
THE UNIVERSITY OF VIRGINIA
VOL. 57, NO.5

VIRGINIA'S CLIMATE

by Bruce P. Hayden and Patrick Mi.chaels

Mr. Hayden is an associate professor ofenvironmental
sciences at the University of Virginia. Mr. Michaels is a
research assistant professor ofenvironmental sciences at
the University of Virginia, and he is also the Virginia
State Climatologist.

Weather is not usually considered as a
subject of public policy. Policy implies a
process of planning and control, and
weather seems to be difficult to predict and
even more difficult to control. An incident in
the British Parliament in the early 1970s
reveals the trouble most of us have in
treating weather as a policy matter; it
indicates as well the profound influence that
climatic changes can have on crucial aspects
of governmental and economic decision
making.

When the former British prime
minister spoke with uncustomary
erudition about the weather of 1972
1973, his opponents thought he was
clutching at any lame excuse for the
high price of food. He told of a lack of
snow on the steppes that brought
about a poor harvest in the Soviet
Union and China. Parliament was
beside itself with laughter. As Ted
Heath went on to mention the frost in
Brazil which hurt the coffee crops, the
hilarity redoubled. Several lawmakers
were too overcome with mirth to catch
his remark about fishmeal supplies for
animal feeding stuffs that had suffered
from a very sudden change in direc
tion of the current off Peru. The prime
minister had misjudged the manner of
his homily. Yet the events he related
were indeed typical of the meteorolog
ical upsets of the early 1970s. 1

I Nigel Calder, The Weather Machine (London, England:

British Broadcasting Corporation, 1974), p.7.

As the above account makes plain,
governments and the citizens they represent
have a vital interest in predicting climatic
conditions in order to prepare for-and thus
minimize-adverse changes in climate. This
news letter provides an overview of the key
features of Virginia's climate, the current
efforts to improve the accuracy of climate
prediction in the Commonwealth, and the
link between climate prediction and govern
mental policymaking.

CLIMATE CONTROLS

Few states have a more diverse climate
than that of Virginia. The state has five
different climate regions: the Tidewater,
Piedmont, Northern Virginia, Western
Mountain, and Southwestern Mountain
regions. Some localities-Charlottesville,
Lynchburg, and Warrenton, for example 
have climate amenities such as long growing
seasons and infrequent subzero temperature
minimums, while winters on the northern
Blue Ridge frequently produce bitterly cold
temperatures like those of Chicago. Similar
ly, annual rainfall totals can vary from a
sparse thirty-three inches typical of the
Shenandoah Valley to more than sixty
inches in the mountains of southwestern
Virginia.

Virginia's climate results from global
scale weather patterns that are modified by
the diverse landscape of the Commonwealth.
While detailed discussion of the global-scale
contribution is beyond the scope of this news
letter, the state's landscape provides local
controls primarily in three ways. First, the
Atlantic Ocean and its "river" of warm
water, commonly called the Gulf Stream,
play a dominant role in differentiating
Virginia's precipitation climate. Winter
storms generally move or "track" from west
to east and, in the vicinity of the east coast,
move northeastward paralleling the coast

and the Gulf Stream. This shift to a
northeast track results in part from the
tendency of the storm to follow the bound
ary between the cold land and the warm Gulf
Stream waters. These storms grow rapidly as
they cross the coast; and as they move
northeastward, moisture-laden air from the
storm crosses Virginia from the east and
northeast. The eastern slopes and foothills of
the Blue Ridge mountains are the prime
recipients of this moisture. The great coastal
storms of 1962, which are remembered
primarily because of the high surf and storm
surges along Virginia's coast, also produced
record snowfalls along the northern section
of the Blue Ridge mountains.

