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FOREWORD

The single most difficult task for a representative democracy is to engage in
long-range planning. If we are planning for something which, moreover, no one
believes (or wants to believe) will happen and which might require us to work or restrain
now to avoid a possible disaster later, the task is even more difficult.

Stated differently, if you tell me that an action today will harm me, I will
probably avoid doing it. Tell me that a pattem of behavior together with certain external
conditions could harm me, and I might try to beat the odds.

In short, governments of our type seem doomed to lead an existence that abhors
long-range planning. The most striking example of this is the drought scenario. The day
that I took office, I realized that the single most devastating event that could befall our
beautiful state was a widespread drought.

Fortunately, I inherited and recruited a group of advisors that were combat
veterans from the 1976-77 Great Plains drought. My friend and advisor, JYim Exon, also
admonished me about the problems of dealing with the effects of a widespread and
prolonged drought. We formed a small working group in the summer of 1984, and I
agreed to make drought planning a high priority for the Kerrey administration. We
received enthusiastic support and cooperation from the University of Nebraska and the
natural resources related state agencies.

Also fortunately, an evaluation of the governmental response to the 1976-77
drought assessment and response effort had been completed at the University of Nebras-
ka. We decided that Nebraska would be among the first states to develop a truly com-
prehensive state drought response plan. In a parallel effort the University of Nebraska’s
Center for Agricultural Meteorology and Climatology and the Illinois State Water Sur-
vey organized the Interational Symposium and Workshop on Drought,

As I reflect on my four years as govemor and specifically my participation in
the fall 1986 Symposium, I have learned many lessons.

Government can react to disasters in one of two ways. One approach is to wait
until an event occurs and try to mitigate the consequences by whatever means available
as quickly as possible. Alternatively, procedures may be developed before a disaster that
will define mechanisms to respond to various kinds of events. The first of these ap-
proaches is crisis management and the second is risk management.

There are a number of barriers to effective risk management in general and to
drought planning in particular. One obstacle is that the typical mode of operation is



crisis management. The amount of resources consumed as solutions are found for con-
secutive crises leaves few, if any, resources for risk planning efforts.

Another barrier to drought planning is the uncertainty of drought itself.
Drought prediction is a tenuous process, if not totally impossible. In addition, each
drought is unique in its magnitude and duration, and thus its impacts also differ. These
uncertainties increase the difficulty of effective drought planning.

Perhaps the greatest barrier is spawned by a lack of interest in risk manage-
ment. Such endeavors have no visual effect and do not receive much attention from the
media and, consequently, the public. Government is less likely to plan for things like
drought without public interest or demand. Elected representatives would rather deal
with issues that are high profile and will serve as testimony to their constituents.

However, recognition of the advantage of risk planning (in terms of time and
money) may be significant enough in times of tight budgets to give it a higher profile.
Nebraska has made some movement in that direction. Interest has been strong enough
that a drought plan has been developed and will be maintained as part of overall risk
management in state government.

Drought management and planning is certainly an important policy issue today
and in the future. I applaud the efforts of the coorganizers of this symposium and
workshop for undertaking this task. Perhaps the information presented on drought
prediction, monitoring, impact assessment, adaptation, and response, as well as the re-
search priorities and recommendations for future actions included in this volume, will
stimulate additional intellectual activity on this important policy issue and, ultimately,
reduce society’s vulnerability to drought.

Robert Kerrey



PREFACE

Scientist, politician, businessman, or concerned citizen— each of us has a par-
ticular perception of drought. Even within these groups, there are significant differences
in perceptions of drought, based on our experiences, training, and environment.
Meteorologists and sociologists, for example, view drought as quite different problems—~
the former striving to predict or explain the physical causes of drought or describe the
magnitude of the precipitation deficiency while the latter is more mterested in the effects
of the deficiency on people and their institutions.

To those who study drought, regardless of our perspective, it is clear that
drought is a normal feature of climate and its recurrence is inevitable. And, the
widespread occurrence of severe drought during the past decade repeatedly underscores
the vulnerability of both developed and developing societies to its ravages. Whether
referring to the well-documented recent tragedies of Ethiopia or the economic impacts of
the 1986 drought in the southeastern United States, the message seems clear— society
has typically chosen to react (i.e., employ crisis management) to drought rather than
prepare (i.e., employ risk management) for it. With few exceptions this approach has
been, at best, ineffective.

The International Symposium and Workshop on Drought was organized to
review and assess our current knowledge of drought and to determine what research and
information is needed to improve national and international capacity to cope with
drought. The symposium and workshop was intended to provide a forum for discussion
of the physical and societal implications of drought within the context of a variety of spa-
tial scales, from local (i.e., farm level) to supernational regions (i.e., the Sahel), and also
within the context of economically developed as well as developing nations. Discus-
sions initiated at the symposium were to culminate in the workshop. The purpose of the
workshop was to draw attention to drought as a policy issue, one that can be managed
more effectively through an interdisciplinary and cooperative effort from the scientific
and policy communities. The ultimate goal of the workshop was to establish the rudi-
ments for a "plan of action” to facilitate drought preparedness on a global scale, Atten-
dance at the symposium was open to all who wished to participate, though the number of
participants in the workshop was restricted to maintain a proper working environment.

A comprehensive symposium program was organized around six principal
themes: (1) prediction; (2) detection, monitoring, and early warning; (3) impact assess-
ment; (4) technological and sociopolitical adaptation; (5) the role of government in plan-
ning for and responding to drought; and (6) the role of international and donor organiza-



tions in planning for and responding to drought. The program was carefully organized
and speakers were recruited on the basis of their expertise in one or more research areas
or in some aspect of drought policy.

In the papers included in this volume, many interesting and, at times, conflict-
ing viewpoints of drought are presented. F. Kenneth Hare, a scientist with vast ex-
perience and insight into the drought condition, introduces Part 1 with a discussion of
drought and desiccation, providing personal reminiscences to illustrate his points. His
overview gives the reader a fascinating perspective on drought and the need to recognize
its many facets and to "know one’s enemy.” The second and final paper in Part 1
reviews the way scientists define drought in order to achieve a better understanding of its
far-reaching impacts, and concludes with several recommendations on a conceptualiza-
tion that incorporates both physical and social measures of drought that have local or
regional significance.

In Part 2, Eugene Rasmusson provides an overview of the global prospects for
drought prediction from a meteorological perspective, giving attention to what progress
has been made, what techniques are providing the most skillful predictions, and where
and when we can expect the most progress in future predictability. Specific assessments
of the prospects of prediction for Northeast Brazil and Australia and Indonesia follow.
Vit Kleme$ concludes the section with an examination of the predictability of drought
from a hydrological point of view.

Part 3 presents the technology currently available to detect, monitor, and
provide early warning of the onset of drought conditions using both surface and satellite
networks. The overview papers were prepared by Kenneth Hubbard (surface monitoring
systems) and Compton Tucker and Sam Goward (satellite systems). Examples of the ap-
plication of these technologies in Australia and the semiarid regions of Africa are
presented. Part 3 concludes with a discussion by Norton Strommen and Ray Motha of
the operational early warning agricultural weather system developed by the World
Agricultural Outlook Board of the U.S. Department of Agriculture.

Part 4 presents examples of current research on drought impact assessment
methodology and the details of specific programs recently established to provide early
warning of the impact of drought on various geographic scales. The overview paper on
impact assessment methodology was prepared by Martin Parry and Timothy Carter. The
particular programs chosen were the drought early waming program of NOAA/-
NESDIS/AISC and the food shortage assessment and prediction program of the
Ethiopian Relief and Rehabilitation Administration. John McIntire’s paper illustrates the
importance of incorporating the concept of impact assessment into an operational phase
of an early warning system.

Part 5 discusses two issues of critical importance to the theme of the sym-
posium. First, Michael Glantz examines the interrelationships between climate, par-
ticularly drought, and economic development in sub-Saharan Africa. Second, Norman
Rosenberg considers the global implications of climate change, such as that brought on
by carbon dioxide enrichment of the atmosphere, on the frequency and severity of
drought.

In Part 6 consideration is given to the role that societal adaptation and adjust-
ment can play in mitigating some of the worst effects of drought. In his overview,
Steven Sonka argues for integrating models of the adjustment process, beginning at the



farm level and aggregating to regions. This is followed by case studies from South
Australia, India, and the U.S. Great Plains.

The role of government in planning for and responding to drought is the subject
of Part 7. Donald Wilhite explores drought as a policy issue that governments have tradi-
tionally responded to through crisis management. The case studies that follow describe
the experiences of Botswana, India, Northeast Brazil, and South Africa and provide fur-
ther evidence of the need for a proactive approach to drought management.

In Part 8, Harold Dregne draws from his years of experience in international
agriculture to discuss the role of international organizations in coping with famine and
the effects of drought on agricultural production systems. Clifford May of the New
York Times discusses the role of the media in identifying and publicizing recent
droughts, particularly in Ethiopia. Dawit Giorgis, former director of the Ethiopian Relief
and Rehabilitation Administration, documents the actions of the Ethiopian government
and other organizations during the recent drought.

In Part 9 Tom Potter summarizes the discussions of the symposium, reflecting
on the objectives of the meeting, the lessons learned, and the challenges that lie ahead.
He emphasizes the need to identify data and information needs, available techniques,
and ways to implement and evaluate the usefulness of those techniques. These objec-
tives were addressed in the workshop. ‘

The final section of the volume presents the results of the workshop discussions
on how best to foster drought planning efforts in both developed and developing nations.
Following the identification of the constraints to drought planning and ways to overcome
these constraints, each of five task groups responded to a set of specific questions on the
use of available and emerging technology in strategy formulation, research priorities to
further this goal, and recommendations for further actions by governments and interna-
tional and donor organizations. Part 10 concludes with a ten-step planning process, dis-
tilled from workshop discussions, that national and provincial governments could follow
to facilitate the establishment of drought plans on a global basis.

