were calculated by interpolation to fit the 

rnQ�sing hours. The gaps frequently were only 1 or 2 hours long but ceca� 

:=ionally extended for 6 or 8 hours. Thesa computed values were then in­

s6rted in place of �he missing data. 

Data SQ�ary Program 

The hourly temperature and relative h!llll..idity 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 L�to daily, 

8 
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weekly, and monthly values was written for the IBM ?040 c omputer. The 

c omputer output also included mach2ne punched cards bearing the daily in­

formation to be used in a subsequent program for the calculation of poten­

tial evapotran spiration. The daily values computed were temperature maxi-

mum0 m.inimump range0 mean based on 24 hourly value sp mean based on maximum 

and minimum0 and mean based on value s taken at 4-hour intervals .  The same 

data were computed for the relative humidity. The daily amount of pre­

c ipitation was also printed. In addition0 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 value s 

and dividing by seven except in the determination of temperature and rela­

tive hum.idity maximumv minimumv and range. The weekly value s computed 

were maximum and mininrum0 mean maximum and minimum0 range0 and means ba sed 

on maximum-minimum0 hourly values� and 4-hour interval value s. The se were 

calculated for both temperature and relative humidity. Total precipita� 

tion and mean vapor pre ssure deficit were also determined on a weekly 

basis. 

The monthly valu�s were also c omputed by summation of daily mean 

values for the specified number of days and division by that number of 

days except for monthly maximum, minimumr and range for both temperature 

and relative humidity. In addition to those values0 mean maximum0 mini� 

mum, and ranger and monthly means based on the three sets  of value s pre� 

viously mentioned were calculated f or both te mperature and relative hu= 

midity. Total precipitation and a value for mean vapor pre ssure deficit 

were also included. 

For each month the distribution of tempe rature and relative humid� 

ity data was studied. The distribution was derived by examining each 

hourly value and adding one to the number of value s already in its class. 

For relative humidity 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 rela­

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 datep 

station number, daily mean temperature, 1 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 temperaturep potential evapotranspiration9 precipitation, precipita­

tion minus potential evapotranspiration, mean soil moisture content, 

storage change from the preceding month, monthly moisture deficit and 

surplus, available gravitational water, gravitational water storager 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. 
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values were assigned to field capacityo 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 Ana1ysis 

After compilation of data into daily, weeklyp and monthly valuesp 

monthly values were then graphed to examine visually the seasonal or 

elevational variationo 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 during the year, weather variations with movement of frontal sys­

tems into the areav and other information necessary for a complete cli­

matic characterization of the Great Smoky Mountains. 

Coefficients of determination ( r2) 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 rangeo Monthly 

meanp mean maximumv and mean minimum temperatures at the 3P850 ft.v 

5v000 ft., and 6v300 ft. stations were correlated with the corresponding 

values at the l v 460 fto 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 meanv mean maximumv and mean 

minimum temperatures with the 3P850 ft.v 5p000 ftov and 6v300 fto sta= 

tions as the dependent variables and the lv460 ft. station as the 
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independent variable. Regression equations were also calculated to ex­

press the relationship between the lp460 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 lowp 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, 19601 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, 



soil moisture content9 and total soil moisture balance when calculated 

qy the two different methods. Chi square value s were calculated for 
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the comparison of potential evapotranspiration ( daily basis) with po­

tential evapotranspiration (monthly basis)9 soil moisture content (daily 

basis) with soil moisture content ( monthly ba si s ) ,  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 Iv IIv III, and IV. 

The percentage of days with a certain type of cloud cover showed three 

general trends. Firstp Februaryv Mayp 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, usually 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 unfavorable for cloud formationu and 40 per cent to 60 per cent 

cloud cover is usually a transitional occurrence. Thirdly v 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 Y�rch period9 but at the 5�000 ft. and 6,300 ft. sta� 

tions there was a smaller maximum in July. 

Te�erature 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 (Wangp 1963) . Howeverr photo�thesis and respiration 

may be minimal even though temperatures are above freezing (Conrad and 

Pollak, 1950� Peattie, 1936)v 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 



Month 

Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug� 
Sept. 
Oct. 
Nov. 
Dec. 

TABlE I 

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

Scattered Partly 
Clear Cloudiness Cloud:i: Cloud;y Overcast 

14.5 12. 1 8.4. 26.4 36.2 
23. 2 23.2 5.4 5. 3 42.0 
23. 4 14.5' J. l  15.3 42. 8 
30.8 18.3 4.2 20.0 26. 7 
40. 3  21.8 3. 2 21.8 12.9 
25. 8 22.5 9.2 23.3 19.2 
33.9 27.4 4.8 16. 1 17. 8 
37. 1 16.9 3.4 20.1 22.5 
32.5 25.8 0.8 15. 0 24. 2 
37. 1 22.5 2.5 13. 3 24. 1 
29.2 21.2 1.6 21.9 26. 7 
33.1 12.1 2.4 15.3 36.3 
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Fog 

2.4 
0.9 
0.8 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
2.5 
2.6 
0.8 



Month 

Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

TABlE II 

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

Scattered Partly 
Clear Cloudiness Cloud;y: Cloud;y: Overcast 

16 . 9  8.9 5 . 0  25. 0 41. 0 
28.6 18.8 o.o 18.7 33. 9 
26.6 12. 1 4 . 8  12.1 42. 5 
25. 8  17.5 4.3 20.0 31. 6  
29. 3 19 .. 4 2 . 2  24.2 24.1 
11.6 27.5 8.5 25.8 26.6 
18.5 22 . 6  5.6 29.3 24.0 
15 . 3  26 .6 4 . 0  33.0 19. 3 
23.3 31.1 5 .8 24.9 14. 1 
43 . 5  20.9 4o4 9.1 22 .1  
33.3 14. 2  2.5 17.5 30. 0 
36. 3  11.3 1.7 13. 7 )4. 6 
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Fog 

3.2 
o.o 
0. 8 
0.8 
0.8 
o.o 
o.o 
0.8 
0.8 
o.o 
2.5 
2. 4 



Month 

Jan. 
Feb. 
1-'J.B.r. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

TABlE III 

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

Scattered Partly 
Clear Cloudiness Cloudy Cloudy Overcast 

28.6 6.6 3.6 16. 3 39.3 
26. 8 15.2 2.7 14.3 34.7 
26. 6 12. 9 3.4 12.9 39.4 
26. 6 15.8 7.0 18.3 30.7 
25.8 23. 4 4.9 18. 5 18.5 
12. 5 30. 8 6. 0 30.0 17. 4 
12.9 23.4 8. 9 23.4 29.8 
12. 1 26. 5 8.3 25. 8 26.5 
22. 5 21.6 6. 0 30.8 17. 5 
36. 3 19.8 2.9 14.5 26.5 
35. 0 15.8 2. 7 11.6 33.3 
33.1 10. 5  2.5 15. 3 )4.6 
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Fog: 

6. 6 
6.3 
4.8 
1.6 
1.6 
3.3 
L6 
0.8 
1.6 
o.o 
1.6 
4.0 



Month 

Jan. 
Feb. 
Mar. 
Apr . 
May 
June 
July 
Aug . 
Sept. 
Oct. 
Nov. 
Dec. 

TABlE IV 

SUMMARY OF OCCURRENCE OF PER CENT CLOUD COVER FOR 
1947-1950 AT THE 6,300 FT. STATION 

Scattered Partly 
Clear Cloudine ss Cloud:y Cloud;y Overcast 

23.4 7.3 2.5 18.5 39.5 
23. 6 16.1 3.4 12.9 33.3 
17. 8 ll.6 6. 6 16.0 )8. 3  
24. 2 17. 5 6.7 13.3 33.3 
23. 4 23. 5  3. 1 16.9 25.8 

9.2 24.2 4.2 27.5 29.1 
7. 3 16. 1 6.5 30.6 31.4 
8.9 19o4 4.8 )6.3 27.4 

17.5 25.8 1.7 29.2 21. 6 
28.2 20.9 1.0 14.5 28.1 
32.5 16. 2 3.4 14.2 27. 4 
)4.6 13.7 2.5 11.3 31. 4 
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Fog 

8. 8 
10.? 

9.8 
5. 0 
7.3 
5.8 
8.1 
3.2 
4.2 
7.3 
3.3 
6.5 
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spring and the first occurrence in the fall of these temperatures are 

0 60 recorded in Table V. For the 32 F and 3 F temperatures similar pat-

terns appeared. Consecutive number of days declined with the increase in 

altitude, but the number of consecutive days at the 60300 ft. station cor-

responded more closely to the number for the 10460 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 increased9 occurre nce was later in the year except for the 6, 300 

ft. station Where the date of last occurrence either preceded or was near 

the date for the l p 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 36° F was just as expected with that tempera= 

ture having been reached earlier in the year except for the 6P300 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 3u850 

ft. station. The data for the 39850 ft. station were more similar to the 

data for the 69300 ft. station than to the data expected for a station 

that was located between the 19460 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 lapse rate varied either seasonally or altitudinally, 

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



TABlE V 

MEAN NmrnER OF DAYS BETWEEN TEE LAST OCCURRENCE 1N SPRJNG AND 
THE FIRST OCCURRENCE 1N FALL OF 32° F 9 36° F p AND 400 F AS 

MJNJMUM TEMPERATURES AND TEE AVERAGE DATE OF THE LAST 
AND FIRST OCCURRENCE OF MJN IMUM  TEMPERATURES 

Avgo Date Avgo Date 
Number of of Last of First 

Temperature Station Consecutive Dais Occurrence Occurrence 

32° 1460 155�75 .Hay 3 Oct . 7 
3850 152.25 May 4 Oct . 4 
5000 148.00 May 9 Oct . 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 YJ.ay 14 Sept. 27 

400 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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maximum, 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. 
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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 ��an 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 fto 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 
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TABlE VI 

TEMPERATURE LAPSE Rt,TES (DEGREES F) PER 1p 000 FT. BASED ON !-lEAN, 
MEAN MAXll1UM, AND MEAN MINIMUM TEMPERATURES FOR 1947-1950 

AT ElEVATIONS OF 1,460 FT. TO 3,850 FT. 

Mean Temp. Maxo Temp. Min . Temp. 
Month La:E5e Rate La£5e Rate La£5e Rate 

Jan. 2.40 3. 64 L38 
Feb. 2.82 3.55 1.25 
Mar. 3.65 3.34 2.30 
Apr. 3.23 3. 47 1.67 
l"lBy 3.65 4.47 1. 88 
June 3.65 5.35 1.75 
July 3.86 5.85 2.21 
Aug. 3.44 5.77 1. 75 
Sept. 3.02 5.52 L67 
Oct. 2. 71 5.02 .62 
Nov. 2.40 4.26 .75 
Dec. 1.98 3.89 .62 
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TABLE VII 

TEMPERATURE LAPSE RATES (DEGREES F) PER 1p000 FT. BASED ON MEAN, 
MEAN MAXJMUM, AND MEAN MINIMUM TEMPERATURES FOR 1947-1950 

Month 

Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

AT ElEVATIONS OF 1p460 FT. TO 50000 FT. 

Mean Temp. 
Lapse Rate 

2.16 
2.61 
).45 
).24 
.3.10 
.3.10 
). 95 
.3.17 
2. 74 
2 • .32 
2 • .32 
1.54 

Max. Temp. 
Lapse Rate 

).5.3 
).47 
4.0.3 
4.0.3 
).95 
4 • .32 
4.60 
4.46 
4.29 
.3.81 
) . 44 
J.JJ 

Min .  Temp. 
Lapse Rate 

1.27 
1.27 
1. 92 
1.41 
1. 27 
1.18 
2 • .34 
1.8.3 
1.6.3 

. 22 

. 84 

.28 
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TABlE VIII 

TEMPERATURE lAPSE RATES (DEGREES F) PER 1, 000 FI'. BASED ON MEAN, 
MEAN MAXJMUM, AND MEAN MINIMUM TEMPERATURES FOR 1947-1950 

AT ElEVATIONS OF 1,460 FI'. TO 69300 FI'. 

Mean Temp. Max. Temp. Min. Temp. 
Month lAEse Rate 1-B .. Ese Rate LaEse Rate 

Jan. L64 3.03 1.11 
Feb. 2.31 J.l6 1.13 
l'.lB.ro 2.68 3.51 1.42 
Apr. 3.19 4.33 1.50 
May 2.92 4.)8 L19 
June ).04 4.54 L28 
July 3.14 4.4o 1.92 
Aug. 2.83 ).98 1.69 
Sept. 2.47 J.14 1.44 
Oct. 1.85 ).57 .41 
Nov. 1.64 2.93 .51 
Dec. 1.28 2.54 .24 



higher rates in late spring 9 summer, and early autumn did exist . The 
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monthly minimum lapse rates were consistently lower than the me a n  lapse 

0 0 rates ranging from 0 .5 F to 2 . 5  F lower. 

Table IX shows the mean, absolute maximum, and absolute minimum , 

and mean maximum 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 c orresponded to 

the months in which precipitation amounts were the lowest p and the range 

was lowest in the months in which the precipitation was highest . The 

r2 values for a c orrelation of monthly range with monthly precipitation 

were . 527 , .053, . 095 v and . ?54v arranged from the 1 0 460 ft. to the 

6P 300 ft . stationp respectively. 

The monthly mean temperatures v as stated previouslyv were calcu­

lated on three different bases . The mean using 24-hourly readings per 

day was c onsidered the true mean . As stated in the methods9 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 yea rs 

and at all elevations the C hi square values obtained in each  comparison 

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



TABLE IX 

MONTHLY MEAN , MEAN Y.!AXJMUM AND MEAN M1NTI1UM r AND NAXJMUM AND 
MJN JMUM TEMPERATURES ( DEGREES F)  FOR TEE HOTTEST AND 

COLDEST MONI'HS AT THE 1 ,  460 FT .  , 3 ,  850 FT . , 5 ,  000 
FT . , AND 6 , 300 FT. STATIONS FOR 1947-195 0 

Hottest and 1 , 460 Ft. .3 , 850 Ft. 5 , 000 Ft. 6, 300 Ft . 
C olde st Months Station Station Station Station 

Colde st Month Feb . Feb . Feb . Feb , 
Mean Temp . 40 . 0  33 . 2  30 . 7  28 . 7  
Mean Max. Temp . 53 . 0  44 . 5  40 . 7  37 . 7  
Mean Min . Temp . 27 . 7  24 . 7  23 . 2  22 . 2  
Abs . Max .  Temp.  81 66 65 60 
Abs .  Min . Temp .  2 -5 -8 -12 

Hotte st Month July July July July 
Mean Temp . 71 . 7  62 . 5  5 7 . 2  56 . 5  
Mean Max . Temp .  86 . 5  72 . 5  70 . 2  65 . 2  
Mean Min . Temp . 60 . 5 55 . 2  5 2 . 2  51 . 2  
Abs .  Max . Temp . 100 89 89 80 
Abs .  Min. Temp . 44 41 .39 41 

26 



Legend 

--- 1,460 ft . 

- - - - -:$50 ft . 

- - :\000 ft . 

32 - · · - 6;300 ft . 

30 

28 

26 \ 
24 

rx.. 
tl) 22 
Q) 

Q) 
� 20 bO 
8 

18 

16 

14 

12 

10 

J F H A E J J A S 0 N D 
�onth 

Figure 1 .  Monthly mean temperature range ( degre e s  F )  for 
1947-1950 for the 1H-60 ft . ,  3B50 ft . ,  5POO ft . r and 6JOO ft , stations ,  
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larger Chi square . The data u sed in the comparisons of monthly tempera­

ture means are pre sented in Table s XL0 XLI, XLIIP and XLIII� Appendix C .  

The conclusion wa s  that the relative ease in obtaining maximum and mini­

mum temperatures for each day made this the preferred basis for c omputing 

a daily mean to be used in deriving a monthly me an .  If the daily mean 

were to be used for purpose s other than computation of monthly means 0 

then the 2�hour mean would be preferable since variation of as much as  

5 or 6 degree s occurred between the true and the max�min mean for 1 day . 

The mean ba sed on 4=-hour interval value s wa s the same a s  the true mean 

50 per cent of the time with deviation mostly of 1° F per day0 occasion­

ally 2° F per day0 and very rarely 3° F per day . 

When monthly mean0 mean maximumr and mean minimum temperature s 

for the ) 0 850 ft . 0  5 0 000 ft . 0  and 6 0 )00 ft . stations were te sted for 

correlation with the 1 0 460 ft . station to determine the uniformity of 

variation among the stations p  the r2 value s were all very high (above 

. 900) 0 indicating that the general pattern of seasonal temperature varia� 

tion was the same for all stations . A s  might. be expected0 the r2 value s 

decreased as  the distance between the base station and the other stations 

increa sede Table X give s the r2 value s f or the se relations and the re= 

gre ssion equations which expre s s  the relationship between the ba se station 

and each individual station. 

Table s XIv XII0 XIII0 and XIV give the frequency of temperature s 

in groups of 5° F range s .  The value s in the t.able s are in percentage 

of the total number of hourly readings for the month . The line s in each 

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

should be noticed o The bulk of each table ( area between cut�off line s ) 



TABlE X 

CORRELATION AND REGRESSION RELATIONS BETWEEN THE 3 0 850 FT .  r 

5 v 000 FT . p AND 6 v 300 FT .  STAT IONS P�D THE 1 0 460 FT .  
STAT ION FOR THE MONTHLY MEP� r MEAN MAXIMUMu AND 

MEAN MINIMUM TEMPERATURES ( DEGREES F) 
FOR 1947�1950 
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Temperature 
r2 Regre ssion 

GrouE X y Eguation 

Mean 1460 3850 o 993 y = =2 .63 + . 914X 

Mean 1460 5000 o 974 Y = =L 13 + . 836X 

Mean 1460 6300 . 968 y = =l.  98 + . 819X 

Max .  1460 3850 . 987 y = =1 . 04 + . 860X 

Max. 1460 5000 . 901 y = -3 . 93 + . 856X 

Max. 1460 6300 . ?89 y = 0 .88 + . ?54X 

Min .  1460 3850 . 9?8 y = = . 809 + . 930X 

:tJ!..in .  1460 5000 . 973 y = - . 224 + . 897X 

Min .  1460 6300 . 966 y :=- . 395 + . 858X 
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TABlE XI 

DISTRIBUT ION OF HOURLY TEMPERATURES IN PER CENT OF TOTAL 
NUMBER OF HOURLY VALUES PER MONTH AT THE 1 , 460 FT .  

