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Introduction 

Extremely low and high temperatures affect everyone. In addition to the 
personal discomfort or injury resulting from severe cold, the economic losses 
are huge. During the recent cold winter of 1962-63, for example, news media 
were filled with stories of freeze damage. Among the damages noted were frozen 
water lines and pipes, road deterioration, and winter kill of small grains, 
pastures, fruit trees, strawberries, and shrubbery. Many schools were forced 
to close and some industries shut down. Transportation was interrupted and 
most outdoor work, including construction, was halted. The severity of winters 
and the damage caused by them cannot be attributed to a single weather element. 
The extreme lowest temperature is only one factor in determining the severity 
of a winter but it is an important one. 

Knowledge of the risk of extremely low temperatures is important to long-
range planners in agriculture, commerce, business, and industry. The more 
severe low temperatures are a critical factor in the growth and survival of 
plants, insects, and animals. Some types of outdoor work which may not be 
affected by a moderate freeze may be interrupted by a more severe one. 

An average low winter temperature has limited usefulness, although it is 
a figure frequently used in public information such as descriptions of the 
climate of a particular locality. 

Roads and other structures must be designed to withstand the rigors of the 
lowest temperature within a reasonable period of years. Also, knowledge of the 
severity of cold weather is useful in determining the amount of protection from 
freeze needed in many instances, such as insulation in a residence or furnace 
capacity in a greenhouse. In order to meet both practical needs and natural 
curiosity, an analysis of the risks or probabilities of extreme winter low 
temperatures at various locations in Virginia is presented. 

Extreme maximum temperatures are also analyzed in this report. Although 
the climate of Virginia is considered temperate, the occurrence of extreme high 
temperature is important in relation to such factors as growth and moisture re-
quirements of plants, evaporation, and human comfort and well being. Refrigera-
ting and indoor air conditioning equipment must be designed for extreme high 
temperatures if no failure is to result. High temperatures cause trouble with 
any materials which soften with heat, such as photographic films, confectionery, 
electrical insulation, etc. Maximum temperatures also are useful in character-
izing the general climate of the state, particularly the variation within the 
state. 



Temperature Data 

Daily minimum and maximum temperatures, degrees Fahrenheit, recorded at 
Weather Bureau climatological stations in Virginia have been used in this study 
to determine series of winter extreme minimum and summer maximum temperatures. 
In an attempt to record representative air temperatures at these stations, the 
thermometers are installed in well ventilated shelters which shade them from 
incoming solar radiation during the day and protect them from direct loss of 
heat by outgoing radiation at night. The thermometers are about 5 feet above 
the ground. 

On clear calm nights, a common situation occurs during lowest temperatures. 
The minimum temperature at 2 inch level near the ground will usually be a few 
degrees lower than at 5 feet, the thermometer level. This temperature inversion 
may extend upward above the instrument shelter some distance before temperatures 
again start to decrease with increasing height. Maximum temperatures near the 
ground on a sunny day are usually a few degrees higher than at thermometer level. 
This difference is limited by the fact that heated air will rise and then be 
replaced by air at a lower temperature. 

Several factors cause sizeable minimum temperature differences over rela-
tively small distances. Among these are (1) type of vegetative cover, (2) urban 
development, (3) topography, and (4) type of weather situation. During calm, 
clear nights the minimum temperature over a meadow may be lower than over a 
similar area of bare ground. This difference in temperature is caused mainly by 
cooling from the leaf surfaces of plants, and the insulation of the soil surface 
and residual soil heat from the top of the leaf canopy by the plants themselves. 
The minimum temperature in rural areas is usually lower than in urban areas. 
On the average, temperature decreases with increase in altitude by about 3°F. 
per thousand feet. However, on calm, clear nights air cooled near the ground by 
radiation may collect in valleys. This causes lower temperatures than on nearby 
slopes throughout the depth of radiation-cooled air. At higher levels tempera-
tures will again decrease with increase in elevation. On windy or cloudy nights 
near-average decrease in temperature with altitude prevails. 