Progress toward improving the drought coping capacity of national and provin-
~ cial governments and international and donor organizations through better planning was
the principal goal of this symposium and workshop. The information, experiences, and
recommendations presented in this volume represent the collective wisdom of an inter-
disciplinary and international roster of scientists and policy officials. Their insights and
recommendations will provide the intellectual basis for a model that can assist all
drought-prone nations in achieving a more effective drought management strategy.

Donald A. Withite
William E. Easterling
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CHAPTER 1
DROUGHT AND DESICCATION:
TWIN HAZARDS OF A VARIABLE CLIMATE

F. Kenneth Hare

INTRODUCTION

My earliest recollections are of an intense drought, all of sixty-five years ago.
Nineteen-twenty-one set records across much of England, and my childhood home on
Salisbury Plain was in the thick of it. I remember still the midsummer dropping of the
linden and copper beech leaves, the withering of the fruit, and drying up of all the wells
but one, our deepest. Even the river became smelly, weed-choked and insect-laden; the
trout went belly-up in July, and we lost our fishing tenants, who weren’t prepared to pay
for lifeless putrefaction. I remember nothing before that time, and virtually nothing for
two or three years on. But that drought is still vivid; it made me a climatologist for life.

In the same country, 1920 and 1922 were unremarkable. Nineteen-twenty-one
experienced a drought of the classical sort—one where the rain stops falling and then
starts again when the drought is over, usually within the year, as it did again in England
in 1976. Isuspect that 1986 will turn out to be that way in Georgia and South Carolina,
where drought has already run two to three years. I don’t know what causes these short-
term droughts, or even whether cause is a useful word when you are talking about a sys-
tem like climate, which is boundlessly variable, wide open to space, and utterly depend-
ent on the oceans. Certainly, we know of nothing external to climate itself as potential
causes. Climate is inclined to be manic-depressive; its moods are pathological. Yet we
are aware that it gets back to normal—and we bet on it, by our economic strategies.

Contrast my experience at that time, and your own personal recollections of
drought, with what Africans will remember of the 1970s and 1980s. The Sahel went
through a severe drought at the outset of the 1970s. The Sahelian drought, more even
than the so-called food crisis of 1973-75, put climate on the front pages of the
newspapers. Then it rained again in 1974 and 1975. The drought was over, the conven-
tional wisdom decided (as did most governments and United Nations agencies). But it
wasn’t. It came back, intensified, and spread—until by 1985 it was an international dis-
aster, at its worst in Ethiopia, but wrenchingly effective over most of the tragic con-
tinent. It wasn’t a drought, but a desiccation—a prolonged, gradually intensifying
nightmare from 1968 until 1984. In 1985 and 1986, rains have been more abundant in
many areas. The desiccation may be over. But I want to stress the difference between
the two ideas—drought and desiccation. The one resembles mononucleosis: you get it,
but you get over it (after examinations are over!). The other is like a chronic wasting dis-
ease. You get it, but you don’t get over it. It slowly worsens.



I'll try to justify this distinction with a few personal reminiscences. What I've
learned, in the course of a long professional life, is that one must add a personal sense of
what matters to the insights that theory can give. I admit to being an all-out supporter of
the modelers. I believe that our major thrust, as research workers, has got to be toward
the mechanics of drought and desiccation—what causes them, how they evolve, and
what they evolve into. Atmospheric scientists like myself pin their faith on the satellite,
the supercomputer and the stray genius that knows how to model the climatic system
(though not if he or she wants to spend the entire budget for drought research!). But to
use such resources effectively, one must know one’s enemy—how drought strikes, what
it does, and how to cope with it. That’s what this international symposium is about.

THE NATURE OF DROUGHT

Our institutions, it seems to me, all function on the assumption that drought will
not endure. And this is what, for most of us, experience says will happen. The time and
space scales of drought limit the stress it can place upon us and the damage it can do.

Climatic drought is, among other things, the failure of expected precipitation,
over a period long enough for it to hurt. Abundant rainfall in the Great Basin would be
accounted a dry year in the Corn Belt. Our institutions, technology, farm calendars, and
assumptions about energy demand all relate to an accepted expectation of precipitation—
its amount, the form it takes, the time of year at which it comes. Built into this expecta-
tion are all kinds of allowances for variability—for the usual uncertainties of runoff,
snow melt, soil moisture recharge, peak transpiration demands, and so on. We expect
variation in all these things as well as in the normal impact of precipitation.

I treat climatic drought as being the incidence, for a damaging period of time,
of things outside this broader kind of expectation. If you accept my usage, drought is a
phenomenon of the moist climates; there are no droughts in the rainless Sahara or
Atacama deserts. In fact, human settlements at the oases within the deserts see floods
from excessive rainfall as the chief threat to their crops and irrigation systems. Drought
is a meaningless term when rain is a rare event.

Long ago we built into this notion of expected precipitation the role of soil
water storage, which modulates the actual delivery of water to plants, air, ground water,
and ultimately runoff, The better indices of drought that we use—those of Palmer
(1965) and Bhalme and Mooley (1983) in particular—ause this idea, as do the various
water budget schemes used by hydrologists. Atmospheric scientists are gradually leamn-
ing how to incorporate this crucial element into their models of climate over land sur-
faces—and even to ask whether it cannot be scanned adequately from satellite altitudes.

Behind these small advances, however, we have remained very largely in the
position that we can predict neither the beginning nor the end of specific droughts; and
we can say little in advance about their intensity, geographical extent, and root causes.
Droughts occur on what may be the least predictable time scale of atmospheric events.
We have had to treat them, as the lay world does implicitly, as stochastic in nature.
There are experts here who will show that some progress is being made; but we are a
long way from prediction. Moreover, we now realize the limitations of periodicities in
rainfall records. Recent research has shown, via spectral analysis of current and proxy
climatic records, that there is no firm twenty-or twenty-two-year Hale-related thythm in



Great Plains rainfall, though several periods in the range of fifteen to twenty-five years
show statistical significance (Stockton and Meko, 1983). Neither farmers nor govern-
ments can make much use of such vague information. Most of all we need to know, if
such quasi periodicity is there, what mechanisms underlie it. We are a long way from
such understanding. The climatic forecaster will get no free lunch from the statisticians.

This same research has also confirmed what we knew from experience: that
severe drought in North America is quite limited in duration—it does not usually affect
successive growing seasons—and is also spatially restricted. Maps of Palmer’s drought
index have a mesoscale look about them. Areas of severe drought usually alternate with
moist areas only a few hundred kilometers away. Adjacent states or provinces may be
affected (as in the 1986 southeastern drought), but this is rarely true of a large part of the
continent, Even in the 1930s, severe drought extended across much of the Great Plains
only in a few years. The droughts of 1983, 1984, and 1985 in the Canadian prairies af-
fected only parts of the spring wheat belt. The economic impact of spatially extensive
drought is very much greater than the patchwork quilt pattern normally displayed by the
rainfall maps would indicate.

Work by Nicholson (1982) has shown, in contrast, that African rainfall displays
remarkable spatial coherence. At its peak, the great desiccation of the 1960s, 1970s, and
1980s affected almost the entire continent. In 1984 no less than twenty-three contiguous
countries were listed by FAO as suffering from consequent food shortages.The African
desiccation was devastating partly because it was so widespread: There can be no help
from your neighbor if she or he, too, is hungry.

Why does rainfall sometimes fail? Amazingly there is no clear answer. We can
surmise (and in selected cases demonstrate) that the causes may include lower-than-nor-
mal precipitable water (not true in Africa in 1972); more widespread tropospheric sub-
sidence, and hence greater stability, suppressing convection; an absence of rain-generat-
ing disturbances; complex air-sea interactions, so lovingly treated by Jerry Namias; and
perhaps even microphysical variations in atmospheric aerosol. But there is still too
much surmising and too little concrete knowledge.

I vividly recall the drought of 1933-34 in southem England, when front after
front crossed the country dry. Was this due to reduced vertical motion, or drier mid-
tropospheric air? There was no simple way of answering, because research into quan-
tities of rainfall was not—and still is not—conducted on the relevant time scale.

Here on the Great Plains the answers will have to come from better under-
standing of mesoscale rainfall systems—for example, the mesoscale convective com-
plexes (MCCs) first named by R. A. Maddox (1980) only in 1980—and their relation
both to synoptic-scale control and to the remarkable diurnal effects that give a nocturnal
rainfall maximum to the eastern Plains. The journals are full of good papers on these
developments. But we need to apply them to the mechanics of drought, itself a large
mesoscale event in most cases.

The same is true in the United Kingdom, where equally distinguished work has
been done on the mesosynoptic scale linkages, and where multilevel baroclinic modeling
of rainfall has achieved some spectacular successes. In the United Kingdom, drought is
unmistakably related to year-to-year variations in blocking, which is not so simply true
in North America. But blocking is itself a difficult event to predict.

And 50, I end this part of my talk with a pessimistic conclusion: that drought is
still largely unpredictable, and its causes are obscure. This may well remain so. But at



least we know now what the questions are, and we are working hard to answer them.
Those who are concerned to make human institutions drought-proof, or at least drought-
aware, are not wasting their time. The climatologist is not on the point of making their
work superfluous—or of going out of business.

WHAT OF DESICCATION?

From the standpoint of human strategy, drought is a well-understood hazard:
our tactics—and strategies are compounded of tactics—are to outwait it. Nature adopts
a similar approach. Natural ecosystems outlive prolonged drought with littde or no
change. Individual plants and animals die, but the populations to which they belong sur-
vive, and even flourish—since drought eliminates aggression from less hardy species.
Xerophytic ecosystems are among the world’s most patient and stable systems. Anyone
who has visited a semidesert just after the rains return has seen the miracle reenact itself,
as luxuriant life reassumes possession of the land.

Human society places more value on the individual than does nature, and we
are disquieted when farmers are driven off their land, or when thousands of Africans are
forced to migrate to escape starvation. So our ability to outwait a drought depends on
who and where we are, and on how long it lasts. But always there is in our minds the
conviction that the rains will, indeed, come back. Meanwhile we wait, economize, defer
decisions, and watch our individual and collective bank accounts or grain stores with
growing anxiety.

