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Abstract
Newspapers, television, and newsweeklies contained numerous articles proclaiming drought conditions during 1980 and 1981. This study
investigates the causes and consequences of the drought as it affected
eastern Pennsylvania. Precipitation data indicate below-average
amounts during this period, while temperature records show aboveaverage values. These values show that a meteorological drought did
occur in this region during 1980 and 1981. However, meteorological
factors were only part of the cause of the region's water shortage.
In addition to analyzing the drought's meteorological origin, this
study probes the anthropogenic and regional social-political causes
and impacts of the water shortage. Although regional water storage
facilities are adequate when below-average precipitation amounts
occur in very local areas, they are not adequate when below-average
amounts occur over larger regions. This inadequacy is compounded
when demands such as the needs of other political regions and the
river-basin ecological system are included in addition to the primary
region's industrial and domestic water requirements. Thus, this
paper illustrates some of the complexities involved in trying to prepare for the normal fluctuations in a climatic variable such as precipitation amount.

1. Introduction
Droughts have plagued mankind throughout history. They
have caused prehistoric people to follow the supply of food,
whole farm-based tribal cultures to search for favorable sites
to grow their crops, and the pharaoh to store food during the
seven "feast" years for the seven "famine" years to prevent
the starvation of many. More recently, drought caused the
dislocation of thousands of Kansas, Oklahoma, and Texas
farmers during the "dust bowl" years, adding to the trials of
the Depression. The latter, undoubtably the most infamous
drought in the United States, lasted almost 10 years during
the 1930s. Steinbeck's Grapes of Wrath, among other works
by many other writers, paints a dramatic picture of the tragic
effects severe drought can have on the inhabitants of a region, especially when amplified by worldwide economic
depression.
The definition of a drought has varied according to mankind's dependence on the availability of water and its use of
that water. Webster's Third New International Dictionary
(unabridged, 1971) defines drought as "a period of dryness
especially protracted and causing extensive damage to crops
or preventing their growth." This definition reflects mankind's dependence upon water for farming. The Glossary of
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Meteorology (Huschke, 1959) defines drought and dry spell
as follows:
drought—. . . A period of abnormally dry weather
sufficiently prolonged for the lack of water to cause a
serious hydrologic imbalance (i.e. crop damage, watersupply shortage, etc.) in the affected area. Drought
severity depends upon the degree of moisture deficiency, the duration, and (to a lesser extent) the size of
the affected area. In general, the term should be reserved for periods of moisture deficiency that are relatively extensive in both space and time,
dry spell—Loosely, a period of abnormally dry weather.
The term should be reserved for a less extensive, and
therefore less severe, condition than a drought.
In the United States the term has been applied to a
period lasting not less than two weeks, during which
no measurable precipitation is recorded. In British
climatology it is defined as a period of at least fifteen
consecutive days, on none of which 0.04 inches (1 mm)
or more was recorded.
Although somewhat more definitive and quantitative, these
statements are still heavily weighted toward mankind's agricultural needs.
Subrahmanyam (1967) noted that the definition of a
drought may depend upon the perspective of the person making the definition. To an atmospheric scientist, a drought
may be a prolonged period without rain; to a farmer, a
drought may be a lack of sufficient water for crops; to a
hydrologist, a drought may be insufficient precipitation to
insure average reservoir, streamflow, and water table levels;
while to a businessperson, a drought may be a shortage of
water that causes a slowdown of an area's economy. Linsley
(1982) defines a sociopolitical drought as "a water shortage
resulting from poor management or over-commitment of the
regional water resources." Thus, it is certain that rainfall is
not the only factor that should be considered when defining a
drought.
A broader and more useful definition for today's society is
as follows (Gibbs, 1975):
A drought is a lack of sufficient moisture to meet the
requirements of a particular region, those requirements
being dependent on the distributions of plant, animal
and human populations, their lifestyles and their use
of land.
This definition includes the needs of the regional population
for human consumption, manufacturing processes, power
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production, recreational activities, etc., as well as agricultural demands. In other words, it stresses the "supply and
demand" nature of a drought. Landsberg (1975) distinguishes
between drought and aridity, both of which are characterized
by lack of water; drought is a "temporary condition," whereas
aridity is a "more or less permanent climatic condition,
bringing about deserts." Thus, Gibbs's definition, modified
to include the temporary nature of a drought, may be the
most applicable to the northeastern United States because of
the region's concentrated population centers and their large
manufacturing and power production demands on water, in
addition to the dairy and truck-farm agricultural demands.
Note that this definition implies that a drought can be caused
by increased societal needs (demand) for water as well as by
decreased precipitation (supply); i.e., a region can "grow"
into a drought by increasing its need for water. To some extent
this has occurred along the front range (eastern slope) of the
Colorado Rocky Mountains. This also occurs in so-called
dry-land-farm regions; regions where climatically the average water supply is barely adequate for farming. Thus, the
demand is increased such that the average is required and any
less than average is then declared a water shortage or drought.
During the late summer months and fall of 1980, New Jersey and Pennsylvania residents were reminded repeatedly by
local newspapers and television that their area was experiencing drought conditions and that they must, under penalty of
law, modify and limit their water usage. By mid-September
1980, the Governor of New Jersey had called for water rationing for northern New Jersey; southern New Jersey and
the Philadelphia area were unaffected. This mandate threatened 1.5 million people with jail sentences of up to six months
and $1000 fines for watering lawns, washing cars at home,
hosing down streets, etc. By 15 October the several municipalities in southeastern Pennsylvania asked for a voluntary
ban on nonessential water use, as their well-water supplies
were getting low. The Delaware River Basin Commission
(DRBC) also was considering imposing a drought emergency
plan. November 1980 brought warnings from the Philadelphia
City Water Commissioner that Philadelphia was approaching
water shortages comparable to the drought years of the 1960s.
He therefore asked for voluntary bans on filling swimming
pools, watering lawns, serving drinking water in restaurants,
etc.
Spring of 1981 brought several heavy rains to the region
and the drought restrictions were relaxed for most of the
summer, but again during the fall of 1981 the papers and
news were full of dire warnings of water shortages if more
rain was not forthcoming.
The purpose of this paper is to investigate and quantify the
conditions that led to these circumstances. Was there a
drought as previously defined? If there was, was it caused by
a severely abnormal deficiency of precipitation or was it
caused by increased demand? How did this drought compare
to the drought of the early 1960s?

