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Understanding the Phenomenon of Drought
As the demands placed on water resources increase, society and industry

become more vulnerable to the effects of drought. Having a better understanding of drought can enable hydroelectric project owners, operators,
and developers to improve their planning for future drought risks.
By Donald A. Wilhite

Editor's Note: We've asked Donald
Wilhite, director of the Intema·
twnal Drought InforTTUltwn Cen·
ter, to share current ideas and
understanding of drought with
Hydro Review readers. Droughts
of the late 1980s and early 1990s
have had obvious and significant
effects on TTUlny U.S. hydro proj·
ects. Any improvement of our
understanding of the phenomenon
can be useful for planning for the
jUture.-M.B.

The late 1980s and early 1990s will
long be remembered for severe water
shortages-a consequence of numerous consecutive years of drought over
extensive portions of the U.S. In
particular, many Americans will remember the 1988 drought for its
wide-ranging economical, societal, and

Don Wilhite is director of the Internatwnal Drought Informatwn
Center and professor of agricul·
tural meteorology at the University
of Nebraska in Lincoln.
This article has been evaluated and edited in accordance
with reviews conducted by
two or more professionals who
have relevant expertise. These
peer reviewers judge manuscripts for technical accuracy,
usefulness, and overall im·
portance within the hydroelectric industry.
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The Bureau of Reclamation suspended operation of New Melones Dam, a hydroelectric plant
near Modesto, California, in the ear1y 1990s due to six years of drought and a lack of Significant preciPitation . The low level of the reservoir was apparent in the fall of 1991 , when this
aerla view of the dam's upstream face was photographed. The intake structure is visible on
the right side of the photograph. (Courtesy of the Bureau of Reclamation)

environmental effects. These effects
went far beyond those normally associated with drought (i.e. , reductions in
agricultural crop yields). Increased incidence of forest fires, curtailments in
barge traffic on the Mississippi and
other river systems, reduced recreational opportunities, higher energy use
in response to much higher-than-normal temperatures, and mandatory restrictions on municipal water use are
among the documented effects of the
1988 drought. Hydropower production, too, suffered during 1988 compared to long-term generation averages . All regions throughout the U.S.
except the Plains states experienced

reduced hydropower generation, as
illustrated in Table 1. [This table was
derived from Hydro Review's Hydro'
power Generation Report data·
base.-Ed.]
During 1988, severe to extreme
drought affected nearly 40 percent of
the country; an additional 30 percent
of the nation experienced moderate
drought conditions. Although public
awareness of the drought and its se·
verity was raised dramatically during
the spring and early summer months,
the public's perception of drought
quickly waned by late fall . The direct
and indirect effects of the drought will
never be known fully. However, the
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Table 1: Hydropower Production by Selected U.s. Power Producers In 1988 Compared
To a Ten-Year Average
1988 Hydro
Total Hydro
()peraffng

Region and Producer
Northeast: New York Power Authority
South: Corps 01 Engineers
Tennessee VaHey Authority
Great Lakes: Corps of Engineers
Piains: Corps of Engineers

SOuthWest Bureau of Reclamation
Pacific Gas & Electric
Northwest: Corps of Engineers
TOTAUAVERAGES

Capacity
(in MW)
4,068
4,162
3,346
479
2,873
4,472
3,904
13,093
36,397

Ten Year
Average
1983-92
(I,OOOMWh)

24 ,747
11,031
16,871
1,767
9,659
15,744
10,706
55,794
146,807

Total Hydro
Generation
for 1988
(I,OOOMWh)

22,471
7,560
9,620
1,041
9,949
11,304
7,884
48,507
118,335

Generation
Percent 01
Ten-Year
Average
91%
69%

57%
59%
103%

72%
74%
87%

81%

Source: Hydro Review's Hydropower Generation Report database.

