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Human response to severe environmental stress is conceived and implemented by individuals,
but must be approved by the group. These decisions are made with respect to perceived cir-
cumstances. Societies are enmeshed within adaptive systems that provide a matrix of opportunities
and constraints for a wide range of potential behavioral variability. Such systems repeatedly read-
Just to short-term crises, e.g., droughts, but persistent and severe environmental stress may require
substantial revision of adaptive strategies, The Sahel drought of 19681973 is an example of a brief
but severe crisis, recurring along the Saharan margins perhaps once every 30 years. Closer inspec-
tion shows links between intensified intertribal warfare and ecological stress in the lower Omo
Valley. The decline of the Egyptian New Kingdom during the 12th century B.C., in response to
economic stagnation, sociopolitical instability, dynastic weakness, foreign pressures, and poor Nile
floods over 5070 years, represents a more complex and fundamental modification, with systemic
simplification lasting 450 years. Such insights can be applied to future, global climatic change due to
increasing atmospheric CO,. Simulation and paleoclimatic experience suggest a drier climate for
the North American and Soviet breadbaskets, to threaten world food supplies at a time of
maximum demographic pressures and declining resources. Public perception and remedial planning
should receive the attention of Quaternary scientists, in order to preempt an involuntary, global,
systemic simplification.

INTRODUCTION sponse reflects individual or group deci-

To deal briefly but comprehensively
with the impact of rapid environmental
change on society is a difficult task. For
one thing, the climatic or other environ-
mental anomalies must first be identified
and documented. Even more difficult, the
human response has to be evaluated with
attention to the full range of variables po-
tentially involved in such a systemic reac-
tion. The social sciences have only begun to
develop models of human response to ex-
ternal or internal systemic change. Further,
such responses aré unpredictable, if for no
other reason than that too many variables
are involved (Butzer, 1980a; De Vries,
1980; Ingram et af., 1981).

HUMAN RESPONSE TO RAPID
ENVIRONMENTAL CHANGE

The first issue in assessing human re-
sponse of any kind is whether such re-

sions. Ideas and actions are conceived and
implemented by individuals, but whether or
not they evoke a positive community re-
sponse depends on group acceptance.
During the Dust Bowl of the 1930s, the rural
population of seven Great Plains states de-
clined by a half million (U.S. Dept. of
Commerce, 1942). In many counties 20
50% of the farm inhabitants pulled up
their stakes and moved into large towns or
migrated to better farmland or expanding
oilfields elsewhere (Fig. 1).

In other areas, hit equally hard by
drought, most farmers stayed on, some
switching to ranching, others just waiting
out the bad times. This response differential
depended in part on economic conditions,
such as the strength of regional financial in-
stitutions, the effectiveness of government
agencies, and the cohesiveness of the town
and rural sectors in the face of adversity
(Miewald, 1978; Lawson and Baker, 1981).
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FiG. 1. Rural depopulation from the Mississippi River to the Rocky Mountains between the 1930
and 1940 census documents the most tangible impact of the Dust Bowl (county data from U.S. Dept. of
Commerce, 1942). Some isolated counties with less than 5% rural population loss are not shown within

the contiguous shaded area.

Overall, the destitute farmers of the Dust
Bowl responded to drought in many ways,
but the dominant pattern of adjustment
differed, however subtly, from one area to
another. The range of potential responses
was similar in mos{ regions, but the char-
acteristic choice was probably formulated
in a community context.

The second problem in examining human
response is just how devastating and per-

sistent a drought is perceived to be and an-
ticipated to last. In Kansas the drought year
1860 brought only 380 mm of rainfall at
Manhattan, about half the long-term mean;
the 460—480 mm received during the longer
18741875 drought spell consequently
evoked little response, particularly since
newspapers downplayed the event (Bark,
1978). Severe winters and moderately
below-average rainfalls 1885~ 1894 con-
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FiG. 2. A three-dimensional model for the interactive variables of an adaptive system. After Butzer
(1982a, Fig. 15-2), with permission of Cambridge University Press.

vinced half the settlers of Kansas to emi-
grate. Then, after good or average rainfalls
19021931, the five driest Dust Bowl years
averaged 535 mm of precipitation (see also
Palmer Index values in Warrick and Bow-
den, 1981) but provoked a 9% decrease in
the rural population of Kansas (U.S. Dept.
of Commerce, 1942). It can therefore be ar-
gued that decisions are made with respect
to perceived rather than real environments.
This subjective perception is very much a
relative one, and the flexibility of potential
response is defined in the broader economic
context, one that was decidedly poor in the
Depression years of the 1930s (Saarinen,
1966; Warrick and Bowden, 1981).