The high relief of the Appalachian and
Blue Ridge mountain systems also helps to
control Virginia's climate. The influence
here originates with the well-developed
rainfall pattern that is evident along the great
mountains of the western margin of orth
America. Great quantities of rain fall on
these western slopes as moist air from the
Pacific Ocean flows eastward, rises, con
denses, and precipitates. As the air flows
down over the eastern slopes, however, little
rain falls and a "rain shadow" pattern
results. Along the Appalachian and Blue
Ridge mountains of western Virginia, this
airflow is sometimes from the west and
sometimes from the east. When the flow is
from the west, the New River and Shenan
doah River valleys are in the rain shadow of
the Appalachian mountains; when the
airflow is from the east, they are in the
shadow of the Blue Ridge mountains. As a
result, both the New River and the Shenan
doah River valleys are the driest portions of
the state. Regions of equally low rainfall are
rare in the eastern United States (although
common along the eastern margins of the
great plains of the central United States).
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The third important local control on
climate is the state's complex pattern of
rivers and streams, which drain the precipi
tation that falls and modify the pattern of
moist airflow from which the precipitation
falls. These river systems drain the Com
monwealth's terrain in all four geographical
directions. In far southwestern Virginia, the
Clinch and Holston rivers drain south into
North Carolina and Tennessee. The New
River drains westward into the Ohio River,
while the Shenandoah River drains north
ward into the Potomac. Finally, the Roa
noke, James, York, and Rappahannock
rivers drain eastward through the Piedmont
and into the· Tidewater area. The air that
flows across Virginia flows either up these
river valleys or over the crestlines of the
mountains and down into the valleys. With a
southerly flow of air, for example, moist air
would move up the Holston River drainage,
and rainfall would increase up-valley with
increasing elevation. However, this same
southerly airflow would be downhill into the
New River drainage, and on toward the Ohio
River basin. This downward flow ofair is not .
conducive to rainfall.

Virginia's wide variety of agricultural
products marks the economic benefits of its
climate diversity. The close quarters of
dissimilar climatic zones also has its costs,
however, because the boundaries between
zones are not fixed and the year-to-year
constancy of conditions is rare. A climate
condition typical of one region might in a
given year extend outward into another area.
As an example, low rainfall levels typical of
the Shenandoah Valley's thirty-three inches
per year may extend eastward across the
Blue Ridge, out across the Piedmont, and
into the Tidewater region. In such a case,
drought, crop failure, and economic losses
like those of the past summer may be
extensive.

WEATHER SYSTEMS

Much of Virginia's rainfall results from
storms associated with warm and cold
fronts. As already noted, these storms
generally move from west to east and, in the
vicinity of the east coast, move northeast
ward. While a very large number of specific
storm histories and storm tracks can occur
and a great diversity of precipitation
patterns can result, not all are equally
common. Storms are most frequently
observed to move parallel to the Appala
chian or the Blue Ridge mountains, the
coastal zone, and the Gulf Stream, all of
which have a northeast trend, or to move
parallel to the Great Lakes and the Ohio
River Valley. When storms cross the east
coast well to the south of Virginia and move
offshore, the heaviest rain usually falls in
southeastern Virginia. When these storms
become very intense or when they closely
skirt the coastline, the strong up-slope winds
result in heavy rainfalls on the Blue Ridge.
Frequently, frontal storms tracking along
the Ohio Valley move across southern
Pennsylvania and off the New Jersey coast;
as such storms approach the coast, great
quantities of moist air flow inland and then
southward into Virginia.

When sufficient cold air invades Virginia
from the west and northwest, frontal storms
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may cause heavy snowfalls. Two of the
state's most dramatic frontal snowstorms of
recent years occurred during the Christmas
holidays of 1966 and 1969. In both cases, the
storm tracked along the Gulf and the east
coasts and crossed over Tidewater Virginia;
a strong east and northeast flow brought
moist air across the state, overriding cold air
from the west. While heavy snows are
common in the Piedmont region, the average
winter does not have a major coastal
snowstorm, and heavy winter snows usually
are confined to the mountainous areas of the
state. As remarkable as it may seem, some of
the heaviest snowfalls in the eastern United
States occur in the Appalachians of West
Virginia, just a few miles west of Highland
County, Virginia. More than 2,500 millime
ters (100 inches) fall annually in this area; but
Virginia, being in West Virginia's snow
shadow, receives only a fraction of this
amount.

While heavy snowfalls usually result from
frontal storms, hurricanes are created by a
different weather pattern. Hurricanes and
tropical storms are intense cyclones formed
within the deep, moist layers of air over
warm, tropical waters. Unlike frontal
storms, which derive much of their energy
from the great temperature contrasts on
either side of fronts, hurricanes and tropical
storms derive most of their energy from the
warm ocean surface. Tropical storms over
the low-latitude oceans generally move from
east to west. As they move westward, they
are displaced farther and farther to the
north. Eventually, they enter the westerly air
streams of the mid-latitudes, and the storms
recurve north and eastward. In the vicinity of
Virginia, these tropical storms move in a
general northeasterly track, like frontal
storms; and as they move along this route,
they intensify. Those storms that reach an
intensity indicated by sustained winds of at
least seventy-two miles an hour are classified
as hurricanes.