costs and losses have been estimated
at nearly $40 billion! Included in these
costs are nearly $5 billion in federal
drought relief, primarily to the agricultural sector. This large societal
cost indicates that, despite all of our
technologic31 progress, our vulnerability to the uncontrollable phenomenon of drought continues_
To fully understand the magnitude of
the effects of the 1988 drought, it is
first necessary to understand its temporal characteristics · (chronology of
drought development) . The reality is
that the 1988 water shortages began
several years earlier, in the summer of
1985. In August 1985, for example,
severe to extreme drought existed
throughout much of the West and in
portions of the East. During 1986,
conditions improved somewhat in the
West, but deteriorated rapidly in the
Southeast to become one of that region's worst droughts on record.
Drought conditions continued during
1987, especially in the East and in the
far western states of California, Oregon, and Washington. It was this
series of droughts between 1985 and
1987 that led to the large accumulated
water deficits in surface and subsurface water supplies before the spring
of 1988. As the drought increased in
intensity and spatial extent in the
spring of 1988, the most immediate
concerns were the potentially serious
agricultural effects in the spring wheat-,
corn-, and soybean-producing regions
of the northern and central Great
Plains and Midwest. By early summer,
it became quite clear that the effects of
the dry conditions would stretch far
beyond the agricultural sector and the
states in the nation's heartland.
138
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As Figure 1 shows, the drought of
the mid- to late-1980s did not end in
the fall of 1988. It continued through
the early months of 1993, when much
above normal precipitation fell over
most of the West. In February 1993,
California Governor Pete Wilson officially pronounced an end to the sixyear California drought, but called for
continued emphasis on water conservation. He renamed the California
Drought Response Office the Water
Conservation Office.
Although the public's perception
may be that the drought's end signals
a return to "business as usual," the

fact is that water is still in short supply
in parts of California and other portions of the West are continuing to
experience drought conditions. Water
conservation will continue to be necessary as swnace and . subsurface
water supplies slowly rebound with
the return of more normal precipitation patterns. At the same time, it is
likely that new areas of drought will
emerge in 1993. After all, historical
evidence shows that drought is a
normal part of our climate and its
occurrence is inevitable. Although
some may consider the series of
drought years between 1985 and 1993
unusual, Figure Z-indicating the percent of the U.S. experiencing severe
to extreme drought between 1895 and
1991-shows that the most recent
drought was not abnomial when recorded drought data in the U.S. is
considered as a whole. The accompanying story provides details about how
the severity of a drought is determined.
As important as drought has been to
the history of the U.S., it will be

eqi.tally if not more important in the
future. As the recent droughts have
demonstrated, technology has not re.
duced societal vulnerability. In fact
our vulnerability is expanding in re:
sponse to the increasing demands of a
growing population on limited water
and other natural resources.
An Overview of Drought
Drought differs from other natural
hazards such as floods, tornadoes
hurricanes, and earthquakes in severai
ways. First, it is a "creeping phenomenon," making its onset and end
difficult to determine. The effects of
drought accumulate slowly over a
considerable period · of time and may
linger for years after the termination
of the event. This represents an important aspect of drought for the
hydropower industry: it may take several years for reservoir levels to return to normal following consecutive
years of drought. Second, the absence
of a precise and universally accepted
definition of drought adds to the confusion about whether or not a drought
exists and, if it does, its severity.
Policy-makers often are frustrated by
the inability of scientists or water
managers to define drought in concise
terms or to explicitly state whether or
not a drought exists. This may lead to
inaction on the part of decision makers.
Third, drought effects are less obvious
and are spread over a larger geographical area than are damages that
result from other natural hazards. For
these reasons, the quantification of its
effects and the proviSion of disaster
relief are far more difficult tasks for
drought than they are for other natural
hazards.
Drought is a normal part of climate
for virtually all climatic regimes. It is a
temporary aberration that occurs in
high as well as low rainfall areas.
Therefore, drought differs from aridity,
since the latter is restricted to low
rainfall regions and is a permanent
feature of climate. The character of
drought is distinctly regional, reflecting
unique meteorological, hydrological,
and socioeconomic characteristicS.
Many people have difficulty associating
drought with areas of the U.S., such
as the Southeast, that are considered
to have a surplus of water. But, indeed, there can still be drought.
Drought needs to be considered
relative to some long-term average
amount of precipitation and evapo-
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Rgure 1: This graph shows the area (by percent) of the U.S.
affected by severe to extreme drought between January 1986 to
February 1993. The graph is based on data from the Palmer
Drought Severity Index, in six-month intervals. Using the index,
severe drought IS Identified as between -3 and -4. Anything less
than --4 is extreme drought. (Information courtesy National Climatic
Data Center, Asheville, North Carolina)