During the 30 “*fat”” years that preceded
the Dust Bowl, Kansas agriculture devel-
oped on the premise of good rains that sup-
ported profitable winter wheat cuitivation,
even in the marginal western counties of the
state. This adaptation did not take into ac-
count that recurrent severe droughts were

inevitable, at unpredictable intervals,
placing such a short-term maximization
strategy in serious question. As a resuit,
Kansas agriculture was forced to adjust in
more diversified directions, placing greater
emphasis on irrigation from deep wells in
some areas, allowing the most droughty
soils to revert to extensive livestock pas-
ture and, above all, searching for socioeco-
nomic mechanisms, such as federal relief
and crop insurance, to buffer the farmer
from drought (Quinn, 1982). These events
illustrate that adaptive strategies are in con-
stant interchange with the environment,
that economic versatility allows a progres-
sive identification of new and more detailed
variety and constraints within that envi-
ronment, and that the information so gained
is then incorporated into revised strategies
that preserve and propagate the more suc-
cessful system variables (Buckley, 1968:
Kirch, 1980).

These considerations allow definition of an



282 KARL W,
adaptive system, as the three-dimensional
intersection described by social behavior,
technology, and resource opportunities and
limitations (Butzer, 1982a, p. 285) (Fig. 2).
Such a system is reflected in subsistence
strategies and settlement patterns, and it
responds and adjusts in relation to internal
processes as well as to changes of the
human and nonhuman environment. Such
adjustments can be made at several scales.

(a) Some involve very long-term and fun-
damental, cultural transformations that
eventually have continental or global reper-
cussions for subsistence, settlement, and
demography. Examples would include pre-
historic agricultural origins or the historical
impacts of industrialization. In the case of
Kansas the applicable example is the re-
placement of indigenous hunting and
gathering by European-style farming during
the 1850s and 1860s.

(b) Other adjustments involve a substan-
tial revision of adaptive strategies within
the context of a viable and persistent adap-
tive system. This would be effected through
technological or behavioral accommoda-
tions to new ideas and to repetitive stress
situations of various kinds. The revision
and elaboration of Kansas agriculture be-
tween 1860 and 1945—by crop selection,
hybrid development, cultivation practices,
water exploitation methods, and govern-
ment intervention—provide a good exam-
ple of such an adaptive modification over
an intermediate time range.

(¢) Finally, there are the many minor or
short-term readjustments within the be-
havioral and technological spectrum of an
adaptive system that serve to resolve
economic and social crises, and so maintain
a systemic steady state. Wars, epidemics,
and famines are pertinent examples; when
applied to the Kansas situation, the mea-
sured response to the droughts of 1952—
1956 comes to mind.

In general terms, an adaptive system with
its bounding environmental parameters
provides a matrix of resources and con-
straints for the potential range of behavioral
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variability (Butzer, 1982a, p. 293; 1982b). In
exploiting these opportunties and con-
fronting the fluctuating boundary condi-
tions, the individuals within the societal
subsystem have a wide choice of potential
subsistence-settlement options that may be
either adopted or rejected. In this sense,
adaptive response, however environmen-
tally conditioned and spatially rationalized,
is explicitly the result of human perception
and decision making. The constraining role
of the environment is a highly generalized
one, and technology as well as social or-
ganization repeatedly bend the constraints.
Regardless of whether the external or inter-
nal changes are sufficiently serious to war-
rant massive response, cognitive percep-
tion generates positive or negative feedback
that, over the longer term, represents
adaptation—irrespective of whether that
adaptation is ultimately successful or not.
The very fact that the cognitive dimensions
in an actual case study cannot be effectively
guantified means that adaptive response to
environmental change cannot be uniquely
predicted.