These differences in station location, which may create a rather complicated 
pattern of minimum temperatures at a given time, no doubt have some effect on 
the series of extreme winter temperatures in Virginia. In general, however, at 
increased latitudes and elevations extreme minimum temperatures tend to be colder. 

Maximum temperatures usually do not differ as much as minimum temperatures 
over small distances. There is usually more horizontal air movement during the 
day when maximum temperatures occur. Also, heated air tends to rise and mix with 
air of lower temperature. These factors tend to eliminate differences in heating 
caused by the type of underlying surface. However altitude effects on maximum 
temperatures are about the same as on minimum temperatures. 

The lowest temperature of record in Virginia was -29° at Monterey, at an 
elevation of 2910 feet, on February 10, 1899. Since temperature records ended 
there in April 1899 and were not resumed until 1941, this value was not included 
in our analysis for Monterey. The coldest temperature near the earth's surface 
in Virginia in the last 40 years has probably not been recorded, but it was 
probably at high elevation in the Appalachian Mountains on a clear cold night 
with thick insulating snow on the ground and maximum radiation conditions to 
outer space. 
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The highest temperature recorded in Virginia was 110° at several locations 
on different dates. Geographical effects on extreme maximum temperatures over 
the state are not as great as on extreme minimum temperatures, with altitude 
differences apparently the main factor. The fact that air near the ground rises 
readily when warmed sufficiently accounts for the fact that many stations in 
the state have similar extreme maximum temperature probabilities. 

ANALYSIS OF DATA 

A series of winter minimum and summer maximum temperatures for each of 57 
Weather Bureau Stations throughout all sections of Virginia with records as 
long as 40 years were analyzed in order to determine the probability of extremely 
low and high temperatures for a particular year. The location of each station 
was shown in a previous publication by Tinga and Bailey (7). The data for each 
station were fitted to the Fisher-Tippett Type I distribution, an extreme value 
distribution that has been widely used in treating climatological data (1,2). 
The Fisher-Tippett Type I distribution in its cumulative probability form, is 
expressed as a double exponential equation 

F (x) = exp ( -e -(x-A) /B) 

where F (x) is the probability that a selected x value will not be reached. 
The exponent (x-A)/B is a standarized variable, that is, it is a variable 
located at A and scaled in B. The two parameters A and B were estimated from 
the data by using Liebein's procedure as described by Thom in 1966 (3) and 
Vestal in 1961 (4). Machine methods were used for the calculations but a few 
records at selected stations were analyzed as follows. The line of best fit 
was determined by evaluating the reduced variate (x-A)/B for two values of x 
fairly far apart. The results were then plotted on extreme probability paper 
which gives a straight line fit to the probability distribution. A fitted 
winter minimum temperature series for Cape Henry, Richmond, Lynchburg, and 
Blacksburg is shown in Figure 1. From this graph, probabilities or recurrence 
intervals, commonly called return periods, for various winter temperature 
extremes can be determined. Alternatively, the winter extreme minimum tem-
perature to be expected at any selected probability level (or the return 
period associated with a selected temperature) can be read easily from the 
graph. Of course, a probability determination can be made directly from the 
distribution function, but the use of extreme probability paper greatly 
simplifies the process. 

How well the sample of data fits the probability distribution function is 
also illustrated in Figure 1 for Blacksburg. The plotting formula used in this 
example was: P. = i - 0.44 I (n+ 0.12), when n is the number of observations, i 
is the order i of the observation from the smallest, and P. is the estimate of 
the cumulative frequency of the i th term. This equation w~s developed by 
Gringorten (5) for plotting the i th of n ordered observations, if the n 
observations are plotted to facilitate their inspection. 