STAT ION FOR 1947- 1950 

Temp . 
Class  Jan . Feb. Mar . Apr . May June July Apg . Sep . Oct. Nov , Dec. 

< 0° F 
0° F - 4° F 
5° F - 9° F 

10° F - 14° F 
15° F - 19° F 
20° F - 24° F 
25° F - 29° F 
30° F - 34° F 
35° F - 39° F 
40° F - 44° F 
45° F - 49° F 
50° F - 54° F 
55° F - 5 9° F 
60° F - 64° F 
65° F - 69° F 
70° F - 74° F 
75° F - 79° F 
800 F - 840 F 
85° F - 89° F 
90° F - 94° F 
95° F - 99° F �100° F 

0 . 1 
0 . 1 0 . 2  0 . 1  
0 . 6  0 . 1 0 . 6  0 . 7  
1 . 3  0 . 2 ! 1 . 8  
3 . 0  �1.6' 4 . 6  
5 . 6  8 . 9  5 . 5 5 . 3  11 . 3  
8 . 5 10 . 0  8 . 7  12 . 4  15 . 0  

11 . 7 11 . 9 11. 9 0 . 5 l 3 ' 4  11 . 3 15 . 1  
10 . 3  1 2 . 6  9 . 1  1 . 9  5 . 2  10 , 4  11 . 6  
11 . 0  10 . 1  10 . 8  7 . 6  3 . 3  8 . 5 11 . 8  8 . 8  
11 . 9  7 . 6 10 . 0  10 . 9  6 . 8  0 . 1  5 . 0  9 . 6  12 . 5  8 . 4 

8 . 6  8 . 9  8 . 5  9 . 2  10 . 3  2 . 9  8 . 9  13 . 0  10 . 4  6 . 3  
7 . 7 8 . 7 9 . 1  12 . 2 13 . 1  7 . 5 4 . 9 7 . 7  13 . 7  15 . 7  8 . 1  6 . 3  
5 . 4 6 . 3  9 . 2  13 . 0 14 . 8  16 . 2  15 . 0  17 . 4  19 . 5  13 . 6  6 . 7  4 . 7  
7 . 2  3 . 6  6 . 4 10 . 9  10 . 9  17 . 2  21 . 8  22 . 8  14 . 0  9 . 4  4 . 7  3 . 0  
5 . 6  3 . 0  3 . 9  11 . 3  11 . 4  13 . 9  15 . 1  13 . 1  10 . 5  9 . 9  1 . 9  1 . 7  
o.6 o.4 2 . 4  6 . 1  11 . 6  11 . 9  11 . 6  11 . 8  7 . 7  6 . 2  o . 8  
0 . 1  1 . 2  3 . 6  9 . 1  11 . 5  12 . 2  12 . 7  7 . 3  2 . 1  0 . 2  

0 4. 2 8 . 8  9 � 8  8 . 2  5 . 6  0 , 6  
0 . 1  o . 6  4 . 6 5 . 3  2 . 2 1 . 3  

o.s  o.6 0 . 5 
0 . 03 
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TABlE XII 

DISTRIBUTION OF HOURLY TEMPERATURES IN PER CENT OF TOTAL 
NUMBER OF HOURLY VALUES PER MONTH AT THE 3 9 850 FT .  

STATION FOR 1947�1950 

Temp . 
Class  Jan " Feb . Mar a  Apr . May June July Aug . S�. Oc� . Nov o  De c . 

0° F 
<0° F - 4° F 

5° F - 9° F 
100 F - 140 F 
15° F - 19° F 
20° F - 24° F 
25° F - 29° F 
30o F - J4o F 
35° F - 39° F 
40° F - 44° F 
45° F - 49° F 
50° F - 54° F 
55° F - 59° F 
60° F - 64° F 
65° F - 69° F 
70° F - 74° F 
75° F � 79° F 
80° F - 84° F 
85° F - 89° F 

0 . 2  0 . 5  O o 8  
0 . 4 2 . 0  O o l  0 . 3  
1 .  2 . 2  O o l  T:r 
2 . 3  3 o5 2 . 0  3 o 1  
4 o 2  5 . 6  3 . 5 6 o 2  
6 o 6  7 . 8  7 o l  � 6 , 8  12 o 2  

10 . 2  11 o 2  12.5  O o 1  l o 8  14 o 2  18 o 0  
11 .8  17 o O  14. 3  0 o 7 3 o  9 14 .4 16 . 7  
ll o 9  12 . )  13 o 3  ? o l  3 . 3  1 .5 7 . 9  ll o ?  13 o 7  
12 . 8  13 . 3  12o 3  12 . ?  6 . 9  0 . 4  0 . 1  5 o 6  12. 6 16 . 0  11 o 8  
14 . 2  11 . 2  11. 1  16 . 9  14. 0  2 o 2  2 . 3  8 . ?  13 o5  1J o 6  9 . 2  
17 . 2  8 . 1  8 .4 17 . 4  19 . 1  8 . 4  5 o 7 6 . 1  18 . 1  21o 2  10 o 9  6 o 0  

5 o 6  3 o 3  5 o ?  13 . 0  19 . 6  19 . 6  19 . 0  21 . 1  23 o 0  22 .5 3 o 5  1 . 2  
O o  3 o 0  ? o 9  13 o 7  27 . 3  32. 2  33 . 0  23 o 2  11 o 3  1 o J  I O o4 
O o 2  1 o  4 . 8  10 . 2  19 . 5  21. 9  23 . 8  11o 9  3� O o4 

O o  3 . 6  6 . 9  10 . 9  11. 7  10 " 8  5 . 0 J 0.5 
0 . 1  l o )  2 o 7  4 . 9  4 . 9 2 .� 0 . 06 

O o 03 0 . 3  1 . 0  1 . 8  1 . 4  .66 0 . 2  
O o 06 C . l 0 . 03 0 . 3  
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TABlE XIII 

DISTR IBUT ION OF HOURLY TEMPERATURES IN PER CENT OF TOTAL 
NUMBER OF HOURLY VA LUES PER MONTH AT TEE 5 v 000 FT. 

STATION FOR 1947-1950 

Temp . 
Cla s s  Jan . Feb . l'.!8.r. Apr . May June July Aug . S� . Oct . Nov ,  De c �  

< 0° F 
0° F - 4° F 

5° F - 9° F 
10° F = 14° F 
15° F - 19° F 
20° F - 24° F 
25° F - 29° F 
30° F � 34° F 
35° F - 39° F 
40° F = 44° F 
45° F = 49° F 
50° F � 54° F 
55° F � 59° F 
60° F = 64° F 
65° F - 69° F 
70° F - 74° F 
75° F - 79° F 
80° F - 84° F 
85° F - 89° F 

0 . 3 1 2
.�.. 

0 . 9  
� 1 . 2  0 . 4  0 . 2 0 . 2  
1 . 4  3 . 5  2 . 5  0 . 1  0 ,  1 . 3  
2 . 9  4 . 3  3 . 6  I�. .3 . 3 . 8  
7 . 0  5 . 7  7 . 3  1 . 8  4 . 1  8 . 1  

10 0 3 8 0 3 9 0 0 2 0 2 0 0 06 0 0 7 . 1  10 0 7 
11 . 6  16 . 5  12 . 0  4 . 4  0 . 6  L 1  11 . 5  14 . 0  
15 ' 3 16 . 6 13 0 8 6 . 7 �:4j . 

5 • 7 13 . 0 17 0 4 
14. 8  14 . 1  14. 8  11. 3  3 . 2  l 0 . 7  0 . 03 3 . 8  8 . 8  17 . 8  17 . 6  
14. 4  16 . 1  13 . 3  17 . 1  8 . 0  1 . 3  0 . 3  7 . 2  21 . 1  17 . 0  13 . 7  
15 . 4  6 . 7  9 . 4  21 . 1  17 . 9  6 . 3  3 . 7  2 . 9  10 .5  25 . 7  15 . 4  8 . 5 

4 . 8 7 . 8  15 . 3  26 . 0  14 .1  10 . 0  15 .5 23 . 1  20 . 3  
o. 3 . 6  8 . 5  16 . 7  30 . 1  36 . 6  38 . 2  28 . 9  10 .1  �=-' 

1 . 4  5 . 2  11 . 4  24. 2  24 . 4  25 .4 13 .4  4 .5  
0 . 31 � · 7  7 . 0  12 . 6  13 . 5  10 . 4  7 . 0  1 .  
0 . 1 �� 4  4 . 8  6 .5 7 .1 5 o 2  . 6  0 . 2  

o.JU_ . 3  2 . 9  2 . 9 1 . 5 . o. s  o .os 
0 . 2 0 . 7 o.6 o . 2  o . os 

0 . 03 0 . 1  0 . 3  



TABlE XIV 

DISTR IBUT ION OF HOURLY TEMPERATURES IN PER CENT OF TOTAL 
NUMBER OF HOURLY VA LUES PER MONTH AT THE 6 p JOO FT • 

STAT ION FOR 1947-1950 

Temp .  

JJ 

Cla s s  Jan o Feb o Mar . Apr . May June July Aug . Sep. Oct . Nov . Dec . 

<0° F 
0°  F - 4° F 
5° F - 9° F 

100 F - 14° F 
15° F - 19° F 
20° F - 24° F 
25° F - 29° F 
J0° F - J4° F 
35° F - 39° F 
40° F - 44° F 
45° F � 49° F 
50° F - 54° F 
55° F - 59° F 
60° F � 64° F 
65° F - 69° F 
70° F - 74° F 
75° F - 79° F 
80° F - 84° F 



shifted slightly toward c ooler temperature s a s  the e levation of the sta� 

tions increased o Secondly 0 the minimum cut-off line varied 50 per cent 

to 100 per cent more than the maximum cut-off line a s  the bulk of tempera­

ture s varied seasonally o Because of this the cold months had a wider 

distribution of temperature s and the July hourly temperature value s were 

concentrated into a smaller range o 

T able XV g ive s monthly mean r mean maximum0 and mean minimum tempera­

ture s for all stations o  A consistent rise to a peak in July occurred for 

all three mean s .  Table XV I  shows that the extreme value s f or each month 

followed the same pattern as the means � however v  the peaks for s ome of 

the value s occurred in August instead of July . 

When the monthly mean temperature s for the 4 years were te sted 

against the long=term monthly me ans ( norm) for the 1 0 460 ft o station 9 the 

difference wa s not significant 0 although the norm was higher 11 of the 

12 month s .  The te st showed a probability of obtaining a larger Chi square 

value to be greater than o 995 o  Thi s indicated that 0 although the 4 year 

means were consiste nt ly  low. the difference was not significant o 

Relative Humidity-.} 

Because of the nature of relative humidity P it i s  only briefly 

discu s se d o  For instance 0  a relative humidity of 90 per cent at 68° F 

require s only half a s  much moi sture to reach saturation a s  a 90 per cent 

relative humidity at 87° F o Re lative humidity i s  used primarily a s  an 

indicator of atmo spheric moisture saturation o F or this reason vapor 

pre s sure deficit is calculated from temperature v relative humidityD and 

vapor pre s sure for a specific temperature o 



M 

J 
F 
M 
A 
M 
J 
J 
A 
s 
0 
N 
D 

TABLE XV 

MONTHLY MEAN ,, MEAN Y.LAXlMUMu AND MEAN M m lMUM TEMPERATURES 
( DEGREES F ) AT THE 1 � 460 FT, j 3 � 850 FT , , 5 9 000 FT. 9 

AND 6 p JOO FT ,  STAT IONS FOR 1947�1950 

35 

14b0 
Mean Tem:E •  

b200 
Mean Max , Tem:E • 

1460 :2820 ,2000 6:200 14b0 
Mean Ydn . TemE• 

:28,20 ,2000 J820 ,2000 6JOO  

42 . 7  .37 . 0  35 . 0  3.3 . 2  54. 7  46 . 0  42 . 2  40 . 0  J2 . 7  27 . 0  28 . 2  27 . 3 
40 . 0  .33 . 2  J0 . 7  28 . 7  53 . 0 44 . 5 40 . 7  37 . 7  27 . 7  24 . 7 23 . 2  22 . 2  
45 . 2  )6 . 7  JJ . 5  J2 . J  5 9 . 0  51 . 0  44 . 7  42 . 0  31. 5  26 . 0  24 . 7  24 . 6  
55 . 5  47 . 7  44 . 0  4D .5 70 . 5  62 . 2  56 . 2  49 .5  4D . O  J6 . o  35 . 0 32 . 7 
6J . 5  54. 7  5 2 . 5  49 . 2  79 o 7  69 . 0  65 . 7  58 o5  48 . 5  44 . 0  44 . 0  42 . 7  
69. 7  61 . 0  5 7 . 0  55 o 0  85 o 5  72 . 7 70 . 2  6.3 . 5  5 6 o 2 52 . 0  52 o 0  50 o 0  
71 . 7  62 . 5  57 . 2  56 o 5  85 . 5  72.5  70 . 2  65 o 2  60 . 5  55 o 2  5 2 . 2 5L 2 
70 . 0  61. 7  57 . 0  56 o O  84 . 5  70 . 7 68 o 7  65 . 2  59 . 2  55 o 0  5 2 . 7  51 . 0 
6.3 . 5  56 . 2  53 . ?  5L5 79 . 7  66 .5  64 . 5  61 . 5  5.3 . 0  49 . 0  47 . 2  46 . 0 
55 . 7  49 . 2  48 o 5  46 . 7  73 . 0  6L O .5 9 . 5  55 . 7 4J . O  41 . 5  42 . 2  41 . 0 
42 . 0  .36 . 2  J4 . 7  )4 . 0  57 . 2  47 . 0 45 . 0  4J . O  JO . O  28 . 2  27 . 0  27 . 5  
37 . 0  32 . 0  31 . 2  30 . 5  51 . 0  41 . 7  .39 . 2  J8 . 7  25 . 2  23 .7 24 . 2  24e 0  



Month 

Jan. 
Feb. 
ha r .  
Apr . 
May 
June 
July 
Aug . 
Sept . 
Oct . 
Nov. 
Dec . 

TABlE XV I  

MONTHLY Jv'.JI.XJMUM AND MIN IMUM TEMPERATURES ( IEGREES F )  FOR THE 
1 , 460 FT . , 3 , 850 FT . , 5 , 000 FT. , AND 6 , 300 FT. 

STAT IONS FOR 1947�1950 

1 , 460 Ft .  3, 850 Ft .  5 , 000 Ft. 6, 300 Ft. 
Max. ¥.in .  Max . Ylin . Max . Min. Max . Ydn . 

80 -3 64 -4 60 -6 57 -8 
81 2 66 -5 65 -8 60 -!1..2 
86 8 82 4 71 3 64 0 
91 17 85 9 79 9 67 6 
94 27 8 7  24 82  23 74 25 
99 42 85 35 86 35 77 38 

100 44 89 41 89 39 80 41 
99 49 83 42 86 45 81 40 
93 30 83 29 77 27 75 29 
88 19 7 6  20 80 16 74 16 
82  3 69 -11 71 - 11 70 -17 
74 5 61 2 57 2 60 1 



The relative humidity information f or the period 1947-1950 

(Table XV II) shows that there was an annual cycle . January and August 

had the highe st mean monthly relative humiditie s ,  and the lowe st oc� 

curred in April . A sec ondary low occurred in Novembe r .  The 1� 460 ft . 

and 6 � 300 ft . stations were c onsistently the lowest with overlap be­

tween the two . The 3 , 850 ft . station had the highe st set of monthly 

relative humidity means � but the 5 , 000 ft . station showed little dif­

ference from the 3 v 850 ft . station o Relative humidity means were high 

for all stat ions v with 14 of the 48 months involved being over 90 per 

cent ,  and 43 of the 48 be ing over 80 per cent . 
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The relative humidity frequency table s ( T able XV III , 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 line s 

( exclude s frequencie s of le s s  than 1 per cent ) follow approximately the 

same curve a s  the monthly mean value s if they were plotted on a graph . 

This means that in July and August the range of re lative humidity was 

not as large as in the other months with more of the hourly value s con­

centrated at the higher end of the scale . The wide st distributional 

range occurred in different months at the different stations .  

Wnen the max-min mean and the 4-hour interval mean were te sted 

against the true relative humidity me an, the probability of getting a 

larger Chi square wa s greater than . 995 for all stations using the 4-hou� 

interval mean . Howeve r p  there wa s a . 500 probability of getting a larger 

Chi square value for the 1 , 460 ft . station � . 750 at the 3 p 850 ft . station, 

. 950 at the 5 , 000 ft . station , and gre ater than . 995 at the 6 v 300 ft . 



Month 

Jan . 
Feb. 
M�::- .  
Apr . 
¥la y  
June 
J""..lly 
Aug . 
Sept . 
Oct . 
Nov .  

TABlE XV II 

MEAN MONTHLY PER CENT F..ELAT IVE HUMIDITY AT THE 1 , 460 FT .  r 

3 o 850 FT. v 5 r 000 FT . ,  AND 6 v 300 FT .  STAT IONS 
FOR 1947�1950 

1 � 460 Ft .  3 � 850 Ftc 5 0 000 Ft . 
Station Station Station 

86 94 89 
81 89 86 
74 86 84· 
72 82 81 
81 87 86 
86 92 92 
88 95 94 
8 9  96 94 
87 95 93 
86 95 87 
84 90 84 

6P 300 F't o  
Station 

83 
79 
80 
80 
82 
89 
92 
93 
88 
82 
76 
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TABlE XV III 

DISTR IBUT ION OF HOURLY RELATIVE HUMIDITY VALUES IN PER CENT OF 
THE TOTAL NUMBER OF MONTHLY VALUES AT THE 1 , 460 Ft . 

STAT ION FOR 1947-1950 

R .  H .  
Cla s s  Jan . Feb . Mar . Apr . May June July Aug .  Sep . Oct . Nov .  Dec . 