transpiration in a particular area, a
condition often perceived as "normal."
Drought is the consequence of a natural reduction in the amount of precipitation received over an extended
period of time, usually a season or
more in length. Other climatic factors
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delays in the start of the rainy season,
etc.) and the effectiveness of rains
(i.e., rainfall intensity and number of
rainfall events) . llowever , drought
should not be viewed as merely a
physical phenomenon. It is the result
of an interplay between a natural event

RIVERS ENGINEERING CORPORATION
CONSULTING ENGINEERS

Ci'~ COR~O

P.o. Box 90192
Lafayette, LA 70509

Fogure 2: This graph shows the area (by percent) of the U.s.
affected by severe to extreme drought between 1895 and 1991,
based on the Palmer Drought Severity Index. (Severe drought is
kfentified as between a -3 and -4 on the index. Extreme dr9UQht is
less than -4.) (Information courtesy National Climatic Data Center,
Asheville. North Carolina)

(such as high temperatures, high
winds, and low relative hwnidity) often
are associated with drought in many
regions of the world and can significantly aggravate a drought's severity.
Drought is also related to the timing
(i.e., principal season of occurrence,

{@
-? ~

o
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Year
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(precipitation deficiencies because of
natural climatic variability on varying
time scales) and the demand placed on
water supply by human-use systems.
Societal vulnerability to periods of
water shortage is always changing,
reflecting our varying demands and
water use priorities.

Various Perspectives
About Drought
Because drought affects so many
economic sectors and results in significant social and environmental effects,
scores of definitions bave been developed in a variety of disciplines. In
addition, because drought occurs with
varying frequency in nearly all regions
of the globe, the approaches taken to
define it reflect regional differences.
Effects differ from one region to the
next, and depend on the evolution of
drought activities. Therefore, we cannot expect to derive a universal definition of drought.
Many disciplinary perspectives of
drought exist. Each discipline incorporates different physical, biological,
and/or socioeconomic factors in its
definition of drought. But, all perspectives agree that the importance of
drought lies in its effects' Thus, definitions should be specific to the region
and the effects in order to be used in
an operational mode by water managers and other decision makers.
Drought can be grouped by type:
meteorological, agricultural, hydrological, and socioeconomic. 2
Meteorological drought compares
the duration and degree of dryness in a
region to the normal conditions for that
region.
Agricultural drought occurs when
conditions of meteorological drought
affect soil moisture, evapotranspiration, and plant growth.
Hydrological droughts are concerned with the effects of precipitation
shortfaUs on surface or subsurface
water supply (i.e., streamflow, reservoir and lake levels, and ground
water). More time elapses before
precipitation deficiencies show up in
components of the hydrological system, particularly for large river basins.
Therefore, in large river basins, effects are out of phase with those in
other economic sectors, and hydrological droughts usually lag behind
meteorological and agricultural droughts.
Also, water in reservoirs and rivers
often is used for multiple and compet-

ing purposes, further complicating the
sequence and quantification of effects.
Competition for water in these storage
systems escalates during drought.
Socioeconomic drought associates
the supply and demand of some economic good to elements of meteorological, agricultural, and hydrological
drought. Some scientists suggest that
the time and space processes of supply
and demand are the two basic elements of an objective defuUtion of
drought. For example, supply of eco-

nomic goods (such as hydroelectric
power, water, or bay) is weather
dependent. In most instances, the
demand for that good is increasing as a
result of increasing population and/or
per capita consumption. Therefore,
drought could be defined as occurring
when the demand exceeds supply as a
result of a weather-related supply
shortfaU. This concept of drought
supports the strong symbiosis that
exists between drought and human
activities.

Visit us at Waterpower '93, Booth 615

!:fyd:ro·a~B.p"~C Fisheries Evaluations
\

~>

<.)

,

',,' 'f

"

~-...

'-t-

\:, .~,

.)