Vastly more demoralizing is a true desiccation—a prolonged period in which
drought slowly and intermittently intensifies. Even natural ecosystems may be con-
founded by two or three decades of progressively decreasing rainfall. Fortunately such
episodes are rare in North America, and almost unknown in western Europe. But they
are a fact of life and death in Africa and Australia—and, I suspect, elsewhere.

The Sahelian drought itself exemplified the process of desiccation. Nicholson’s
work, supported by similar analyses by Winstanley (1974), Lamb (1982), and others, has
shown that African rainfall has in recent years exhibited much spatial coherence—as 1
stressed earlier. But it also showed that the great drought of 1968-73 was part of a much
more prolonged and profound disturbance of rainfall over much of Africa. In the
Sahelian and Sudanian belts of northern and western Africa, the 1950s and early 1960s
were remarkably wet, and in the early 1960s these favorable conditions spread to the
plateaus and mountainsides of east Africa. It was a joyous time for the African colonies
to gain their independence, as so many did at that time. It was a green, productive world
that they inherited. It was easy for statesmen to assume that these lush conditions would
continue—and political suicide for them to move more cautiously.

Unfortunately, the good times did not last, through no fault of the new nations.
From the mid-1960s on, rainfall decreased haltingly but remorselessly over much of
Africa. In Sudan and the Sahel—the semidesert scrubs and savannas of North Africa—
the decline led to the great drought of 1968-73. Moderate rains returned in 1974 and
1975, but then the desiccation resumed, reaching its dreadful climax in 1984. I do not
need to remind you that this further desiccation also affected East Africa, and for a time
southern Africa, too. All of us still remember the faces of dying Ethiopian children,
thanks to television cameras.



With the perspective of hindsight we can now see that this was indeed a desicca-
tion—a progressive increase of drought intensity, mitigated by occasional years of rela-
tive abundance. Ihave not seen the consequences analyzed in quite these terms, but I im-
agine that the political and economic impact has been more serious than that of a severe
drought alone. In particular, the periods of remission took everyone’s eyes off the ball.
At the United Nations Conference on Desertification in 1977, all sense of urgency had
departed from the politicians present because there had been two better years (actually
still subnormal) immediately before the Conference. The drought was over, in their
minds. In fact, the second round, more severe than the first, had already begun.

Another desiccation of this kind was observed in central Australia between
1945 and 1972 (Hare, 1983). Locally it was perceived as a succession of dry years,
which are scarcely news in the semidesert interior rangelands of the desert continent.
Nevertheless, it was a true desiccation of part of the already dry interior, with a slow in-
tensification spread over more than two decades. Alice Springs was in the midst of it.
Australian pastoralists are an adaptable breed; but by 1972, when conditions were at
their worst, many station holders had almost forgotten what the better years could mean
to their flocks, herds, and horses (and the water in their wells).

Desiccations mean many things that short-term drought does not mean. One is
the increasing strain on human institutions, and on people, none of whom is likely to per-
ceive the situation with any accuracy. I am sure that some part of the deterioration of
Africa’s political life has arisen from the long desiccation, which was neither expected
nor recognized by those who were trying to make new nations out of the colonies, It is
one of the bitter ironies of history that nature should have turned so sour just as Africans
were trying to take command of their own destinies.

And, of course, desiccation means a great drawdown of water resources. The
great rivers of West Africa—Senegal, Niger, Chad—have progressively fallen, until the
inland delta of the Niger and the flood-plain lands of the Senegal have become difficult
or impossible to farm. The Nile at the Aswan High Dam fell to dangerously low levels.
Lake Chad has all but disappeared (as it has done before in history). Ground water
everywhere has been mined, as it always is under such conditions. In a drought the loses
can be made good, but not so in a true desiccation. Woody vegetation, and organic con-
tent in soil, disappear and do not return for decades. Desiccation means a loss of capital
stock, a writing-off of assets, perhaps also permanent impoverishment.

I have no idea why such prolonged episodes occur, though I have speculated in
print about the effect of various feedbacks—albedo, soil water shortage, and perhaps
others (Hare, 1983). We all wonder about the relation between rainfall in semiarid
Africa, Australia, and monsoon Asia; the ENSO phenomenon; and other quasi-periodic
processes. Much of the effort being put into the World Meteorological Organization’s
World Climate Research Program, and into ventures such as Tropical Oceans and Global
Atmosphere (TOGA) and WOCE, aims at the prediction of such long-term changes. We
are not yet sure that they are predictable, at least with present monitoring and computing
facilities and present levels of theoretical understanding.

So far, during my lifetime, such desiccation has always ended with rain—for ex-
ample, in Australia in 1973-74, in such abundance that Lake Eyre, nearly dry for a
decade, rose to a 10,000-year maximum level within a year. So far this has not hap-
pened in Africa, where 1985 and 1986 rains have, as far as I know, been adequate rather



than abundant—though experience will vary from country to country. But perhaps the
African desiccation really has ended. Ido not know.

WHAT OF THE FUTURE?

The whole point of my talk is the bearing these events have on the future, We
are now largely convinced (not quite all of us) that a lasting climatic change is in
progress, because of a greenhouse warming of the troposphere and surface. Some
remain skeptical. Others prefer to wait for empirical evidence that a trye warming signal
is stepping out of the noise. The noise level is very high, so that signal detection is dif-
ficult. Nevertheless, the conviction is growing that a greenhouse warming is in progress
and will be unmistakable within a decade or two.

Going with the model predictions of rising temperatures are less confident
foreshadowings (not all models agree) of decreased moisture availability in midlatitude
continental areas—most notably in the Great Plains, prairies, and Midwest (the great
American granary, as Dean Abrahamson calls it). We have several drought years in the
southern Canadian prairies, and I am often asked: "Is this the beginning of a greenhouse
desiccation?” I can’t answer the question confidently. What the Manabe-Stouffer-
Wetherald modeling at the Geophysical Fluid Dynamics Laboratory at Princeton Univer-
sity has predicted is in any case an increase in evaporation, rather than a decrease in rain-
fall (Manabe and Stouffer, 1980). And people are not conscious of evaporation as a criti-
cal control. Actually the events of the past decade throughout the Plains have been un-
remarkable, in a statistical sense. I doubt whether the greenhouse effect has yet stepped
out onto center stage.

I want to close by suggesting that this desiccation, if it happens, will show itself
to the public as an intermittent and erratic increase in the duration, frequency, and extent
of drought. We are all familiar with how it will feel. Many recent summers have simu-
lated the ordinary conditions of a doubled greenhouse effect. In Canada the entire
ENSO-plagued year of 1982-83 gave us a dry run for such conditions. The winter was
2-6° C above normal across the entire country (as was true also of much of the United
States). The Great Lakes barely froze, and could have been navigated. Snow cover was
drastically reduced in the south, but increased elsewhere. The subsequent summer was
also hot (1-3° C above normal), and there was severe drought and searing late summer
heat over much of the Canadian prairies and the spring wheat belt of the United States.
Had we known that this was coming we could have drastically altered our economic
strategy—planting winter wheat instead of spring, navigating the Great Lakes more free-
ly, and altering our handling of water at the dams. But, of course, we did not know, so
that considerable stresses arose, and opportunities were lost.

The trends in temperature and (possibly) available soil moisture associated with
the greenhouse effect will be very slow indeed by comparison with the interannual dif-
ferences that we already take in our stride—and which completely dominate public per-
ception of climatic influences. If we are to meet these changes in a reasonable way, we
shall have to deal with the same effect that showed itself in Africa in 1974 and 1975~
when temporary increases of rainfall lulled the politicians into comfortable slumber. I
have little hope that North American politicians will be more alert. But I am confident
that people like those in this room can at least persuade engineers, farmers, and business



people who make long-term investments that the present climate may not be the right as-
sumption for decisions with long-term effects. A whole new generation of interpreters
has grown up—social scientists who know the myths of the climatologist, and can trans-
late them into meaning for the hard-hatted, hard-faced men who tend to run the world’s
business. Many of the best of these interpreters are here in this auditorium.

1 appreciate being invited to open this conference, which is being held in the
heart of the American granary. My own origins were in a wheat-growing area. My ear-
liest recollections were of drought. It has fascinated me ever since. I look forward to a
week of excellent discussion.

REFERENCES

Bhalme, H. N.; and D. A. Mooley. 1983. On the performance of modified Palmer
index. Archiv. fur Meteorologie, Geophysik und Bioklimalogie Ser. B.
22:281-295.

Hare, F. K, 1983. Climate and Desertification: A RevisedAnalysis. WCP-44, World
Climate Applications Programme, World Meteorological Organization, Geneva.

Lamb, P. J. 1982. Persistence of subsaharan drought. Nature 299:46-48.

Maddox, R. A. 1980. Mesoscale convective complexes. Bull. Am. Meteorol. Soc.
61:1374-1387.

Manabe, S.; and R.J. Stouffer. 1980. Sensitivity of a global climate model to an in-
crease of CO2 concentration in the atmosphere. J. Geophys. Res. 85, no.
10:5529-5554.

Nicholson, S. 1982. The climatology of sub-Saharan Africa. pp. 71-92. In Environ-
mental Change in the West African Sahel. National Academy Press,
Washington, D.C.

Palmer, W. C. 1965. Meteorological drought. U.S. Weather Bureau, Department of
Commerce, Res. Paper 45, Washington, D.C.

Stockton, C. W.; and D. M. Meko. 1983. Drought recurrence in the Great Plains as
reconstructed from long-term tree-ring records. J. Clim. Applied Meteorol.
22:17-25.

Winstanley, D, 1974. Seasonal rainfall forecasting in West Africa. Nature 248:464-
46S.



25

This paper was previously published in Water International and is reprinted
with their permission.

ACKNOWLEDGMENTS

The authors wish to thank Professors Norman J. Rosenberg, Albert Weiss, Gor-
don McKay, and Jonathan Taylor for their critical review of this paper. Deborah Wood
and Steven Meyer assisted with the library research and the classification of the
numerous definitions of drought, respectively. Deborah Wood, along with Maria Krenz,
assisted in editing the manuscript. Sharon Kelly was responsible for the preparation of
the manuscript. Their help is gratefully acknowledged.