0 . 06 
. 0 . 2  · 0 . 1  ' 0 � 1  ' 0 . 3  0 . 1  

0 . 1  O . J C , 7 0 . 7  0 . 2  0 . 4  _ _ � .J 0 . 2  
0 . 3� --0 -2:7·2:01. 0 . 6  l ' L8-r1L 0 . 7  
0 . 3 �  2 . 3  3 . 3  3 . 5  1 . 5  1 0 . 1  0 . 4  0 . 1  ; 0 . 9  1 . 5  � 
T:O 2 . 1  5 . 3  4 . 2  1 . 9  I O . 'Z_  0 . 2  0 . 6  ; 1 . 6  2 . 0 1 . 1  

4 1 r� 1 . 3 2 .  3 . 5  3 . 8  3 . 7  1 . 3 1_ � 0 . � _ _) 1 . 3  2 . 2  1 . 8  1 . 7  
1 . 9  3 . 5  4 . 0  4 . 3  4 . 0  2 . 5  1 . 2  1 . 6  2 . 7  2 . 7  3 . 1  1 . 9  
2 . 6  3 . 1  3 . 9  4 . 1  3 - 5  2 . 9  2 . 2  2 . 5  3 .8 2 . 8  2 . 9  1 . 9  
3 . 3  3 . 8  4 . 0  4 . 6  3 . 5  3 . 3  3 . 4  2 . 8  3 . 2  3 . 0  2 . 7  2 . 6  
3 . 7  J . 6  4 . 1  3 . 5  3 - 7  3 . 8  3 . 6  3 . 4  J . J  2 . 2  2 . 6 2 . 9  
4 . 2  3 . 4  3 . 9  4 . 1 3 . 4  3 . 4  4 . 1  2 . 9  3 . 1  2 . 7  3 . 4  3 . 1  
4 . 2  J . 1  3 . 9  4 . 0  2 . 3  3 . 7  J . 8  3 . 1  3 . 0  2 . 3  3 . 0  3 . 7  
3 . 7  3 . 1  3 . 1 4 . 7  2 . 5  4 . 3  J . 4 2 . 5  2 . 6  2 . 2  2 . 1  3 . 2  
2 . 4  2 . 7  2 . 8  3 . 2  2 . 7  3 . 2  3 . 1  3 . 3 2 . 6  1 . 5  1 . 7  2 . 3 
3 . 0  2 . 6  J . 1  2 . 3  2 . 9  J . 1  J . 1  2 . 8  2 . 3  1 . 5  2 . 1  3 . 1  
2 . 4  2 . 4  2 . 3  2 . 2  2 . 1  1 . 9 1 . 8  2 . 3  2 . 3  1 . 3 1 . 8  2 . 7  
2 . 0  2 . 5  2 . 3  2 . 3  2 . 1  2 . 5  2 . 1  2 . 9 2 . 2  1 . 6  2 . 2  3 . 4  
3 . 0  2 . 4  2 . 1  1 . 9  2 . 4  1 . 7  2 . 1  2 . 2  1 . 8  1 . 3  1 . 5  2 . 6  

5 9 . ? 55 . 2  44.0 43 . 6  5 6 . 1  60 . 9  63 . 9  66 . 8  68 . J  68 . 0  63 . 1  60 . 5  
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TABlE XIX 

DISTRJBUT ION OF HOURLY RELATIVE HUMIDITY VALUES IN PER CENT OF 
THE TOTAL NUMBER OF MONTHLY VALUES AT THE 3 , 850 FT .  

STAT ION FOR 1947-1950 

R . H .  
Cla s s  J a n .  Feb . Ymr .  Apr . Y�y June July Aug . Sep. Oct . Nov .  Dec . 

0 . 1  
0 . 03 0 . 03 0 . 3  til" 0 . 03 0 . 06 0 . 06 
0 . 06 0 . � �-§J L 5  0 . 1  . 0 . 1  0 . 3  0 . 2  

0 . 1  Q.,_,:u L 3  2 . 6  _0_!5 0 . 3  �-f) __ 0 . 3  
0 . 2  1 . 1  2 . 3  2 . 5  1 . 5  0 . 2  0 . 7 r 1 . 1  � 0 . 6  
0 . 3  1 . 7  2 . 9  3 . 4  2 . 8  0 . 2  0 . 06 0 .5 1 . 2  � 
0 . 6  1 . 9  2 . 3  2 . 9  2 . 3  0 . [  0 . 3  0 . 03 0 . 1  !1.�.3 1 . 7  1 . 3  
0 .  9 1 .  9 2 .  6 3 .  3 2 .  9 'i: 41 0 .  8 0 .  2 0 • 3 1 1 .  9 1 .  8 1 .  9 
0 .8 2 . 6  2 . 4  3 . 8  3 . 5  2 . 1  �8 0 . 4  ,__<h_9 __ 1 . 4  1 . 7  1 . 7  
1 . 2  2 . 6  2 . 0  3 . 4  2 . 9  2 . 9 l . fl o . �  1 1 . 2  2 . 1  2 . 0  2 . 2  
1 . 2  2 . 7  2 . 6  3 . 3  2 . 8  2 . 3  1 . 9  L��§� 1 . 8  2 . 1  2 . 6  1 . 6  
1 . 5  2 . 7  2 . 6  3 . 4  3 . 1  3 . 2  2 . 3  1 . 6  2 . 5  2 . 0  2 . 9  1 . 9  
2 . 4  2 . 2  2 . 9  2 . 8  3 . 0  2 . 5  2 . 0  2 . 0  2 . 5  1 . 8  1 . 8  1 . 7  
2 . 6  3 . 1  3 . 5  3 . 3  3 . 1  3 - 7  2 . 4  3 . 3  2 . 6  2 . 5  2 . 9  2 . 2  
3 - 7 3 . 1  2 . 8  2 . 8  2 . 5  2 . 5  2 . 1  3 . 1  . 2 . 6  2 . 8  3 . 4  2 . 7  
4 . 3  4 . 0  4 . 2 4 . 0  2 . 3  3 . 2  2 . 8  3 . 3  3 . 1  3 . 6  4 . 4  4 . 1  
4 . 8  5 . 0  4 . 3  3 . 2  2 . 3  3 .7 3 . 5  3 . 9  3 . 8  3 . 7  4 . 3  4 . 4  

74. 6  63. 3  59 . 5  52 . 2  63 . 6  70 . 5  5 9 . 4  80 . 4  78 . 3  72. 8  66 . 6  71. 6  
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TABlE XX 

DISTRIBUTION OF HOURLY RELATIVE HUMIDITY VALUES IN PER CENT OF 
THE TOTAL NUMBER OF MONTHLY VA LUES AT THE 5 , 000 Ft . 

R .  H .  
Class 

o<f;- 4% 
5<t- 9% 

10%-14% 
15%-19% 
20<f;-24% 
25%-29% 
30%-34% 
35%-39% 
40%-44% 
45%-49% 
50%-54% 
55%-59% 
60%-64% 
65%-69% 
70%-74% 
75%-79% 
80%-84% 
85%-89% 
90%-94% 
95%-99% 

100% 

STAT ION FOR 1947-1950 

Jan. Feb . Mar . AEr • Ma;y: June July Aug .  SeE· Oct . Nov . Dec . 

0 . 1  
0 . 4 
T.Tt 0 . 5  0 . 4  
0 . 8  1 . 4  1 . 1  
1 . 7  1 . 5  2 . 1  
1 . 7  2 . 5  2. 9  
1 .4  2 . 9  4.4 
1. 3 3 . 3  3. 7  
1 . 8  3 . 6  4. 3 
1 . 9  3 . 5  3 . 3 
2 .4  2 . 9  2 . 9  
2 .5  3 . 3 3. 8 
1 . 9  2 . 5  3 . 5  
2 . 9 2 . 8  3 . 4  
2 . 5  2 . 6  3 .. 4 
2 . 8  3 . 3  3 . 3  
2 . 5  3 . 2 3. 4  

0 . 2  
1 .4 ! 0 . 1  
2 . 2  LQ_� 0 . 06 
4 . 2 2 . 0 ; 0 . 1  
3 . 5  3 o 2 r  O . J  0 . 1  0 . 03 

0 . 2  
0 . 1  
0 . 1  

0 . 06 0 . 8  
o . 1  r·r:4 
0 . 1 ; 1 . 5  
0 . 3 1 2 . 1  

3 . 6 
4 . 1  
4 . 7 

2 . 7 ! 0 . 6  0 . 2  0 . 1  0 . 7 : 3 . 2  
1 . 9  L o .• �- � -?�f1)� . .. 2 .6 3 . 6  

3 . 7 2 . 5  1 .  1 .2  1 . 9  3 . 2 
3 . 9  3 . 9  3 . 3 2 . 6  1 . 0  2 . 4  3 . 0 
4 .7  4 . 4  3 . 9  3 . 4  2 .5 2 . 9  3 . 7  
4. 3 3 . 5  3 . 6  2 . 8  2 .3 3 .4  2 . 6  
5 . 2  4 . 6  4 . 7  3 .8 3 . 1 3 . 8  3 . 3 
4 . 6 4 . 6  3 . 9  4.4  3 .8 3 . 5  2 . 9  
3 . 7  5 . 5  5 .4 5 . 1  4 . 9  4 .4  J . 9  
3 . 7  5 . 7  4 . 4  4 . 6  3 .7  3 . 8 3 - 9 

0 . 1  
0 . 1 0 . 8  r- - -

!_q_ •. 7. t  2 . 0  
2 . 4  � 1 . 1  

1 . 1  2 . 8  
2 . 5  2 . 0  
3 . 8  3 . 1  
3 . 8  3 . 0 
3 .8 3 . 0 
3 .8 3 . 5  
4 . 0 4 . 1  
3 . 2 2 . 8  
3 . 0 2 . 8  
3 . 4  2 . 6  
3 .4 2 . 3 
3 . 7  2 . 6  
2 . 7  1 . 7  

69 . 3 59. 3 53 . 3  45 . 1  51. 2  64. 7  70 . 2  76.5  70 .5  61. 2  55 . 2  57 . 5  
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TABlE XXI 

DISTRIBUTION OF HOURLY RElATIVE HUMIDITY VALUES IN PER CENT OF 
THE TOTAL NUMBER OF MONTHLY VALUES AT TEE 6 0 300 FT .  

STAT ION FOR 1947-1950 

R .  H .  
Class Jan. Feb . Mar . Apr . May June July Aug . Sep. Oct . Nov .  De c .  

0 . 1  0 . 1  0 . 1  
o . 4  o . 4 0 . 2  o . o3 y . o�- 9:9�-� o . 6  
0 . 7  0 . 6  0 . 3  0 . 09 ! L 2 . 0  L.Q.<:�--
Y� J- 1 . 3  1 . 3  0 . 3  0 . 03 O . l i 2 . 0  2 . 0  3 . 7 
1 . 6  1 . 8  1 . 7  0 . 5  0 .2 0 . 2 [ 2 . 0  2 .6 5 . 7  
2 0 1  2 0 5 2 .  0 1 .  6 T:2l 0 0 2 0 0 1 �-Q..&J 1 .  8 4 0 0 6 0 2 
2 .6 3 . 0  3 o 5  2 o 0  l o 8  I 0 . 3  0 . 1  I 1 . 4  2 . 1  3 . 8  5 . 9  
2 . 4  3. 7 4 . o  2 . 5  1 . 6  � o . o6 1 1.1 2 . 5  3 . 4  4 .  9 
2 o 5  3 o 5  3 . 6  2 o 7  2 o 4  1 . 0 1 0 . 09 O o l  I 1 . 6  3 . 1  3 . 7  4 . 7  
2 . 5  2 o 8  3 .2 2 . 8  4 .0 l o O I O o 2  0 . 5  1 . 4  3 . 0  3 . 2  4 . 5  
2 .  7 2 o 6 4 .  4 3 .  1 3 .  7 2 o 3 1 0 .  8 _Q_��-� 2 .  0 2 .  1 3 .  2 2 o 8 
1 .  6 2 0 3 5 0 7 2 .  9 3 .  8 2. 3 �3J 1.1  1 .  5 2 0 7 2 0 8 2 0 1 
1 . 8  2 . 4  3.4 3 . 4  4 . 9  2 o 5  1 . 9  1 . 9  3 . 0  2 . 9  2 . 9  3 . 3  
1 . 7  2 . 3  2 . 7  3 . 3  3 . 5  2.9 3 . 1  1 . 9  2 . 7  3 . 8  3 . 0  1 .6 
1 . 5  3 . 3  2 . 9  3 . 1  3 . 9  4 .5 3 . 6 3 . 1 2 . 9  2 . 3  3 . 3  1 . 7  
1 . 6  2 . 3  2 . 5  2 . 9  3 . 9  3 . 7  4 . 1  3.5 3 . 1  3 . 2  2 . 6  1 . 0  
2 . 0  2 . 3  2 . 2  3 . 9  4 . 7  4 . 6  4 . 9  4 . 1  3 . 8  2 . 6  2 .1 2 . 5  
2 . 2  1 . 8  1 . 7  J . l  1 . 3  4 . 0  4.2 4 . 6  2 . 7  3 . 1  2 . 2  2 . 9  
1 . 7  1 . 8  1 . 9  3 . 0  2 . 4  4 . 4  4 . 7  5 . 6  4 . 2  4 . 4  2 . 0  3 . 0  
3 . 1  3 . 4  2 . 6  2 . 2  2 . 4  8 . 0  7 .8 7.6 5.1 3 . 2  4 .0 3 . 2  

64 . 0  54 . 8  49. 2  50 . 3  52 .9  56 . 9  62 . 6  64 . 3  61 . 4  53. 1  45 . 3  37 . 9  



station when the max-min mean was compared with the true mean. There 

was a decrease in the significance of difference a s  the stations in-

creased in e levation. 

Vapor Pre s sure Deficit 

Vapor pre s sure deficit is  a better indicator of atmo spheric 
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moisture demand than relative humidity. A vapor pre s sure deficit value 

indicate s the same atmospheric capacity for additional water regardle ss  

of  the temperature (Anderson, 1936 ; Kittredge , 1948 ; Neumann , 1954) " 

The mean monthly vapor pre s sure deficits ttable XXII) for the 

1 , 460 ft . station were consistently the highe st 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 highe st deficit 

of the three stations during 9 of the 12 months o  The annual variation 

showed that the months with greate st deficit were April and MBy with 

the least deficit occurring in J anuary . Figure 2 is  a graph of the data 

from all the stations . 

C oefficients of determination were calculated to see if vapor 

pre s sure deficit correlated with factors that could be indicative of a 

wet month and a re sultant high atmospheric hum2dity. The r2 value s for 

correlations between vapor pre ssure deficit and monthly total precipita-

tion and between vapor pre ssure deficit and number of days per month with 

precipitation were below . 250 for all stations. When vapor pre ssure 

deficit was correlated with monthly temperature range , there was little 

correlation at the 1 , 460 ft. station ( r2 
= . 195) , but the r2 increased 

2 2 6 a s  altitude increased ( 3 , 850 ft. � r  = . 4?3 t  5 , 000 ft. � r  = o 756 � , 300 



Month 

Jan . 
Feb. 
Mar . 
Apr . 
May 
June 
July 
Aug . 
Sept . 
Oct. 
Nov .  
Dec . 

TABlE XXII 

MONTHLY MEAN VAPOR PF.ESSURE DEFICIT IN mm Hg A T  T H E 
1 , 460 FT . , 3 , 850 FT . , 5 , 000 FT . , AND 6 , 300 FT .  

STATIONS FOR 1947-1950 

1 p46o Ft . 3 , 850 Ft .  5 , 000 Ft . 
Station Station Station 

1 . 31 . 28 . 46 
1 . 32 .53 . 64  
2 . 30 . 82 . 84 
3 . 09 1 . 27 1 . 41 
2 . 69 1 . 37 1 . 41 
2 . 77 o 97  . 97  
2 . 65 . 65 . 83 
1 . 96 . 45 . 54 
1 . 91 . so . 65 
1 . 49 . 63 1 . 03 
1 . 18 . 53 . 86 

. 91 . 36 . 80 

6, 300 Ft. 
Station 

. 71 

. 89 
1 . 03 
1 . 25 
1 . 60 
1 . 16 

. 90  

. 79 
1 . 06 

. 97  
1 . 44  
1 . 43 
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Figure 2 .  Monthly mean vapor pre s sure 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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2 

ft . : r = . 779) . Graphically, there was indication of some correlation 

between vapor pre ssure deficit and temperature range � however � the 

reasons for it are not apparent . 

Precipitation 

Smallshaw ( 1954) showed that precipitation increased with eleva-

tion in the Smokie s .  The information pre sented here verifie s this c on-

elusion. The normal precipitation for the 1 , 460 ft . station and the 

6 , 300 ft . station is  55 . 54 inche s and 83 . 71 inche s ,  re spe ctively . The 

precipitation for the 4 years studied was 59 . 31 and 90 . 48 inche s per 

year . The normal and study period prec ipitation 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 p 

1947 . The amounts for that month ranged from 10 .47 inche s at the l p 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  pre sented in Figure s 3 and 4. 

Microclimatic variation seemed to be be st exhibited by precipita-

tion . For the three highe st stations ( 3 , 850 ft . ,  5 p 000 ft . ,  6 , 300 ft . ) 

January was the wette st month, but August was the wette st at the 1 , 460 

ft . elevation (Table XXIII) . The second wette st month was August at the 

6 , 300 ft . station, February for the 3 , 850 fi .  and 5 , 000 ft . stations p  

and July for the 1 , 460 ft . station. The month of lowe st precipitation 
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Figure ) .  C ompari son of the 1947-1950 mean monthly precipitation 
Fith the 42-year mean monthly precipitation at the 1 , 460 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 . 



Month 

Jan . 
Feb.  
Mar .  
Apr.  
May 
June 
July 
Aug . 
Sept . 
Oct . 
Nov. 
Dec .  

TABlE XXIII 

MEAN MONTHLY JNCHES OF PREC1PlTAT ION AT THE 1 , 460 FT . ,  
3 , 850 FT . ,  5 , 000 FT . , AND 6 , 300 FT .  

STATIONS FOR 1947-1950 

1 , 460 Ft . ), 850 Ft. 5 , 000 Ft. 6 , 300 Ft. 
Station Station Station Station 

6 . 80  10 . 19 12 . 8 3  11 . 86 
5 . 09 6 . 57 8 . 12 6 . 05 
5 . 74 8 . 05 9 . 25 8 . 25 
) . 69 4. 52 4 . 71 5 . 01 
) . 60 5 . 83 6 . 04 6 . ?6 
5 . 0 3  4 . 89 5 . 74 8 . 36 
6 . 93 6 . ?9 ? . 67 9.59  
? . 03 6 . ?3 ? . 71 10 . 14 
) . 09 3 - 95 5 . 21 5 . 71 
3 -53 4 . 45 4 . 94 4 . 97 
4 . 39 7 -51 8 . 13 ? . 66 
4 . 39 6 . ?0 ? . 46 6 . 12 

49 
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was September for the l v 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 p 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. 