Hurricanes and tropical storms that cross
Virginia, including those immediately off
shore, occur most frequently in early August
and September and rarely appear before
June or after November. During the month
of September, anywhere from 10 to 40
percent of Virginia's rainfall comes from
hurricanes and tropical storms. When
Hurricane Camille, Virginia's most notable
hurricane of recent times, passed through the
state in 1969, upwards of 840 millimeters
(thirty-three inches) of rain fell on the
eastern slopes of the Blue Ridge in Nelson
County and caused record floods along the
James River.

Before the turn of the century, hurricane
and tropical storm passages across Virginia
were relatively common, averaging one a
year. From 1905 to 1920, however, a
hurricane struck, on the average, only one
year in every five. The frequency then
increased to about three hurricanes in a five
year period before decreasing again in the
1960s and 1970s. The reasons for these
variations are as yet unknown.

Thunderstorms, which occur in all months
of the year, are most common in the deep,
moist, warm air of tropical origin that is
typical of summer. In Virginia, days with
thunderstorms are recorded at commercial

and military airports. Over the last two
decades the state has averaged one thunder
storm day a decade in January, compared
with nine thunderstorm days a month in
July. Thunderstorm days are most frequent
in southern Virginia, particularly in the far
southwestern section, while northern Virgin
ia experiences the least number of such
storms. Thunderstorms are also most likely
to occur during the warmest part of the day,
with 4:00 p.m. the most probable time of
occurrence. In Roanoke, for example,
thunderstorms occur ten times more fre
quently at 4:00 p.m. than at 10:00 a.m. and
five times more frequently at 4:00 p.m. than
at 7:00 p.m. At Norfolk, thunderstorms are
also most frequent at 4:00 p.m., remaining
common there until about midnight. Unlike
most other kinds of rain-producing weather
systems, thunderstorms are small in size and
produce rain in a limited area. Thunder
storms produce complex patterns of rainfall,
such that areas of heavy rain may be next to
areas with little or no rain.

Unusually severe weather systems
extensive thunderstorms, hurricanes, heavy
snowfalls-can profoundly affect the citi
zens and the economy of the Common
wealth. The major floods that were produced
by hurricanes Agnes in 1972 and Camille in
1969, the Commonwealth's two most recent
severe hurricanes, resulted in substantial loss
of life and property. Freak snowstorms such
as the one of March 1980, which produced
thirty-one inches of snow at Stony Creek
only seventy miles west of Norfolk, can be
debilitating to a community that normally
does not experience such weather. Severe
summer thunderstorms, as in northern
Virginia this past summer, can bring with
them damaging high winds and tornadoes
and loss of electric power. Each year, a
number of such severe weather events occur
in Virginia, requiring emergency interven
tions by state and local governments and
private concerns.

Virginia's capability to respond to severe
weather events has grown dramatically in the
last decade, particularly because of the
activities of the State Office of Emergency
Services. Some of this improved response
capability has been forced by unfortunate
events; for example, only after Hurricane
Camille was a suitable weather radar system
placed in Virginia. The State Climatologist's
'Office and the Department of Environmen
tal Sciences at the University of Virginia
currently are acquiring new technologies and
new forecast methods that can shorten
response time and thereby minimize the
effect of severe weather events in the state.
Two developments are especially important.

First, a nationally prominent research
center for the study of medium-scale weather
systems has been established at the Universi
ty of Virginia. 2 As mentioned earlier,
Virginia's diverse geography produces nu
merous within-the-state variations in cli
mate, which are not predicted by the
forecasts issued by the National Weather
Service. The importance of the research
center's work is that the relief and geography
of the land and water are being incorporated

2 This research center is under the direction of Roger Pielke,

associate professor of environmental sciences at the University.



into the weather forecast model, producing
more detailed results.

The second important development is the
acquisition of a receiver capable of produc
ing high-resolution satellite photographs at
the Office of the State Climatologist. The
quality of these images will permit that office
to detect and track developing storm systems
that might require emergency responses. The
combination of the above-mentioned weath
er forecast model and these satellite images
should serve directly the needs of the
Commonwealth. These capabilities and the
on-line delivery of the regional forecasts
from the National Weather Service will
produce more timely and accurate forecasts
for Virginia. Area-specific forecasts up' to
four hours sooner than those of the National
Weather Service could be generated to serve
Virginia's needs. The University of Virginia
and the State Climatologist hope to under
take a pilot program during the summer of
1981 to demonstrate timely weather infor
mation delivery to state agencies like the
State Office of Emergency Services.