The work was conducted under Nebraska Experiment Station Project 27-001.
This material is based on work partially supported by the National Science Foundation
under Grant ATM-8108447.

REFERENCES

American Heritage Dictionary. 1976. Drought. Houghton Mifflin, Boston.

Barger, G. L.; and H. C. S. Thom. 1949. Method for characterizing drought intensity in
Iowa. Agron. J. 41:13-19.

Blumenstock, G., Jr. 1942. Drought in the U.S. analyzed by means of the theory of
probability. USDA Tech. Bull 819, GPO, Washington, D.C.

British Rainfall Organization. 1936. British Rainfall. Air Ministry, Meteorological Of-
fice, London. Cited in World Meteorological Organization. 1975. Drought
and agriculture. Technical Note 138. WMO, Geneva.

Changnon, S. A. 1980. Removing the confusion over droughts and floods: The inter-
face between scientists and policy makers. Water Int. 5:10-18.

Colorado Division of Disaster Emergency Services. 1981. The Colorado drought
response plan. Colorado Division of Disaster Emergency Services, Denver.

Condra, G. E. 1944. Drought, its effects and measure of control in Nebraska. Conserva-
tion Bulletin 25. Conservation and Survey Division, University of Nebraska-
Lincoln.

Dezman, L. E.; B. A. Shafer; H. D. Simpson; and J. A. Danielson. 1982. Development
of a surface water supply index—A drought severity indicator for Colorado. In
A. L Johnson and R. A. Clark, eds. Proc. International Symposium on
Hydrometeorology.  American Water Resources Association, Bethesda,
Maryland.

Downer, R. N.; M. M. Siddiqui; and V. Yevjevich. 1967. Applications of runs to
hydrologic droughts. pp. 496-505. In Proc. International Hydrology Sym-
posium, Colorado State University, Fort Collins.

Dracup, J. A.; K. S. Lee; and E. G. Paulson, Jr. 1980. On the definition of droughts.
Water Resour. Res. 16(2):297-302.

General Accounting Office. 1979. Federal response to the 1976-77 drought: What
should be done next? Report to the Comptroller General. GPO, Washington,
D.C.



26

Gibbs, W. J. 1975. Drought—its definition, delineation, and effects. pp. 3-39. In
Drought: Lectures presented at the 26th session of the WMO Executive Com-
mittee. Special Environmental Report No. 5. WMO, Geneva.

Gibbs, W.J. 1984, The great Australian drought: 1982-83, Disasters, published by the
International Disaster Institute, London, August 2.

Gibbs, W. J; and J. V. Maher. 1967. Rainfall deciles as drought indicators. Bureau of
Meteorology Bulletin No. 48. Melbourne, Australia.

Gillette, H. P. 1950. A creeping drought under way. Water and Sewage Works, March,
pp. 104-108.

Glantz, M. H.; and R. Katz. 1977. When is a drought a drought? Nature 267:192-193.

Great Britain Meteorological Office. 1951. The Meteorological Glossary. Chemical
Publishing Co., New York.

Guerrero Salazar, P.; and V. Yevjevich. 1975. Analysis of drought characteristics by
the theory of runs. Hydrology Paper No. 80, Department of Civil Engineering,
Colorado State University, Fort Collins.

Heathcote, R. L. 1974. Drought in South Australia. p. 129. In G. F. White, ed.
Natural Hazards: Local, National, Global. Oxford, New York.

Hoyt, J. C. 1936. Droughts of 1930-1934. USGS Water Supply Paper No. 630.
USGS, Washington, D.C.

Hoyt, W. G. 1942. Droughts. p.579. In O. E. Meinzer, ed. Hydrology. Dover Publica-
tions, New York.

Hudson, H. E.; and R. Hazen. 1964. Drought and low streamflow. Chap. 18. In V. T.
Chow, ed. Handbook of Applied Hydrology. McGraw-Hill, New York.

Humphreys, W.J. 1931. How droughts occur. Bull. Am. Meteorol. Soc. 12:18-22.

Ivanov, N. N. 1948. Landscape-climatic zones of the earth surface. Proc. All Soviet
Geographical Conference, New Series Vol. 1. Academy of Sciences of the
U.S.S.R, Leningrad.

Kifer, R. S.; and H. L. Stewart. 1938. Farming hazards in the drought area. Works
Progress Administration, Monograph XVI, Washington, D.C.

Kulik, M. S. 1958. Agroclimatic indices of drought. In F. F. Davidaya and M. S.
Kulik, eds. Compendium of abridged reports to the second session of CAgM
(WMOQ). Hydrometeorological Publishing, Moscow; trans. A. Nurlik,
Meteorological Translations 7:75-81 (1962).

Laikhtman, D.L.; and N. P. Rusin, 1957. On the meteorological criterion of drought {in
Russian]. Glavnaia Geofizicheskaia Observatoriia, Trudy, 69:65-70.

Lee, D.M. 1979. Australian drought watch system. In M. T. Hinchey, ed. Botswana
Drought Symposium. Botswana Society, Gaborone, Botswana.

Levitt, J. 1958. Frost, drought and heat resistance. Protoplasmatologia 8(6).

Linsley, R. K.; M. A. Kohler; and J. L. H. Pauthus. 1958. Hydrology for Engineers.
McGraw-Hill, New York.

Linsley, R. K., Jr.; M. A. Kohler; and J. L. H. Pauthus. 1975. Hydrology for Engineers,
2nd ed. McGraw-Hill, Kogukusha, Tokyo.

Matthai, H. F. 1979. Hydrologic and human aspects of the 1976-77 drought. USGS
Survey Professional Paper 1130. GPO, Washington, D.C.

McGuire, J. K.; and W. C. Palmer. 1957. The 1957 drought in the eastern U. S. Mon.
Weather Rev. 85, No. 9 (September 1957):305-314.



27

Palmer, W, C. 1957. Drought—A normal part of climate. In Weekly Weather and
Crop Bulletin 44, No. 1a (January 10):6-8.

Palmer, W. C. 1965. Meteorological drought. Research Paper No. 45. U. S. Weather
Bureau, Washington, D.C.

Palmer, W. C. 1968. Keeping track of crop moisture conditions, nationwide: The new
crop moisture index. Weatherwise 21(4):156-161.

Popov, V. P. 1948. Moisture balance in the soil and the dryness indices of climate in
the Ukrainian S.S.R. Sci. Rep. of the State Univ. of Kiev, Vol. 7, No. 1.

Ramdas, D. A. 1960. Crops and weather in India. ICAR, New Delhi, India.

Random House Dictionary. 1969. Drought. Random House, New York.

Rosenberg, N. J, ed. 1980. Drought in the Great Plains: Research on Impacts and
Strategies. Water Resources Publications, Littleton, Colorado.

Sandford, S. 1979. Towards a definition of drought. In M. T. Hinchey, ed. Botswana
Drought Symposium. Botswana Society, Gaborone, Botswana.

Subrahmanyam, V. P. 1967. Incidence and spread of continental drought. WMO/IHD
Report No. 2. WMO, Geneva.

Tannehill, I. R. 1947. Drought, Its Causes and Effects. Princeton University Press,
Princeton, New Jersey.

U. S. Department of Agriculture, Economic Research Service (USDA/ERS). 1981.
Food problems and prospects in Sub-Saharan Africa—The decade of the 1980s.
Foreign Agricultural Research Report No. 156, August. Washington, D.C.

Western Governors’ Policy Office (WESTPO). 1977. Directory of Federal Drought As-
sistance. Prepared by the Institute for Policy Research for the Western Region
Drought Action Task Force. USDA, Washington, D.C.

Whipple, W, Jr. 1966. Regional drought frequency analysis. Proc. ASCE 92, No. IR2
(June 1966):11-31.

Wilhite, D. A.; N. J. Rosenberg; and M. H. Glantz. 1984. Government response to
drought in the United States. Completion Report to the National Science Foun-
dation. CAMaC Progress Reports 84-1 to 84-4. Center for Agricultural
Meteorology and Climatology, University of Nebraska-Lincoln,

World Book Encyclopedia. 1975. Drought. Field Enterprises Educational Corporation,
Chicago.

Yevjevich, V. 1967. An objective approach to definitions and investigations of con-
tinental hydrologic droughts. Hydrology Papers, No. 23. Colorado State
University, Fort Collins.

Yevjevich, V.; W. A, Hall; and J. D. Salas, eds. 1978. Proc. Conference on Drought
Research Needs. Water Resources Publications, Fort Collins.



42

ACKNOWLEDGMENTS

Thanks are due to D. L. Gilman for constructive comments on the manuscript
and C. F. Ropelewski for providing the rainfall indices.

REFERENCES

Bell, P. R. 1981. The combined solar tidal influence in climate/Predominant periods
in the time series of drought area index for the western High Plains AD 1700
to 1962. pp. 241-264. In S. Sofia, ed. Variations of the Solar Constant.
NASA Conference Publication 2191, Washington, D. C.

Currie, R. G. 1981. Evidence for 18.6-year MN signal in temperature and drought con-
ditions in North America since A.D. 1800. J. Geophys. Res. 86:11055-11064.

Gilman, D. L. 1985. Long-range forecasting: the present and the future. Bull. Am.
Meteorol. Soc. 66:159-164.

Hameed, S. 1984. Fourier analysis of Nile flood levels. Geophys. Res. Lett. 11:843-
845.

Hameed, S.; W. M. Yeh; M. T. Li; R. D. Cess; and W. C. Wang. 1983. An analysis
of periodicities in the 1470 to 1974 Beijing precipitation record. Geophys.
Res. Lett. 10:436-439.

Knutson, T. R.; K. M. Weickmann; and J. E. Kutzbach. 1986. Global scale in-
traseasonal oscillations of outgoing longwave radiation and 250 mb zonal
wind during the Northern Hemisphere summer. Mon. Weather Rev. 114:605-
623.

Lamb, P. J. 1985. Rainfall in Subsaharan West Africa during 1941-83. Zeit.
Gletscher. Glazialgeologie 21(1):131-139.

Lough, J. M. 1986. Tropical Atlantic sea surface temperatures and rainfall variations
in Subsaharan Africa and northeast Brazil. Mon. Weather Rev. 114:561-570.