2. Meteorological causes of the drought
In their discussion of the 1980 summer heat wave and drought,

141

FIG. 1. Map of New York, Pennsylvania, and New Jersey showing the three climatic divisions used for this study. PHL is the code
for Philadelphia, ABE for Allentown, AVP for Wilkes BarreScranton, and NYC for New York City. The dots indicate the location of precipitation sites used to obtain the zonal averages.

Karl and Quayle (1981) show data grouped by state or by regional zone, each of which contain several states; for example,
the Middle Atlantic States zone contains Pennsylvania, New
York, and New Jersey. Their results confirm that the summer
of 1980 was one of the hottest and driest summers for several
regional zones, most notably the South Atlantic States. Their
results indicate that the Middle Atlantic States zone as a
whole did not experience a particularly dry year, even though
they show New Jersey as a drought area. However, as already
discussed, local newspaper and television reports indicate
that southern New York and eastern Pennsylvania also experienced drought conditions. The reason for this discrepancy,
as suggested by Karl and Quayle, is that their regional zones
were so large that they combined areas that experienced
below-average precipitation with areas that experienced average rainfall. As a consequence, the average of such a zone
did not indicate drought conditions. Therefore, a smaller
averaging region is necessary to investigate the drought reports in eastern Pennsylvania.
This study concentrates on the area along the Delaware
River drainage basin in eastern Pennsylvania. Three state
climatic divisions (as defined by the National Climatic Center
(NCC)) were used to determine the north-south variation in
precipitation during the period of interest. These divisions,
from north to south, were: the Pocono Mountains, the East
Central Mountains, and the Southeast Piedmont (see Fig. 1).
All precipitation, temperature, and relative humidity data
used in this study were obtained from the monthly and annual
Climatological Data summaries for Pennsylvania published
by NCC, Asheville, N.C. The climate for the three divisions is
generally mild, with a mean annual temperature of 11°C and
an average annual precipitation of 108.5 cm. The main rivers
in the area are the Schuylkill and Lehigh, which drain into
the Delaware, which in turn drains into the Atlantic Ocean.
Water usage varies for each division, depending on its
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FIG. 2. Divisional average annual precipitation departure-from-average for years 1963 through 1980.
The three zones correspond to climatic Division 1, Division 2, and Division 3, respectively. Division 1 is the
Pocono Mountains, Division 2 the South Central Mountains, and Division 3 the Southeast Piedmont. Average is defined as the 30-year average as calculated by the National Climatic Center and is different for each
division.