SHORT AND
MEDIUM-TERM RESPONSE

Two African examples serve to show that
the impacts of and response to drought are
difficult to anticipate. One of the more
catastrophic famines unleashed by recent
drought affected the Sahel margins of the
Sahara during 1968 1973. The discharge of
the Senegal River, which provides a good
index of modal rainfall for this climatic
zone, averaged 33% below the 77-year
mean (Faure and Gac, 1981a) (Fig. 3). Hard-
est ‘hit by this short-term anomaly were
the pastoralists of the Sahel (Kates, 1981),
but agricultural yields were severely cur-
tailed through much of West Africa as well
as in Ethiopia (Hussein, 1976). At least
250,000 lives (and possibly double that
number) and several million cattle were
lost, but the long-range costs in terms of
child malnutrition, soil destruction, and
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Fic. 3. Mean annual modulus (7-year running
means) of the Senegal River at Bakel (after Faure and
Gac, 1981a), illustrating the recurrent nature of
drought. The horizontal bar represents the 1903—1979
mean.

desertification are almost impossible to as-
sess (Kates, 1981).

The human impact of the Sahel drought
was particularly severe because herds had
grown unchecked since the previous great
drought of 1940—1944, while agriculture
had expanded into the transhumance zone,
limiting the mobility essential to pastoral
exploitation of marginal environments
(Glantz, 1976; Dalby ef al., 1977; Franke
and Chasin, 1980). Regional governments
were slow to respond and international aid
was distributed ineffectively in some areas.
In Ethiopia, 10,000 unburied corpses lit-
tered the streets of the provincial capital of
Dese, while 250 km away hundreds of tons
of food shipments rotted in the customs
compound of the Addis Ababa airport. The
Sahel drought draws attention to several
important characteristics of major famines.

(a) Mass starvation is more commonly
linked with inadequate redistribution sys-
tems and/or overpopulation than it is with
exceptionally severe environmental stress
(Dando, 1980). In fact, the Bengal famine,
which took over a million lives in 1943, was
entirely due to British wartime manipula-
tion of food supplies in an overpopulated
part of India. Whether, on the other hand,
rapid technological and social transforma-
tion (‘*development’’) of traditional socie-
ties reduces their vulnerability to environ-
mental stress, as is implied by Kates (1981;
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Bowden et al., 1981), remains an unre-
solved and controversial issue.

(b) Periodic stress in marginal environ-
ments generally limited the populations of
traditional societies to well below carrying
capacity, but progressive ‘‘westernization’’
has upset this ecological balance. In the
Sahel, severe drought has recurred at inter-
vals of about 30 years since at least the
mid- 19th century (Faure and Gac, 1981a,
1981b) (Fig. 3); it is uncertain whether the
human suffering engendered by the drought
of 1913—-1914, which promoted epidemic
disease, was greater or less than during
1968—1973 (Kates, 1981).

(c) Severe drought and starvation have
tended to accelerate political devolution in
unstable societies. In Ethiopia the inability
of the old regime to cope with famine (Hus-
sein, 1976) provoked the unrest that made
possible the *‘creeping revolution’ of 1974.
Further, the oral history of many Ugandan
tribes is fundamentally structured around
major famines and other natural disasters,
in turn linked to specific reigns or warlike
migrations since the 14th century (Webster,
1979).

In any examination of drought repercus-
sions there is a tendency to overgeneralize
by neglecting the complex social interac-
tions and detailed responses to environ-
mental stress. It is therefore critical to
study such events at the specific and local
level, much as it is preferable to evaluate
the Dust Bowl years for one state or, better
yet, a single county.

East Africa provides a good case to
point. The Omo River, fed by a high Ethio-
pian watershed, empties into Lake Rudolf
(Turkana) across a broad delta surrounded
by subarid lowlands plains. From the 1860s
to 1890s this lake was high, flooding most of
the delta until 1897—1908, when lake level
fell 12.5 m during a severe drought anom-
aly, a trend that continued through 1960
(Butzer, 1971) (Fig. 4). The delta inhabit-
ants, members of the pastoral and hor-
ticultural Dasanech tribe, adjusted readily
by simply following the retreating lake-
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Fic. 4. Fluctuations of Lake Rudolf (Turkana) since 1888. Updated after Butzer (1971, Fig. 3—6).

shores, as an informant put it in confirma-
tion of travelers’ observations (Butzer,
1971, Chap. 4). Dasanech social struc-
ture facilitates temporary or permanent
adjustment to local resource shifts, be-
cause households or settlements can eas-
ily move from one part of the tribal territory
to another without regard to kinship (Al-
magor, 1972). As a result, the Dasanech
grew in numbers and power while other,
pastoral tribes were subject to protracted
stress as pastures deteriorated and surface
water became scarce. A little later, from
1917 until 1941, the Dasanech repeatedly
took the offensive against their weakened
neighbors,