:

• . .*,i~ -E.ntrar~h1llOf;
~
;-

'. . .

, . ' . • "FERO fietic~·~l~ . :: -

.

• ~bi,lY$ti6rit(jVtSelnF3s{,e(1$ :~~l:TP!lll(lU&tics:
, Se3!tle. andB(}~t()p ::> .•:;.-; ., y;, ' <i; «'. .«",'

:f~,~' :.- • J1Ydroa~~{:~~i~~!~j:p~:e~t~t~~aSe"b~'E~~S!{;;. :
.

':':':;;;~.'.'

-:;h

'\.'

" _ J/ -~

.:.t: .. '-..........

HTI offers cost-elfectiIi9( rtlliable evalua\iQr§i}js1I1gstate-of,·,the,art equipl1]em ,a"O:)et!1niquBs. O~r engineers and
, .~;~'~"/)'/'"r

fisheries bidlogists' hajeibver 100 years of experience using
'-.,

.-;/ it ,'.'

hydroacoustics; and'liave conducted hundreds of evaluations
throughout

th)2~(i~d abroad.
\!

Call and we'll send you • .lisjd;fqur satisfied clients.

i ..

......<;.
•

A~ ''''

"

"'"

'.' '\

;' ..";---,

CIRCl.E 421 ON READER SERVICE CARD

HYDRO REVIEW/AUGUST 1993

141

Drought Characteristics and Severity
Droughts diller In three essential characterilllics-intensily, duration, and
spatial coverage. Intensity refer8 to the degree of the precipitation shortfaN
and/or the severity of the effects of the shortIaN. Intensity Is generally
measured by the departure of some cImaIic Index from normal (for example,
percent of nonnal precipitation) and is closely Unked to duration In delarmining
Its effect. Actual precipitation departures are normaUy compared 10 expected
or average amounts on a monthly, seasonal, annual, or water-year time
period.
The most widely uead method for determining drought severity In the U.s. Is
the Palmer Drought Severity Index (PDSI).'· Developed in the mid-196Oe, the
PDSI Is a meteoroi0gicai Index that avaIuataa prolonged periods of abnormally wet or dry weather. The Index cen be thought of as a hydrologic
accounting system. The Input to the system Is precipitation. Outputs Include
III/apotranspiratlon, runoff, soil infiltration, soil wa1ar storage, and deep
percolation through the root zone to the ground water. The PDSI relates
accumulated differences of actual precipitation to evapotranspiration. runoff,
and soit infiltration 10 average preeipiIatIon for individual climatic regions. PDSI
values generaRy range from +4 (extreme wetness) to --4 (extreme drought),
although values above or below these thresholds are not unusual. Values
near zero ( + 1 to -1) are oonsidered to mpre&er1t normal conditions. FtgUrIIS 1
and 2 In thiS article ....e based on lhe POSI. [Hydro Re\Iiew'$ ''Water Watch"
depar1ment regularly Includes information about &Oil moisture throughout the
U.s. from the PDSI.-Ed.j
Another distinguishing feature of drought Is its duration. Droughts usually
take at least two to three months to develop, but can oontinue for several
years. Droughts U8IJBity last longer In the intenor of the u.s. then they do In
the East or In the far western slates, although the recent drought In Califomla
lasted for six years." This flnding Is critical for hydro plant operators In these

areas.
The percent of the total area of the contiguous u.s. affected by severe to
extreme drought has been highly variable over the past centUIy. The ITlO8t
Widespread drought occurred In the 193Os--ilartlcularly 1934, when more than
65 percent of the country experienced severe or extreme drought. Using the
percent of total area to daflne major drought episodes, Significant areas were
also affected in the 1890s, 1910, 1925 and 1926, 1953 to 1957, 1964 and
1965, 1976 and 1977, 1983, and 1988 to 1992. The 1930s, particularly 1934
and 1936, remain the most severa drought years on record for the northern
and oentml Great Plains and Midwest. Until the recent series of drought years
In the West, 1976 and 1977 was considered to be the drought of record for
thet region.