agricultural, industrial, and economic development. The
Pocono Mountain division depends on water resources
mainly to support its recreation and tourist industry. Summer
boating and winter skiing facilities make tourism the division's main economic activity. Much of the water used by the
megalopolises of New York and Philadelphia are stored in
reservoirs in this division. The East Central Mountain division is heavily industrialized, especially in the Lehigh Valley
where steel production is vital to the economy. Therefore,
water usage is dominated by industrial demands. The Southeast Piedmont division is industrialized around Philadelphia
where the Delaware River provides easy access to major
Atlantic shipping routes; otherwise, it is mostly farmland.
Thus, water in this division is needed for both industrial purposes and agricultural irrigation.
Figure 2 shows the yearly precipitation departure-fromaverage for each of the three divisions from 1963 through
1980. For the purposes of this paper, average is defined as the
30-year average from 1951 through 1980 as calculated by
NCC. Note that the average is different for each division, and thus this graph cannot be used to compare the total
precipitation amount of each zone. The average for the
Southeast Piedmont is 105.7 cm; for the East Central Mountains, 111.5 cm; and for the Pocono Mountains, 108.2 cm.
Figure 2 shows that the interannual variation for each division
fluctuates more or less in phase; the linear correlation coefficient between Divisions 1 and 2 is 0.95; between Divisions 2
and 3, it is 0.90; and between Divisions 1 and 3, it is 0.87. These
results imply spatial homogeneity. The years between 1972
and 1979 were characterized by above-average amounts of
precipitation in all three divisions. However, in 1980 the precipitation values dropped dramatically for each division as
the yearly departures equalled those seen in the worst drought
years of the early to mid-1960s.
The 1980 monthly departure for each of the three divisions
were compared with departures during a major East Coast
drought in 1965 (Namias, 1966) and with departures for an
"average" year when the annual departure was near zero.

The most striking observation apparent from this comparison
is the similarity between the departure for each division in
1965 and in 1980. In general, precipitation amounts were
below average in all three divisions from April through August during the drought years of 1965 and 1980. Therefore,
during the spring period when snow melt and rainfall usually
combine to replenish ground water and reservoir levels for
the summer, the rainfall was far below average; thus, the reservoirs and wells were not filled. It also is apparent that it was
not the extreme severity of any individual monthly deficit
that caused the large annual deficiency, but rather the annual
deficiency was caused by the accumulation of several belowaverage months. It is evident from the comparison that an
"average" year may have individual monthly deficits that are
almost as large as any of the drought year's monthly deficits;
however, during the "average" year these deficits are balanced
by months with surpluses.
To investigate if "sufficient" moisture was available to
meet each division's requirements, a representative adjusted
pan evaporation for the division was compared with the division's average precipitation for the years 1977 through 1980.
The adjusted pan evaporation was calculated in centimeters
per month following Eagleman (1967): E^ = 0.035 e s
(100 - RH) 1/2 , where EA is the adjusted pan evaporation, e s
the monthly mean saturation vapor pressure, and RH the
monthly mean relative humidity. The saturation vapor pressure is a function of the monthly mean temperature. The representative sites used for the evaporation calculation were
the following U.S. National Weather Service observation locations: for the Southeast Piedmont—Philadelphia, Pa.; for
the East Central Mountains—Allentown, Pa.; and for the
Pocono Mountains—Wilkes Barre-Scranton, Pa. Figure 3
shows the precipitation-evaporation budgets for each of the
three sites. The adjusted pan evaporation, although not
equal to the evapotranspiration from a vegetated surface,
should be a good approximation of the evaporation from an
open body of water, such as a shallow lake. This approximation is best in the winter (while the lake remains unfrozen)
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FIG. 3. Monthly accumulated precipitation (solid line) and calculated adjusted potential evaporation (dashed line) versus month
and year for each division. Stippled areas indicate precipitation surplus; wavy line area indicates precipitation deficit. See Fig. 2 for definition of divisions (zones).