Madden, R. A.; and P. R. Julian. 1971. Detection of a 40-50 day oscillation in the
zonal wind in the tropical Pacific. J. Atmos. Sci. 28:702-708.

Mintz, Y. 1984. The sensitivity of numerically simulated climate to land surface
boundary conditions. pp. 79-105. In J. T. Houghton, ed. The Global
Climate. Cambridge University Press, Cambridge.

Mitchell, J. M.; W. C. Stockton; and D. M. Meko. 1979. Evidence of a 22-year
rhythm of drought in the western United States related to the Hale solar cycle
since the 17th century. pp. 125-143. In B. M. McCormac and T. A. Seliga,
eds. Solar-Terrestrial Influences on Weather and Climate. D. Reidel,
Dordrecht, Holland.

Namias, J. 1965. Short period climate fluctuations. Science 147:696-706.

Nicholls, N. 1985. Toward the prediction of major Australian droughts. Aust. Met.
Mag. 33:161-166.

Nicholson, S. E. 1986. The spatial coherence of African rainfall anomalies-interhemis-
pheric teleconnections. J. Clim. Applied Meteorol. (in press).

Palmer, W. C. 1965. Meteorological drought. Research Paper No. 45, U. S. Weather
Bureau, Washington, D. C.



43

Philander, S. G. F. 1979. Variability of the tropical oceans. pp. 191-208. Dynamics
Atmos. Oceans.

Rasmusson, E. M. 1986. African drought in a global and regional context. In M. H.
Glantz, ed. Drought and Hunger in Africa: Denying Famine a Future.
Cambridge University Press, Cambridge (in press).

Rasmusson, E. M. 1985. El Nifio and variations in climate. Am. Scientist 73:168-
178.

Ropelewski, C. F.; and M. S. Halpert. 1986. North American precipitation and
temperature patterns associated with the El Nifio/Southern Oscillation (ENSO).
Mon. Weather. Rev. (in press).

Schneider, S. H. 1977. Forecasting future droughts: Is it possible? pp. 163-171. InN.
J. Rosenberg, ed. AAAS Symposium on North American Droughts.
Westview Press, Boulder, Colorado.

Shukla, J. 1985. Predictability. pp. 87-122. In S. Manabe, ed. Issues in Atmospheric
and Oceanic Modeling Part B: Weather Dynamics. Academic Press, New
York.

Shukla, J.; and D. A. Paolino. 1983. The Southemn Oscillation and long-range forecast-
ing of the summer monsoon rainfall over India. Mon. Weather Rev. 111:1830-
1837.

Sud, Y. C,; J. Shukla; and Y. Mintz. 1986. Influence of land surface roughness on at-
mospheric circulation and rainfall: A sensitivity study with a general circula-
tion model (submitted to J. Atmos. Sci.)

Weickmann, K. M.; G. R. Lussky; and J. E. Kutzbach. 1985. Intraseasonal (30-60
day) fluctuations of outgoing longwave radiation and 250 mb streamfunction
during northern winter. Mon, Weather Rev. 113:941-961.

World Meteorological Organization. 1985. Scientific Plan for the Tropical Ocean and
Global Atmosphere Programme. WCRP-3, WMO, Geneva.

Yasunari, T. 1980. A quasistationary appearance of 30-40 day period in the cloudi-
ness fluctations during the summer monsoon over India. J. Meteor. Soc.
Japan. 58:225-229,



58
REFERENCES

Aldaz, L. 1971. A partial characterization of the rainfall regime of Brazil. Publicacdo
Técnica No. 4, DINMET Vol. 1. SUDENE, Rio de Janeiro.

Aldaz, L. 1983. Aplicacién del concepto de interacci6n de escalas temporales al
fen6meno de las sequfas extremas en el Nordeste del Brazil. Ph.D. disserta-
tion, Universidad Complutense, Madrid.

Atkinson, G. D.; and J. C. Sadler. 1970. Mean-cloudiness and gradient-level wind
charts over the tropics. Air Weather Service Technical Report 215, Vol. 2.

Carvatho, J. O., ed. 1973. Plano integrado para o combate preventivo aos efeitos das
Sécas do Nordeste. Ministerio do Interior, Serie Desenvolvimento Regional, 1.

Caviedes, C. N. 1973. Sécas and El Nifio: Two simultaneous climatical hazards in
South America. Proc. Assoc. Am. Geogr. 5:44-49.

Chu, P. S. 1983. Diagnostic studies of rainfall anomalies in northeast Brazil. Mon.
Weather Rev. 111:1655-1664.

Chu, P. S. 1984. Time and space variability of rainfall and surface circulation in the
northeast Brazil-tropical Atlantic sector. J. Meteor. Soc. Japan 62:363-370.

Chu, P. S.; and S. Hastenrath. 1982. Atlas of upper-air circulation over tropical South
America. Department of Meteorology, University of Wisconsin, Madison.

Conselho Nacional de Pesquisas. 1980. Workshop on drought forecasting for north-
east Brazil. INPE, Sao José dos Campos.

Covey, D. C; and S. Hastenrath. 1978. The Pacific El Nifio phenomenon and the At-
lantic circulation. Mon. Weather Rev. 106:1280-1287.

Departamento Nacional de Obras contra as Sécas. 1969a. Observagdes pluviométricas
no Nordeste do Brazil. 2 Vols. Fortaleza, Brazil.

Departamento Nacional de Obras contra as Sécas. 1969b. Atlas pluviometrico do Nor-
deste do Brazil. Fortaleza, Brazil.

Environmental Sciences Service Administration. 1967. World weather records 1951-
1960. U. S. Government Printing Office, Washington, D.C.

Freise, F. W. 1938, The drought region of northeastern Brazil. Geogr. Rev. 28:363-
378.

Gongalves de Souza, J. 1979. O Nordeste Brasileiro. Banco do Nordesto do Brasil,
S. A,, Fortaleza,

Hastenrath, S. 1978. On modes of tropical circulation and climate anomalies. J.
Atmos. Sci. 35:2222-2231.

Hastenrath, S. 1984. Interannual variability and annual cycle: Mechanisms of circula-
tion and climate in the tropical Atlantic sector. Mon. Weather Rev. 112:1097-
1107.

Hastenrath, S. 1985. Climate and circulation of the tropics. D. Reidel, Dordrecht, Hol-
land.

Hastenrath, S. 1986. On climate prediction in the tropics. Bull. Am. Meteorol. Soc.
67:696-702.

Hastenrath, S.; and L. Heller, 1977. Dynamics of climatic hazards in northeast Brazil.
Quart. J. Roy. Meteorol. Soc. 103:77-92.

Hastenrath, S.; and E. B. Kaczmarczyk. 1981. On spectra and coherence of tropical
climate anomalies. Tellus 33:453-462.



59

Hastenrath, S.; and P. J. Lamb. 1977. Climatic Atlas of the Tropical Atlantic and
Eastern Pacific Oceans. University of Wisconsin Press, Madison.

Hastenrath, S; M.-C. Wu; and P. S. Chu. 1984. Towards the monitoring and predic-
tion of Northeast Brazil droughts. Quart. J. Roy. Meteorol. Soc. 110:411-425.

Jones, R. H.; and J. P. Kearns. 1976. Fortaleza, Cear4, Brazil, rainfall. J. Appl.
Meteorol. 15:307-308.

Kousky, V. E. 1979. Frontal influences on northeast Brazil. Mon. Weather Rev.
107:1140-1153.

Kousky, V. E. 1980. Diurnal rainfall variation in northeast Brazil. Mon. Weather Rev.
108:488-498.

Kousky, V. E.; and P, S. Chu. 1978. Fluctuations in annual rainfall for northeast
Brazil. J. Meteorol. Soc. Japan 57:457-465.

Kousky, V. E; and A. D. Moura. 1981. Previsdo de precipitacio no Nordeste do
Brazil: O aspecto dindmico. IV Simposio Brasileiro de Hidrologia e Recursos
Hidricos, November 1981, Fortaleza.

Markham, C. G. 1967. Climatological aspects of drought in northeast Brazil. Ph.D.
dissertation, Department of Geography, University of California, Berkeley.

Markham, C. G. 1974, Apparent periodicities in rainfall at Fortaleza, Ceard, Brazil. J.
Appl. Meteorol. 13:176-179.

Moura, A. D.; and J. Shukla. 1981. On the dynamics of droughts in northeast Brazil:
Observations, theory, and numerical experiments with a general circulation
model. J. Atmos. Sci. 38:2653-2675.

Namias, J. 1972. Influence of northern hemisphere general circulation on drought in
northeast Brazil. Tellus 24:336-343.

Nobre, P.; and Moura, A. D. 1984. Large scale tropical heat sources and global atmos-
phere energy propagation associated with droughts in Northeast Brazil. pp. 83-
86. In World Meteorological Organization. Extended Abstracts of Papers
Presented at the Second WMO Symposium on Meteorological Aspects of
Tropical Droughts. TMP Report Series No. 15. World Meteorological Or-
ganization, Geneva, .

Panofsky, H. A.: and G. W. Brier. 1968. Some Applications of Statistics to Meteorol-
ogy. Pennsylvania State University Press, State College.

Preisendorfer, R. W.; and C. D. Mobley. 1982. Climate forecast verifications, U.S.
mainland, 1974-82. NOAA Technical Memorandum ERL PMEL-36, Seattle,
Washington.

Ramos, R. P. L. 1975. Precipitation characteristics in the northeast Brazil dry region.
J. Geophys. Res. 80:1665-1678.

Ratisbona, L. R. 1976. The climate of Brazil. In World Survey of Climatology
12:219-269. Elsevier, New York.

Sampaio Ferraz, J. de. 1925. Causas provaveis das sécas do Nordeste Brasileiro. Min-
isterio da Agricultura, Directoria de Meteorologia, Rio de Janeiro.

Sampaio Ferraz, J. de. 1929. Sir Gilbert Walker's formula for Ceara droughts: Sugges-
tion for its physical explanation. Meteor. Magazine 64:81-84.