Causes and Predictability
Of Drought
Empirical studies conducted during
the past century have shown that
drought is never the result of a single
cause. Rather, it is the result of many
causes, which are often synergistic in
nature. Some of the causes may be the
result of influences originating far from
the drought-affected area. Drought
researchers are studying the role of
interacting systems, often called "teleconnections, " in explaining' regional
and even global climatic patterns of
climatic variability. Teleconnections
are regional or global atmospheric
patterns that reappear with considerable frequency in roughly the same
fonn and often persist or recur
throughout a month or season. These
patterns tend to recur with enough
frequency and with similar character142
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istics over a sufficient length of time
that they help forecasters make longrange climate predictions, particularly
in the tropics.
One teleconnection receiving a great
deal of attention from scientists since
the early 1980s is the EI Nino/Southern Oscillation, usually called "El
Nino." EI Nino is the occasional
invasion of wann surface water from
the western equatorial Pacific Basin
to the eastern equatorial region and
along the west coast of South Arnerica. 3 EI Niiio events occur about twice
every ten years, although the interval
between two events is irregular. El
Nino events have been linked to the
widespread occurrence of extreme
climatic events, such as droughts and
floods, on virtually every continent.
The inunediate cause of drought is
the sinking of air (subsidence) that

results in higher atmospheric pressure
and compressional wanning of the air
which inhibits cloud formation
causes lower relative humidity, leading
to less precipitation. For regions UDder the influence of semi-pennanent
high pressure during all or most of the
year, desert (arid) conditions result,
such as in the Sahara and Kalahari
deserts of Africa and the Gobi Desert
of Asia. Most climatic regions, however, experience varying degrees of
dominance by high pressure, often
depending on the season. Prolonged
droughts occur when large-scale anomalies in atmospheric circulation patterns become established and persist
for periods of months, seasons, or
longer. The extreme drought of 1988
affected both the U.S. and Canada.

and

How Predictable Is Drought?
Curre ntly, it is difficult for forecasters to predict drought more than a
month in advance. The potential to
predict drought differs by region, season, and climate. Recent teelmological
advances make drought forecasts
more reliable today than a decade ago
in some regions. In the tropics, for
example, meteorologists have made
significant advances in understanding
the climate system. Specifically, meteorologists now know that much of
the atmospheric variability that occurs
over longer periods of time (several
months to several years) can be linked
to variations in tropical sea surface
temperatures. Major global meteorological experiments are investigating
these questions further. Improved
predictability of El Nino episodes, for
example, would profoundly influence
seasonal predictions in the tropics and
elsewhere. To date, empirical relationships have been developed for
some tropical and near-tropical regions
such as the Indian Peninsula and Australia. Further advancements will require major breakthroughs in the use
of dynamic models that link oceanatmosphere systems . Therefore, meteorologists do not believe that highly
accurate forecasts are currently JlOssible for all regions more than a
season in advance.

The Effects of Drought
The effects of drought are diverse
and often ripple through the economy.
Thus, effects often are referred to as
"direct" or "indirect. " For example, a
loss of agricultural crop yield resulting

Visit us st Waterpower '93, Booth 421, 423
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from drought is a direct effect of
drought. However, the consequences
of that effect (e.g., loss of income,
farm foreclosures , outmigration, or
government relief programs) are indirect effects. Because of the number of
affected groups and sectors associated
with drought, the geographic size of
the area affected, and the difficulties
connected with quantifying environmental damages and personal hardships, the determination of the financial costs of drought is both difficult

