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PROBABILITY OF LOW AND HIGH TEMPERATURES IN TENNESSEE

Henry A. Fribourgl and Dewayne L. Ingram2

ABSTRACT. The probability of occurrence
of 32°, 28°, 22°, and 16°F low temperatures
and of 95°, 90°, 85°, and 80°F high tempera-

tures is tabulated by week for 40 Tennessee

locations. Included also are a map, a brief
discussion of Tennessee temperature climate,
and a table of mean monthly temperatures at

these locations. The length of record used

is 30 yr (1941-70) for most stations.

1. INTRODUCTION

An analysis of the probability of low and high temperature occurrences
has far-reaching implications for both short-term and long-range planning
of activities. This information can be very valuable to industry, agri-
culture, and the general public in scheduling many tasks. Many human
activities depend on, or are limited by, not only the occurrence of precipi-
tation (Fribourg et al . 1973a, b; Strand elt al*. 1973) but also of low and/or
high temperatures.

The planning for many human activities could be assisted by knowledge
of the likelihood of occurrence of low and/or high temperatures. These
operations include such diverse activities as building of highways and
structures, recreation and tourism, wild life and domestic animal manage-
ment, and protection of plants.

Occurrences of low and high temperatures are among the factors that
determine the type of vegetation that can survive in an area. Agriculturists
nurserymen, growers, homeowners, and others must have a knowledge of the
expected low and high temperature occurrences to select suitably adapted
crops, ornamental trees and shrubs, fruit trees, and other perennial plants
material (Hill 1975; Hopp and Lautzenheiser 1966). Builders must be able
to anticipate the extent of cold or heat that structures will have to

~Professor of Plant and Soil Science, University of Tennessee, Knoxville.

~Formerly Graduate Research Assistant in Ornamental Horticulture and

Landscape Design, University of Tennessee, now Assistant Professor of
Ornamental Horticulture, University of Florida, Gainesville.



withstand and still provide a measure of comfort and structural stability.
Construction engineers must have this information to recommend heating

or cooling systems necessary to compensate for the lowest and highest
temperatures expected in a location at a certain probability level. This
information also helps the public to decide the timing and extent of
activities, for example, when and how much antifreeze to add to engine
cooling systems.

This report presents the probability of high and low temperature occur-
rences at 40 locations in Tennessee on a weekly basis. The probability
of these occurrences in any particular week allows the person planning an
activity to realize the risk of a temperature being attained. The person
can then decide the risk he or she is willing to take. This would of
course depend not only upon the cost and/or importance of the activity,
but also on the effect that unfavorable temperature may have on this
activity.

If all future temperature occurrences could be predicted reliably, and
if the relationship between human endeavors and this climatic factor were
known, it would be possible to improve the planning of activities dependent
upon these temperature occurrences. It could be decided in advance when
it might be desirable to protect certain plants, to start a building project,
or to plan for peak utilization of recreation facilities or energy supplies.
Temperature occurrence frequencies derived from historical data provide
understanding about the variability of occurrences of low and high tempera-
tures in a locality, and give some indication of what to expect in the
future (Thom and Shaw 1958; Young 1972).

2. GENERAL CLIMATE OF TENNESSEE

Tennessee falls within the "humid subtropical” subtype of nhumid
mesothermal' climates. In most years, there are four distinct seasons of
about equal duration caused by easterly movement of migratory high and low
pressure systems across the State. Weather systems which influence the
State originate either in the interior portion of North America or over
the Gulf of Mexico, which is the primary source of moist and warm air.

The terrain differs across Tennessee. The State extends from the
rocky crest of the Southern Appalachian Mountains in the east to the Mis-
sissippi River flood plain in the west (figure 1). State-wide average
annual temperatures vary from 60°F in the southwest to near 45°F at the

higher elevations in the mountains.

The mountains in the eastern end of the State range up to 6,009 ft above
sea level. These mountains and the Cumberland Plateau play an important
role in the temperature pattern in East Tennessee, since temperature is
greatly affected by topography. Temperature generally decreases 3°F for each
1000-ft increase in elevation. This factor accounts for most of the real
temperature variations in East Tennessee. Thus, the temperature is lower
on the Cumberland Plateau and in the mountains than in the Great Valley
which lies between these two regions. In the Great Valley temperatures



increase from north to south and are comparable to those in Middle and West
Tennessee in southern counties. The Plateau has cooler summers and

colder winters than the Valley. Temperatures in East Tennessee generally
remain somewhere between 10°F and 80°F throughout the year. Daily averages
are normally near 35°F in January and 75°-80°F in July.

Middle Tennessee topography varies from flat to hilly, with elevations
from about 400 to 1200 ft above sea level. The average annual temperature
varies from about 60°F in the Central Basin to 55°F on elevated locations
of the Highland Rim. Temperatures generally range between 15°F and 90°F
throughout the year. Daily averages are normally near 40°F in January
and about 80°F in July.