and summer when the lake temperature can be approximated
by the mean air temperature (Eagleman, 1967).
The most obvious trend shown by Fig. 3 is the annual
evaporation cycle (dashed line)—most years have a peak in
August and a minimum in February. Another striking point
illustrated by the evaporation curve is the 3-5 cm increase in
the maximum evaporation during the summer of 1980 as
compared to the summers of 1977, 1978, and 1979. This increased evaporation certainly contributed to the drought situation, i.e., the drought was not caused solely by the lack of
precipitation. The precipitation curve (solid line) shows a
wintertime maximum during the winters of 1977-78 and
1978-79. Note that the 1979-1980 winter peak is much smaller
and later in the year than the peak for the two previous years.
Comparison of the two curves indicates that the annual

TABLE 1.

cycle of precipitation minus evaporation has a precipitation
surplus (more precipitation than evaporation) during the
winter months and a small precipitation deficit (more evaporation than precipitation) during the summer months. During
the more average years of 1977 and 1978, the winter surplus
was greater than the summer deficit; in a complete water
budget this excess water can be accounted for by transpiration, by stream and river runoff, and by percolation into the
ground water supply. The winter of 1979-80 was distinctly
different from the previous two years—January, which typically had been the month with the largest precipitation surplus, actually had a slight deficit in two of the three divisions.
Thus, the large surplus was nonexistent in 1979-80. Also, in
1980 the summer deficit was much greater than in the previous
years. The switchover from surplus to deficit occurred in
May of 1980 rather than in June, the beginning of the summer
season. The deficit also was much larger in magnitude than
was typical during the previous few years. Again the similarity
between divisions is quite apparent.
Because of the repeated indication that the behavior of the
three divisions is essentially the same, it was decided that the
study could concentrate on the drought as experienced by
Philadelphia and that any conclusions could be expanded to
include all three divisions. Table 1 compares Philadelphia's
seasonal total precipitation and evaporation and the seasonal
average temperature and relative humidity from 1977 to
1982. In this table, the winter season includes November
through February and the summer season includes June
through September. The seasonal total evaporation was calculated using the monthly average temperatures and relative
humidities in Eagleman's equation and then summing the
calculated monthly evaporation amounts.
The 1979-80 winter precipitation amount was 39.9 cm less
than the average amount of the previous two winters and the
1980-81 winter precipitation amount was 40.7 cm less than
the average amount of the winters of 1977-78 and 1978-79.
In addition, precipitation was below-average during the
summer of 1980. It was 7-18 cm below that of the previous
three summers and, as discussed previously, evaporation was
substantially higher, over 10 cm above the average for the
preceding three summers. This was a result of 1-2°C higher
summer average temperature. The precipitation during the
winter of 1980-81 was even slightly more below average than

Seasonal total precipitation and evaporation, seasonal average temperature and relative humidity, and total precipitation minus
evaporation for summer (June-September) and winter (November-February) seasons for Philadelphia, Pa.
Seasonal total

Season

Precipitation
(cm)

Evaporation
(cm)

Summer (1977)
Winter (1977-78)
Summer (1978)
Winter (1978-79)
Summer (1979)
Winter (1979-80)
Summer (1980)
Winter (1980-81)
Summer (1981)
Winter (1981-82)

48.1
58.8
37.2
58.4
48.6
18.7
30.2
17.9
42.9
32.3

51.0
12.7
56.1
15.2
49.5
15.8
63.1
14.4
52.4
15.0

Seasonal average
Relative
humidity
Temperature
(°C)
(%)
22.8
0.5
23.3
1.9
22.4
3.1
24.1
1.5
22.3
1.6

73.4
67.9
69.3
65.6
73.1
64.7
64.7
66.2
70.1
64.6

Precipitation —
evaporation
(cm)
-2.9
46.1
-18.9
43.2
-0.9
2.9
-32.9
3.5
-9.5
17.3
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FIG. 4. Four-year running mean precipitation for Philadelphia, Pa., versus year. Dots represent the actual
precipitation amount for each year. The dashed line is the average four-year mean.