Re sults 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 fte and 5 , 000 ft. 

stations the r
2 

values were very nearly the s ame ( .503 and . 505 ) and 

showed only a moderate correlation . 
2 

The r for the correlation between 

the 1, 460 ft. and 6 , 300 ft. stations was considerably higher ( . 78?) . 

The r
2 

between the 3 , 850 ft. station and the 6 , 300 ft . station was . 582,  

and between the 5 , 000 ft. station and the 6 , 300 ft . station it was . 601.  

However, the r2 value for the correlation between the 3 , 850 ft. and 5 , 000 

ft. stations was . 959.  This indicated that there was s imilarity in the 

variation of the 1 , 460 ft. and 6 , 300 ft. stations , and there was s imi-

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 
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TABlE .XXIV 

COEFFIC IENTS OF DETEP�INAT ION AND REGRESS ION EQUAT ION S FOR 
THE MONTHLY ME.AN PHEC JP ITAT ION FOR S IX  COMBIN.AT IONS OF 

STAT IONS FOR 1947-1950 

r2 
Regre s sion 

y Equation __ 

3850 .503 y = 1 . 96 + . 886X 

5000 .505 Y = 1 .51 + 1 . 17X 

6300 . 787 y = . 77 + l . 37X 

5000 . 959 Y = � . 88 + 1 . 29X 

6300 .582 y = 1 . 56 + . 942X 

6300 . 601 y = 2 . 26 + . 723X 



Month 

Jan. 
Feb . 
Har. 
Apr . 

:r�y 
June 
July 
Aug . 
Sept . 
Oct . 
N ov .  
Dec . 

TABlE XXV 

MEAN NUMBER OF DAYS PER MONTH ON WHICH PRECTI' ITAT ION WAS 
MEASURED AT THE 1 , 460 FT . , 3 , 850  FT . ,  5 , 000  FT . ,  AND 

6 , 300 FT .  STAT IONS FOR 1947-1950 

1 , 460 Ft .  3 , 850  Ft .  5 , 000 Ft .  6, 300 Ft . 
Station Station Stat ion Stat ion 

16. 25 17 . 25 18 . 25 17 . 25 
12 . 25 14 . 50 14 . 25 14 . 75 
13 . 25 15 . 25 15 . 75 15 . 0 0  
10 . 25 12 . 25 13 . 25 12. 25 
1) . 00 13 . 50 13 .25 13 . 75 
13 . 50 13 . ?5 15 . 25 14 . 50 
15 . 25 14. 50 15 . 25 16 . 5 0  
14. 00 13 . 00 17 . 25 18 . 00 

8 . 75 9 . 00 9 . 50 10 . 25 
9 . 00 10 . 00 10 . 25 10 . 75 

12 . 00 12 . 75 12. 75 12 . 25 
12 . 00 12. 00 12. 50 12. 00 

52 
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JJ per c ent 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 c Table XXV �  

page 52,  also shows that there wa s a general incre a se in number of days 

with precipitation as the altitude increa sed except at the 5 r 000 ft . and 

6 P JOO ft . stat ions o At tho se two station s .  season was more important 

than altitude in determining the station with the highe st number of days 

with prec ipitation . 

The average amount of precipitation pe r  day with precipitation 

(Table XXVI) varied w�th the other precipitation data . The average 

��ount of prec ipitation per day generally increa sed with elevation 1 and 

it was less  during the drier months and more during the wetter months .  

All daily average s were at lea st 0 . 25 inche s o r  higher ,  and half of the 

total months involved had an average dail�y precipitation of 0 .50 inche s 

or more . 

The average number of c onsecutive days w�th and without precipita­

tion give a very good indica-:.ion of the distribution of rainfall (Table s 

XXVII and XXVIII) o The variation with altitude was not as pronounced as 

the change in monthly precipitation p but the trend did exist . In gen­

eral the number of consecutive days w�th precipitation increased with 

altitude and the length of the period of time between periods of rain 

decrea sedo  The shortne ss 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 WLich rainfall occurred indicate s the even distribution 

of precipitation in all months .  

The average numbe r of day s on which snow� all wa s recorded and on 



Month 

Jan . 
Feb o 
¥...ar . 
Apr . 
}'l...ay 
June 
July 
Aug . 
Sept . 
Oct . 
Nov . 
Dec o 

TABlE 'J:i:V I 

AVERAGE JNCHES OF PEEC IPITAT ION PER DAY WITH 1-lEASURABlE 
PREC IPITATION AT THE 1 p 460 FT o p 3 v 850 FT . 9  5 p 000 FT a v  

AND 6 9 300 FT .  STAT IONS FOR 1947�1950 

1 p 460 Ft .  3 , 850 Ft .  5 , 000 Ft .  6v 300 Ft .  
Station Station Station Station 

. 411 o 585 . ?06 . 681 

. 417 o 4?6 . 587 . 513 

. 568 . 527 . 561 . 594 

. 357 . 368 . 357 . 406 
o 278 .442 . 457 . 500 
o 372 � 364 . 388 � 575 
. 454 . 500 .506 . 581 
.502 o448 . 446 . 565 
. 353 . 453 . 548 . 557 
. )92 . 445 . 482 . 460 
. 394 o 589 . 614 . 625 
. 366 .558 . 5 98 . 603 



:t-:onth 

Jan. 
Feb . 
t'.tar .  
Apr . 
t'.aS.y 
June 
July 
Aug . 
Sept . 
Oct . 
Nov.  
llic.  

TABlE XXV II 

AVERAGE NUMBER OF CONSECUTIVE DAYS PER MONTH ON 'WHICH 
PREC IPITAT ION OCCURRED AT TEE 1 , 460 FI' . 1 3 , 850 FT . p  

5 , 000 FT . p AND 6 f 300 FT .  STAT ION FOR 1947-1950 

1 p 46o Ft . 3 0 850 Ft .  5 , 000 Ft .  
Station Station Station 

2 . 87 ) . 50 ; . 63 
2 . 59 ) . 25 2 . 66 
2 . 07 2 . 30 2 . 40 
1 . 87 2 . 0.3 2 . 19 
2 • .33 2 . 56 2 . 41 
2 . 47 2 . 65 2 . 61 
3 . 31 J . 15 ) . 55 
3 . 04 2 . 79 2 . 80 
1 . 69 1 . 65 2 . 31 
2 . 62 2 . 05 2 . 42 
1 . 92 2 . 36 2 . 18 
2 . 24 2 . 10 2 . 00 
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6r 300 Ft . 
Station 

3 . 45 
2 . 83 
2 . .35 
2 . 43 
2 . 69 
2 . 61 
3 . 94 
3 . 26 
2 . 31 
}. 35 
2 . 0J 
1 . 97 



TABlE JJV III 

AVERAGE NUMBER OF CONSECUTIVE DAYS PER MONTH BETWEEN PER IODS 
OF PREC IPITAT ION AT THf. 1 v 460 FT . p 3 v 850 FT . v 5 r 000 FT . ,  

AND 6 , 300 FT . , STAT IONS FOR 1947�1950 

lr46o Ft .  3 r 850 Ft .  5 r 000 Ft .  6� JOO Ft . 
Honth Station Station Station Station 

Jan .  2 . 39 2 . 23 2 . 00 2 . 18 
Feb. 2 . 76 2 . 52 2 . 08 2 . 06 
l".LB.r o  2 . 42 2 . 22 2 . 19 2 . 42 
Apr . 2 . 88 2 c 50 2 .52 2 . 90 
May 3 . 28 3 . 25 3 . 00 2 . 95 
June 2 . 73 2 . 45 2 . 00 2 . 00 
July 3 . 21 3 . 05 3 . 26 2 . 78 
Aug . 3 . 15 2 . 10 2 . 34 2 . 45 
Sept . J . 24 3 .59 3 . 61 ) . 08 
Oct . 4 . 31 J . 61 4 . 10 4 . 52 
Nov.  2 .51 2 . 54 2 . 44 2 . 50 
Dec . 2 . 51 2 . 24 2 . 12 2 . 22 



which sno� wa s on the ground ( T able s XXIX and Y�) r  be ing pr imarily 

temperature dependent , wa s very sea sonal and altitudinal in distribu-
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tion . The numbe r o f  days with snowf a ll inc rea sed with altitude except 

for a s light drop from the 5 f 000 ft . station to the t , JOO ft . sta tion " 

That followed the s ame pattern a s  t otal numbe r of day s with me a surable 

pre c ip itation . Howev e r ,  be c au se of the gene rally lower temperature s a t  

hizher e levation s sn ow persi ste d f o r  greater le ngths of time on the 

ground . Daily sn o�nall amount s were not rec orded a s  such but we re in­

cluded in the total monthly p re c ipitat ion a s  e quiv a le nt prec ipitation . 

S oil Moisture Balance 

Soil moi sture balance wa s c a lculated in two diffe rent way s , both 

a c cording to Thornthwaite ( 1957 ) .  The monthly c alculat ions used monthly 

mean temperature , monthly total pre cipitat ion , and latitude ( T able s XXY.Ir 

XXXII, )�III, and XXXIV) . T he daily calculati ons used dailY me a n  

t emperature and da ily pre c ipitation . The da ilY value s we re then treated 

appropriately to get t he de s ire c  monthly value s ( T able s XXXV , XXXV I. 

XXXV II, and XXXV III) < 

S ince potential evapotran sp iration increa sed with increa sing 

tempera ture , it s c urve followe d the same pattern as the tempe rature curve 

with the l ow in Februar�y and/or De cember and the high in July . In 

T able s XXXI through XXXIV ,  w�� c h  are ba s e d  on monthly means , only l month 

of the 46 involved showed pote nt ial evapotr an spirat ion to exceed pre­

c ipitation . A s  a re ��lt o�v 1 month had s oi l  moi s�ure c onte nt depart­

ing frorr field capa c ity ( May at Park Headquarte r s  stati on ) . Actual 

evapotranspiration e qu a lled the pote nt i al . a moi sture defic it did n ot 



TABlE X:Xll 

MEAN NUMBER OF DAYS PER MONTH 0� 'vlli. JCH SNU�'F A LL  WAS RECORDED 
AT THE 1 f 460 FTc o 3 v 850 FT o r 5 r 000 FT � v  AND 6 � 300 FT o  

STAT IONS FOR 1947=1950 

Station Jan o Feb o l'Jar . Apr o Oct . Nov . 

1 , 460 2 . 00 1 . 75 L 25 O c OO D o DO 0 . 75 

3 r 850 3 o 50 5 c DO 5 o 00 O o 75 0 . 25 3 o 0(\ 

5 r 000 4 . 75 5 o 25 6 o 25 1 . 25 0 . 50 3 o 75 

6 v 300 3 c 75 5 o 00 6 o OO 1 . 50 O o 50 3 . 75 

Dec . 

L OO 

4 c. OO 

3 o 75 

5 . 50 



TABlE XXX 

MEAN 11JMBER OF DAYS PE..B MONTH WITH SNOW ON THE GROUND .AT THE 
1 � 460 FT . v  3 P 850 FT . � 5 r 000 FT . v  AND 6 v 300 FT .  

STAT IONS FOR 1947�1950 

Station Jan . Feb. Y.ta.r .  Apr . Oct o N ov . 

1 � 460 2 . 75 4 . 00 1 . 00 O o OO o . oo 0 . 75 

3 r 850 7 . 00 9 o50 9 . 75 1 . 75 0 . 25 ) . 25 

5 r 000 8 . 00 13 . 00 12 . 25 2 . 50 0 , 50 5 , 00 

6 r 300 7 . 25 13 . 25 13 . 25 3 . 00 0 . 75 4 . 00 
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De c .  

1 . 00 

{.. t; l')  V C' _.I ""  

8 . 25 

10 . 25 
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TABlE XY..XI 

ANNUAL SOli MOISTUP.E BALANCE IN JNCHES AT THE 19 46o FT .  
STAT ION BASED ON MOh�HLY MEANS FOR 194?�1950 

Month Temp .  PETl Prec . P-PET2 · sM3 Mil+ y$5 SMBD 

Jan. L>2 . 7  . 52 6 . 80 6 . 28 12. 00 0 6 . 28 l5 . 1iJ 
Fe b e  40 . 0  . 51 5 . 09 4 . 58 12 . 00 0 4 . 58 1) . 86 
Y..ar . 45 . 2 . 92 5 . 74 4 .8 2 12 . 00 0 4 . 82 16 , )4  
Apr .  55 .5 2 . 31 3 . 69 L 38 12 . 00 0 1 . 38 14 . 91 
Hay 63 .5 3 . 63 3 . 60 � . 0) 1L 97 0 o . oo 13 . 48 
Ju."le 69 . 7  4 . ?5 5 . 03 . 28 12 . 00 0 . 25 12 . 83 
July 7L 7 5 . 20 6 o 9J 1 . 7 3 12 . 00 0 1 �, 7.3 13 . 28 
AUF; o 70 . 0  4 . 5 2  ? . OJ 2 . 51 12 . 00 0 2 . 51 13 . 8 9  
Sspt . 6J . 5  3 . 09 3 . 09 o . oo 12 . 00 0 o . oo 13 . 89 
O:: t .  55 . 7 2 . 03 3 . 53 L 50 12 . 00 0 L 50 13 . 22 
Nov .  42 . 0  . 51 4 . 39 3 o 88 12 . 00 0 3 . 88 14 . 55 

lPET : Potent-ial evap:r• .. ran spirat iQri .  

2P-PET � Pre � ipitat ion ml"lUS potential evap�tran�pirat ion . 

3sv S il 0 • ,. t .. n = 0 mu::t �ure � On ven .., . 

�ill = Moisture deficit . 

5y0 = Moi sture surplus . 

6sMB = Soil moisture ba1anC;e . 



TABlE Y..Y..XII 

ANNUAL SO ll MO ISI'URE BALANCE JN JNCHES AT THE 3 ,  8 50 FT . 
STATION BASED ON MONTHLY }lEANS FOR 1947-1950 

Y10nth Temp . PEri Pre c . P-PET2 sM3 Mil+ y&) S:t-m6 

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 6 . 35 17 . 59 
Mar . 3 6 . 7  . 61 8 . 05 7 .44 12 . 00 0 7 . 44  19. 02 
Apr . 47 . 7  1 . 98  4 . 52 2 .54 12 . 00 0 2 . 54 16 . 28 
Y.:.ay 54 .7 3 . 26 5 . 86 2 . 57 12 . 00 0 2 . 57 15 . 42 
June 61 . 0  4 . 02 4 . 8 9  . 87 12 . 00 0 . 87 14 . 15 
July 6 2 . 5  4 . 46 6 . 79 2 . 33 1 2 . 00 0 2 . 33 14 . 24 
Aug . 61 . 7  3 . 82 6 . 73 2 . 91 12 . 00 0 2 . 91 14 . 62 
Sept . 5 6 . 2  2 . 78 3 . 96 1 . 17 12 . 00 0 1 . 17 13 . 85 
Oct . 49 . 2  2 . 03 4 . 45 2 . 42 12 . 00 0 2 . 42 14 . 13 
Nov . 36 . 2  . 51 ? . 51 7 . 00 12 . 00 0 7 . 00 16 . 57 
I:ec • 32 . 0  o . o o  6 . 70 6 . 70 12 . 00 0 6 . 70 17 . 58 

1PET = Potential evapotranspiration . 

2P-PET = Precipitation rrdnus potential evapotranspiration. 
3sM = Soil moisture content . 

� = Moisture deficit . 

�0 = Moisture surplus . 

6sMB = Soil moisture balance . 
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TABlE XXXIII 

ANNUAL SOIL MOISTURE BAUNCE TIJ TIJCHES AT THE 5 , 000 FT . 
STATION BASED ON M01�HLY MEANS FOR 1947-1950 

Month Temp .  PETl Prec . P-PET2 sM3 y# y,s5 s!-m6 

Jan . 35 . 0  . 52 12 . 83 12. 31 12. 00 0 12 . 31 18 . 16 
Feb. 30 . 7 o . oo 8 . 13 8 . 13 20 . 13 0 o . oo 23 . 21 
l';ar .  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 
Aut; . 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 .1-• 3  lc . 39 
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 . JE  
De c .  31 . 2  o . oo 7 . 46 7 . 46 19. 46 0 o . oo 22 . 1LJ, 

1PET = Potential evapotran spiration . 
2p_PET = Precipitation minus potential evapotr�� spiration . 

3s� = Soil moisture content . 
4Y..D = }:ioisture deficit . 

5yJ.S = Moisture surplus . 

6sMB = Soil moisture balance . 



TABLE XXXIV 

ANNUAL SOll MOISTURE BALANCE JN �CBES AT THE 6 , .300 FT . 
STAT ION BASED ON MONTHLY ME��S FOR 1947-1950 

Month Temp .  PETI Fre e .  P-PET2 SMj r:;r}+ r.:s:5 Sl'::Bt: 

JaJl e .3.3 . 2  0 . 26 11 . 86 11 . 60 12 . 00 0 11 . 60 17 . 80 
Feb. 28 . 7  o . oo 6 . 05 6 . 05 18 . 05 0 o . oo 20 . 95 
Mar . .32 • .3 o . oo 8 . 25 8 . 25 12 . 00 0 8 . 25 22 . 4.3 
Apr . 4o .5 1 . .32 5 . 01 .3 . 69 12 . 00 0 .3 . 69 19 . 82 
Y...ay 49 . 2  2 . 54 6 . 7 6  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 . 5 9  5 . 87 12 . 00 0 5 . 87 18 . .31 
Aug . 5 6 . 0  .3 . 1.3 10 . 14 7 . 01 12 . 00 0 7 . 01 18 . 66 
Sept . 51 . 0  2 . 47 5 . 71 .3 . 24 12 . 00 0 .3 . 24 16 . 95 
Oct . 46 . 7  1 . 74 4 . 97 .3 . 2.3 12 . 00 0 .3 . 2.3 16 . 09 
Nov . )4 . 0  0 . 25 7 . 66 7 . 41 12 . 00 0 7 . 41 17 . 75 
Dec . .30 .5 o . oo 6 . 12 6 . 12 1 2 . 00 0 o . oo 20 . 99 

lPET = Potential evapotranspiration . 