In the data in Table 1, continuous records of 40 years were examined. 
For example at Blacksburg, there is a 90% probability that the minimum temper-
ature for any one year will be 7. 5°F. There is a 50% probability that the 
minimum temperature will be 2.0°F. for any year. This means that every other 
year on the average this event may occur. Thus the return period expected is 
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0 2 years. The lowest temperature with 5% probability of occurrence is -9.9 g. 
The associated return period is 20 years. The probability is 1% that -17.3 F. 
will occur in any one year. This return period is 100 years. 

In the same manner, from Table 2, we see that the Blacksburg 50% 
probability for summer maximum temperature is 92.6°F. which may occur every 
other year. The 5% probability is l00.6°F. and the return period expected 
is 20 years. The 1% probability is 105.6°F. with the return period being 
100 years. 

Limitations of the Data 

Tables 1, 2, 3 and 4 indicate only minimum or maximum temperatures. 
Thus they are not labeled "plant hardiness data." Extreme temperature is 
only one of the climatic conditions determining whether or not a plant will 
survive in a particular location. There are many other conditions that should 
be considered in addition to extreme temperature. For example, early fall or 
late spring freezes may limit plant growth. The amount of precipitation and 
the duration of the extreme temperature must also be considered. 

Extreme minimum or maximum temperature tables may not reflect combina-
tions of climatic conditions such as low but not extreme temperature, low 
precipitation, high solar radiation and above average wind velocity. This 
combination occurred in Virginia in February, 1968 and caused winter desic-
cation resulting in browning the foliage of many evergreen plants. 

RESULTS 

Winter minimum and summer maximum temperatures to be expected on the 
average for selected return periods, T, and probabilities, p, are listed in 
Tables 1 and 2. Since T = l/p, a 20 year return period minimum temperature, 
for example, is equivalent to a 5% probability that a temperature that low 
will occur (or 95% probability that it will not occur) in any one season. If 
temperatures for additional return periods not given in the table are desired, 
they can be obtained by plotting any two given temperatures opposite their 
associated return periods on extreme probability paper of the type shown in 
Figure 1 and drawing a straight line through the two points. 

The minimum temperatures of Table 1 and the maximum temperatures of 
Table 2 are the best estimates of the lowest or highest temperatures to be 
expected for the given periods of time or return periods on the average. 
The extreme temperature for a given return period, 10 years for example, 
will not occur in every 10-year period, but may occur more than once in any 
return period. Actually the probability that any given temperature within 
the tables will occur within a single return period is 0.63 (6). The 20 year 
extreme temperature has only a 63% chance of happening (or 37% chance of not 
occurring) wfthin 20 years even though, on the average, it occurs once every 
20 years. It is not necessary to consider these facts in practical application 
because the temperatures in the tables are the best estimates of the lowest 
minimum or highest maximum temperatures to be expected during the given 
return periods that can be obtained from the samples of data. 
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The geographical variations of extreme winter minimum and sunnner maximum 
temperatures are shown by Table 3 and Table 4. Lowest minima and lowest maxima 
are both at stations with highest altitudes. The next lowest minima are at 
Louisa and vicinity in the north central part of the state at low altitudes. 
The moderating effect of the Atlantic Ocean is quite noticeable on the coast. 
Highest extreme winter temperatures are near the coast while highest annual 
maxima are located well inland. Temperature extremes are higher at the airport 
stations than at some other stations nearby, showing that there is some urban 
influence at the airport locations of major cities in the state. Figure 1 shows 
the approximate variation of winter temperature extremes from Blacksburg in the 
mountains to Cape Henry on the coast. From Cape Henry to Richmond is about 100 
miles and the distance from the oceanic influence makes a significant difference 
(Fig. 1). From Richmond to Lynchburg is about the same distance, but because 
of similar continental influence, their extreme temperature probabilities are 
similar. From Lynchburg to Blacksburg is about 100 miles. The difference in 
their temperature probabilities is due to greater elevation at Blacksburg. 