was the 1979-80 winter. However, the temperature of the
winter of 1980-81 returned to its more typical lower values,
thereby reducing the evaporation. The summer of 1981, although cooler and wetter than the previous summer, still experienced a small deficit, which was on the order of the typical summertime deficit. Note that the evaporation in the
summer of 1981 was 10.7 cm less than that for the summer of
1980. This reduction was largely a result of a 5.4% increase in
relative humidity in 1981 as compared to 1980. This comparison illustrates the sensitivity of a region's water supply to a
small change in the average relative humidity over as small a
time period as one season.

3. Comparison with the drought of 1962-66
The data in Fig. 2 starts in 1963, when the East Coast of the
United States was experiencing severe drought conditions. In
most areas, the below-average rainfall reached its maximum
departure from average in 1965. Studies by Russell etal. (1970)
indicate that in some regions of the Boston area, the actual
effects of the drought were not felt until 1966, i.e., there was a
three-year lag between the onset of below-average precipitation and severe drought conditions. Russell et al. used the
smoothing characteristics of the noncentered, four-year running mean to filter some of the less persistent, short-timescale, interannual fluctuations from the annual precipitation
data. This four-year running mean is derived by calculating
the average of the quantity for the year in question and the
three years preceding it, i.e., the four-year mean precipitation
for 1980 is the average precipitation for the years 1977,1978,
1979, and 1980. Figure 4 shows the result of applying this
technique to the Philadelphia annual precipitation record
from 1917 through 1980. From this representation it can be
seen that, although the lowest rainfall total occurred in 1965,
the minimum running mean did not occur until 1966 and it
was 1971 before the running mean returned to average or
above. Also note that the below- and above-average fluctuations of 1966,1967, and 1968 were smoothed so that the more

persistent trend of increasing annual precipitation could be
seen.
Even though the precipitation fell off abruptly in 1980,
Philadelphia's running mean was only minimally affected; in
fact it increased slightly. At first this appears strange, but
closer investigation shows that, compared to the 1979 mean,
the 1980 four-year mean dropped 1976 from its calculation
and added 1980. Note that the accumulation of precipitation
in Philadelphia in 1976 was less than the 1980 amount. One
might ask if eastern Pennsylvania suffered a water shortage
in 1976. The answer is no, because although Philadelphia received below-average rainfall, the other two divisions did not
share this lack of precipitation (see Fig. 2). In other words,
although the three divisions are similar most of the time, i.e.,
they are highly correlated, they are not perfectly correlated.
In this case, the upstate water storage divisions did not have a
drought and thus there was plenty of water to be imported to
the Southeast Piedmont division. (The region's water storage
requirements are discussed in Section 4.)
Table 2 shows the total precipitation and evaporation, the
average temperature and relative humidity, and the difference
between precipitation and evaporation values by season
(winter and summer) for Philadelphia during the East Coast
drought of the 1960s. The adjusted pan evaporation was calculated as in Table 1.
Comparing Table 2 with Table 1 shows several differences
and similarities between the 1960s and 1980 droughts. The
summer precipitation for 1963 through 1966 is nearly the
same as that for 1979-80. Also, while the average summer
temperatures were 1-2°C lower than in 1980, which would
tend to reduce the evaporation, the 1960s average humidities
were lower, thereby increasing the evaporation and tending
to keep the evaporation levels of the mid-1960s similar to
those in 1980. One major difference is the lower precipitation
totals for the winter seasons throughout the 1960s. The winter
surpluses in the precipitation-evaporation budget were not
nearly enough to offset the summer deficits. Temperatures
were also about 0.5°C higher on the average, causing the winter evaporation to be 1-1.5 cm higher in the 1960s drought
than during the recent drought. The 1960s drought seems to
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Seasonal total precipitation and evaporation, seasonal average temperature and relative humidity, and total precipitation minus
evaporation for summer (June-September) and winter (November-February) seasons for Philadelphia, Pa.
Seasonal total

Season

Precipitation
(cm)

Evaporation
(cm)