CLIMATIC CHANGES

Because climates frequently are described
by tabulations and maps of average values
that span three decades,3 we tend to think of
climate as static and unchanging. Actually,
however, almost a century of accumulated
weather data has demonstrated that our
climate varies, not only from year to year,
but also systematically over longer periods
of time. During the Bronze Age, for
example, hurricanes and tropical storms out
of the tropical Atlantic were probably three
to five times more numerous than today.
During the Roman era (around 550 B.C.),
the Indians of Tidewater Virginia grew corn
in the Dismal Swamp, which was then
farmland, much drier than we know it today.
In his day Thomas Jefferson, calling for the
collection of weather data at each county
seat, noted the change of climate observable
by him and others:

A change in our climate however is
taking place very sensibly. Both heats
and colds· are become much more
moderate within the memory even of
the middle-aged. Snows are less
frequent and less deep.... They are
remembered to have been formerly
frequent, deep, and of long continu
ance. . .. The rivers, which then
seldom failed to freeze over in the
course of the winter, scarcely ever do
now.4

Today, the climate is about 1.5 to 2.0 degrees
warmer than in Jefferson's day; a return to a
climate like that of colonial Virginia would
cost each household about 15 or 20 percent
more in annual heating bills.

These systematic changes recorded in
Virginia's climate are not just local occur
rences. As best as climatologists can tell, they
are part of global, or at least hemispheric,
changes. Since the mid-1800s, global average
temperatures increased to a maximum

J See Bruce P. Hayden, Atlas of Virginia Precipitation

(Charlottesville: University Press of Virginia, 1979).

4 Thomas Jefferson, as quoted in David Ludlum, Early

American Winters 1604-1820 (Boston, Massachusetts: American

Meteorological Society, 1966), p. 162.
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around 1940 and have declined rapidly since.
Temperatures in Virginia and at weather
stations east of the Rocky Mountains in
general have followed the same temperature
trend. While temperatures in the northern
hemisphere continue to fall, there is growing
concern about the potential warming of the
planet due to the release of carbon dioxide
from burning fossil fuels. 5

Carbon dioxide in the air is transparent to
sunlight but rather opaque to the earthlight
that escapes to space. An increasing level of
carbon dioxide in the air thus keeps more
heat in our atmosphere and causes global
warming. Model studies indicate that the
potential planetary warming due to a
doubling of carbon dioxide in the atmos
phere may be as great as 2.5 degrees
centigrade to as little as .25 degrees centi
grade. Changes of this magnitude probably
have occurred within the last five hundred
years. It is thus difficult, indeed impossible at
this time, to separate and evaluate the
"naturally" occurring changes and those due
to burning fossil fuels. One certainty,
however, is that changes will occur as they
have in the past, and that we as a society will
have to make adjustments in what crops we
choose to grow in a given locality- or at
least shift to genetic strains of the present
crops that are adapted for either longer or
shorter growing seasons.

CLIMATE PREDICTION
Climate prediction beyond the range of

the day-to-day weather forecast requires that
the atmosphere exhibit cyclic or persistent
behavior. The diurnal and annual solar
cycles are the dominant geophysical phen
omena exhibiting such regularly recurrent
behavior; average atmospheric conditions
vary both from hour to hour during the day
and from month to month during the year.
First order climate prediction is concerned
with determining these averages or means
for specified periods of time.

First order climate predictions are used
extensively in planning and decision making.
How many snowstorms should be expected
in a year, and how much road salt should be
bought? Is there enough sunlight to justify a
passive solar heater, and how long will it take
for the heater to pay for itself? How long will
it take to fill the reservoir if we have average
rainfall, and how big a reservoir can we
afford? Answers to questions such as these
require the calculations of averages for
various climate conditions, and the weather
and climate data needed to make these
calculations are abundant for Virginia. Most
residents of the Commonwealth live within
fifteen or twenty miles of a station recording
temperatures and rainfall, and within thirty
to forty miles of a station recording the full
range of weather conditions. In addition,
summaries of the information records of
about sixty of these stations have been
prepared and are available from the Office of
the State Climatologist.

Second order climate predictions are
predictions of departures from the mean.
They require identification and testing of

S See John R. Herman and Richard A. Goldberg, Sun, Weather,

and Climate (Washington, D.C.: Scientific and Technical Informa

tion Branch, National Aeronautics and Space Administration,

1978).

either (1) atmospheric cycles other than the
solar cycles or (2) persistences of atmospher
ic characteristics from one period to the
next. While the atmosphere tends to be
persistent in a number of ways, study of
long-term data records is required before
that persistence can be isolated and tested for
its utility in prediction. Today, with almost
one hundred years of daily weather records
available for study, several universities are
engaged actively in developing the capacities
to predict how climate will depart from the
mean or average conditions in the seasons
and years ahead.