CONCLUSIONS 

Certain facts are obvious from examination of the distribution of winter 
minimum and sunnner maximum temperatures in Virginia. Winter minimum tempera-
tures are much more variable from year to year as well as geographically than 
are sunnner maximum temperatures. Altitude has the greatest effect on tempera-
ture extremes. Big Meadows at 3535 feet elevation has the lowest minimum and 
maximum for the data analyzed. The next largest factor influencing temperature 
extremes locally is the moderating effect of the Atlantic Ocean, especially in 
winter. The urban influence is moderate but only data at airports on the 
outskirts of the major cities were used. Latitude differences from north to 
south across the state seem to have only a minor effect on temperature extremes. 
The greatest geographic variation in temperature extremes is from west to east 
across the state where both altitude and oceanic influence come into play. 
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Table 1.--Winter Minimum Temperatures for 57 Locations in Virginia for Selected Recurrence Intervals or 
Return Periods and the Probability of Occurrence in any One Winter.* 

Station Years of Return Period and Probabilities Record 
Year 1.1 2 5 10 20 25 50 100 
Prob. .90 .so .30 .10 .OS .04 .02 .01 

Alexandria 20 11. 7 7.5 3.S 0.8 -1. 7 -2.S -5.0 -7 .4 
Ashland 20 9.6 4.4 -0.S -3. 7 -6.8 -7.8 -10.8 -13. 8 
Bedford 28 10.4 6.3 2.4 -0.2 -2.7 -3.4 -S.8 -8.2 
Big Meadows 32 2.S -3. 6 -9.2 -13.0 -16.6 -17.8 -21.3 -24. 8 
Blackstone 26 12.7 8.3 4.2 1.4 -1. 2 -2.1 -4.6 -7.2 

Blacksburg 40 7.5 2.0 -3.2 -6.6 -9.9 -10.9 -14.1 -17.3 
Buchanan 40 8.8 4.2 -0.1 -3.0 -S.8 -6.7 -9.4 -12.l 
Burkes Garden 40 0.4 -4. 9 -9.9 -13.2 -16.4 -17.S -20.6 -23. 7 
Cape Henry 40 23.6 19.2 lS.O 12.2 9.6 8.7 6.2 3.6 
Catawba 40 10.0 4. 7 -0.2 -3.5 -6.6 -7.6 -10.6 -13.7 

Charlottesville 40 13.7 8.8 4.1 1.0 -1.9 -2.9 -S.7 -8.7 
Chatham 40 ll. 6 7.3 3.3 0.7 -1. 9 -2.7 .. s.1 -7.6 
Clarksville 24 lS.4 9.1 3.1 -0.9 -4.7 -5.9 -9.6 -13 .3 
Culpeper 40 10.l 2.6 -4. 5 -9.3 -13 .8 -lS.2 -19.6 -24.0 
Dahlgren 32 17.S 11. s S.9 2.1 -1. s -2.6 -6.1 -9.6 

Dale Enterprise 34 6.7 -0.2 -7.0 -11.2 -15.3 -16.7 -20.7 -24. 8 
Dante 31 8.1 1. 8 -4.2 -8.3 -12.2 -13.4 -17.l -20.9 
Danville 40 12.9 8.7 4.7 2.0 -0.6 -1.4 -3.9 -6.4 
Elkwood 27 S.8 -0.2 -S.9 -9.7 -13. 3 -14.S -18.0 -21. 6 
Farmville 27 10.0 3.2 -3.1 -7.3 -11.4 -12.7 -16.6 -20.5 

*All stations are selected from Climatological Data for Virginia (8). 