Summer (1963)
Winter (1963-64)
Summer (1964)
Winter (1964-65)
Summer (1965)
Winter (1965-66)
Summer (1966)
Winter (1966-67)
Summer (1967)
Winter (1967-68)
Summer (1968)
Winter (1968-69)
Summer (1969)
Winter (1969-70)
Summer (1970)
Winter (1970-71)

40.1
38.6
17.7
28.7
33.4
25.5
33.2
25.9
54.0
30.9
24.3
25.8
57.6
30.5
30.9
39.5

50.1
14.0
54.7
15.3
52.4
14.8
55.9
15.4
52.2
15.7
57.8
15.1
50.3
13.9
51.2
13.8

be a result of a deficit accumulating in the precipitationevaporation budget over several years. The recent drought
has been the result of a much shorter-term fluctuation in the
budget.

4. Anthropogenic causes of the drought
As noted in Section 3, it appears that the water storage facilities are adequate to alleviate minor interdivisional variations
in rainfall. It also is hoped that water storage procedures are
adequate to keep one " b a d " year for all three divisions, such
as 1980, from having an appreciable impact. However, contrary to the results of Russell et al. (1970) as discussed earlier,
there was very little time between the occurrence of belownormal precipitation and the onset of a critical water shortage. This lack of an appreciable lag time suggests either that
the region's water storage facilities are not adequate for even
a short-lived regionwide drought or that other causes may
have contributed to the drought conditions. For example, as
suggested earlier, a change in the area's water usage may
have exacerbated the "drought" conditions.
To investigate this hypothesis, the industrial and domestic
water use statistics for the sub-basins that overlap our three
eastern Pennsylvania divisions, and the Delaware River salt
line data, were obtained from DRBC. This agency is responsible for monitoring the regional water use of, and, when necessary, imposing water-use restrictions on, parts of Pennsylvania, New Jersey, and Delaware. (DRBC annual surface
water-use report forms are available to the public from:
DRBC, P.O. Box 7360, W. Trenton, N.J. 08626.) Table 3
shows the usage statistics for 1971 and 1979 and the percent
change during the intervening eight years. 1971 is representative of the water use throughout the 1960s and early 1970s.
The somewhat surprising conclusion from these data is
that water usage in eastern Pennsylvania decreased between

Seasonal average
Relative
Temperature
humidity
(°C)
(%)
21.2
1.8
22.3
2.7
22.0
1.9
22.5
2.7
22.6
1.8
23.3
1.6
24.3
1.1
23.5
2.8

68.9
69.1
66.2
67.8
69.5
65.8
67.4
66.7
71.0
56.1
67.4
62.7
73.0
66.7
75.2
73.2

Precipitation —
evaporation
(cm)
-10.0
24.6
-37.0
13.4
-19.0
10.7
-22.7
10.5
1.8
15.2
-33.5
10.7
7.38
16.6
-20.3
25.7

1971 and 1979. The major reason for this decline in water use
is the loss of industry in the area. (According to DRBC, only
a slight reduction can be attributed to conservation measures.)
Since about 1975 there has been a steady downward trend in
water use, reflecting the relocation of many industries to the
sunbelt region. This is especially true for the Southeast
Piedmont division around Philadelphia, where industrial
water usage has been almost halved during the decade. The
only area that has not shown this decline is the Lehigh Valley
area in the East Central Mountains; this division has experienced a slight growth in industrial water consumption.
Domestic use has varied little during the same time period
and the small volume of water used by households as compared to that used by industry means that even large percentage changes in domestic usage would cause only small changes
in the region's overall total water consumption. These statistics indicate that the drought conditions of 1980 definitely
were not brought on by a significant increase in water usage
in this area.
Next the adequacy of the storage facilities was investigated.
The combined capacity of the Delaware Reservoir System is
approximately 1.03 X 109 m3, which normally is more than

TABLE 3. Monthly average water usage for the eastern Pennsylvania region. Division 1 is the Pocono Mountains, Division 2 the
East Central Mountains, and Division 3 the Southeast Piedmont.