In 19611962 lake level suddenly rose by
4 m. Some 250 km? of the Omo Delta were
submerged (Fig. 5) and increased incidence
of malaria forced over half the Dasanech to
vacate the delta plains and switch almost
entirely to pastoralism on high ground far
from the river. But their traditional grazing
lands had been made into a cordon sanitaire
in 1942, when the British sealed the Ethio-
pian border to halt intertribal warfare (Al-
magor, 1974). Consequently, heavy over-
grazing put the Dasanech under increasing
ecological pressure, particularly as the
Sahel drought spread to East Africa in
1970—1973 (Carr, 1977). As they attempted
to enlarge their grazing territory, the
Dasanech now turned against a once allied,
neighboring tribe within Ethiopia’s borders
and massacred 10% of its people (Tornay,
1979). A chain reaction of intertribal pres-
sures was set off, one part of the victimized
tribe pushing far into the Sudan, others im-
pinging on their northern neighbors, who
then attacked their own next neighbors.

The tribal unrest of the lower Omo valley
was conditioned by colonial borders that
cut traditional transhumance lines, but it
nonetheless illustrates the complex eco-
logical relationships that underlie much
of the intertribal warfare and migration in
African protohistory. At the same time
these episodes represent one microcosm of
the wider Sahel drought phenomenon and
its short-term impacts on traditional
societies.

The sociopolitical impact of drought is
not limited to relatively simple pastoral
peoples, such as those of the Omo Delta
and Saharan borderlands. The 1974 break-
down of the increasingly dysfunctional, im-
perial government of Ethiopia, in the wake
of severe socioeconomic stress, provides
one case to point. A second, historical
example can be cited from pharaonic
Egypt, namely the breakdown of the New
Kingdom during the 12th century B.C.
(Butzer, 1976, 1980a, 1983).

Archeological survey and geological
study show that the Nile floodplain in
Nubia had been heavily settled during the
13th century B.C., with flood levels a meter
higher than today; during the next century
this floodplain was totally abandoned, dune
sands swept across it, and salt efflores-
cences began to build up. At the same time
the easternmost branch of the Nile Delta
failed, so that the northern capital of Egypt
was shifted to another distributary. De-
clining Nile discharge approximately coin-
cided with a dramatic fall of East African
lake levels, reflecting large-scale and
long-term climatic change in the upper Nile
watershed (Butzer, 1980c¢).

The Egyptian situation at this time is in-
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Fi1G. 5. The settlements of the lower Omo Valley as mapped by the writer in 19671968, showing
the 1960, 1970, and 1896 shorelines. Submergence in 1962 drowned many villages and much horticul-
tural land along the two distributaries; this reinforced the pastoral economy in the increasingly over-
grazed area between Namuruputh and Kaalam. Dasanech settlements extend upvalley to a little below

Shungura. After Butzer (1971, Fig. 4-6).

teresting because there is unusually good
detail on food prices and social unrest. The
king was able to provide grain to the Hit-
tites during a famine in Asia Minor in 1210

B.C., and Egyptian grain prices remained
stable until 1170 B.C. Then they began to
increase rapidly, fluctuating to as much as
eight times the normal price—even though
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the value of precious metals, services, and
livestock was unchanged. In 1153 B.C., the
food supply failed so that the royal work-
men in the capital rioted; the best efforts of
the prime minister turned up a bare half of
the wheat actually needed, indicating that
the temple granaries were empty. Ramesses
III, a strong pharaoh, was apparently as-
sassinated two years later, and the sub-
sequent reigns of weaker kings were short.
Five further food strikes or riots are
documented 1151-1105 B.C, and in
1130—1125 B.C. wheat prices fluctuated to
as much as 24 times their earlier level, with
barley and oil prices also high. Taxation
pressures during this time of poor harvests
then led to massive rural depopulation. Al-
though food prices stabilized about 1110
B.C. and began to fall off after 1100 B.C.,
the last king of the dynasty (Ramesses X1,
1099-1070 B.C.) was explicitly disen-
franchised by the priesthood as the divine
provider of life and safeguard of the cosmic
order, being demoted to a simple agent of
the supreme Egyptian god, Amun.