and imprecise. As Figure 2 illustrates,
there are few years when drought is
not affecting some portion of the U.S.
It is also common to have a series of
years with widespread drought followed by several years during which
the spatial extent of drought is quite
limited. For example, the decade of
the 1930s was followed by a series of
years in the 1940s in which severe to
extreme drought was of limited spatial
extent. This pattern has recurred
several times since then. Therefore,
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direct and indirect losses may be
extremely large for one or two consecutive years and then negligible for
several years.
The effects of drought can be classified into three principal areas: economic, environmental, and social.
Economic effects range from direct
losses in the energy sector and agricultural and agriculturally related sectors (including forestry and fishing) to
losses in recreation, transportation,
and banking. Other economic effects
include increased unemployment and
loss of revenue to local, state, and
federal governments, Where activities
are directly dependent on water resources, the economic effects of
drought can include reduction in hydroelectric power, loss from fishery
production, loss from recreational
business, and loss to manufacturers
and sellers of recreational equipment.
Environmental losses are the result
of damages to plant and animal species, wildlife habitat, and air and water
quality; forest and range fires; degradation of landscape quality; and soil
erosion. Although these losses are
difficult to quantify, growing public
awareness and concern for environmental quality has forced public officials to focus greater attention on
these effects.
Social effects mainly involve public
safety, health, conflicts between water
users, and inequities in the distribution
of effects and disaster relief programs.
As with all natural risks, the economic effects of drought are highly
variable within and between economic
sectors and geographic regions, producing a complex assortment of wfuners and losers with the occurrence of
each disaster. For example, decreases
in agricultural production result in
enormous negative financial effects on
farmers in drought-affected areas, at
times leading to farm foreclosures.
This decreased production also leads
to higher grain, meat, vegetable, and
fruit prices, which have a negative
effect on all consumers as food prices
increase. Farmers outside the droughtaffected area with normal to above
normal production, or those with significant grain in storage, reap the
benefits of these higher prices. To a
lesser extent, this can also be true of
hydroelectric production, where a
drought in the northwestern U.S., for
example, would result in the purchase
of more hydroelectricity from B. C.

Hydro in British Columbia, Canada.
Ironically, in the U.S. the energy
sector can economically benefit from
drouglit and associated heat waves
owing to increased energy requirements for refrigeration and air conditioning. For example, during the
drouglit of 1980 and the accompanying
six-week heat wave that extended
from late June through the first week
in August, total electric use averaged
5.5 percent above normal-costing
$1.3 billion.' However, various segments of the energy sector are affected differently. While hydroelectric
energy generation is reduced during
extended drouglits, replacement energy sources, such as fossil fuels,
increase energy costs. These additional costs are subsequently passed
on to the consumer. In the book

chases on the horizon. 8 Thus, while
meteorological and agricultural drought
may have ended or lessened in severity for some portions of the Missouri
River Basin, the hydrologic drought
(Le., low reservoir levels) continues.

Societal Vulnerability
To Drought
There is growing concern among
scientists and policy-makers about society's increased vulnerability to
drouglit throughout the world. Several

factors contribute to this increase in
vulnerability.
Competition for water and other
limited natural resources is increasing
because of increasing population. This
increase in population puts added
pressure on agriculturally marginal
land to provide food and fiber. These
marginal lands typically have a higlier
incidence of drouglit and are more
vulnerable to degradation.
Changes in the distribution of population can result in greater distance

.:

*

Drought Assessment, Management, and Planning: Theory and
Case Studies, it is estimated that the
use of more expensive fossil fuels by
electric utilities to replace drouglit-induced hydropower losses in California
cost ratepayers $2.93 billion between
1987 and 1991.'
In California, hydroelectric power
plants produce about one-third of the
electricity used in a normal year.'
However, this production may vary
significantly between wet and dry
years. During wet years, as much as
40 percent of the electricity used may
come from hydropower. In 1988, record consumption of electrical power
occurred in California, although hydropower generation accounted for only
17 percent of electricity production. 6
As a result of recent droughts, interest in large-scale interconnected power
systems-such as between B.C. Hydro, the provincially owned utility in
British Columbia, Canada, and the
Bonneville Power Administration-has
increased '
In response to continuing hydrologic
drought conditions in the Missouri
River Basin between September 1992
and May 1993, the Western Area
Power Administration (WAPA) has
spent more than $39 million buying
electricity that would have been genstem power
erated at the six
plants under normal conditions. [Under
normal water supply conditions,
WAPA typically would not need to
purchase electricity from other suppliers.-Ed.] Hydropower generation
forecasts for 1993 indicate record low
generation with more energy pur-