Sampaio Ferraz, J. de. 1950. Iminencia duma "Grande" Seca Nordestina. Revista
Brasileira de Geografia 12, no. 1:3-15.

Serra, A. 1956. As Sécas do Nordeste. Boletim Geogréfico 14:269-270.



60

Serra, A. 1973a. Previsao das sécas Nordestinos: Testes estatististicos. Boletim
Geografico 32:78-104.

Serra, A. 1973b. Previsao das sécas nordestinas. Banco do Nordeste do Brazil, For-
taleza. 55 pp.

Superintendencia do Desenvolvimento do Nordeste. 1969. Dados pluviométricos men-
sais. Recife, Brazil.

Van Loon, H.; and J. C. Rogers. 1978. The seesaw in winter temperatures between
Greenland and northern Europe. Part I: General description. Mon. Weather
Rev. 106:296-310.

Walker, G. T. 1928. Cear4 (Brazil) famines and the general air movement. Beitr.
Phys. d. freien Atm. 14:88-93.

Wright, P. B. 1975. An index of the Southera Oscillation. University of East Anglia,
Climatic Research Unit, Research Publication No. 4.

Wright, P. B. 1977. The Southemn Oscillation--Patterns, and mechanisms of the
teleconnections and the persistence. Hawaii Institute of Geophysics, HIG-77-
13.

Yamazaki, Y.; and V. B. Rao. 1977. Tropical cloudiness over the South Atlantic
Ocean. J. Meteor. Soc. Japan 55:205-207.



71
REFERENCES

Campbell, K. O. 1973. The future role of agriculture in the Australian economy. pp. 3-
14. In J. V. Lovett, ed. The Environmental, Economic and Social Sig-
nificance of Drought. Angus and Robertson, Sydney.

Jenkins, J. S. 1850. Voyage of the U. S. Exploring Squadron commanded by Captain
Charles Wilkes of the United States Navy, in 1838, 1839, 1840, 1841 and
1842: Together with explorations and discoveries made by Admiral d’Urville,
Captain Ross, and other navigators and travellers; and an account of the ex-
pedition to the dead sea, under Lieutenant Lynch, James M. Alden, Aubum.

Malingreau, J-P. 1986. The 1982-83 Drought in Indonesia: Assessment and Monitor-
ing. In M. H. Glantz, ed. Report on the Workshop on the Economic and
Societal Impacts of the 1982-83 Worldwide Climate Anomalies, Lugano, Swit-
zerland, 11-13 November 1985. National Center for Atmospheric Research,
Boulder, Colorado.

McBride, J. L.; and N, Nicholls. 1983. Seasonal relationships between Australian rain-
fall and the Southem Oscillation. Mon. Weather Rev. 111, No. 10 (Oc-
tober): 1998-2004.

Nicholls, N. 1981a. Sunspot cycles and Australian rainfall, Search 12, Nos. 34
(March/April):83-85.

Nicholls, N. 1981b. Air-sea interaction and the possibility of long-range weather
prediction in the Indonesian Archipelago. Mon. Weather Rev. 109, No. 12
(December): 2435-2443.

Nicholls, N. 1984a. A system for predicting the onset of the north Australian wet-
season. J. Climatol. 4, No. 4 (July-August):425435.

Nicholls, N. 1984b. The Southern Oscillation, sea surface temperature, and interan-
nual fluctuations in Australian tropical cyclone activity. J. Climatol. 4, No. 6
(November-December):661-670.

Nicholls, N. 1985a. Towards the prediction of major Australian droughts. Australian
Meteorological Magazine 33, No. 4 (December):161-166.

Nicholls, N. 1985b. Predictability of interannual variations of Australian seasonal
tropical cyclone activity. Mon. Weather Rev. 113, No. 7 (July):1144-1149.

Nicholls, N. 1986. Use of the Southern Oscillation to predict Australian sorghum
yield. Agric. For. Meteorol. (in press).

Nicholls, N.; and F. Woodcock. 1981, Verification of an empirical long-range
weather forecasting technique. Quart. J. Royal Meteorol. Soc. 107, No. 454
{October):973-976.

O’Mahoney, G. 1961. Time series analysis of some Australian rainfall data. Com-
monwealth Bureau of Meteorology, Meteorological Study 14. Melbourne.

Pittock, A. B. 1975. Climatic change and patterns of variations in Australian rainfall.
Search 6, No. 11-12 (November-December):498-504.

Quayle, E. T. 1929. Long-range rainfall forecasting from tropical (Darwin) air pres-
sure. Proc. Roy. Soc. Victoria 41, Part IT (April):160-164,

Rasmusson, E. M.; and J. M. Wallace. 1983. Meteorological aspects of the El
Nifio/Southern Oscillation. Science 222, No. 4629 (December 16):1195-1202.



72

Streten, N. A. 1981. Southern Hemisphere sea surface temperature variability and ap-
parent associations with Australian rainfall. J. Geophys. Res. 86, No. C1
(April-June):485-497.

Voice, M. E.; and F. J. Gauntlett. 1984, The 1983 Ash Wednesday fires in Australia.
Mon. Weather Rev. 112, No. 3 (March):584-590.

Wilhite, D. A.; N. J. Rosenberg; and M. H. Glantz. 1985. Drought response in the
United States and Australia: A comparative analysis. CAMaC Progress
Report 85-5. Center for Agricultural Meteorology and Climatology, Univer-
sity of Nebraska-Lincoln.



79

(/2] T T

o - L N
= 150 Percentage of forecast /

© June values with lower SWD— S
> (M

- >

(/7]

[o] /

o —
® -100 / &

(o]
L

| /

E ] 1©

o -sofk i
=

(7]

- O’

3 1 s

0 -50 -100 -150

December SWD, mm-Initial Value

Fig. 6 Probability of soil water deficit (SWD) being lower than shown
values in six months’ time, given current SWD in the Namoi River
basin.

REFERENCES

Alley, W. M. 1984. On the treatment of evapotranspiration, soil moisture accounting,
and aquifer recharge in monthly water balance models. Water Resour. Res.
20:1137-1194.

Calder, I. R.; R. J. Harding; and P. T. W, Rosier. 1983. An objective assessment of
soil moisture deficit models. J. Hydrol. 60:329-355.

Cordery, I. 1983. Forecasting of hydrological drought. Hydrology and Water Resour-
ces Symposium, Institute of Engineers, Australia. National Conf. Publ. No.
83/13, pp. 118-123.

Cordery, L; and B. R. Curtis. 1983. Drought--A problem of definition. Hydrology
and Water Resources Symposium, Institute of Engineers, Australia. National
Conf. Publ. No. 85/2, pp. 8-9.

Cordery, I; and A. G. Graham. 1987. Estimating wheat yields using a water budget-
ing model. Unpublished paper.

Fischer, R. A. 1979. Growth and water limitation to dryland wheat yield in Australia:
A physiological framework. J. Aust. Inst. Agric. Sci. 45:83-94.

Greacen, E. L.; and C. T. Hignett. 1976. A water balance model and supply index for
wheat in South Australia. CSIRO (Aust.) Div. Soils Tech. Paper 27.

Greacen, E. L.; and C. T. Hignett. 1984. Water balance under wheat modeled with
limited soil data. Agr. Water Manage. 8:291-304.

O’Leary, G. J.; D. J. Conner; and D. H. White, 1985. A simulation model of the
development, growth and yield of the wheat crop. Agric. Systems 17:1-26.



80

Palmer, W. C. 1965. Meteorological drought. U.S. Weather Bureau, Res. Paper No.
45,

Tanner, C. B.; and W. A. Jury. 1976. Estimating evaporation and transpiration from a
row crop during incomplete cover. Agron. J. 68:239-246.



93

drought—tend to be shorter than periods of low ground-water levels, which may be in-
dicative of "hydrological" droughts in terms of water supply shortages (drying up of
wells, disappearance of springs, and so forth). Note, for example, that a longer drought
is revealed in the solid lower line in 1976-77 than in the solid upper line, where the
drought is obscured because of its partial compensation by abundant soil moisture.

To summarize, hydrology has a great potential for tracing the effects of
meteorological droughts through the various hydrological subsystems and hence for real-
time forecasting and statistical prediction of droughts or water shortages that affect users
dependent on different sources of water supply.

CONCLUSIONS

1t is beyond the scope of hydrology to offer an exhaustive analysis and com-
plete understanding of the phenomenon of drought. Drought has many causes;
hydrological causes are last among these. However, hydrology provides important in-
sights, both into the effectiveness of methodologies used to analyze geophysical records
for periodic or cyclic patterns to use in long-term drought forecasting and into the physi-
cal processes responsible for the modifications and transformations of the basic "drought
signal” supplied by the precipitation record. These latter processes are of paramount im-
portance to the short-; and medium-range forecasting of droughts that affect users de-
pendent on different sources of water supply. In both cases, the value of the contribution
of hydrology is directly proportional to the depth of insight into and understanding of the
physical mechanisms controlling the various types of hydrological processes; it does not
depend much on skill in fitting hydrological records with formal mathematical models
aimed merely at preservation of various parameters and patterns of historic records. Un-
fortunately, present-day hydrology is dominated by the latter tendencies and, although
the realization of their sterility is slowly increasing, much effort is needed to change
hydrology’s course to a direction in which its great potential can bear fruit.
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tional structures such as the Agricultural Climate Situation Committee and the Drought
Assessment and Response System of Nebraska are necessary to ensure the exchange of
information (and benefits of such an exchange) obtained from the system.
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fall connection (see, for example, the paper by Nicholls in this volume) were to be made,
it would be a straightforward matter to run the statistical assessment on data that have
been stratified to include only those years believed to be more appropriate. A confident
forecast of below-average seasonal rain based on an expected major swing in the
Southern Oscillation, for example, would suggest a priori that the statistical forward as-
sessments ought to be calculated only on those data below the mean (or median), or, bet-
ter still, if sufficient data were available, only on those years when similar swings were
observed.