Table 1--(Con' t) 

Station Years of Return Period and Probabilities Record 
Year 1.1 2 5 10 20 25 50 100 
Prob. .90 .50 .20 .10 .05 .04 . 02 .01 

Floyd 34 6.3 0.6 -4.8 -8.4 -11. 8 -12.9 -16.3 -19.6 
Fredericksburg 39 9.7 3.6 -2.2 -6.1 -9.8 -10.9 -14.5 -18.1 
Glen Lyn 35 6.6 2.1 -2.l -5.0 -7.7 -8.5 -11.2 -13.8 
Halifax 20 11.3 7.1 3.2 0.6 -1. 9 -2.7 -5.1 -7.5 
Kerr Dam 19 13.7 8.8 4.2 1.2 -1. 7 -2.6 -5.5 -8.3 

Langley AFB 40 19.4 14.9 10.8 8.0 5.3 4.5 1. 9 -0.7 
Lawrenceville 22 10.5 6.3 2.3 -0.3 -2.9 -3.7 -6.1 -8.6 
Lexington 40 9.0 2.9 -2. 8 -6:6 -10.3 -11.4 -15.0 -18.5 
Louisa 40 10.0 2.0 -5.6 -10. 6 -15.3 -16.9 -21. 5 -26.2 

I Luray 26 3.9 -0.8 -5.3 -8.3 -11.2 -12.1 -14.8 -17.6 -...J 
I 

Lynchburg AP 21 12.6 7.5 2.6 -0.6 -3.7 -4. 7 -7.7 -10.7 
Martinsville 30 9.4 5.4 1. 7 -0.7 -3 .1 -3.9 -6.2 -8.5 
Monterey 26 2.1 -3.2 -8.2 -11. 5 -14.7 -15.7 -18.8 -21. 8 
Mount Weather 40 7.2 1.9 -3 .1 -6.4 -9.5 -10.5 -13. 6 -16.7 
New Canton 40 9.5 1. 7 -5.6 -10.5 -15.2 -16.7 -21.2 -25.8 

Newport News 19 19.6 16.2 12.9 10.7 8.7 8.0 6.0 4.0 
Norfolk AP 20 19.9 16.2 12.8 10.5 8.3 7.6 5.5 3.4 
Onley 28 17.9 12.3 7.0 3.5 0.2 -0.9 -4.2 -7.4 
Pennington Gap 36 6.9 0.5 -5.5 -9.6 -13.4 -14.7 -18.4 -22.2 
Piedmont F.S. 21 9.3 4.3 -0.3 -3 .4 -6.4 -7.3 -10. 2 -13.1 



Table 1--(Con't) 

Station Years of 
Record Return Period and Probabilities 

Year 1.1 2 5 10 20 25 50 100 
Prob. .90 .50 .20 .10 .05 .04 .02 .01 

Pcwhatan 17 5.3 0.7 -3.6 -6.5 -9.3 -10.2 -12.9 -15.5 
Pulaski 30 7.0 2.8 -1.1 -3.7 -6.2 -7.0 -9.4 -11.8 
Quantico 40 13.3 6.7 0.5 -3.7 -7.7 -8.9 -12.8 -16.6 
Richmond AP 21 12.4 7.8 2.9 -0.4 -2.4 -3.3 -6.0 -8.7 
Roanoke AP 20 11.9 7.9 4.2 1. 7 -0.7 -1.5 -3.8 -6.2 

Saltville 40 10.3 4.6 -0.9 -4.5 -7.9 -9.0 -12.4 -15. 7 
Staunton 40 9.3 3.3 -2.2 -5.9 -9.5 -10.6 -14.1 -17 .5 

I Stuart 37 11.5 7.0 2~8 -o.o -2.7 -3.6 -6.2 -8.8 
00 Suffolk 22 13.6 10.9 8.3 6.6 5.0 4.5 2.9 1.3 I 

Timberville 27 4.6 -1.3 -6.9 -10.7 -14.2 -15 .4 -18.8 -22.3 

Urbanna 30 14.6 10.3 6.3 3.6 1.0 0.2 -2.3 -4.8 
Walkerton 35 9.8 3.3 -2.9 -7.0 -10.9 -12.1 -15.9 -19.7 
Washington AP 20 15.3 11.0 6.9 4.2 1.6 0.8 -1.8 -4.3 
Waverly Hills 22 13.6 8.6 3.9 0.8 -2.2 - 3.2 -6.1 -9.0 
Winchester 40 9.7 3.8 -1. 7 -5.3 -8.8 -10.0 -13.4 -16.8 