Divisions 1 and 2
Domestic use
Industrial use
Division 3
Domestic use
Industrial use
Divisions 1, 2, and 3
Domestic use
Industrial use

1971
(106 m3)

1979
(106 m3)

% change
in usage

8.15
71.55

8.47
65.83

+3.93
-7.99

60.43
430.18

59.96
227.07

-0.78
-47.22

68.58
501.73

68.43
292.90

-0.22
-41.62
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for the city of Camden, N.J. Philadelphia's city water intakes
lie several miles north of this juncture and were not in any
serious danger during either the 1980 or the mid-1960s
drought.
Even though precipitation returned to more average
values during the spring and summer of 1981, the reservoir
system did not quite return to its predrought storage levels,
as seen in Fig. 5. After releases similar to those of 1980 during
the summer and fall of 1981, the storage levels were at 50% of
capacity. Therefore, the storage system had not yet recovered
by the fall of 1981.

FIG. 5. New York City-Delaware River reservoir water storage
versus month and year. Maximum storage in system is 1.03 X 109 m 3 .
The stippled area indicates the reservoir levels at which the Delaware
River Basin Commission issues a drought warning.

adequate for the region's requirements. However, even
though storage levels in all reservoirs were at 90% or better
heading into the summer of 1980, the below-average summertime precipitation placed a heavy strain on the system. This
can be seen from the storage curve shown in Fig. 5. Much of
the stored water in the northern half of the Delaware River
Basin was tapped to provide water to help meet New York
City's enormous needs, as New York City and northern New
Jersey were experiencing severe water shortages. From 1965
through 1979 New York City's total water consumption increased by 45% (Summer, 1981). This was partially due to the
fact that New York City was supplying more water to outside
communities than before, and partially due to a 30% increase
in per capita use in New York City itself. In addition to these
long-term trends, water usage in New York City increased
during the summer months of 1980 due to higher-thanaverage temperatures (Summer, 1981). The diversions caused
by New York City's shortages took nearly 2.65 X 106 m3 per
day from the Delaware River Reservoir system throughout
the summer and fall of 1980. This is almost half of the City's
average daily use of 5.68 X 106 m3 per day (Hellman, 1981).
As already stated, at the start of the reservoir releases in early
summer, most reservoirs were above 90% capacity. By February 1981, after several months of releases and precipitation
levels below average, the reservoir system reached its lowest
storage levels to date: 0.26 X 109 m3, or 25%, on 2 February
1981. This was almost four months after the region had been
put under a drought warning and conservation measures had
been enacted.
Another water requirement that affected the storage system
was the ecological needs of the Delaware River itself. Periodic
releases from the upstream reservoirs are necessary to keep
the salt line from receding too far up the Delaware Estuary.
The salt line is defined by the maximum intrusion up the river
of a chloride concentration of 250 g • m~3. This line reached
River Mile 97.5 from the mouth of the Delaware on 2 February 1981. This is near the Walt Whitman Bridge in Philadelphia, the southernmost of the bridges linking Philadelphia
with New Jersey. During the major East Coast drought of the
1960s, this line reached River Mile 100, and was dangerously
close to contaminating water intakes on the Delaware River