CONCLUSIONS

The Australian Drought Watch System, despite its implicitly simple approach
and its reliance on rainfal] alone as an indicator of drought, has proved to be an effective
tool for alerting the nation to incipient drought conditions and monitoring the course of
extant drought. Further, the principles involved have provided several spinoffs, which
have enabled past droughts to be objectively cataloged and probabilities of future
droughts to be estimated. Like most statistical forecasts based solely on past data, its
success lies in the principle that there will be no imminent significant change in the fre-
quency distribution of the data being processed. There will be much to concemn us if, as
feared by some, this assumption will be proved wrong in the decades to come.
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The data presented in Figs. 1 and 2 are intended to represent an initial indication of the
promise of drought monitoring using satellite imagery.
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UTILIZATION OF WEATHER ASSESSMENTS

The agricultural weather analysis provides the U.S. agricultural sector with ac-
curate data on potential markets and on supplies of potential competitors. Daily and
weekly briefings provide an opportunity for the JAWF staff to interact with USDA com-
modity analysts and alert them to recent and seasonal agricultural weather conditions.
The commodity analysts also provide JAWF with information on crop status and crop
condition, based on tours and communications with agricultural counselors assigned to
U.S. embassies around the world. Weekly briefings are also given to the secretary of
agriculture and his staff to provide them with an overview of global weather conditions
that may affect agriculture. A monthly interagency Africa briefing is conducted to
provide analysts at USDA and other interested agencies with a detailed account of cur-
rent weather conditions on the famine-plagued continent.

A significant increase in the demand by commodity analysts and policy-level
decision makers for near real-time weather data and assessment information of the type
developed by JAWF has occurred recently. In addition to daily briefings of current
global agricultural weather, alerts of anomalous conditions affecting agriculture are in-
cluded in daily highlights summarizing agricultural developments for USDA officials.

SUMMARY

The ultimate goal of JAWF is to provide accurate, concise, and timely informa-
tion on agricultural weather as it affects global crop production. Agriculture, one of the
nation’s largest industries, is still an important positive contributor toward reducing the
size of the U.S. trade deficit. U.S. farmers have become increasingly dependent on high-
ly variable world markets. Agricultural weather is one factor that affects these markets.
Proper use of the global agricultural weather data base, guided by results from ex-
perimental field research, may help American agriculturalists maintain the status of a
highly efficient, flexible production system capable of meeting national and international
food needs.
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As Whitehead noted (quoted by Hare in Kates, et al., 1985), "It is how the past perishes
that the future becomes.”
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climatic variability must be included in assessment and planning efforts in order to iden-
tify the linkages that are most amenable to policy intervention.
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agricultural impact assessment for developing countries. However, new assessment
tools must not only be continually developed and verified, but capabxlxty must also exist
to rapidly transmit early warning information to the user.
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CONCLUSIONS

The Early Warning System continues to be vital to the Relief and Rehabilitation
Commission as a planning tool for guiding internal aid allocations and requests for inter-
national aid. Every effort is being made to strengthen and improve the capacity of the
system in the following four general areas so as to increase both the types of information
provided and the number of user agencies, and to strengthen the system’s links with the
response and intervention system:

1. The direct technical improvement of the Early Warning System and its
component parts and the strengthening of the system’s ability to undertake
research and mapping exercises when necessary.

2. Increased cooperation between and within government agencies participat-
ing in the system, and between the system and international organizations
and nongovernment organizations.

3. The improvement of the collection and dissemination of early warning and
other general information.

4. The improvement of specific intervention mechanisms in response to early
warning and other general information.
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NOTES

1. The semiarid tropics (SAT) are those regions of the tropics receiving be-
tween 400 mm and 1100 mm of rain per year in a single season. In Africa, they include
the Sahel, the northern band of the West African coastal countries, and much of the
lowlands of Eastern Africa.

2. This ignores the possibility that the cumulative deficit over several years may
have been quite large, even if the production deficit in the crisis year may have been
small. In addition, Sen’s analysis is based on district data; farm surveys show that the
within-district variation is large in Ethiopia and the Sahel. These facts do not invalidate
Sen’s thesis, but they increase the information burden of relief authorities.

3. None of the above should be taken to mean that urban classes in Africa were
not affected by the price increases. They did suffer income losses and malnutrition must
have increased, but there was much less starvation. It should also not be taken to mean
that there is no long-term malnutrition in Africa; extensive research shows that there is.

4. The second part of the sentence is weaker than the first, because there are
highly vulnerable populations in which catastrophes can occur rapidly. Ravaillon (1986)
showed significant rice market failures in Bangladesh for short periods from 1972
through 1975. In spite of the brevity of these periods, severe famine occurred in 1974;
the famine was partly related to the market’s failure to move rice from surplus to deficit
areas.

5. Ormieres reports declarations by Chadian officials that relief would be with-
held from regions supporting an insurrection.

6. The academic literature also insists on the possible displacement of private
storage by public storage. This concemn is valid in developed countries, with well-
functioning grain markets and active speculation, but it is not a problem in developing
countries. QOthers have suggested that a further demerit is the absence of an insurer; that
is, who would be willing to bear these risks?

7. Admittedly, such reserves would have to be filled at the outset with conces-
sional imports, and the demerits noted above would still apply.
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haustive. Clearly, many publications now exist that discuss how drought has affected a
local community, the environment, water resources, livestock, a sector of an economy,
international trade, foreign assistance, and so forth. These publications constitute a large
body of case-specific information, not only for sub-Saharan Africa but for other develop-
ing and developed countries as well. Yet, the literature related to economic development
has focused little attention on drought (a recurring, aperiodic phenomenon) as a con-
straint to economic development.

To gain a proper understanding of why societies that are partially or wholly in
the arid and semiarid tropics and subtropics have had great difficulty in developing their
economies, one must consider, along with other relevant factors, the implications of
recurrent prolonged meteorological, agricultural, and hydrologic drought. Paraphrasing
the adage that war is too important to be left to the generals, I would assert that drought
considerations are too important to be left only to the meteorologists.

This paper does not claim that all constraints on development in African
societies are the result of droughts (or, more broadly, climate variability). It does claim,
however, that drought must be integrated into the already lengthy list of natural and
societal influences that can adversely affect the economic development in sub-Saharan
Africa,

NOTES

1. Drought is not a problem for developing countries alone. Coping with recur-
rent drought episodes has also been a formidable task for leaders of industrialized
countries, as was the case, for example, in the 1930s and 1950s in the U.S. Great Plains
and in the mid-1950s in Soviet Central Asia (Brezhnev, 1978). There is considerable
speculation among scientists today about whether and how society in the United States
could cope with a return of a 1930s-like U.S. drought in, say, the 1990s (e.g., Bernard,
1980; Warrick, 1984; Bowden, et al., 1981).

2. In fact, the belief that the climate of the tropics is a primary factor in under-
development and the climate of the temperate regions is a factor in industrialization per-
sists today, not only among "northerners” but among some "southerners” as well. For ex-
ample, Bandyopadhyaya (1983) wrote:

In India and other tropical countries I have noted farmers, industrial labourers,
and in fact all kinds of manual and office workers working in slow rhythm with
long and frequent rest pauses. But in the temperate zone I have noticed the
same classes of people working in quick rhythm with great vigour and energy,
and with very few rest pauses. I have known from personal experience and the
experience of other tropical peoples in the temperate zone that this spectacular
difference in working energy and efficiency could not be due entirely or even
mainly to different levels of nutrition. Ihad no doubt at all in my mind that the
principal interpretation lay in the differences in temperature and humidity be-
tween the two climatic zones (p. vi).

3. Streeten (1976) referred to these boundary conditions as initial conditions.
By initial conditions he meant those conditions that the migrants (in the North American



i

case, the immigrants) discovered upon arrival; for the developing countries he apparent-
ly referred to the existing conditions with which they had to cope at the time of inde-
pendence. He noted the reluctance of writers "to admit the vast differences in initial con-
ditions with which today’s poor countries are faced compared with the pre-industrial
phase of the more advanced countries”(p. 9).

4. Although Kamarck (1976) referred only in passing to the adverse impacts of
the Sahelian drought of the early 1970s, he was one of the first to draw attention to
drought as having an adverse effect on the development process. In reference to drought
in Northeast Brazil, he noted, " Although these droughts [in Brazil] are a major obstacle—
perhaps the biggest one to economic development—development approaches heretofore
have tended to invest mainly in fixed capital of various kinds rather than in necessary re-
search to find out how best to handle the droughts” (p. 20).

5. Torry’s (1984) reference to a distinction between underlying (ultimate) and
catalytic (proximate) causes of famine are of direct relevance to discussions of drought
and its societal impacts. Torry noted:

Proximate causes are situational and originate shortly prior to or during an emer-
gency. Ultimate causes can be construed as predisposing conditions transform-
ing proximate causes into famine distresses....In fact proximate causes (e.g.,
drought) can land a household in the clutches of famine with or without the in-
volvement of ultimate causes (p. 8).

However, while a specific drought may be considered a proximate cause of
famine, droughts as recurrent phenomena can be considered an underlying cause.

6. In the past, most African countries have put a relatively low value on their
meteorological services. Such services were considered of value mostly for aviation, not
only during colonial times but during post-colonial periods as well. Recently, there has
been a growing interest in, and support for, many of the national and regional (e.g.,
AGRHYMET in Niamey, Niger) meteorological services in sub-Saharan Africa. Some
of these services have become more active in assisting decision makers by identifying
how meteorological information might improve the value of their decisions.
Meteorological services are increasingly being called on to provide input for decision-
making processes regarding agricultural development and for early famine warning sys-
tems. )
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probability of change and the possibility that it could be quite serious in certain regions
of the world.

Our knowledge of the direct response of plants to carbon dioxide enrichment of
the atmosphere is more secure. Photosynthesis rate will increase in all the higher plants,
but most in the C3 species; transpiration will be reduced in all higher plants, but most in
the C4 species. Because of stomatal closure induced by COg, the C4 species, important
in the subhumid and semiarid zones, might be able to avoid or minimize the impact of in-
creased aridity. Plants grown in CO2-enriched air also reduce the impact of water stress
on photosynthetic rate and yield by maintaining a better internal water balance (greater
turgor). Deeper rooting habit, increased soil organic matter content with its consequent
increase in soil water holding capacity, and other responses stimulated by COz enrich-
ment of the air may also tend to alleviate the moisture stress that would follow from the
reduced precipitation and increased evaporation rate in regions so affected by climatic
change.