Woodstock 40 8.1 0.7 -6.3 -ll.O -15.4 -16.8 -21. l -25,5 
Wytheville 40 7.4 2.3 -2.5 -5.7 -8.7 -9.7 -12.6 -15.6 

57 Stations 
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Table 2.--Sunnner Maximum Temperatures for 57 Locations in Virginia for Selected Recurrence Intervals or 
Return Periods (years), and the Probability of Their Occurrence in any One Summer. 

Station Years of Return Periods and Probabilities Record 
Year 1.1 2 5 10 20 25 50 100 
Prob. .90 .50 .20 .10 .OS .04 .02 .01 

Alexandria 20 95.6 98.l 100.6 102.2 103.8 104.2 105.8 107.3 
Ashland 20 95.2 97.8 100.3 102.0 103.6 104.1 105.6 107.2 
Bedford 28 94.8 97.7 100.5 102.4 104.1 104.7 106.4 108.l 
Big Meadows 32 83.3 86.3 88.9 90.9 92.7 93.3 95.0 96.8 
Blackstone 26 93.8 97.5 101.0 103 .4 105.6 106.3 108.5 110. 7 

Blacksburg 40 88.9 92.6 96.1 .98.4 100.6 101.3 103.5 105.6 
Buchanan. 40 95.6 98.8 101.8 103. 8 105.8 106.4 108.3 110.1 
Burkes Garden 40 84.7 87.7 90.5 92.3 94.1 94.7 96.4 98.1 
Cape Henry 40 94.4 96.8 99.0 100.5 101.9 102.4 103. 8 105.1 
Catawba 40 90.5 93.6 96.5 98.4 100.3 100.9 102. 7 104.5 

Charlottesville 40 94.7 98.3 101. 7 104.0 106.2 106.9 109.0 lll. l 
Chatham 40 95.2 98.5 101.6 103.7 105.7 106.4 108.3 ll0.2 
Clarksville 26 98.l 100.8 103.4 105.2 106.8 107.3 109.0 110. 6 
Culpeper 40 95.6 98.3 100.8 102.4 104.0 104.5 106.0 107.5 
Dahlgren 33 95.0 97.7 100.2 101.8 103.4 103.9 105.4 107 .2 

Dale Enterprise 34 92. 5 95.3 98.0 99.8 101. 5 102.0 103.7 105.3 
Dante 31 90.6 93.8 96. 9 98.9 100.9 101.5 103.4 105.3 
Danville 40 97.0 100.1 103.0 105.0 106.8 107 .4 109.2 lll. 0 
Elkwood 28 97.0 98.7 100.3 101.4 102.4 102.7 103.7 104.7 
Farmville 37 96.3 99.l 101.7 103.4 105.l 105.6 107.2 108.8 



Table 2--(Con't) 

Station Years of Return Periods and Probabilities Record 
Year 1.1 2 5 10 20 25 50 100 
Prob. .90 .50 .20 .10 .05 .04 . 02 .01 

Floyd 34 89.7 92.7 95.5 97.4 99.2 99.8 101. 6 103.4 
Fredericksburg 38 96.5 99.0 100.7 102.8 104.3 104.8 106.2 107.7 
Glen Lyn 36 93.0 95.9 98.6 100.4 102.2 102.7 104.4 106.l 
Halifax 21 95.2 99.1 102.8 105.3 107.6 108.3 110.6 112. 9 
Kerr Dam 20 95.2 98.1 100.9 102.7 104.4 105.0 106.7 108.4 