2P-PET = Precipitation minus potential evapotranspiration • 

.3sM = Soil moisture content . 
4MD = Moisture deficit . 

5MS = Moisture surplus .  
6 SMB = Soil moisture bala..Jlce . 



TABlE J.XXV 

M'JN UJ:.L SOIL HOISTURE BALANCE Th TI\CHES P.T THE 1 . 460 FT .  
STAT im� BASED ON DA ILY l-iEAt·: S FOR 1947-1950 

Month Temp . PETl Fre e . P-PET2 sH3 HIP Ms5 Slv:Et) 

Jan . 42 . 7  0 . 87 6 . 80 5 . 92 11 . 96 0 . 01 6 . JJ 13 . 18 
Feb . 40 . 0  0 . 62 5 . 09 4 . 46 11 . 97 o . oo 4 . 79 13 . 69 
¥.ar . 45 . 2  1 . 18 5 . 74 4. 55 11 . 95 0 . 01 5 . 24 13 . 27 
Apr . 55 . 5  2 . 26 ) . 69 1 . 87 11 . 77 0 . 02 2 . 96 12 . 8 2  
l·:ay 6) . 5  J , 64 ) . 60 -0 , 04 11 . 31 0 . 13 2 . 41 12 . 06 
June 69 . 7  4 . 70 5 . 03 1 . 19 10 . 66 0 . 32 J . J3 11 . 55 
July 71 . 7 5 . 07 6 . 93 2 . 05 10 . 60 0 . 21 4 . 66 11 . 83 
Aug . 70 . 0  4 . 55 ? . OJ 2 . 46 11 . 13 0 . 20 5 . 26 12 . 47 
Sep t .  6) . 5 ) . 15 3 . 09 - 0 . 06 10 . 93 0 . 19 2 . 18 11 . 92 
Oct . 55 . 7 2 . 0 2 ) . 5) 2 . 16 10 . 60 0 . 13 2 . 94 11 . 18 
Nov .  42 . 0  0 . 68 4 . 39 ) . 95 11 . 77 0 , 02 4 , JJ lJ . OO 
De c . 37 . 0  0 . 40 4 . 39 J . 98 11 . 98 o . oo 4 . 18 13 . 22 

1PET = Potential evapotranspiration , 

2F-PET = Prec ipitation minus potential evapotranspir ation • 

..., 

JSE = S o il moi sture c ontent . 

� = Moi sture deficit . 

c 

_..�Y..S = Moi sture; surplus .  

6sMB = S o il mo i sture balance . 



TABlE XXXV I 

ANNUAL SOli MOISTURE BALANCE IN INCHES AT THE 3 , 850 FT .  
STATION BASED ON DA ILY ��ANS FOR 1947-195 0  

Month Temp .  PETI Fre e . P-PET2 sM3 �ill4 �.s5 S}ffit 

Jan .  37 . 0  0 . 72 10 . 19 9 . 47 11 . 97 0 , 01 9 . 70 13 . 93 
Feb. 3J . 2  0 .43 6 . 57 6 . 13 11 . 97 0 , 00 6 .  27 14 . 26 
Mar .  36 . 7  0 . 78 8 . 05 ? . 26 11 . 97 o . oo 7 . 68 13 . 95 
Apr . 4? . 7  1 . 84 4 .52 4 . 88 11 . 87 o . o1 3 . 82 13 . 37 
Hay 54. ?  2 . 93 5 . 86 2 .89 11 . 65 0 . 05 4 . 79 12 . 81 
June 61 . 0  3 . 79 4 .89 1 . 10 11 . 44  0 . 10 3 . 49 12 . 68  
July 6 2 . 5  4 . 04 6 . 79 2 . 74 11 . 61 0 . 08 5 . 02 13 . 22 
Aug . 61. 7  3 . 70 6 . 73 3 . 03 11 . 5 6  0 . 08 5 . 09 12 . 91 
Sept . 5 6 . 2 2 . 68 3 . 95 1 . 27 11 . 25 0 . 12 3 . 17 12 . 47 
Oct , 49 . 2  1 . 7 9  4 .45 2 . 65 ll . Y+  0 . 05 3 . 79 12 . 04 
Nov .  36 . 2  0 .54 ? .51 6 . 94 11 . 96 0 .01  ? . 23 13 . 96 
De c . 3 2 . 0  0 . 29 6 . ?0 6 . 39 11 . 99 0 , 00 6 . 53 13 . 95 

lPET = Potential evapotranspiration . 

2p_PET = Precipitation minus potential evapotranspiration . 

3sM = Soil moisture c ontent . 

4:r-rn = Hoisture deficit . 

5�.s = Moisture surplus . 

6sMB = Soil moisture balance . 
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TAB IE XXXV II 

ANNUAL SO IL MOISTURE BALANCE lli INCHES AT THE 5 p 000 FT .  
STAT ION BASED ON DA ILY MEP�S FOR 1947-1950 

Month Temp . PET1 Fre e . P-PET2 SM3 4 
Y.tD ¥.55 SMBb 

J an .  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 o . oo 2 . 86 14 . 85 
¥.tar .  33 - 5  0 . 64 9 . 25 8 . 61 11 . 97 o . oo 8 . 94 14 . 35 
Apr . 44. 0  1 . 63 4 o 7l 3 o 08 11. 87 0 . 01 4 . 07 l3 o 53 
:tvlay 5 2 . 5  2 o 84 6 . 04 3 o l9 11o 67 0 . 05 4 . 97 1 2 . 87 
June 57 . 0  3 . 66 5 - 75 2 o 26 11 . 64 O o 05 4 . 40 13 . 10 
July 57 . 2  3 . 80 7 . 67 3 .86 11 . 70 O o 06 6 . 08 13 . 43 
Aug . 57 . 0  3 . 49 7 . 71 4 . 21 11. 69 0 . 07 5 o 8( 13 . 31 
Sept . 53 . 7  2 .52  5 o 21 2 . 68 11 .59 O o 05 4 . 43 13 . 04 
Oct . 48 . 5  1 . 85 4 . 94 3 . 08 11 . 69 0 . 03 4 . 30 12 .55 
N ov .  34o 7  0 . 56 8 . 13 ? . 56 11 . 97 0 . 01 7 . 84 14 . 11 
Dec . 31 . 2  0 . 34 7 . 46 7 . 11 11 . 99 o . oo 7 o 28 14 . 14 

1PET = Potential evapotran spiration . 

Zp_pEr = Pre cipitation minus potential evapotran spiration . 

3sM = S oil moi sture c ontent " 

� = Moi sture def icit . 

5}1'.3 = Moist lL.""€ surplu s . 

6
SMB = Soil moi sture balance • .  



Month 

Jan .  
Feb.  
Har . 
Apr . 
Y.!ay 
J1L.'1e 
July 
.Aug . 
Sept . 
Oct . 
N ov .  
U:l c .  

TABLE XXXV III 

ANNUAL SOIL MOISTUF..E BALANCE IN INCHES AT THE 69 300 F L  
STAT ION BASED ON DA ILY MEANS FOR 1947-1950 

Temp . PETI Fre e . P-PEI'2 s1-':3 -r·rrl} ¥.s5 

33 . 2  0 . 57 1L 8 6  1L 29 11 . 98 o . oo 11 . 40 
28 . 7  0 . 44  6 . 05 5 . 78 ll c 98 o . oo 5 . 91 
32 . 3  0 . 60 8 . 25 8 . 31 11 . 97 o . oo 8 . 62 
40 . 5  1 . 34 5 . 01 4 . 01 11 . 88 0 . 01 4 . 87 
49 . 2  2 . 61 6 . 76 3 . 89 11 . 72 0 . 04 5 .53 
55 . 0  3 . 37 8 . 36 4 . 83 ll . 78 0 . 02 6 . 81 
56.5  3 . 65 9 c59  6 . 55 ll . 72 0 . 05 8 . 50 
5 6 . 0  3 . 41 10 . 14 6 . 22 11 . 69 0 . 05 11 . 69 
5l .O  2 .5 2  5 o 71 3 . 07 " 1L 53 0 . 06 4 . 82 
46 .7 1 .83 4 . 97 3 . 37 11 .59 0 . 04 4 . 55 
)4 . 0  0 . 64  7 . 66 6 . 77 11 . 94 0 . 01 7 . 19 
30 . 5  0 . 34 6 . 12 6 . 31 11 . 98 o . oo 6 . 44  

� E T  = Potential evapotranspiration . 

�-PET = Precipitation �inus potential evapotranspiration . 

3sM = Soil moi sture c ontent . 

4MD = Moisture deficit . 

5:tt.tS = Hoisture surplu s .  

6sMB = Soil moisture balance . 
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SMB6 

14 . 68 
14 . 28 
14 . 04 
13 . 46 
13 . 17 
13 . 78 
14 . 17 
13 . 92 
13 . 41 
12 .53 
13 .87 
13 . 99 
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occur, and a soil moi s�ure surplu s wa s c o��on . A s  a re sult , the tot al 

soil moisture balance was high r, alway s excee ding fie ld c.s.pacity and in-

c rea sing with e levation except at the two high e levation station s . The 

soil moi sture ba lance at the 5 r 000 ft o station wa s highe r than that of 

the 6 r 300 ft o station f rom Novembe r  through March o The reverse wa s true 

from April through October . 

Table s XXXV through XXXV III r pa ge s  64 through 67 , giving the in-

formation calculate d on a daily ba s i s �  should give a more a ccura te 

evaluation of the soil mo i sture balance o The t otal monthly potentia l 

evapotran spiration showed the same pattern of di stribution whe n c a l cu-

lAte d  by e ither method . The main difference occurre d during mont h s  with 

0 

a me an t emperature of 32 F or le s s . The potential evapotran spiration 

calc ulated on a monthly � si s  wa s zero 1 but it was a s  much a s  0 . 50 

inche s gre ater f or the month when c a lculated on a daily ba s i s  than whe n 

calculated on a monthly basi s ,  The month,  even though it had a me an 

temperature of less than 32° F ,  st ill had day s above the tempe rature at 

which evapotranspiration could o c cur . The 6 , 30 0  ft o station showed no 

potential evapotran spiration during !'�arch u sing the monthly data P but 

showed 0 . 60 inche s potential evap8transp1ration using the dai�v data . 

Soil moisture content a l s o  exhibited difference s whe n  calculated 

by the two different methods . The l r 460 f t .  station showe d only one 

month ( May ) with a s o il mo i sture content ( 11 . 97 inche s )  of le s s  than 

field c a pa c ity ( 12 . 00 inc he s ) . Soil moi sture whe n  c a l culated on the 

ping a s  lo� a s  10 , 60 ln�he s at the l , 4CO ft , sta tion , ll c 25 inche s a t  

the 3 , 850 ft . stat ion , 11. 5 9  inche s at the 5 1 000 ft c st.ation , and 11 . 53 
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inche s at the 6 , 300 ft. station . The se low value s all occurred in 

September which c ombined moderate ly high temperature s and low prec ipi­

tation to re sult in soil moisture depletion greater than in any other 

month . In spite of the consi stent difference between the monthly and 

daily derived soil moisture c onte nt s ,  there wa s still a greater than 

. 995 probability of getting a larger Chi square ba sed on the difference 

of the me ans . 

A ccording to the calculations ba sed on monttJs data , no moisture 

deficit occurred during any month, and a moisture surplus occurred in 

42 of the 48 month s .  The daily informati on ,  however ,  showed moi sture 

deficit occurring in 36 of the 48 month s , but a surplus occurred in 

the same months .  That happened when there wa s a period of several rain­

le ss days with simultane ously occurring evapotranspirat ion . If the 

rainfall oocurring at the e nd of the rainle s s  period wa s  more than suf­

ficient to recharge the soil ,  then a surplus occurre d .  

Soil moisture deficit �� s highe st in the same months when po­

tential evapotran spiration wa s highe st ( June-September ) and decrea sed 

with a ltitude . Moisture surplus r  in genera l ,  increa sed a s  altitude in­

c rea sed . Moisture surplus wa s not a s  dependent on potential evapo­

transpiration a s  moisture deficit but wa s more precipitation depende nt .  

The curve of moi sture surplus wa s similar t o  the prec ipitation curve . 

Table XXXIX give s the one day value s of maximum and minDw� soil 

moisture c ontent . The maximum value s were in evidence many time s during 

e ach month, but the minimum o ccurred only once . All stations reached 

field capac ity in all months .  The �inimum value s f o llowed a curve 

similar to the inverse of the temperature mean curve s .  The minimum 



Month 

Jan. 
Feb. 
Mar. 
Apr . 
:!'.tay 
June 
July 
Aug .  
Sept . 
Oct .  
Nov.  
Dec . 

TABlE XXXIX 

SOIL MOISTURE MAXIMTJlv: AND M IN DfUM 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 

Max. M "  • un. Max • ¥.in .  Max. z.'.d.n .  Max. Min. 

12 . 00 11 . 64  12. 00 11. 74 12. 00 11 . 79 12. 00 11 . 76 
12 . 00 11. 71 12. 00 11. 84 12 . 00 11 . 8 9  12. 00 11 . 93 
12. 00 11 . 44  12. 00 11. 76 12 . 00 11. 76 12. 00 11 . 78 
12 . 00 10 . 99 12. 00 11. 05 12. 00 11 . 08 12 . 00 11. 08 
12 . 00 10 . 13 12 . 00 10 . 62 12 . 00 10 . 69 12 . 00 10 . 65 
12. 00 8 . 82 12 . 00 10 .59 12 . 00 10 . 79 12 . 00 11 .21 
12 . 00 8 . 74 12 . 00 10 . 51 12. 00 10 .82  12. 00 10 . 77 
12. 00 9. 25 12. 00 9 . 96 12. 00 10 . 20 12 . 00 10 . 63 
12 . 00 8 • .)4 12. 00 9 . 66 12. 00 9 . 90 12 . 00 10.. 34 
12 . 00 8 . 03 12. 00 10 . 05 12 . 00 10 . 88 12. 00 10 .57 
12. 00 8 . 88 12 . 00 11 . 52 12. 00 11 . 47 12 . 0 0  11 . 37 
12 . 00 11 .85 12. 00 11. 81 12. 00 11. 88 12. 00 11. 91 
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monthly value wa s u sually highe st in February and l owe st in Septembe r .  

There wa s a l a g  between the highe st monthly temperature me an and the 

lowe st s o il moi sture c ontent , because July , the hotte st month , wa s a l s o  

one o f  the wette st . The minimum value reached by any station w a s  8 . 03 

inche s in October at the 1 , 460 ft . station. The 8 . 82 inche s ,  8 . 72 

inche s ,  9 . 25 inche s p  and 8 . }4  inche s of June , July , August , and Septem­

ber oc curred e ithe r in 1947 ( June and July) or 1948 ( August and Septem­

ber) . In each s ituat ion the lows occurred during a dry period overlapping 

the two months . Two periods , one of 25 day s in June and July , 1947 , and 

one of 64 days in August , Septembe r ,  Octobe r ,  and N ovembe r ,  1948 , were 

the only peri ods with soil moi sture c ontent as low or lower than 10 . 00 

inche s .  Both occurred at the 1 , 460 ft . station . At the othe r three 

stations , soil moisture was c on s i stently above 10 .50  inche s �th 19 of 

the 36 months shown f or the tr�ee stations being above 11 . 00 inche s .  

The se we re extreme value s which were rare ly approached dur ing the 4 ye ars 

of study , and it i s  quite obvious that s o il moi sture c o ntent remained at 

high level s  throughout the year . 

T he t otal s o il moi sture or soil moi sture balance i s  the sum · of 

the soil wate r  be ing held by the s o il until l o st by evapotranspiration 

and runof f .  T he se value s were quite different f or the total soil moi sture 

balance c alculated by the two method s .  The s o il moi stu re balance c om­

puted on a daily ba s i s  wa s c onsidered t o  be the true value , and the t otal 

s oil moi sture calculated on a monthly ba s i s  wa s te ste d  against it . The 

probabilit ie s of gett ing a larger C hi square were . 975 , . 850 , le s s  than 

. 005 , and . 010 for the l r 460 ft . ,  3 , 850 ft . ,  5 , 000 ft . ,  and 6 , 300 ft . 

stat i on s , re spe ctive ly .  The differenc e  betwe en the two value s re sulted 
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because the entire precipitation surplus was added to the soil moisture 

balance at one time when calculated on a monthly basi s .  However ,  

moisture was added t o  the soil in small increment s ,  and runoff and 

evapotranspiration o ccurred between moisture additions when c omputed 

on a daily basis .  A s  a re sult , the soil moisture build-up wa s never 

as great in the daily value s as in the monthly . 

Soil moisture balance was much le ss when c omputed on a daily 

ba sis and did not show a s  wide a range of variation a s  the monthly de­

rived value s .  True soil moisture balance showed fluctuation similar 

to that shown by precipitation ; however, since temperature was a vari­

able also affecting soil moisture balance ,  there was some deviation of 

soil moisture balance from the curve followed by prec ipitation. The 

February-March period was the period of peak soil moisture with a sub­

peak in July. The period of lowe st moisture wa s October with a sub­

minimum occurring in the May-June period . 



V,  GE!�.L DISCUSS ION 

��en evaluating and interpreting the data previously pre sente d p  

three factors must be kept in mind which limit the u s e  o f  the derived 

informat ion as true e levational me an s c  A c limatic data c ollecting sta­

tion should be in a location repre sentative of the are a which the data 

will de scribe ( C onrad and Follak f 1950 ) .  Be c au se of c hanging ve geta­

tion » elevatio n p  a ngle of slope , a spe c t p  and other site f actor s ,  a 

myriad of microclimate s i s  pre sent ( Rumney , 1968 ) in the mountain s .  T o  

repre sent appropriately an a rea such a s  an e levational zone , a network 

of stations must be u sed to determ:ine a "norm o "' From thi s network one 

or a f ew stations which are repre sentat ive of the are a will become perma ­

nent (Wilm, et al . v  1939) o In thi s way extreme value s such a s  the ef­

fect of cold a ir drainage on a daily mean temperature ( Ge iger , 1965 ) or 

a rainshadow re sulting from topographic variation ( C orbett P 1967 ) 

average out to give a c limat ic value repre sentative of the area of in­

tere st . In thi s study only one station wa s located at e ach altitude . 