main
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Consolidated Hydro, Inc . (CHI) is the leading independent developer
and operator of hydroelectric projects in the United States, pursuing
acquisition and development opportunities both in the U.S. and
internationally, cm continues to expand its long teno commitment to
hydropower through its subsidiary, Consolidated Pumped Storage,
Inc. (CPS).
The I,500-MW Summit Pumped Storage Project in Ohio is the first
non-utility pumped storage project ever to receive a federal license.
Summit is the first of several projects currently under development
by CPS to meet the energy needs of the 21 st century .
CPS welcomes inquiries from both private and public entities seeking
assistance in pumped storage development. Please contact:
Carol H. Cunningham, Chief Executive Officer
CONSOLIDATED PUMPED STORAGE, INC.
One Greenwich Plaza
Greenwich, Connecticut 06830
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In earty May 1988, the level of the Bureau of Reclamation's Hungry Horse Reservoir In Montana was signlficanfly lowered in response to several consecutive years of below normal precipitation. As shown in this photograph, tile water level dropped so low that a large sandbar
dayeloped.

between the location of people and the
location of adequate water supplies.
Movement of people to drier areas or
from rural to urban settings strains
society's ability to provide adequate
water supplies. This concept is well
illustrated in the U.S. by the movement of population to the West, especially California and Arizona.
Per capita demand for water typically increases with the level of economic development, straining water
supply systems accordingly. This increased per capita demand is particularly evident in more developed Dations, such as the U.S., but these
trends are now being repeated in

developing countries.
The costs and environmental concerns associated with constructing
large reservoirs are slowing new
water supply development projects.
This narrows the margin between
water supply and demand, increasing
the likelihood of water shortages with
less severe droughts in the future. As
competition for water increases, so do
the conflicts between water users.
These conflicts escalate during periods
of drought.
Environmental concerns are placing
increasing constraints on our use of
natural resources. For example, protection of fish and wildlife populations

This corn, planted in late April 1988 in central Indiana, dramatically iHustrateS the effects of
the drought on crop development. This photograph was taken In mid-July 1988, when a
severe drought was stili in effect.
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during water shortages requires new
allocations of available supplies. Also
concerns about water qualitY-both
surface and ground water-place COnstraints and added costs on the Use 01
tbatresource.
These factors and others affect
societal ' vulnerability to droughts and
increase the need for both the public
and private sector to use strategic
planning to mitigate the effects of
future droughts. Government response to past droughts has typically
been reactive, using a crisis management approach. Such efforts do little
to reduce vulnerability. In fact, providing drought relief can be a disincentive to managing resources on a
sustainable basis.
To increase preparedness for
drought requires improved coordination and cooperation within and between levels of government, as well
as in the private sector. Several
countries are now pursuing a more
proactive risk management approach.'
The approach includes the development of a national drought policy and
plan aimed at reducing societal vulnerability to future droughts while also
promoting sustainable, long-term resource management. This proactive
approach is not yet widespread in the

U.S.
Some Perspective about
Preparing for Drought
Drought is a nofD1al, expected climatic event. Vulnerability to drought,
as noted in this article, is significant
and increasing. Competition for limited
water and other natural resources is
increasing because of increased population pressure (i.e., growth and redistribution). Thus, drought-induced
water shortages will be a more important problem in the future . Also,
the uncertainty of future changes in
climate, possibly resulting from increasing concentrations in atmospheric
"greenhouse" gases such as CO, has
led some scientists to speculate that
changes in climate may result in an
increased frequency and severity of
drought in the future. Consequently,
while there is a strong rationale for
planning for water shortages based on
current climate variability and trends
in population and water use, any
change in climate will further aggravate society's inability to cope successfully with extreme climatic events.
Both the public and private sectors
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must increase their level of strategic
planning to be better prepared for
mitigating the effects of future droughts.
Government response to past droughts
has typically been a reactive or crisis
management approach; the development of higher levels of preparedness
will require improved coordination and
cooperation within and between levels
of government and with the private
sector.
Hydroelectric industry -leaders would

do wen to understand the characteristics of drought. On a more general
note, the U.S. needs to pursue developing a national drought policy and
planning for minimizing the nation's
0
vulnerability.

Don Wilhite may be contacted at
the International Drought Information Center, University of Nebraska-Lincoln, L. W. Chase Hall,
P.o. Box 830728, Lincoln, NE
68583-0728; (402) 472-3679.
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