It is tempting to see this usurpation of
power as an indictment of the dynasty’s
failure to guarantee nature and thus the
livelihood of Eygpt. The cemetery record
indicates widespread impoverishment and,
possibly, a declining population. The new,
priestly dynasty after 1070 B.C. was unable
to hold the country together or to stave off
Libyan or Ethiopian—Sudanese invasion
and control. High Nile floods were only re-
corded again after 868 B.C. and the country
was reunified under a new, Egyptian
dynasty in 656 B.C. During the 450 years
following the death of Ramesses III, Egypt
lacked effective central anthority, politico-
economic structures were strongly simpli-
fied, and both subsistence and population
were reduced to significantly lower equili-
brium levels. It would, however, be sim-
plistic and contrary to the historical context
to attribute this devolution to a protracted
decline and repeated failure of Nile floods
between 1170 and 1100 B.C.

BUTZER

Egypt had fended off a powerful coalition
of barbarian peoples in three costly battles
in 1207, 1177, and 1171 B.C. Unlike other
Near Eastern Kingdoms, Egypt survived
intact, but its Asiatic provinces were lost
and its external exchange system de-
stroyed. The power of the priesthood of the
god Amun had already competed with that
of the pharaoh since about 1400 B.C. and,
significantly, the end of the environmental
crisis about 1100 B.C. did not reverse the
continuing shift of power to the priesthood.
Again, a new trend to a favorable Nile hy-
drology during the mid-9th century preceded
political reintegration by a full two hundred
years. Finally, the Egyptian state was
characterized by a top-heavy sociopolitical
structure since the late 15th century, with
increasing energy expenditure for system
maintenance, and accelerating demands on
the agricultural substrate during the course
of the 13th century B.C. There is then good
reason to believe that sociopolitical struc-
tures were already metastable before the
accession of Ramesses III, and that sys-
temic disintegration set in immediately after
his death. In this setting, severe environ-
mental stress reinforced economic stagna-
tion, sociopolitical instability, dynastic
weakness, and foreign pressures. It was no
more than one potent factor in a concate-
nation of negative processes in the demise
of the New Kingdom.

The Egyptian breakdown is important
because it represents a medium-range
adaptive modification, not just a short-term
readjustment such as those set in train by
the Dust Bowl or the Sahel drought. Stress
was maintained for 50 to 70 years, and con-
sequently must have contributed signifi-
cantly to the positive socioeconomic feed-
backs already undermining the political
structure of Egypt. The fact that Egypt was
both a complex society and an imperial
state, with extensive international linkages,
suggests that the insights gained here can
help to evaluate scenarios for future cli-
matic change.
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FUTURE GLOBAL CLIMATIC CHANGE

During the last 100 years or so, atmo-
spheric CO, has increased between 16 and
25% as a result of fossil fuel combustion
and extensive deforestation (Siegenthaler
and Oeschger, 1978; Clark, 1982; Mac-
Donald, 1982; National Research Council,
1982). This CO, flux has accelerated since
1950 and is widely expected to double at-
mospheric concentrations by mid-21st
century, with the amplitude and rate of
change depending on energy consumption
and the development of synthetic and non-
fossil fuels. Whatever the actual change
within a range of available ‘“‘low’ and
“*high’’ projection limits, this would have a
major impact on the global radiation budget
and so promote a mean warming of some-
where between 2 and 3.5°C (Hansen et al.,
1981). Although the amplitude and configu-
rations of the expected climatic changes
cannot yet be determined with precision,
increasingly sophisticated simulations of
the global climate system and the carbon
cycle (Manabe er al., 1981) on the one
hand, and paleoclimatic experience (Kel-
logg, 1978; Butzer, 1980b; Pittock and
Salinger, 1981) on the other, suggest that
the breadbaskets of North America and the
Soviet Union will be increasingly threat-
ened by summer drought.

Meteorologists and biologists can study a
part of this potential global response,
namely, carbon release from fossil fuels and
rapid deforestation, the carbon dioxide flux
of the oceans, the capacity of vegetation
and soil to absorb carbon dioxide, the
simulation of atmospheric latent heat flux
and thermal deviations and, ultimately,
their potential impact on precipitation pat-
terns and soil moisture. But simulations are
only as good as the complexity of their
variables and the validity of their assump-
tions. A particular problem with existing
simulations is that they concentrate on the
steady-state response to a fixed CO, in-
crease, neglecting the effects of a time-
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dependent CO, increase conditioned by
air—sea—ice interactions (Thompson and
Schneider, 1982). Consequently, regional
climatic response to increasing CO, re-
mains uncertain.