Be cause of thi s 9  it wa s impo s sible t o  tell how much of the variat ion in 

the data wa s due to change in e levation and how much wa s due to micro­

climatic variation re sulting from topographic diversity .  

Geiger ( 1965 ) and Pe attie ( 1936 ) de scribe d  i n  detail the micr� 

c limatic variation that occurre d from the north to south facing slope s .  

Depe nding on the angle of the slope r expo sure related to nearby slope s �  

and a spect r the variation be tween the two sl ope s co'.lld be signific ant . 

The stat ions involved in thi s study We re locate d  on a mountain cre st r on 
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north-facing s lope s r  and at the ba &e of north-facin� sl ope s .  In view of 

this , the value s that re sul�ed frorr thi s study were not applicable to 

the ge neral climAtic chara cte rization of the G re at Smoky Mountains .  

Thirdly � in many are a s  ext reme value s are more important than 

mean value s in evaluating plant- e nvironment relationships becau se of 

the tolerance limit s for many spe c ie s  of plants ( Daube nmire 9 1968 , Wang p 

1963) . }1e an value s hide or smootb ove r extreme s so that are a s  with 

larg e range s of c limat ic var] able s an� re sulting severe c limate s a re 

considered similar t o  c limate s ��th smaller rang e s  but similar me ans . 

Cloud c ove r i s  very important in the e ne rgy balance of any a re a  

( Pochop r e t  al . �  1968 ) . In an area ��th a high percentage of cloud 

c ove� slope effects can be reduced by having re ceived e qual amount s of 

diffu se radiatior. on both the north= and s outh-facin g  slope s (Geige r ,  

1965 ) o r  b7 having diurnal temperature rang e s re duced ( Se llers , 19t5 ) . 

Be cause of the rapid change of c loud c over and its irre gularitie s , 

standards set up by the International ¥l8teor vlogic al Organizat ion re­

quiring a minimum of three ob servations per day . evenly distr ibute d � 

mu st  be met t o  obtain meaningful daily c loud c over value s ( C onrad and 

Pollak , 1950 ) o The c loud c over data for thi s s-:udy were colle cted by 

vi sual obser-v-at.io:: ::::l:!e e ach day . P. l s -:;  tbe observations were made at a 

differen: ti.me e a�h day " Although the data did re fle c.t alt itudina l and 

sea s::mal trend s �  thei!" primary usefulne s s  lay in the indicat.ion of tre nds 

for which verificat.ion is nee de d o  

Temperature n�rmally de c re a se s ��th a n  incre a se in e levat i on 

( Pe attie r 19.36 9 Geige r p  1 965 ) . Thi s  wa s eviden: from the data pre sented 

he re . However 9 gradient s could be modified by mi�r 0�limaLic effect s 
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a s sociated with topography . Monthly me an s , me an maxima , and me an minimB 

generally cie cre a se d  With a ltitude .  The monthly me an minima , howeve r ,  

did not show the pronounced de c re ase with a ltitude that the mean a nd 

me an m.B.Ximu.rr, temperature s did .  This c ould probably be acc ounted for by 

c old air drainage from the higher e levations through the valley of the 

We st Prong of the Little Pige on River . The 3 , 850 ft . stat ion wa s located 

in a narrow, steep- sided part of the valley wh e re c old air draina ge wa s  

probably significant .  The 1 , 460 ft . station w� s also loc ated in an are a  

that would have re ceived c old a ir drainage , bu t  the effe ct wa s les sened 

by an outlet in the valley so that c old air pooling would not re sult . 

Geiger ( 1965 ) stated that c old air dra inage may in fa ct cause low e leva­

tion stat ions to have c older �inimum tempe rature s than higher stations . 

Thi s wa s parti cularly in evidence in the lengths of t ime between the dif­

fere nt thre shold tempe rature s .  The occurrence of a low thre shold temp­

erature wa s dependent on the last and f ir st occurrence of the thre shold 

temperature a s  a mil"'.imu.n:c . In tr...is study the 6 ,  300 ft . station showed 

length of time between thre shold temperature s t o  have varied simila rly 

to stations at lower e levations . The re a son f or t�� s  wa s probably the 

effect of cold air drainage on the l ower e levation stations causing the 

la st and f�st occurrence of the various thre shold temperature s to occur 

later and earlier , r e spe c tively . 

In the Rocky Mountains tempe rature s do not de c re a se with alt itude 

on a straight line ba s i s .  A s  the e levat ion inc re a se s t  the lapse rate 

become s smalle:- ( De.ubenm.ir-e , 1956 ) . The s ame -..a s  found to have been 

true in the Smoki e s .  The lapse rate from the 1 , 460 ft . station t o  the 

3 , 850 ft . station wa s gre ater tr�n the lap se rate from the l t 460 ft . 



station to the 5 , 000 ft . station. This indicated that each additional 

1 , 000 ft . increa se in e levation 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 c old air drainage on minimum tempera­

ture s .  The low minimum temperature lapse rate to all stations indicated 

that the lowe st station may in some months have had a minimum temperature 

le ss  than 4° F higher than the highe st e levation station . Not only was 

the lapse rate different depending upor. a ltitudinal range , but lapse 

rate was greater in the S'Ulll1!le r than in the winter . Thi s  indicated that 

in winter there was a moderating influence to reduce the effect of alti­

tudinal change on temperature change . 

With an increa se in altitude the monthly temperature range de­

cre a se s ( Peattie , 1936 ) . The temperature range date f or this study 

showed this to be true in the Gre at Smoky Mountain s .  Temperature fre­

quency table s showed that as altitude increased there was more c oncen­

tration of temperatures into a smaller distribution range . This c ould 

be attributed to three factors : 

1 .  A moderating effect on temperature by greater humidity at 

higher e levation s .  

2 .  A moderating effect o n  temperature by greater cloud c over 

at rdgher e levations . 

) .  The inability of the le ss  dense atmo sphere to gain and lose 

significant amount s of heat (Geige r ,  1965 ) . 

Although there "'ere microclimatic effe ct s reflected in the tempera­

ture data , all e levational zone s varied similarly through the year as  

the r
2 

value s in Table X ,  page 29 , indicatec.  Even though the different 



areas did not react eXAc tly a s  would have been exp€ cte d r  the general 

temperature change s f or all station s  showed no signs of influence on 

any one station to cause its a nnual pattern of temperature t o  be s ig­

nificantly diffe rent from the pattern of adjoining stations r and a s  

change occurre d  a t  the lowe st stati on, a similar but sma ller change 

occurred at the hi gher stat ions ( T anner, 1963) . 
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he lative humi dity i s  the pe rcenta ge of the moisture nee ded to 

saturate the atmo sphere which i s  actually pre sent in the atmo sphere 

(Anderson , 1936 ) . Relat ive humidity in stable c onditions varie s in� 

versely with a ir temperature (Foster , 1948 ) ,, This c ould be seen in the 

hourly relative humidity data . A s  the hottest portion of the day a� 

preached,  relat ive humidity dropped ,  and a s  the day beg an to c ool , the 

relat ive humidity ro se " Tt>..i s wa s subject to modif ic ation a s  a re sult of 

moist o:r dry vrinds .  The relatior:sliip of relative humidity to tempera­

ture indic ated that s��er value s sho�ld be lower than the ��nter one s ,  

but such wa s not true in the Smokie s .  The re lative h��idity frequency 

table s show that relative hum.i ciity value s were more c onc entrated toward 

the saturated e nd o: the scale ir. the s�ner .  In the c older months 

relative humidit ie s were cilst ribut.e d  over a broade r range . In the sum­

mer the moisture capac ity of the atmo sphere is much gre ate r than in the 

w.inter . T he c ombination of high relat ive hum:1dity and incre a sed atmo s­

pheric moi sture c apac ity ind:ic ated that there wa s a g re ater supply of 

moisture in summer than in the win�er o  Thi s greater moisture supply 

might have been the re sclt cf in:: rea sed evapotransp:::..rat ion. 

Dauber:u"ll�re ( 19i.J.J)  and featt. ie ( 19J6 ) stated that there is no 
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relation between relativs hur-c.idit;y and elevation , This appea red  t o  be 

untrue in thi s study . There w� s a g e neral trend toward incre a sing 

monthly relative humidity means a s  altitude increased through the 5 , 000 

ft . station . The 6 , 300 ft . station had relative humidity value s similar 

in magnitude to the 1 , 460 ft . station.  This wa s probably a microclimatic 

effect . The 6 , 300 ft . station wa s on an exposed peak without protection 

from the wind. The high �_nd movement a c ro s s  the peak probably lowered 

the relative hur.idity by transporting the atmo spheric moi sture away from 

the station to an are a  of a lower moisture c oncentration . The 5 , 000 ft . 

station was also subject to wind movement (Ru s sell,  1953) , but fre­

quently clouds and moisture picked up from the valley belo� were fun­

nelled through the gap . T hi s  kept relative humiditie s high at the 5 , 000 

ft . station . 

Vapor pre s sure deficit i s  a much better indi cator of atmo spheric 

moisture demand than relative humidity (Ande rson, 1936 ; Kittredge , 1948 ) 

and is  importa nt in dete rmining the magnitude of moisture stre ss  in a 

plant ( Shaw and La in�; , 1965 ; }�ozlowski , 1968 ; Weatherly , 1965 ; Slatyer p 

1967 ) . The altitudinal and sea sonal variation in vapor pre s sure deficit 

wa s ba sed on the c ombined relations of tempe ra ture and relative humidity . 

The 1 , 460 ft . station , which had the highe st temperature and lowe st 

relative humidity , had the highe st vapor pre s sur·e def ic it . The 6 ,  300 

ft . st at ion r£d the second highe st s atfu�at i �n defic it . Even though 

temperature s were lower at 6 , 300 ft . ,  the relative humidity was a l so 

low enough sc that a 1-righer saturati on cie:i cit occurred than at the 

3 , 850 ft . and 5 , 000 ft . stati ons . The ) , 850  ft . station had the lowe st 

vapor pre ssure defic it of the f our stations . TrQ s  re sulted from the 
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combir1ation of high relative humidity and c ool tempe rature s .  Conditions 

at this station might have been influenced by the data collecting site . 

Thick vegetation probably retarded the ��nd flow through the area and 

permitted atmospheric moisture build-up ( Shanks , 1954) . 

Vapor pre ssure deficit also followed an annual trend . De fic it s  

were large st in the summer months i n  spite of high relative humiditie s .  

This re sulted from the higher temperature s which were accompa nied by a 

higher moisture demand to re ach saturation. In the winter when relative 

humiditie s were not as high as in summer , the saturation vapor pre s sure 

of the atmosphere wa s small enough so  that the difference between vapor 

pres sure and saturation vapor pre s sure wa s a smaller value than the c or­

re sponding value for summer . 

Precipitation in the Great Smoky Hountains can generally be 

clas sified - a s either cyclord.c or orographic ( Donley and l'titchell r 19.39 ; 

Dickson, 195 9 ;  Smallshaw, 195.3) o Orographic prec ipitation re sult s from 

moist air be ing lifted into a c ooler zone where condensation occurs to 

form droplets large enough to react to gravity and fall as  rain ( Burns �  

195.3 ; Elliot and Shaffer y  1962) o This i s  characte ristic of higher 

elevations "  Cyclonic rairSall is a s sociated w�th frontal systems . Ele­

vation is not important in rainfall amount s unle ss a landform is high 

enough to interfere with the movement of a system ( Fo ster p 1948 ) . Both 

type s of precipitation were c ommon in the Smokie s and e ach type probably 

brought about different re sult s .  

Precipitation normally increase s  with altitude until ar: altitude 

is reached at ��l ch the atmospheric moisture be g ins to dim�nish a nd 
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pre c ipitat ion amount s decrea se ( Donley and }Qtche ll , 1939) . The Smokie s 

are not high e nough in e levat i on so that there i s  a de c re a se in pre­

c ipitation above a point of maximum pre c ipitation . The re wa s an exce p­

t i o n  t o  thi s  whi ch wa s probably a re sult o f  pre c ipitation type a nd local 

t op o[raphy . In the winter months the 5 , 000 ft . station had greater pre­

c ipita tion than the 6 , JOO ft . station . Winter prec ipitation wa s pri­

marily of the cyc lonic type . A s  the front approa ched the mounta ins , it 

might have be en temporarily slowe d  or stopped by them . While the front 

wa s moving acro s s  the mountain s ,  a c ompre s s io n  in the draws leading t o  

g ap s  might have occurred . A s  the front gaine d a ltitude , there wa s a 

c e rtain amount of funne lling effe ct through the se gaps and higher amounts 

of precipitati on fell ne ar the g ap s  than on nearby pe ak s .  In the summe r 

much of the pre c ipit at ion wa s orographic , and the highe st sh.tion s re­

c e ived the highe st amount s .  .ll. s a re sult the 6 t JOO ft . sta t ion had higher 

prec ipitation in the wa rme r month s than did the 5 , 000 ft . station . 

When c ons idering the pre c ipitation amount s of the 6 , 300 ft . and 

5 ,  000 ft . stations ,  it mu st be kept in mind that wind i s  an important 

factor in the mea surement of true pre c ipitation ( Ee lme r s ,  1954 ; C orbett , 

1967 ; Brown and Feck , 1962) . The prec ipitation g auge s u se d  in this 

study were e quipped with alter shie lds which helped to c ompen s ate for 

•rind e ffe ct . E owever , the 5 , 000 ft . s tation,  loc ated in 1�ewfound G ap ,  

wa s  a s soc iated with much a ir turbulenc e . Thi s may have a ffe cted the 

winter pre c ip itation amount s which were the ��ghe st among the four sta­

tion s .  The data c ollect ing station at 6 , JOO  :t . eleva tion wa s a l s o  in 

an expo sed and ��ndy s ite . Thi s might have a ffe cted prec ipit ation me a ­

surement s .  
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Total prec ipitation wa s measured in this  study , This wa s neces­

sary to compare stations without corrections of amount s collected de­

pending upon the possible source s of variation. In discussing plant 

habitat s ,  effective rainfall might be more important than the total. 

Effective rainfall is the precipitation that reache s the soil . The 

difference between the total and effective rtJ infall is  acc ounted for by 

interception , trapping , storing , and disposition of water without it s 

reaching the litter ( Zinke , 1967 ) . Litter may also intercept appre­

ciable amount s of moisture (E schners , 1967 ) . Rogerson and Byrne s 

( 1968 ) stated that throughfall occurred only after . 05 inche s of pre­

cipitation in Pennsylvania hardwood fore st and that only 80 per cent of 

the summer precipitation reached the soil . Slatyer ( 1967 ) reported a 

25 per cent lo ss  of rainfall due to  interception by spruce and fir and 

a 7 per cent lo ss  in beech . In considering the soil moisture regime of 

an area , all intercepted prec ipitation is not lo st to the soil since 

soil moisture losse s due to evapotranspiration are reduced a s  long as  

moisture is on the leave s .  However , reductions in evapotranspiration 

do not equal the amount of moisture intercepted (Thorud , 1967 ) . Com-

parisons among stations in this study could be made because of uniform 

precipitation sampling methods and equipment . Soil moi sture calcula­

tions Jnay be inaccurate because total rather than effective precipita­

tion was used in the c alculations .  

The soil moisture balance showed an incre a se in soil moisture 

and a decrea se in potent�al evapotranspiration ��th L�crea sing altitude . 

The use of this method may re sult in criticism for several rea sons , 
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although Fitzgerald and R ickard ( 1960) and Zahner ( 1955 ) found good 

agreement between c omputed and observed c onditions u sing the Thorn­

thwaite method . To the c ontrary, Daubenmire ( 1956)  said that this 

method u sed  mean climatic value s when extreme s might be of more import­

ance in the plant environment . Di ckson ( 1959 )  stated that in the 

Southern Appalachians evapotran spiration decre a sed with an increase in 

elevation, but Daube�ire ( 196� )  said that evapotranspiration at 6 , 300 

ft . was generally 2 . 5 time s a s  high a s  at sea level because of reduced 

atmospheric pre ssure .  Daubenmire ( 1943) also stated that because of 

other factors influencing evapotranspiration elevation was not a good 

predictor of soil moisture . 

The Thornthwaite method use s only tempe rature , precipitation , 

and a correction factor for latitude to compute potential evapotrans­

piration and the soil moisture balance . Other re searchers found other 

climatic variable s to be significant in determining soil moi sture rela­

tions o Knoerr ( 1961) , Bethlahmy ( 1953) , :Kittredge ( 1948) , Kucera ( 1954) , 

and Neumann ( 1954) found vapor pre s sure deficit to be related to evapo­

transpiration . J ohnston ( 1919) , Kucera ( 1954) , and Neumann ( 1954) found 

that the c ombination of vapor pre s sure defic it and wind gave a higher 

correlation with evapotranspiration. Johnston ( 1919) also f ound that a s  

vapor pre s sure deficit decrea sed , wind became more important . T o  the 

contrary, Thornthwaite and Rolz��n ( 1939) , Deacon ( 1958 ) ,  and Budyko 

( 1963) stated that vapor pre s sure deficit wa s unimportant in determining 

evapotran spirational rate s .  Evapotranspir-ation c ar� still occur in an 

area of low vapor pre s sure defi c it as  moisture is removed from the area  

by vdnd or  by diffusion ( Budyko , 1963) . 



Instead of determining evapotranspiration from temperature or 

vapor pre s sure deficit data,  Slatyer ( 1967 ) , Foster ( 1948 ) , and Budyko 

( 1963) stated that evapotranspiration i s  determined by : 

1 .  Energy u sed in evaporation and transpiration . 

2. A water vapor gradient a llowing diffusion from the surface 

of evaporation and transpiration . 

3 .  Wind acting a s  the tran sporting agent . 

Stearn s  and Carl s on ( 1960 ) added soil and a ir temperature to energy, 

wind , and vapor pre s sure gradient and got a . 84 value f or R2 
using the 

8.3 

multiple regre s si on method . N a sh ( 1963)  found that vegetation charact-

eristic s were also to be added to the other climatic factors to get g ood 

agreement between observed and calculated s oil moi sture as a re sult of 

evapotran spiration . 