Langley AFB 40 94.0 96.6 99.l 100.7 102.2 102.7 104.2 105.7 
Lawrenceville 22 96.4 99.0 102.l 103.2 104.8 105.3 106.9 108.4 
Lexington 40 93.2 96.4 99.3 101.3 103.2 103.8 105. 7 107.5 

I Louisa 40 95.7 98.4 101. 0 102.7 104.4 104.9 106.5 108.1 I-" 
0 Luray 27 93.6 96.6 99.5 101.4 103.2 103.8 105.6 107.4 I 

Lynchburg AP 21 92. 9 96.l 99.l 101.1 103.0 103.7 105.5 107.4 
Martinsville 30 94.5 97.5 100.3 102.l 103.9 104.5 106.2 107.9 
Monterey 27 86.2 88.5 90.7 92.2 93.6 94.0 95.4 96. 7 
Mount Weather 40 88.5 91. 9 95.1 97.3 99.3 100.0 102.0 104.0 
New Canton 40 93.5 96.5 99.4 101.4 103.2 103.8 105.6 107.4 

Newport News 19 97.2 98.8 100.2 101.2 102.2 102.5 103.4 104.3 
Norfolk AP 20 95.3 97.3 99.2 100.4 101.6 102.0 103.1 104.3 
Onley 28 94.4 96.9 99.3 100.9 102.4 102.9 104.4 105.9 
Pennington Gap 36 90.1 93.4 96.6 98.7 100.7 101.3 103.3 105.2 
Piedmont F.S. 21 95.0 98.2 101.3 103.3 105.3 105.9 107.8 109.7 



Table 2--(Con't) 

Station Years of Periods and Probabilities Record Return 

Year 1.1 2 5 10 20 25 50 100 
Prob. .90 .50 .20 .10 .05 .04 .02 .01 

Powhatan 17 95.7 98.5 101.1 102.9 104.6 105 .2 106.8 108.5 
Pulaski 30 88.l 91.3 94.4 96.4 98.3 98.9 100.8 102.7 
Quantico 40 94.9 97.8 100.5 102.3 104.0 104.5 106.2 107.9 
Richmond AP 21 95.9 98.2 100.4 101.8 103.2 103.6 105.0 10~.3 

Roanoke AP 21 93.7 97.0 100.0 102.0 104.0 104.6 106.5 108.4 

Saltville 40 92.3 95.l 97.7 99.5 101.2 101.8 103.4 105 .o 
Staunton 40 93.l 96.2 99.0 100.9 102.7 103.3 105.1 106.9 

I Stuart 37 92.8 96.4 99.8 102.1 104.3 104.9 107.1 109.2 I-' 
I-' Suffolk 22 95 .1 97.3 99.5 100.9 102.2 102.6 104.0 105 .3 I 

Timberville 27 93.3 95.9 98.4 100.l 101.8 102.3 103.8 105.4 

Urbanna 30 94.8 97.2 99.5 101.1 102.6 103.1 104.5 106.0 
Walkerton 35 95.0 98.6 102.0 104.3 106.5 107.2 109.3 lll.4 
Washington AP 20 94.8 97.5 100.0 101.6 103.2 103.7 105.2 106.7 
Waverly Hills 22 94.5 97.7 100.6 102.6 104.5 105.1 107.0 108.8 
Winchester 40 95.5 98.2 100.8 102.5 104.1 104.6 106.2 107.8 

Woodstock 40 95 .2 98.7 101.9 104.0 106.1 106.7 108.8 ll0.8 
Wytheville 40 87.9 91.0 93.9 95.8 97.6 98.2 99.9 101.7 

57 Stations 
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0 Table 3.--Winter Extreme Minimum Temperatures for 20 Year Return Periods Arranged in 5 Classes of Temperature 