5. Summary and conclusions
This study indicates that a drought did indeed occur in
1980-81. The problem that remains is one of explaining why
the region was thrust into such a severe condition in such a
short period of time. Karl and Quayle (1981) have shown
that, although the summer of 1980 was hot and dry across
much of the nation, the situation was not as bad as the "dust
bowl" years of the 1930s or the 1960s East Coast drought.
The years preceding 1980 were quite good in terms of precipitation, and had this not been the case, it is hard to imagine
the devastating effect the 1980 subnormal precipitation
might have had on the region, both economically and socially.
Pennsylvania, on the whole, did not have sizeable precipitation deficits or "drought" conditions during 1980-81, but the
eastern half of the state did experience an extreme water
shortage caused by several factors. The obvious precipitation
deficits along with increased summer temperatures were the
main "causes" of the drought. The higher temperatures increased water consumption and evapotranspiration, resulting
in larger-than-average precipitation-evaporation deficits in
the summer. This increased demand, along with a very dry
preceding winter that left reservoirs at below-average levels,
created a condition of severe water shortage. Still, these factors were of such a short time duration climatologically that
the consequences would not have been expected to have been
so severe. Short-term meteorological fluctuations such as
those that led to the 1980-81 drought are normal variations
for the region's weather patterns. Therefore, the underlying
answer to the severity of the situation may be found in insufficient water storage and management techniques.
It was shown that the Delaware River Basin Reservoir System was drastically depleted by diversions to the New York
City region. While surface water usage did decrease in the
eastern Pennsylvania region during the late 1970s, New York
City's water consumption, as well as the amount of water it
furnished to outside suburban communities, has increased
steadily from the 1960s through the present. Conversely, very
little increase in storage capability has taken place since the
widespread Northeast drought of the 1960s.
This study demonstrates the serious consequences that can
arise synergistically from diverse "small" environmental and
sociopolitical factors. A dry winter was followed by a hot dry
summer, and the spatial extent of the drought was limited.
Southeastern Pennsylvania's industrial water demands declined; however, an upstream region with increasing conUnauthenticated | Downloaded 01/09/23 08:57 AM UTC
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s u m p t i o n s h a r e d the " l o c a l " d r o u g h t a n d their r e q u i r e m e n t s
depleted the d o w n s t r e a m region's flexibility. Suddenly, a crisis existed in the water supply f o r b o t h the p o p u l a t i o n a n d the
discharge to keep the salt line in check in the m a j o r river.
T h r o u g h g o o d f o r t u n e , above-average water supplies f r o m
earlier years kept the crisis f r o m being a disaster—this time.
It seems as if the g o o d years in the late 1970s allowed society
t o d r o p its g u a r d a n d n o t develop the reserve it s h o u l d have
k n o w n was needed f o r the inevitable p o o r years. T h e n when
society failed to a n t i c i p a t e a n o r m a l climatic f l u c t u a t i o n ,
" b a d w e a t h e r " was b l a m e d .
C o n s e q u e n t l y , a l t h o u g h a meteorological d r o u g h t did
o c c u r in 1980-81, the real p r o b l e m is t h a t better water m a n a g e m e n t a n d storage techniques are needed t o meet the dem a n d s m a d e on the water supply d u e to increases in p o p u l a tion a n d technology. In o t h e r w o r d s , a " g a m e p l a n " is
necessary to prevent n o r m a l r a n d o m precipitation f l u c t u a tions f r o m p r o d u c i n g m a j o r d r o u g h t o r water shortage
episodes.
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Marine climatic data
T h e National Climatic Data Center (NCDC), Asheville, N . C . ,
has four n e w data sets that m a y be of major interest to ocean
industries.
T h e ship and buoy files contain about 50 million observations, w i t h the earliest ship records dating back to 1854. T h e
global coverage includes elements such as wind, wave,
temperature (air and sea surface), h u m i d i t y , pressure, visibility, cloudiness, and precipitation. At present the data are in
three m a i n sets: the "atlas work f i l e " for data up to 1970, the
1970s data set, and the 1980s data. Specify TDF-11 (Tape Data
Family 11).
T h e Army Wave Information Study (WIS) includes t w o major sets of hindcast data for the east coast of the United States.
Each phase covers the 1956-1975 period. Data specifications
are: Phase I, deep water, 13 points, 6 h data for sea and swell
heights, period, and direction,- and Phase II, shelf water, 73
points, 3 h data for wind speed and direction, sea and swell
heights, period, and direction. Pacific Coast and Gulf of Mexico data are to be developed in the near f u t u r e by the U.S. Army
Engineer Corps Waterways Experiment Station. Specify
TDF-9787.

U.S. Navy Operational Spectral Ocean Wave Model
(SOWM) spectra cover the Northern Hemisphere since 1975.
T h e accompanying m a p s show grid point locations available
for each grid point at 6 h intervals. Data for this 2500 gridpoint are presently in t i m e sequence, so that five or six tapes
m u s t be processed for each year of data desired. Specify TDF
9791.
T h e U.S. Navy Spectral Ocean Wave Model (SOWM) hindcast data are available in grid-point sort or time sort for the
N o r t h Atlantic (400 grid points, 1956-75) and N o r t h Pacific
(900 grid points, 1965-77) for the same grid points as the
Operational SOWM. This m a k e s grid point selection m u c h
easier, but N C D C is charging a small additional fee to recover
the costs incurred in data sorting. Specify TD-9782 for ASCII
or TD-9783 for CDC-Binary.
T h e data sets are available from the National Climatic Data
Center, Asheville, N . C . 28801.
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