Simulations of global warming and effec-
tive moisture change cannot anticipate the
full range of possible negative and positive
feedbacks of environmental systems. It
therefore remains imperative to test their
value in the light of historical monitoring
and paleoclimatic experience. It is here
that Quaternary research comes to bear.
Paleoclimatic reconstructions can provide
fundamental insights on the possible inter-
relations between higher global tempera-
tures and regional moisture anomalies.
Such an approach is, of course, no less lim-
ited by unjustified assumptions than are
existing simulations. In particular, analog
predictions can only claim validity if cause
and effect relationships were the same in
the past as they would be for a CO,-induced
planetary warming. Whether or not it is true
that inferred higher temperatures for parts
of the Holocene (and earlier interglacials)
were primarily a result of earth orbital
forcing (Kutzbach and Otto-Bliesner,
1982), such warmer intervals during the
Cenozoic were certainly not due to in-
creased atmospheric CO,. In other words,
paleoclimatic analogs are no more or less
valid for predictions than are the existing
simulations. It is because the assumptions
of both approaches are different that they
have value as essentially independent
crosschecks.

Paleoclimatic attention is most usefully
focused on the relatively detailed record of
the early to mid-Holocene, when the
paleobotanical evidence for latitudinal and
vertical shifts of ecozones suggests that
high latitude and high-mountain tempera-
tures averaged 1.5 to 2.5°C above those of
today. This Altithermal of Hypsithermal
interval, dating from about 8000 to 5000
years ago, provides a reasonable outline of
regional climatic deviations for most of the



288 KARL W.

continents. As documented in an earlier
paper (Butzer, 1980b), the essential fea-
tures of this mid-Holocene model (Fig. 6)
are as follows.

(a) Substantially augmented growing sea-
sons in cool environments now marginal for
agriculture;

(b) distinctly drier climate in most mid-
latitude arid, semiarid, and subhumid re-
gions, with an inherent trend to desertifica-
tion, including the major wheat and corn
producing belts of the United States and the
Soviet Union; and

(c) moderately increased precipitation in
the tropical and subtropical arid zone,
primarily in what are now pastoral and irri-
gated lands of Africa, Arabia, India—
Pakistan, and Australia, but excepting the
more productive mediterranean environ-
ments of Europe and South Africa.

This pattern is reasonably consistent
(spatially and temporally) and moderately
well documented. Quantitative assessments
still are few, but negative deviations may
have ranged from 20 to 50% in the hy-
drological balance of middle latitudes, with
positive anomalies of 30 to 100% in lower
latitudes.

BUTZER

Despite its qualitative and quantitative
shortcomings, the mid-Holocene scenario
of Figure 6 provides a useful preliminary
model for probable climatic zonation during
the mid-21st century. Comparisons with the
simulations of Manabe et al. (1981, Figs.
22, 23) are most productive, because these
explicitly consider the seasonal moisture
cycle and the ratio of solid to liquid pre-
cipitation. Particularly impressive is that
both models agree on substantially reduced
moisture for midcontinent North America
and for the Caspian and Black sea drainages
of southeastern Europe. Specifically, the
simulation model posits that higher temper-
atures in midlatitudes—whatever their ul-
timate cause—would reduce winter snow
accumulation, increase evaporation during
spring and summer, and reduce summer
cyclonic activity, all with detrimental ef-
fects on soil moisture (Manabe ez al., 1981).
Backed by convergent but independent ar-
guments, this critical aspect of the scenario
must be considered as reasonable, if not
probable. Less certain is the case for in-
creased lower latitude moisture: the Ma-
nabe et al. (1981) simulations are inconsis-
tent with each other, and with the paleo-
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Fic. 6. Probable climatic deviations of economic significance to be expected as a result of CO,
induced climatic change, based on paleoclimatic experience of ca. 8000— 5000 yr B.P., in the main part
consonant with meteorological simulations. After Butzer (1980b, Fig. 1), with permission of the As-

sociation of American Geographers.
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climatic analog model. Possibly this reflects
the unique forcing of tropical monsoonal
circulations by increased lower latitude
radiation ca. 9000 yr B.P. (Kutzbach and
Otto-Bliesner, 1982). This uncertainty
would not, however, improve the economic
implications of the analog scenario.