If the a s sumption were made that vapor pre ssure deficit wa s a 

significant variable in determining evapotranspirational rate s ,  then it 

would be nec e s sary to revi se the figure s for the upper three stations 

in the Smokie s to a c c ount f or very low vapor pre s sure deficits and 

their effect . On the other hand , s ince w�d wa s an important transport 

mechanism of water vapor , it required a rai sing of evapotranspirationa l 

rate s at the 5 , 000 ft . and 6 , 300 ft . stations because of the w�ndy nature 

of the environment . From t:b...i s discus sion it c ould be seen that the po-

tential evapotranspiration and soil moisture balance value s obt a ined in 

this study were primarily important a s  value s which integrated available 

climatic va:dable s ,  tempe rature and pre c ipitati on r to g ive c omparable 

c omposite value s f or the four stations rather than true soil moisture 

' + aa .., a .  



A s soc iated ��th the s o il moi sture ba lance i s  moisture stre s s  on 

a plant . ¥.oi sture stre s s  oc curs whe n wat e r  lo s s  due to tra n spirat i on 

i s  greater than water gain due t o  absorpti on ( Zahner a nd Stage , 1966 ; 

Kozlowsk i ,  1968 ; We atherly , 1965 ) . This c ondition can oc cur when s o il 

moi sture i s  low and d oe s  not move t o  the roots ( a rea of lowe st soil 

moisture c ontent) f a st enough to keep up with the rate of absorpt ion . 

Eo i s t.ure stre s s  c a n  a l s o  oc cur in well watered s oil s be c a u se of very 

high transpirat ion rate s due t o  a high atmo spheric moi s ture satura tion 

deficit ( Shaw and Laing � 1965 1 Kozlowski , 1968 ) . 
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If the a s sumpt ion we re made t��t the s o il moi sture va lue s c om­

puted in thi s study were useful in evaluat ing the moi sture b& lance of 

the Smokie s ,  there wa s agre ement with Helvey and Hewlett ( 1962 ) . They 

stated that in the ��gh rainfall region of the S outhe rn App a la chia n s ,  

s oil moi sture wa s seldom, if eve r ,  low e nough t o  be limit ing t o  the 

vegetation. Patrie , et a l . , ( 1965 ) and Z ahne r ( 1967 ) stated that in 

humid fore st re g ions the shallow root z one wa s f requently supplied with 

prec ipitation . Data from thi s study verified that rainfall wa s dis­

tribute d  evenly among the stations and at freque nt intervals in the 

Smokie s .  The c ombination of high s oil moi sture , frequent wetting of 

the surface horizon s ,  and l ow vapor pre s sure deficit s sug ge sted that 

moi sture stre s s  wa s infreque nt at the three upper sta tions in the 

Smokie s and might be of no c on se quence t o  the ve getation . 

Much c limatic research rema ins to be done in order to verify or 

de�v the implicat ions of thi s study . The hi gh e levat ion s  of the Great 

Smoky Mounta in s provide a urdque area of study into evapotra n spiration . 

A c c ording to s ome authors ,  evapotra nspiration should be high be c ause of 



low atmo spheric pre s sure and high wind , and othe r s  sug[e st it should be 

an are a of low evapotranspiration be c au se of low vapor pre s sure deficit s  

and low temperature s .  The t rue value probably lie s in the integration 

of the se different c limatic variable s .  

A c c ording t o  Fowe lls ( 1965 ) mo st of the tree spe c ie s in the 

G re at Smok;r Hountain Nat i onal Park occur in other are a s  cha racterized 

by greater c limat i c  ext reme s than occurred in the pe riod involve d in 

this study . Thi s lea ds the pla nt ecolog i st to que st i on the validity of 

mi croclimate a s  a sole parameter in the d i stribut i on of ve getation . 

A ctually climate i s  a fa ctor in an integrat ion of variable s such a s  s oil , 

hi st ory , slope , a spect , parent material , e tc . , which dete rmine s the 

range of a spec i e s .  In the Smokie s a group of spe cie s such a s  c ove 

hardwo o d s  may corre late well with a group of c limat ic factor s ,  but s ince 

tho se spe c ie s  are not the only one s occurring in that c limatic z one , 

other lirrdting factor s must be s ought to help in the definition of spe� 

cie s range . The inte gration of the se int e rrelating factors is a complex 

problem which the e c ologist i s  attempting to achieve . 



V I .  S lW;:t-iARY 

Between J anuary 1 ,  1947 , and December 31 , 1950 , hourly tempera� 

ture a nd relat ive humidity and daily pre cipitation and cloud c over d a ta 

were c ollected c; t  the 1 � 4-60 ft o r  3 � 850 ft . ,  5 , 0 0 0  ft . �  and 6 ,  300 ft . 

elevations in the G re <e t  Smoky .t'tounta iJ1S N at iona l Park o The se four 

ye a r s  were part of a period of data c ollect ion extendin� from January , 

1946 , through J'i.P rch , 1951 . The se data were proce s sed by a digital 

e lectronic c omputer , IBE 7040 , under the c ontrol of data summary and 

potent i a l  evapotranspiration programs . Se lected statisti cal te st s were 

employed to c ompare the similarity of varia tion in some monthly me an 

value s or to dete rmine the degree of variation between s ome of the e li� 

mati c  ele:rnents . 

The :iindin; s showed that cloud c ove r increa sed with e leva tion 

and de crea sed ir. the warmer part of the ye a r . Temperature decre a sed 

w�th e levation at a curvilinear r ate , A s  a ltitude incre a se d ,  the de� 

c re a se in temperature per 1 , 000 ft . de c re a sed . la pse rate incre a sed 

from a mini mur.: in De c emt>er- January to e maxkum in July . Eela tive 

hmnidity al s o in::: rea sed -vrith a ltitude r except, tha"':. mic r oc limatic influ� 

ence s were strongly reflected in the se data . vJind probably reduced the 

relat ive hur,id:i ty a t  the f r 300 f"'".., . e levatior: anc la ck of 1·:-lnd allowed 

a�mo spheric moi sture buil d-up . Di st ribut ion of :re lat ive hurnidity ha d 

greater range in c older months than in t he s��e r .  V �por pre s sure de-

ficit de c rea sed vrith eleYat i or- ; how'eve :r r  the d"; f'fr= ::--eDce emonr:: the me ans 

of the three hi[he st s t a � :i cns wa s smc_lL reflec tir;§: the diffe::-ence in 

8t 



temperature and relative humidity at the diffe re nt e levat ions . Pre c ipi­

tation inc re a sed with an L�c re a se in elevation ; howeve r ,  the two highe st 

stations showed the re sult s of mic roclimate and prec ipitation type on 

amounts c olle cted .  The 5 , 000 ft . station had the highe st pre c ipitation 

in the winter when pre c ipitation wa s predorrdnantly cyc lon i c . The 6 , 300 

ft . station had the highe st ra infall in the suw�e r when much of the high­

elevation pre c ipitation wa s orogra phic . 

S o il mo i sture balance , c alcula ted by the Thornthwa ite me thod , 

refle cted only t he variation in temperature and pre c ipitation , When the 

a s sumpt i on s  were made that ro ot ing depth wa s 6 feet and field c a p a c ity 

wa s 12 . 00 inche s o f  wate r ,  s oil moi sture c ontent incre a se d  and eva po­

tran spiration de c re a se d  with an inc re a se in alt itude . Many othe r re­

se ar�h worker s  have stated that the se two c l imatic e lement s are n ot suf­

fic ient to c a lcul ate water balance and other f ac tors were sugge ste d for 

use in making such c alculation s . 

T he use of c limate a lone a s  the parameter f or defining spe c i e s 

distribution in the Smokie s ha s been omitted be c ause spec ie s  rang e s  re­

flect a c omplex of environme ntal f actors beyond those an alyzed here . 
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APPENDIX A 

DATA SUMMARY PROGRAM 

INTEGER 1-WR , lvlJ•lRR , MRRN , T.MNc , TSilli , RSllli, Rl'J..X , RMIN 

INTEGER RMN r F.RNG , TSM6 , RMN2 , F.SM6 , ST.AT , DATA , DATE 

JNTEGER VP , VPD, Tl'JJ.X . TNTI� , T:t-'IN , TF.NG , T:t-:K2 ,  RNN6 

INTEGER 'WI'l-'�. , vll'MI. vli'HN , STl-1N , 'WI'1•12 ' ST¥..2 , v'<"I'M6 p STM6 

JNTEGER WRMI, VW..YlA n "WRMN ,  SP..MN , w'R.l-2 , SRl-:2 , WEM6 , SRM6 

INTEGER Wl'RN � WRRN � '1-i"I'Y.J:: , STHX, 'WI'MM, STMM, WRMX,  SRYJX 

Th'TEGER WRMM. , SRMl-1 , PREC . WPRE , WVPD, SVPD, FTEQ , FREQ 

JNTEGER DAY, DAYS " MONT , YR ,  MTMI, MTMX , MRMI,  JYiRMX 

JNTEGEF. M:t-ITX , M:t-'IT I ,  HT.MN , MTM2, NT¥..2 ,  :MMRX ,  MMRI, MR:t-lN 

INTEGER MF.M2 , }fEM6 r. MVPD, l•lPF..E , JF 

DIMENSION FTEQ( 22) 9 FREQ( 21) � DATA ( 48 ) , VP( 101) 

J:::8 

80 READ 81� (VP( K ) 0 K:l , 100) 

81 FORJvl.JtT ( 2613/26 13/25 13/25 13 ) 

136 YR:::O 

137 YR:: YR.+l 

95 MONT:::O 

106 MONT:::MONT+l 

84 IF(  M ONT .EQ .  1 )  D.AYS=31 

JF( MONT • EQ . 2) DAYS:::28 

JF( :t-10NT .EQ.  3 )  DAYS:::3l 

96 



JF( MONT . EQ .  4) DAYS=30 

JF( MONT . E Q ,  5 )  DAYS=31 

JF(MONT .EQ . 6 )  DAYS=JO 

JF(MONT .EQ.  7 ) DAYS:31 

JF ( MONT . EQ c  8 )  DAYS:::31 

JF (MONT .EQ .  9)  DAYS:o.JO 

JF(MONT . E Q ,  10 ) DAYS=31 

JF( HONT .EQ.  11 ) DAYS�JO 

JF(HONT .EQ.  12) DAYS:31 

76 00 77 N=1 p 22 

77 FTEQ ( N ) =O 

78 00 79  M=1, 21 

79 FREQ(M) ::cO 

96 DAY::::O 

JF ( J  . LT .  8 )  GO TO 107 

JO PRINT 31 

97 

31 FORYlAT ( lB � 6H DATE , 4HST.AT t 5H TK4.Xr 5H TMIN � 5E TRNG , 5H Tl'fil� , 

l 5H TJ.iN 2 r. 5E TJ.� 6 r 5B P.YJ.X ,  5E P.KTI; p 5H HRNG , 5E PJ>ili , 5H Rl'f�2 , 

2 5H HYJN6 ,  5E PREC , 5E VPD) 

J:::l 

107 Dt.Y:=-DJ..Y+ l 

10 READ 11, ( D.A.TA ( I) , I=l , 48 )  

1 1  FORYiAT ( 6X r  ( 24I3/6X,  24 IJ ) , 2X) 

T.tt.AX-0 

TETh::O 



TRNG�O 

TMN.:::;O 

TSUM::O 

TSM6=0 

TMN6�o 

RM.AX-:::0 

RMIN:::cO 

RRNG:O 

RMN::O 

RSUM-0 

RMN�O 

RSM6::o0 

RMN6:0 

1 00 2 1:::1 � 48  

2 DATA ( I)=U�TA ( I) *10 

TMIN,DATA ( 1) 

RMTibDATA ( 2) 

00 14 b1 n 47 p 2 

12 IF( Tl�'1AX . LEo  DATA ( I) ) TMAY.=DATA ( I) 

13 IF(TMJJ\ o GE . DATA ( I) ) TMIN:DATA (  I) 

150 IF ( U�TA ( I) a LT o  0) GO TO 154 

151 IF ( DATA ( I) u GE .  1000 ) GO TO 156 

152 N:( DATA( I) /50 )+2 

153 GO TO 158 

154 N=1 

98 



155 GO TO 158 

156 N=22 

157 GO TO 158 

158 FTEQ( N )=FTEQ( N )+1 

14 TSUM-TStwi't' DATA ( I) 

15 TRNG�TYillX-TMIN 

16 T:t-m:=:TSUM/240 

17 Tt'.!N2= ( Tl';.AX""TivliN) /20 

18 JF(RY,.t..X . IE .  DATA ( I) )  ID'IAX:DATA ( I) 

19 IF(RM:rn , GE ,  DATA ( I) )  RMTibDATA ( I) 

68 M� ( DATA ( I) /50 )+1 

69 FREQ(H)::::FF.EQ( M)+1 

20 RSlW-"=RSUl'.t-t D.AT:A ( I) 

21 RRNG :::FJilAX-RHTh 

22 RMN:dtSUM/240 

23 RMN2,.,(RMAX ... RMIN) /20 

25 TSM6�TSM6+DATA ( I) 

27 RSMb-J{SM6t DATA ( I) 

28 RMN�--RSM6/60 

36 READ 37 � DATE � STAT " PREC 

37 FOPJ-:AT ( I6 � ll 9  I4) 

OQ 
/ '  



141 IF( FFEC .EQ . 2000 ) PF�C=OOOO 

IF(PP�C . EQ .  JOOO)  PFEC=OOOO 

85 IF(TMN-0) 86 , 87 , 87 

86 K=1 

GO TO 90 

87 K=TMN 

88 IF( 100-FYili ) 8 9 ,  89 , 90 

89 VPD:O 

GO TO J 

90 VPD=( 100-RMN ) *VP ( K) 

J Tl1AX=TJI.P.X/10 

4 TlGN::::Tl'�:rn/10 

5 TRNG-TRNG /10 

6 R.l'1AX=RJI.:AX/ 10 

7 ruv:m:RI-::rn/10 

8 RRNG=RRNG/10 

9 VPr>=VPD/10 

71 � \ j .EQ .  1 )  GO TO 7J 

72 IF ( J  . GT .  1 )  GC TO J9 

73 vJTlw=o 

WTJI12:0 

WTM6:0 

WRM:b.O 

WPYlii=O  
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WRMN=O 

WRK2=0 

WRM&:O 

WI'RN=O 

WRRN=O 

illMX=O 

WRMbO 

WP..M}�-0 

WPRE=O 

WVPibO 

WT.MY.r=O 

Wl'l-lli=O 

STMN=O 

ST:r-:2::0 

STM&:O 

SRMN=O 

SfU/12=0 

SRM6=0 

ST�O 

ST:r-w:-0 

sru�o 

SVPD:::O 

75 SIOOL-0 

39 IF ( DAY .EQ.  1 )  GO TO 82 

IF(Dt.Y . GT .  1)  GO TO l2J 
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82 MTMbO 

l-ITMX:O 

MRMbO 

MMTX:O 

MMT bO 

Ml"lRX=O 

Ml-lRI::::O 

l-1Tllli=O 

MRRN=O 

MTM!'bO 

MT:t'2=0 

MTM&:O 

MP..MN=O 

MR.M&:O 

:t-1RY.l2=0 

!-WPD=O 

MPRE=O 

MP..ML-0 

MMI'R=O 

MMF.R=O 

123 IF( J . EQ ,  l) GO TO 58 

124 IF(J . GT .  1) GO TO 50 

58 WI'MbTMIN 

60 WID:T-?J.:IN 

50 IF(V.'TYJ-. . IE .  T¥110:) WI'W.:TYlAX 
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51 JF(WI'MI . GE .  TMm) WI'MI=TMIN 

61 JF(WRY.A . IE .  PJ>lAX) WF�..A:=RMAX 

62 JF (WR1G . GE .  F.MIN) WRMl:::RMIN 

40 STMX=STMX+TY� 

41 ST:Mtlt=STMY.lt-THIN 

42 STMlbST.M.J..l.tTMN 

43 STY.2:ST:t-i2+TMN2 

44 STM6=STM6+TMN6 

45 SRMX=SRMX+Rl"lAX 

46 SRMY=SRMYJ+RMIN 

47 SRMN=SIDlN+RMN 

48 SID'.t2-SRM2+R..T'1N2 

49 SRM6:::5HM6+H .. l1N6 

91 WPHE:WPHE+PH.EC 

92 SVPD::SVPD+VPD 

IF ( DAY .EQ . 1) GO TO 57 

IF ( DAY .GT . 1) GO TO 59 

57 MTMI:TMIN 

1-ITMX-TMAX 

59 JF(MTI-11 .GT . TMIN) .MTMI:TMIN 

JF(MT!':X . LT .  T.tvlAX) MTMX=THAX 

IF(!'ffi.MI . GT .  P..MIN )  MRY.:.l=RHIN 

JF(HRMX . LT .  RY..AX) :r-:rmX=ID'.J>.x 
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74 MMTXd1MTX+T11..AX 

MMT I-HHl' l+TMlli 

MI'MNdiTMN+ TMN 

MI'YJ2::MTM2+ THN 2 

MTMWITM6+ Tl'1N6 

MriRX=Ml·ffiX+RYlAX 

}TI-ffibMMRI+F..MIN 

MRM2dlRH2+RMN 2 

MRM6dffiM6+RMN 6 

MVPD::MVPDt VPD 

HPF.E::Mf'RE.t PREC 

MMTRd�+TRNG 

Mr:RlbM}ffiR+EF..NG 

MrulN:.MEMN-t-E:r:.:N 

104 

32 PUNCH 33 , Dt-TE , STAT , TY.:AX, TMIN , TENG , TMN2 ,  THN6 ,  RHAX , RKIN , � .  

l AANG , F..HN 2 ,  F..MN 6 ,  PF.EC , VPD 

33 FOR¥illT ( I6 ,  Il, 1414) 

J4 FEINT 35 , nt._TE , STAT , TKliXv T}f..JN, TENG , TMN , TMN2 ,  TMN6 ,  :Rl'J..AX , R.M:Th , 

1 ERNG , F.MN, FJ.lli2 , RMN6 , PREC , VPD 

35 FOill':AT ( lR  , I6 , 2X ,  ll ,  I6 , 1315 ) 

142 IF( J . E Q .  8 )  GO TO 99 

IF ( J  . LT .  8 . AND. DAY . LT <  DAYS ) GO T O  107 

IF ( J  . BT .  8 . AND . DAY . EQ .  DAYS) GO TO 83 

99 WTRN:d.,'TY.i.A�vll'!H 



100 WRRNd·.JR�-WRMI 

93 WVPD=SVPD/7 

52 WfM:f.:STMX/7 

53 WfMM-STI-1M/7 

54 �'TMlbSTMN/7 

55 Wfl'l2:STM2/7 

56 WTM6=.STM6/7 

63 WfiJIJ.=.SPJ:fJ../7 

64 WRMl".=SRMM/ 7 

6 5 WF.MlbSilli..N I 7 

66 WRJI.t2:SID'J..2 /7 

67 wiU16=.SRM6/7 

97 PR INT 98 

105 

98 FOFJI.tAT ( lH , 5H WI'MA � 5H Wf.MI,  5H WTRN , 5H WfMX9 5H WfMMv 5H WI'MN , 

1 5 E WI'.M2 p 5H WT}'�6 , 5H WRJV'.Jl. , 5H WRMI,  5H w"P.RK , 5H WRMX , 5E 1-Y'R.M}: p 

2 5 H  WRMN P  5H "WR¥:2 , 5H WRM6 , 5H WPRE , 5H WVPD) 

