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METRIC CONVERSION FACTORS

For readers who may prefer to use International System of Units (SI) rather than inch-pound units, the conversion factors for the terms
used in this report are listed below:

Multiply By To obtain
inch (in.) 25.40 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
1.1507 nautical mile
degree Fahrenheit (°F) °C = 5/9 x (°F — 32) degree Celsius (°C)
miles per hour (mph) 0.447 meters per second (m/s)

ALTITUDE DATUM

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.
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FiGure 47.—Average frequency of days per year of temperatures equal to or above 90 °F and equal to or below 32 °F at three
stations in the Delaware River basin, 1950-79.
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50 CLIMATIC ATLAS OF THE DELAWARE RIVER BASIN

HEATING DEGREE DAYS

The heating degree-day statistic was developed for use
by the heating industry, and it relates outdoor air
temperature to fuel consumption for heating purposes
(figs. 48 and 49). A temperature of 65 °F is commonly
used as a base value. Presumably, no heating is
necessary when the average daily temperature is greater
than 65 °F. Heating degree days for a day during which
the average temperature is less than 65 °F are calculated
by subtracting that average temperature from the base
value. The heating degree-day total for the day with an
average temperature of 45 °F would be 20.

The graphs on figure 49 show the average monthly
distributions of heating degree days for the three first-
order transect stations. Annual average heating degree-
day totals for the 1951-79 heating seasons are 4,991,
5,756, and 7,329 for Wilmington, Del., Allentown, Pa.,
and Binghamton, N.Y., respectively.

Time series plots of the annual total heating degree
days for the same three stations are shown in figure 48.
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Ficure 48.—Total annual heating degree days for three stations in the Delaware River basin.
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FI1GURE 49.—Average monthly distribution of heating degree days for three stations in the Delaware River basin.
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52 CLIMATIC ATLAS OF THE DELAWARE RIVER BASIN

FREEZE-FREE SEASON

Another temperature-related climatic parameter
relates not to the frequency with which a particular
threshold value is exceeded but instead to the period of
the year during which air temperatures remain above
32 °F. It is often incorrectly termed the “frost-free”
season. This term is inaccurate because frost formation
occurs when the surface temperature, not the air
temperature, reaches a critically low level and when at-
mospheric humidity and turbulence conditions are
favorable. Frost will not always form when air
temperature is below the freezing level. The freeze-free
season is often equated with the growing season. Again,
surface conditions are more important in determining
growing conditions than is air temperature measured at
screen height. Also, conditions favorable to growth vary
according to plant species, so there is really no single
definable growing season.

Graphs depicting the average length of the freeze-free
season (fig. 50) and the average date of the last 32 °F
temperature in spring, and first 32 °F temperature in
fall (fig. 51) indicate substantial year-to-year variability.

Maps of these same three freeze-free season variables
appear as figures 52-54.
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Ficure 50.—Daily length of the freeze-free season at four stations in the Delaware River basin, 1950-79.



























































































































Great year-to-year variability in snowfall exists as in-
dicated by the time series plots (fig. 90). During the
1950-51 through 1978-79 seasons, annual totals at
Wilmington, Del., range from 1.2 in. to 49.5 in;
Binghamton, NY,, totals range from a minimum of 52.0
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Ficure 91.—Average monthly snowfall at three stations in the Delaware River basin.
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94 CLIMATIC: ATLAS OF THE DELAWARE RIVER BASIN

PRECIPITATION DAYS

Figure 92 shows for each of three first-order
climatological stations the average number of days per
month on which measureable precipitation amounts
were recorded. The total number of precipitation days
increases from south to north. Wilmington, Del,
averages 116 days per year; the Allentown, Pa., station
averages 123 days per year; and Binghamton, NY., ex-
periences 163 precipitation days per year. Of the three
stations, Binghamton, N.Y., exhibits the greatest degree
of seasonality in the monthly precipitation day totals,
with the maximum number during the December
through March period. Binghamton’s high annual
precipitation day and the seasonality of precipitation are
due to the frequent occurrence of migratory lows af-
fecting the northern part of the basin. This low pressure
system activity peaks during the winter months as the
polar front shifts to its southernmost location.
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Ficure 92.—Average monthly precipitation days at three
stations in the Delaware River basin.
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FIGURE 95.—Annual percentage of clear summer and winter days at three stations in the Delaware River basin, 1950-79.
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Ficure 96.—Average days per month of thunder-
storm occurrence at three stations in the
Delaware River basin.

CLIMATIC WATER BUDGET

The preceding discussions have treated climatic
variables individually, without consideration of the
covariability of these terms in any fashion. One method
of climatological analysis that does incorporate several
climatic variables involves the calculation of water
budgets.

Water-budget studies may be done at spatial scales
ranging from local to global and at temporal scales
ranging from daily to annual. The analyses presented
here were performed on a monthly basis for individual
climatic stations; the explanation that follows focuses
on these scales.

In water-budget analysis, precipitation is treated as in-
put or “supply” to the environmental system. The
primary “demand” is evaporation and transpiration,
termed evapotranspiration. Potential evapotranspiration
is defined as the amount of evapotranspiration occurring
over a continuous vegetated surface with an abundant
soil-moisture supply. It is a function of the amount of
energy available to accomplish evapotranspiration.

In monthly water-budget calculations, when precipita-
tion exceeds potential evapotranspiration, the actual
evapotranspiration for that month is considered equal
to the potential amount. Excess water may be stored as
soil moisture until the soil-moisture storage reaches an
upper limit, known as the field capacity. Any additional
precipitation excess is termed water surplus and may
contribute to runoff or ground-water storage.

During a month when potential evapotranspiration ex-
ceeds precipitation, all precipitation goes toward actual
evapotranspiration. Some water stored as soil moisture
is also extracted to satisfy the climatic water demand.
The contributions of precipitation and soil moisture to
the actual evapotranspiration usually do not meet the
entire water demand represented by the potential
evapotranspiration. The difference between the actual
evapotranspiration and the potential evapotranspiration
is termed the water deficit for that month.

These basic water-budget calculations have been
adapted for use in a variety of applications. Chief among
these are agricultural studies, for which water budgets
have been used for irrigation-scheduling and crop-yield
predictions (fig. 97). Many hydrologic studies have incor-
porated water-budget calculations to forecast runoff and
ground-water levels.

Calculation of Water-Budget Terms—The general water-
budget approach described above and the procedures
used in the calculation of the water-budget terms were
developed by Thornthwaite (1948). More recently, Mather
(1978) has elaborated on these procedures and has
described many applications of water budgeting to prob-
lems in environmental analysis.
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