Climate prediction research at the Univer
sity of Virginia involves persistence forecast
ing.6 Seasonal and longer time scales of
persistence in the geography of mid-latitude
cyclone (storm) frequencies have been
reported,7 and predictions of cyclone fre
quencies as departures from mean cyclone
numbers (a second order climate prediction)
have been achieved and verified. The
forecast skill for 101 locations east of the
Rocky Mountains for the years 1960-1968
averaged 73 percent (zero skill is 50 percent;
i.e., no better than using the mean as a
forecast).

The prediction model uses three separate
and statistically independent patterns of
storm geography. Each of the three is shown
to have season-to-season persistence, mean
ing that some part of the pattern in one
season is seen in the next season. Re
searchers are investigating three other
geographic patterns of cyclone frequency
variations with little season-to-season per
sistence but large year-to-year persistence.
Incorporation of these patterns into the
prediction model should raise the prediction
skill above the current 73 percent.

Because patterns of temperature and
rainfall are related to the passage of cyclones
from west to east, season-in-advance fore
casts of cyclone frequencies can aid the
prediction of temperature and rainfall levels.
Several important advances have been made
in this regard. Temperatures for the eastern
United States were predicted from the storm
forecast for the winters and summers
between 1960 and 1980. In this model, large
areas of high forecast skill (greater than 70
percent) were isolated. Forecast models for
other areas are under development, and a
forecast model of temperatures and rainfall
for six stations in Virginia has also been
constructed. Excellent skill in forecasting
winter temperatures has been achieved, and
very good skill in winter rainfall predictions
also has been recorded.

CLIMATE FORECAST FOR THE
WINTER 1980-1981

Using the University of Virginia Climate
Prediction Model discussed above, cyclone
numbers for eastern North America for the
current season were predicted from the
observed cyclone numbers of the previous
season and from patterns of storm occur
rences derived from historical data (for the

6 For a more complete discussion, see Bruce P. Hayden,

"Season-to-Season Cyclone Frequency Prediction," Monrhy

Weather Review (forthcoming, 1981).

7 Bruce P. Hayden, "Secular Variation in Atlantic Coast

Extratropical Cyclones," Monthy Weather Review (forthcoming,

1981).
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Figure 1

Temperature Predictions for Winter of 1980-1981,

Eastern North America

This figure shows temperature predictions for the winter of 1980-1981 (the months of
December, January, and February) in degrees Fahrenheit. Values are given as departures
from the long-term average winter temperatures. Virginia is predicted to have a colder
than average winter this year, and most of the eastern United States will be cold this
winter.

in the state's meteorological establishment
promise a future of more accurate climate
prediction. Better prediction, in turn, im
proves the process of public policymaking
that is needed to deal with a variable climate,
and also heightens the prospects for less
frequent and severe personal and economic
dislocations caused by unforeseen changes in
the weather.
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CONCLUSION

It would be unfortunate to end this review
of climate in Virginia on the sour prediction
of a colder winter and higher fuel bills during
the current year. There are more positive
notes, however. The ongoing improvements

fuel consumption obviously should be
higher than average this winter.

years 1885-1980). A climate forecast based
on this prediction model indicates that all
areas east of the Rocky Mountains will have
fewer than the average number of storms this
winter; in the region around Virginia, about
80 percent of the normal number of storms is
predicted.

Fewer storms generally mean clear skies
and cold air, and a general forecast of winter
temperatures shows that eastern North
America can expect colder than average
temperatures this winter, with temperatures
about 2 degrees Fahrenheit below average
(see Figure 1). A more specific temperature
prediction model for six Virginia stations
was also constructed; the model estimated
winter temperatures from about 3 to 3.5
degrees below normal in those locations.
(Forecast skill for the Virginia temperature
model is 75 percent.) Fewer storms and cold
temperatures also indicate a drier than
average winter in Virginia, and the forecast
does call for an 8 to 10 percent shortfall in
precipitation. Furthermore, with colder
temperatures, more of the precipitation that
does occur should be in the form of snow
rather than rain.

The University of Virginia Climate Pre
diction Model also can be used to predict
heating requirements. Heating requirements
are measured by counting "heating degree
days," using a base temperature of 65
degrees. A day with an average temperature
of 25 degrees Fahrenheit is scored as forty
heating degree days, because the average
temperature is 40 degrees below the base
temperature. A forecast for this winter,
made for the National Airport location in
Washington, D.C., calls for about one
hundred more heating degree days than in an
average year. An average year's total of
heating degree days for Norfolk, for exam
ple, is around 3,500, and for Loudoun
County in northern Virginia, about 5,000.
This forecast is consistent with the predic
tion of lower temperatures and means that
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