120 PRJNT 121 9 WfY.!A ,  WI'MI9 WfRN 9 WfMX, WI'MM, WI'1'T..N v �'TM2 , WfM6 , WRY.tP, , 

l .WR}:I, WRRN , WRMX , WP..MM, WRMN , WRYl2 ,  WRM6 , .WPRE � WVPD 

121 FORY.tAT ( 18 15 )  

IF ( DAY o LT c  DAYS ) G O  T O  JO 

83 l'lHI'X��X/DAYS 

:M:f:T I-}� I/  DAYS 

MI'MN ::MTMN I DAYS 

MT}!f? -l'>ITl-:2 I DAYS 

MI'M6:MTM6/DAYS 



MMRX:MMRX/DAYS 

MMRbM1'iRI/DAYS 

MRMN::MRMN IDA YS 

MRM2-MRM2/DAYS 

MRM6:MRM6/DAYS 

MVPD-JWPD/DAYS 

MMTR:=mR/DAYS 

MMRR:::MMRR/DAYS 

Ml'RNdviT.MX-MTMI 

MRRN:=:MRMX-.MRMI 

101 C01'TJNUE 

129 PRJNT 13.3 

106 

1.33 FOID'..P.T ( lH ! 5H MT1'1X,  5H MTMI, 5H MF.MX, 5H MRKiv 5H MMTIP 5H MMTX � 

1 5H Ml'ffi.X , 5H MMRI, 5E M1'ITR , 5H 1'-lMRR � 5H MTMN , 5H MTYU: , 5H MTM6 � 

2 5H MRMN p 5H MP..M6 p 5H MRM2� 5H MVPD, 5H MTRN 9 5H MRRN r 5B MPRE ) 

1.34 PR INT 1.35 p MTMX� 1-ITMI { 1'-J:flliX , MFJU, MMI' I, 1-fr:TX ,  M:r.ffi.X s  .MMR ir  MMTR 9  

l }lMRR p MTMN � MTM2, MTM6 r MRMN ,  MP..M6 ,  MRlQ ,  JWPD, MTRN , MRRN 9 MPRE 

1.35 FORV�T ( lB  D 20I5 ) 

161 PRlliT 162 

162 FORJI.Jo.T ( 4HFT1 � 4HFT2 , 4HFTJ p 4HFT4 , 4HFT5 , 4HFT6 , 4HFT7 , 

l 4BYT8 0 4BYT9 r 4HFT10 � 4HFT11 r 4HFT12 0 4HFT1J , 4HFT14, 4HFT15 0 

4HFT16 , 4HFT17 , 4HFT18 , 4HFT19,  4HFT20 v 4HFT21, 4HFT22) 

16.3 PRINT 164 p ( FTEQ( N) , N:1 , 22) 

164 FOID1AT ( 2214) 

165 PRINT 166 



107 

166 FORMAT ( 4HFR1 , 4HFR2 , 4HFR3 , 4HFR4 , 4HFR5 , 4HFR6 , 4HFR7 , 

1 4HFR8 , 4HFR9 , 4HFR10 , 4HFRll, 4HFR12, 4H..l<'R13, 4HFR14, 4HFR15 , 

,..., 4HFR16 , 4HFR17 , 4HFR18 , 4HFR19, 4HFR20, 4HFR21) t.. 

167 PRINT 168 , ( FREQ(M) , M-1 , 21 )  

168 FORP�T ( 21I4) 

138 JF(MONT .EQ.  12 • AND. YR. . LT • 3 )  GO T O  137 

139 JF(MONT • EQ . 12 • AND • YR. . EQ • 3 )  GO T O  105 

160 CONT INlJE 

GO TO 106 

105 CONTINUE 

CALL EXIT 

END 



.APPENDJX B 

POTENTIAL EV APOTRANSP JRAT ION PROGRAM 

INTEGER IND, UDPE ,  CF , UADP , SMRT , DATE STAT , T ,  F 

INTEGER DIN , YIN , DPE , PMPE , ACT , STC , MOD,  MOS , TERM 

INTEGER GRWS ,. AGW, SMB9 MONT , DAY"  YR ,  DAYS , 

DIMENSION 1111( .365 ) 5 LIM( J65) , KLM( .365 ) , IND( 68 ) , 

DIMENS ION UDPE ( 24 , 4? ) , CF( .365 ) . UADP( 20 ) r SMRT (500 )  

DIMENSION DATE ( .365 ) , STAT ( J65 ) , T ( J65 ) , P ( .365 ) , DIN( J65 ) 

DIMENS ION DPE ( .365 L , PMPE ( .365 ) ,  ACT ( .365 ) ,  STC ( .365) 

DIMENS ION MOD( .365 ) , MOS ( .365 ) , GRWS ( J65 ) , AGW( J65 ) 

DIMENS ION S:HB( .365) 

1 P£AD 2� ( IND( J ) t J:l r 68 )  

2 FORY�T ( 17 I4/17 I4/17 I4/17I4) 

.3 P£AD 4 ,  ( ( UDPE( K � L) , K=1, 24) , 1=1 , 47 ) 

4 FORMAT ( 2412 )  

5 READ 6 ,  ( CF ( I) r T-1 t.365 ) 

6 FOID1AT ( 26IJ/26IJ/26IJ/26I.3/26IJ/26IJ/26IJ/26I)/26J .3 I 26IJ/26 IJ/ 

J 26IJ/26IJ/26IJ/26IJ/26IJ )  

7 READ 8 �  ( UADP ( N ) 1 N:1 , 20) 

8 FOR}',..b.T ( 20 I2 )  

9 READ 10 , ( S}ffiT ( M) r ¥�1 , 500) 

10 FORMAT (2 OiiJ./20 I4/20 I4/20 I4/20I4/20 I4/20 I4/20I4/20 I4/ 20 14/2014/ 

l 20 I4 /20Ih/20 I4/ 20 I4/20I4/20I4/20I4/2014/20 I4/ 20 I4/20 I4/20I4/ 

r: 20 14/20I4) 
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92 YR=YR+1 

11 YTI�:=:O 

36 Yt=1 

12 00 1 3  b l � 365 

13 READ 14,. DATE ( I) r ST.AT ( I) �  T ( I) p  P( I) 

14 FORNAT ( 16 ,  ll �  8X , I4 v  36X v  14) 

15 00 19 1::1 , 365 

1 6  IF ( T (  I) . LT .  33) J:=1 

17 IF ( T (  I) . GE . 33) J:T ( I) � 31 

18 Dlli( I):=IND( J) 

19 YIN:STh+ DIN( I )  

20 YTIJ-= Y IN  I 30 

33 00 35 b1 p 365 

22 IF ( T (  I) . LT .  34) GO TO · 27 

23 IF ( T ( I) .GE .  34 . P�D . T ( I) . LT .  81) GO TO 29 

24 IF (T ( I) . GE .  8 1 )  N:T ( I)�80 

25 DPE ( I)�UADP ( N )  

26 G O  T O  32 

27 DFE ( J )�oooo 

28 GO TO .32 

29 Y= ( ( YTI��2500) / 250 )+l 

30 kT ( I) -33 

34 DPE( I) ::UDPE ( K , L) *CF( I) 

}2 CONT INUE 

IF( T ( I) . LT .  }4) LIM( I)=O 
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IF(T ( I) . LT c  )4) LIM( I) =O 

J:F( T (  I) o GE ,  81) LIM( I)�UADP ( N )  

IF(T( I) . GE .  34 . AND.  T ( I) . LT . 81) LIM( I)=UDPE ( K , L) 

86 P (  I)d' (  I) *100 

PEPE ( I)=P (  I) �DPE ( I) 

IF(PMPE( I) oGE c  50 . ANDo PMPE ( I) . LE .  100 ) PMPE( I) =100 

35 CONTINUE 

4D ACT ( I) �SMRT ( M) 

71 IF( I .EQo  1) GO TO 72 

73 GO TO 42 

7 2  STC ( IL O 

4 2  IF ;' Pl·:1PE ( I)  T 'T'  
(• LJ.. � 0 )  GO  TO 45 

4-j IF( Ft•PE ( I) "GT o 0 )  G O  TO 48 

lU; IF(PMPE ( I) .EQ • 0 )  GO TO 56 

} ;  :: .MOD( I) � ( P:t-n: ( I) /100 )  �STC ( I) '""t . ./ 

46 r�:os ( I )  -�·D 

4? GO TO .58 
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48 TEF�-PMPE ( I)+ACT ( I) 

49 IF(TERM . GT ,  1200 ) GO TO  53 

50 MOD( I) =O 

51 MOS ( I) =O 

52  GO TO 58 

53 MOS( I) =TERM-1200 

54 MOD( I ) ,;:O 

55 GO TO 58 

56 MOS( I)=O 

57 MOD( I) =O 

58 IF(MOS ( I) . GE .  50 . AND. MOS ( I) . LE .  100 )  MOS ( I)=lOO 

MOS ( I) �OS( I) /100 

90 CONT lliUE 

�2.o PR nn 121 � ;" :rn 

121 FOID'.J.T ( lR v  DO ) 

59  DO 66 bl � 365 

60 IF ( I o EQ ,  1 )  GO TO 63 

61 AGW( I)=MOS (  I) 

62 GO TO 65 

63 AGW( I)d'JOS( I) 

64 GO TO 65 

65 GRWS( I) �(AGW( I) *9) /10 

66 S�( I) �CT( I)�RWS ( I) 

DO 85 bl r 365 

P (  I) :Jl (  I) /100 
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83 PR Th1 84 r DATE ( IL STAT ( I ) , T (  IL DJN ( I) , CF(  I) , LIM( I) r DPE ( I) � 
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l P ( I) ,  PMPE ( I) ,  ACT ( I) , STC ( I) , MOD( I) , MOS ( I) ,  tiGW( I) , GRWS ( I) ,  

2 SMB( I) , Kil1( I) , LIM( I) 

84 FORYillT ( lH  , 18 I6) 

85 CONT JNUE 

105 HONT=O 

104 HONT::::MONT+l 

IF ( YR  , LT .  8 )  GO TO  131 

IF(YR .EQ .  8)  G O  TO  132 

131 IF (MONT .EQ .  1 . OR .  MONT .EQ . 3 )  DAY:31 

IF (MONT . EQ .  2)  DAY=28 

IF ( MONT • EQ.  4 . OR • MONT . EQ .  6 )  DAY=30 

IF ( HONT . EQ .  5 . OR .  MONT .EQ .  7)  DAY=31 

IF(MONT • EQ . 8 • OR . MONT . EQ • 10 ) DAY=31 

IF( HONT . EQ . 9 • OR . MONT .EQ • 11) DAY:JO 

IF ( MONT . EQ .  12) DAY:::3l 

133 GO TO lJO 

132 IF (MONT .EQ . 1 • OR . MONT .EQ • 2 )  DAY=Jl 

IF( MONT • EQ.  '< 
• OR • MONT .EQ  • 5 )  DAY=30 ,..) 

IF (110NT .EQ .  4 . OR .  MONT . EQ .  6)  DAY=Jl 

IF( MONT f'EQ.  7 . OR . MONT .EQ  • 9) W.Y=31 

1FI HONT • EQ .  2 • OF. . r-:m�T . EQ • 10)  DAY=JO 

JF( NONT .EQ .  ll) DAY=J1 

130 JF( MONT .EQ .  1)  GO TO 122 

IF ( I-iONT .GT . 1 )  GC:" TO 125 

122 KP.P:.::l 



113 

123 LDT.:::Jl 

GO TO 127 

126 LOT:::.LOT"t" DhY 

127 FJ.A c� .:::C' 

1-:T:::.O 

ESlffi:...O 

IX: llO I� K.t-f , LOT 

:ETdiT-+-T ( I) 

EPK::.EPE+·DFE ( I) 

EF:::EF � F (  I) 

LPI.:P dlPEF-rFF:?E ( I) 

l·llr.OS-�·J>lOS+I-10S ( I) 



100 J:-.SEEd·:SI·:J?,.... S: :.E (  I)  

110 C ONT TIJUE 

E.3TC:=:l'lSTC / DAY 

hACTdi.ACT /DJ.Y 

l�T :=JvlT IDA y 

114 

101 PHn;T 102 , l� , :t-:PE , 1-'P , EPEF , EP.CT , HsTc , }::MOD, I>ll-iOs , J>:P.Gw, YGRVl , 

102 

103 

91 

j l�EB 

FOPJ1AT ( lli • 

IF( I<GNT . lT .  

l_f ( l·J:,LT . E ·� .  

COIIT INUE 

IF ( YR  .EQ , 8 )  

JF ( YR T IT\  8 )  .. 1._;,� to 

CONT JJ�UE 

E!: D  

1116 ) 

1 2 )  GO TO 104 

12) GO TO 103 

GO TO 91 

GO TO 92 



APPENDIX C 

TABLE XL 

MONTHLY MEAN TEMPERATURES ( DEGREES F )  CAlCULATED FROM 24-HOURLY 
VALUESt DAllY MAXJMUM ..A..ND MINTI1UM, AND 4-HOUR INTERVAL VAlDES 

AT THE 1 � 460 FI ,  STATION FOR 1947-1950 

Month 24-Hour 1'1ean Max-Ydn Hean 4-Hour Interval Mean 

Jan. 42 . 7 43 .5 42 . 7  
Feb. 40 . 0  40 . 5  40 . 0  
l-iar . 45 . 2  45 . 7  45 . 0  
Apr . 55 . 5 54 . 0  54 . 7 
:Vwy 63 . 5  63 . 7 63 . 5  
June 6 9 . 7  70 .5 6 9 . 7  
July 71 . 7  73 . 2  72 . 0  
Aug . 70 . 0  71 . 7  70 . 2  
Sept . 63 . 5  65 . 2  64 , 0  
O::::t ,  55 . 7  58 . 0  5 6 , 0  
Nov .  42 . 0  43 . 0  42 . 0  
D9 c .  37 . 0  38 . 0  36 . 7  
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TABlE XLI 

MONTHLY MEAN TEMPERATURES ( DEGREES F )  CALCULATED FROM 24--HOURLY 
'! ALUES,  DAllY MAXIMUM .AND MlNJMUM! AND 4-HOUR INTERVAL VALUES 

AT THE 3 , 850 FT . STATION FOR 1947-1950 

lbnth 24-Hou.r Mean Ma.x�Min Mean 4-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 .  4? . 7  49 . 0  47 . 7 
May 54 . 7 56 . 5  55 . 2  
June 61 . 0  62 . 0  61 . 2  
July 62 . 5  63 . 7  62 . 5 
Aug . 61. 7 62 . 7 62 . 0  
Sept . 56 . 2  57 - 5  56 . 7 
Oct . 49 . 2  51 . 0  49 . 5  
}Jov . 36 . 2 37 . 2  J6 . 2 
De c , 32 " 0  32 . 7  32 . 0  
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TABlE XLIT 

MONTHLY MEAN TEMPERATURES ( DEGREES F )  CALCULP�ED FROM 24-HOURLY 
VALUE S ,  DA JLY Y.tAXlliUM AND MTIJTI1U:K, AND 4-HOUR INTERVAL VALUES 

AT THE 5 c 000 FT. STAT ION FOR 1947-1950 

117 

Mont.h 24--Hour Mea."1 Max-Y.d.n Me an 4-Hour Interval Mean 

Jan . 35 . 0  35 . 2  35 . 0 
Feb . 30 . 7  31 . 7  30·. 7 
Y1a.r . 33 - 5  )4 . 2  33 . 7  
Apr . 44 . 0  45 . 2  44 . 2  
Hay 5 2 . 5  54 . 2  54 . ?  
June 57 . 0  61 . 0  58 , 5 
July 57 . 2  61 . 2  5 9 . 5  
Aug . 57 . 0  61 . 0  58 . 7  
Sept . 53 - 7  55 . 7  53 . 7  
Oct . 48 . 5  50 . 5  48 . 5 
N ov .  34 . 7 35 . 5  35 . 0  
De 8 .  31 . 2  31 . 5  31 . 2  



TABlE XL III 

MONTHLY MEAN TEMPEF..ATURES ( IEGREES F) CALCULATED FRO¥: 24-HOURLY 
VALUES 9 DA ILY :t'J.XJNUM AND MJN IMU1� r  AND 4-HOUR JNTERVAL VALUES 

AT THE 6 p 300 FT .  STAT ION FOR 1947-1950 

118 

Month 24-Hour Mean Max-Jvl...in Mean 4-Hour Interval Yl€ an 

J an e  33 . 2  32 o 5 32 o 2 
Feb .  28 . 7  29 . 5 28 . 7 
l'Iar .  32 • .3 3.3 . 0  32 o 6 
Apr . 40 . 5 4L O 40 o 5  
May 49 c 2  50 . 2 49 o 2  
June 55 o 0 5C 5 55 o 0 
July 5C5 58 o 0  56 o 7  
Aug o  56 . 0  55 o 0  56 . 2 
Sept o 5L 5 5.3 a )  5 2 . 0  
Oct . 46 o 7 48 f'5 46 . 5  
Nov ,, .34 c O .35 . 0 J4 , 5 
Dec . .30 . 5  .3L O J0 o 5 
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