Class 1 
+10:+5 

Cape Henry 
Langley AFB 
Newport News 
Norfolk AP 
Suffolk 

Class 6 
-15:-20 

+9.6 
+5.3 
+8.7 
+8.3 
+5.o 

Big Meadows 
Burkes Garden 
Dale Enterprise 
Louisa 
New Canton 
Woodstock 

Class 2 
5:0 

Onley 
Urbanna 
Washington 

-16.6 
-16.4 
-15.3 
-15.3 
-15.2 
-15.4 

Class 3 
0:-5 

+o. 2 Alexandria 
+1.0 Bedford 

AP +1.6 Blackstone 
Charlottesville 
Chatham 
Clarksville 
Dahlgren 
Danville 
Halifax 
Kerr Dam 
Lawrenceville 
Lynchburg AP 
Martinsville 
Richmond AP 
Roanoke AP 
Stuart 
Waverly Hills 

Class 4 Class 5 
-5: -10 -10:-15 

-1. 7 Ashland -6.8 Culpe_per -13.8 
-2.7 Blacksburg -9.9 Dante -12.2 
-1. 2 Buchanan -5.8 Elkwood -13. 3 
-1. 9 Catawba -6.6 Farmville -11.4 
-1. 9 Fredericksburg -9.8 Floyd -ll. 8 
-4. 7 Glen Lyn -7.7 Lexington -10.3 
-1.5 Mount Weather -9.5 Luray -ll. 2 
-0.6 Piedmont F.S. -6.4 Monterey -14.7 
-1. 9 Powhatan -9.3 Pennington Gap -13.4 
-1. 7 Pulaski -6.2 Timberville -14.2 
-2.9 Quantico -7.7 Walkerton -10.9 
-3.7 Saltville -7.9 
-3 .1 Staunton -9.5 
-2.4 Winchester -8.8 
-0.7 Wytheville -8.7 
-2. 7 
-2.2 



0 Table 4.--Sunnner Extreme Maximum Temperatures for 20 Year Return Periods Arranged in 5 Classes of Temperatures 

Class 1 
90:95 

Big Meadows 
Burkes Garden 
Monterey 

Class 2 
~ 95:100 
\..<.) 
I 

Floyd 
Mount Weather 
Pulaski 
Wytheville 

92.7 
94.1 
93.6 

99.2 
99.3 
98.3 
97.6 

Class 3 
100:105 

Alexandria 
Ashland 
Bedford 
Blacksburg 
Cape Henry 
Catawba 
Culpeper 
Dahlgren 
Dale Enterprise 
Dante 
Elkwood 
Fredericksburg 
Glen Lyn 
Kerr Dam 
Langley AFB 
Lawrenceville 
Lexington 
Louisa 
Luray 
Lynchburg AP 
Martinsville 
New Canton 
Newport News 
Norfolk AP 
Onley 
Pennington Gap 
Powhatan 
Quantico 
Richmond AP 
Roanoke AP 
Saltville 
Staunton 
Stuart 
Suffolk 
Timberville 

103.8 
103.6 
104.1 
100.6 
101.9 
100.3 
104.0 
103.4 
101.5 
100.9 
102.4 
104.3 
102.2 
104.4 
102.2 
104.8 
103.2 
104.4 
103.2 
103.0 
103.9 
103.2 
102.2 
101.6 
102.4 
100.7 
104.6 
104.0 
103.2 
104.0 
101.2 
102.7 
104.3 
102.2 
101.8 

Class 3 (Can't) 
100:105 

Urbanna 
Washington AP 
Waverly Hills 
Winchester 

Class 4 
105: llO 

Blackstone 
Buchanan 
Charlottesville 
Chatham 
Clarksville 
Danville 
Farmville 
Halifax 
Piedmont F.S. 
Walkerton 
Woodstock 

102.6 
103.2 
104.5 
104.1 

105.6 
105.8 
106.2 
105.7 
106.8 
106.8 
105.1 
107.6 
105.3 
106.5 
106.1 
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Fig. 1 Winter extreme minimum temperature fitted by the Fisher-Tippett Type I distribution 



Figure 2. Extreme winter minimum temperature for 20-year return period. 
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