West Tennessee is relatively flat to gently rolling. The elevation is
about 300 ft above sea level in Memphis and increases slightly toward the
east. The average annual temperature of 60°-65°F in West Tennessee is the
warmest in the State. Temperatures generally remain somewhere between 20°F
and 90°F throughout the year. Daily average temperatures are normally near
45°F in January and 80°F in July. Mississippi River bottomland locales
generally average 2° to 3°F warmer than locations farther east.

3. SOURCES OF DATA

The temperature data used for calculating the probabilities were
obtained from daily observations collected by National Weather Service
Climatological Cooperative stations and first-order stations, and
Tennessee Agricultural Experiment Station research stations.

An attempt was made to select as many stations as possible to better
characterize all areas of the State. It should be recognized that the
data obtained at an observation site are most representative of the
immediately-surrounding area, and that the temperature in a specific
area will be affected by the immediate topography within that area. The
40 sites reported in this publication are shown in figure 1.

The temperatures used in this study were observed in louvered ventilated
wooden shelters following standards of the National Weather Service ("J.S.
Dept, of Commerce 1970). Daily minimum and maximum air temperatures were
obtained with minimum and maximum thermometers. The standard height of
observation is 5 ft above the ground.

It was intended that 30 yr of continuous records, ending in 1970, be
used from each site. The entire 30-yr record was not available for a few
stations; the exact length of record used for each station is given in
table 1. Stations with less than 30 yr of continuous records were included
in the study, with proper reference to the length of record, to maintain a
reasonably regular sampling density across the region.

For some stations, data values were missing for short periods. Although
such situations occurred with varying frequency among sites and years,
computations were done using all days or weeks for which data were available.



4. PRESENTATION OF DATA AND METHODS OF COMPUTATION

Since the temperature data base was very large (over 400,000 days),
digital computer programs were used for quality control procedures on the
original entries, to calculate the appropriate statistics, and to summarize

and tabulate the results.

The National Weather Service publishes normal and mean temperature
values, usually on monthly and annual bases (U. S. Dept, of Commerce 1973).

Normal values are the arithmetic average of 30 yr of record, in accord with
standards set by the World Meteorological Organization. Such values may not
indicate the most likely temperature to be expected in any given month
because a few occurrences of extreme temperatures may tend to weight the
numbers in that direction. They are, however, useful in describing in a
general way the temperature that has occurred at a given location. The
average monthly and annual temperatures for the 40 stations contained in

this study appear in table 1.

The 30-yr daily records from stations selected at random from each major
physiographic region of the State were checked for normality of distribution
of minimum and maximum temperature observations for each day of the year
across years. The magnitudes of skewness and kurtosis (less than 1 for
skewness and less than 2 for kurtosis in 90% of the days of the year) were
such that normality appeared to be closely approximated. Therefore, the
computed probabilities of temperature occurrence could be based upon the
assumption of a normal distribution of the data across years.

5. TEMPERATURE OCCURRENCE PROBABILITIES

This study provides a week-by-week analysis of certain temperature
occurrences to indicate the probability associated with a given temperature
during a particular week. The analysis was based on a 52-week year with
the week of March 1 being the first week of the climatic year. This was
done to avoid leap year week-numbering problems. For example, March 1-7 is
week 1, March 8-14 is week 2, and February 21-28 is week 52.

Four high temperatures and four low temperatures were selected for the
calculation of the probabilities of their occurrence. These were 32 , 28 |
22°, and 16°F for the low temperatures and 80 , 8 , 90 , and 95 F for the
high temperatures. This broad spectrum of temperatures was used in an
attempt to encompass the many different types of activities to which these
computations may be relevant. The daily maximum or minimum temperatures
for the 7 days in each week of the year were used in computing the probabili-
ties, which are based on the frequency of occurrence of the specified tem-
peratures in all available years of record.

The probability of an event occurring is expressed here as a percentage
between 1 and 99. Thus, a probability of 99% in the tables indicates that
it is extremely likely that at least that temperature will occur during
this week in the future. OFf course, this is based on the assumption that
immediate future years will be similar in temperature regime to recently
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past years. On the other hand, a probability of 30% indicates that tempera-
ture may be expected to occur, on the average, only 30 yr out of 100, or 3
yr out of 10. It should be emphasized that probabilities based on a long
period of record may be more accurate than those based on a few years of
record, if rapid climatic changes have not occurred.

The probabilities of specific low temperature occurrences in each of
the 52 climatic weeks for the 40 stations are presented in table 2. These
refer to the chance of a certain temperature, or a lesser one, occurring
for each week. Thus, in Memphis during the week of June 7, there is a 95%
hance of having a temperature occurrence of 80 F or greater.

In some cases the probabilities of temperature occurrences during weeks
of transition months (spring and autumn) are, somewhat unexpectedly, greater
than zero. These cases are not statistically significant (a relatively low
number of occurrences) and result from computations which involve non-
occurrences for many years (probability of zero) and actual occurrences for
a few years.
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Table 3.--Percent Probability of High Temperature Occurrences
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Table 3.--(continued) Percent Probability of High Temperature Occurrences
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Table 3.--(continued) Percent Probability of High Temperature Occurrences
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Table 3.--(continued) Percent Probability of High Temperature Occurrences
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