Assessing that which is known and that which is yet unknown about the
mechanisms of climatic change, the regional specificity of the changes to expect from
the "greenhouse effect,” and the direct effects of carbon dioxide enrichment on plant
growth and water use leaves us uncertain as to whether the drought-prone areas of the
world will be better off or worse. But we are now aware that climatic change is highly
probable and that the changes may be profound in many places. The drought-prone
regions may have less resilience and their resources may already be severely strained;
hence, they are among the regions that require attention most urgently.

In my view, it is essential that governments and international agencies give con-
siderable support to study of the potential impacts of a wide range of possible climatic
changes on the natural resource base and on the societal and economic implications of
such changes. Decisions will, of necessity, be required and it is our task, as scientists
and administrators, to reduce the degree of uncertainty facing decision makers as much
and as quickly as possible.
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NOTES

1. B. G. Mendoca, Geophysical Monitoring for Climate Change Division,
NOAA. Unpublished data on atmospheric transmission of solar radiation at Mauna Loa
Observatory, 1958-85.

2. The albedo of green vegetation fully covering the ground is in the range of
18-24%. Bare light-colored sandy soil may have an albedo of 40-50%.
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3. In arecent (Aug. 20, 1986) telephone conversation with R. T. Wetherald, 1
learned that the control case (1xCOz) predicts that mean seasonal (J, J, A) soil moisture
content is equal to 6 cm in the total root zone 1 m deep. The Manabe-Wetherald model
does not consider the geographic distribution of real soil types and moisture-holding
capacities,

4. The measurements at Cozad were made by means of the Bowen Ratio-Ener-
gy Balance method.
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Implementing the concepts advanced will require considerable effort and in-
genuity in specific situations. The payoff from successful efforts, however, can be sub-
stantial. Included as potential advantages are the following factors:

1. Improved societal responses to drought depend on actions of decision
makers; therefore, the viewpoint of decision making is a natural perspec-
tive to generate useful investigations.

2. The decision-making perspective allows evaluation of mechanisms to
reduce societal drought vulnerability over the entire range of possible
weather events.

3. The uncertainty associated with climate variability can be identified ex-
plicitly.

4, The interaction of climate and nonclimate factors (such as economics, in-
dividual behavior, and physical constraints) in affecting drought-related
decision making can be assessed.

5. The interdisciplinary, problem-oriented nature of drought can be effective-
ly accommodated using quantitative models in a decision analytic
framework.
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trict to the farmer who develops an efficient practical method for reducing
the effects of drought should be considered.

8. Support programs should be developed to assist farmers in replanting trees

and improving the aesthetics of the environment.

Overall, the policies, guidelines, and arguments for and against drought relief
funding have changed little over the last twenty years. In general, the policies are based
on a crisis management response. But drought must be seen as a normal part of the
climate. Continuing programs need to be developed in all years to encourage the farmer
to adopt practices that enable him to build resources to withstand the effects of drought
and other weather hazards, such as floods and winds. Financial assistance will probably
be available to farmers in future droughts, and it should be allocated, at commercial rates
of interest, to farmers who are likely to remain viable.

Droughts generally have affected the farming community in the past, but there
is increasing evidence that water supplies to cities and industries will be affected in fu-
ture droughts, and this in turn could influence the amount of funds available for farmers.
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NOTES

1. More details, and results from other lines of questioning, can be found in
Taylor, Downton, and Stewart (in press).

2. Monthly PDSI values were aggregated for comparison with farmers’ recollec-
tions of "drought years." PDSI values of -1.0 or below (Palmer’s "drought threshhold™)
were added to give a rough index that includes both drought severity and duration.
Separate PDSI plots of values for each of the five study areas revealed very similar pat-
terns. Therefore, the values were added across the five regions, and the results are
plotted in Fig. 1.

3. The Pearson product-moment correlation coefficient was -0.65 for the period
1960-84.

4. The regression coefficient for June was smaller than the coefficient for July
and of opposite sign, so its effect was to remove some of the cumulative moisture infor-
mation contained in the July Palmer Index value.

5. This difference between groups was statistically significant at a 99% con-
fidence level, using a chi-squared test.

6. Based on a stepwise discriminant analysis.

7. This difference in drought expectation is statistically significant at a 95% con-
fidence level based on nonparametric analysis of variance using the Kruskal-Wallis test.

8. The north-south difference is statistically significant at a 99% confidence
level using a Wilcoxon test.

9. Based on a nonparametric analysis of variance using the Kruskal-Wallis test.

10. The comparison with age used the chi-squared test; the comparison with ex-
perience used the Wilcoxon test.
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recent studies have addressed the issue of drought policy, or lack of it, in the United
States and have concluded that we should now move toward drought planning with the
aim of improving its efficiency. The development of a national drought plan is proposed
as an effective way of implementing these recommendations in the United States. In
Australia, two national drought committees have considered the benefits of a national
drought policy that would be the basis for a plan. A national drought policy, although
only recently formulated, has now been adopted. Similar progress has been made in
South Africa. Actions of this type have been called for in all drought-prone nations by
the World Meteorological Organization (1986).

In the United States a national drought plan could encourage and perhaps
provide incentive to states to take a more active role in planning for drought. In fact,
drought planning should be coordinated between the states and federal government. In
the past, most states have played a passive role, relying almost exclusively on the federal
government to come to the assistance of residents of the drought-affected area. Al-
though the federal government has accepted this role, improving government response to
drought requires a cooperative effort. States must develop their own organizational plan
for collecting, analyzing, and disseminating information on drought conditions. Cost-
sharing of drought assistance measures should be pursued as a2 means of involving state
government in drought assistance. The level of state involvement in drought planning in
other countries must be determined on a case-by-case basis.
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government also has developed a long-term national food strategy as a framework for
the development of arable agriculture.
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1. The security of the food system at the national level does not mean food
security at an individual level. Despite a buffer stock of 30 million tons of
food grains, some people do not have adequate food supplies. The need is,
therefore, to ensure food security to all the people under all conditions.

2. Development of water harvesting and watershed management would help
ensure the prosperity of individual farmers. This requires community ac-
tion, which is difficult in a democratic society.

3. Past experience shows that only in 1978 and 1918 has drought-year produc-
tion dropped below 10% of the peak production. Therefore, maintaining a
buffer stock of 12.5-15% of the peak production should be adequate. It
would also help if crop production could be diversified, oilseed imports
reduced, and the deficiency of pulses eliminated.
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ment. In terms of organizational structure, the plan is administered by a single agency,
SUDENE, and an interagency committee.

In addition to the achievements made in drought planning, the government
needs to define more accurately the objectives of the policy to assure greater equity and
more incentives to adopt adequate practices to overcome the old "drought industry” that
unfortunately is still active in the Northeast. One of the principle obstacles is the
regional agrarian structure, which is responsible for the fact that in the new Projeto Nor-
deste, born in the surges of the last drought and destined to incorporate the old special
programs, the landowners have been given fundamental consideration.

If the New Republic is able to fulfill its promises of agrarian reform—an ac-
complishment that will basically depend on the political support the group can gather—
the government should ensure not only access to the land but also the sensible integra-
tion of the various approaches to strengthen the small landless producers and the small
landowners. Water supply studies, technological support, and services should be
directed to meet the needs of this vulnerable section of the population.
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2. Examining environmental deterioration, both permanent and temporary
(e.g., the replacement of palatable plant species by less useful ones; range
rehabilitation rates).

3. Inventorying, computerizing, and updating future potential drought aid to
farmers, farm by farm, according to assessments of each farmer’s water
and soil conservation and grazing management practices. This information
would be conveyed to the farmer before the next drought for future
drought-aid funding or tax incentive,

4, Reassessing the effectiveness of drought indices (including improving
drought severity models in terms of crop yield estimations under moisture
stress) and the effectiveness of soil, water, and grazing conservation
management on soil water status.

5. Prompting funding agencies to fund research before the onset of droughts,
because sound drought research is measured in hundreds of thousands of
dollars, but drought aid is measured in billions of dollars.

6. Concentrating even more research and interaction into the complex socio-
politico-environmental Third World, with its unique problems in respect to
drought.
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However, ground-water depletion has already led to the beginning of the end of that kind
of drought proofing. And the same future awaits the pump-irrigated oases in the Libyan
interior. Where surface water is the irrigation source, droughts still have an adverse im-
pact. Drought in Ethiopia reduced crop production in the Sudan Gezira in 1984 because
there are no major water storage dams on the Blue Nile. Lake Nasser shelters Egypt
from the capricious variations in low and high flows in the Nile, but there is no similar
protection for irrigators along the Niger River or many other rivers in the dry regions.

Expansion of irrigation in India and humid southeast Asia has wrought miracles
in two short decades. Better rice cultivars and a package of practices that include irriga-
tion have been responsible for greatly increased cereal yields. Asia has a long history of
successful irrigation and was able to capitalize on the yield-increasing capabilities of im-
proved cultivars of rice, wheat, corn, and sorghum. Sub-Saharan Africa has no such his-
tory of water management, and the dry regions have few perennial rivers and meager
ground-water supplies. Irrigation in the dry regions has only a limited potential, and
most of that is in small-scale pumping by individual farmers (Moris, et al., 1984).
Reliance for crop production in the foreseeable future will have to be placed on dryland
agriculture.

CONCLUSIONS

Coping with agricultural drought demands advance planning and the accumula-
tion of excess food supplies in favorable years. For excesses to be available, cultivators
must be able to respond to the opportunities presented by those favorable years: the drier
and more drought-prone the area, the greater the need to capitalize on the good years.
Research on soil-plant-climate relations and the application of that research to cul-
tivators’ fields is essential. Lack of proven acceptable practices in developing country
dryland agriculture is a major handicap to achieving food security and preventing
famines. Even more important, however, may be a poorly developed education system
and inadequate transportation facilities, to say nothing of inappropriate government
policies.
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