The agricultural prognosis suggested for
the 21st century by the mid-Holocene
model are mixed and, in important ways,
negative overall (Schneider, 1976; Olson et
al., 1978; U.S. Dept. of Energy, 1980;
Butzer, 1980b; Kellogg and Schware, 1981).
Dust Bowl conditions would become com-
monplace on the Great Plains, with an in-
creased incidence of drought in the Mid-
west. A substantial part of the present
winter-wheat belt would have to revert to
grazing, with large-scale replacement on
the corn—soybean production of Illinois,
Iowa, and Missouri by winter wheat. The
corn belt would shift, climatically, to Wis-
consin, Minnesota, and Canada, where
podzolized soils are poorer and drainage
less than ideal. Irrigation waters in the West
would be substantially reduced and less re-
liable. Overall United States crop acreage
and average yields would plummet, and
corn with its attendant livestock industry
would be widely replaced by wheat of sub-
stantially lower productivity. Similar prob-
lems would plague food production in the
Ukraine and Central Asia, By comparison,
the potential expansion of agriculture onto
the marginal soils of the present mixed-
coniferous forest belt of Canada and north-
ern Europe would be relatively insignifi-
cant.

Any increased moisture in low-latitude
deserts and the semiarid zone of Africa,
Asia, Australia, and parts of South America
would primarily affect the productivity of
low-efficiency pastoral economies, locally
supplemented by irrigation agriculture.
Even increased yields in the primary tropi-
cal agricultural belt would not add substan-
tially to the world food supply, probably
serving instead as a stimulus to further de-
mographic growth. Long-range benefits in
the tropics would only be assured by a

289

switch to labor-intensive horticulture on the
Chinese model, or to a Western-style mod-
ernization, that would require heavy and
sustained capital investment—in countries
generally lacking both industrial capacity
and energy sources.

The world food-supply prospects of this
scenario, whatever its shortcomings in de-
tail, are grim, even allowing for substantial
negative feedback within both the environ-
mental and the adaptive systems. In partic-
ular, the United States, now the world’s
major food exporter, would barely remain
self-sufficient, while the Soviet Union
would be heavily dependent upon food im-
ports. Unless demographic trends in low-
latitude, Third World nations are reversed
and agricultural productivity at least dou-
bled, Canada’s and Australia’s sustained
capacity to export would be inadequate to
meet world demand for food.

There is then substantial reason to be-
lieve that a continuation of present en-
vironmental trends points towards an
economic crisis of global proportions within
the next 20 to 100 years. The implications
must be viewed in conjunction with the
Global 2000 Report (Barney, 1982), sum-
marizing the hard evidence for the Third
World demographic juggernaut, the in-
creasing global energy shortfall, and the
ecological, economic, and technological
limitations to everincreasing food produc-
tion. In the Global 2000 assessment, the
population, food, and energy variables
were examined in isolation, neglecting the
systemic interactions between economic
productivity, available capital, research
funding, remedial technology, and food
production. Compounding these problems,
with climatic change and persistent drought
expected to affect the major world food
suppliers most, the concatenation of nega-
tive impacts has serious portents (Butzer,
1980b):

(a) a substantial reduction of the world
food supply, at a time of maximum demo-
graphic pressures upon global resources
and shrinking energy reserves;

(b) selective decline of productivity
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among the major economic and food-
producing nations, implying a fundamental
sociopolitical readjustment not only be-
tween the present superpowers but also
between developed and developing world
regions; and

{c) differential impacts within under-
supplied nations of special complexity, as
resources become inadequate to maintain
controlled ecosystems, raising the possibil-
ity of severe internal disruptions and con-
frontations within existing socioeconomic
subsystems.

Complex societies, both traditional and
industrialized, are to some extent buffered
from environmental vicissitudes by multi-
ple layers of technology, social organiza-
tion, and exchange networks. Their adap-
tive strategies emphasize stability, the
maintenance of a set of socioeconomic
priorities, culture norms, and value systems
that define a familiar cognitive universe.
Unlike the instability thresholds of the in-
creasingly simplified environmental sys-
tems to which they are linked, those of
complex cultural systems tend to be high, in
no small part because negative feedback
mechanisms are numerous. But, in proba-
bility terms, the very multiplicity of sys-
temic components in vertically elaborate,
top-heavy sociopolitical structures also in-
creases the chance of a concatenation of
negative inputs (Butzer, 1980a). The Egyp-
tian example showed how the coincidence
of poor leadership, social pathologies,
economic stagnation, external political
stress, and environmental perturbation can
trigger a catastrophic train of mutually
reinforcing events that the system may be
unable to absorb.

There is a major difference between the
New Kingdom and the 21st century. We al-
ready live within a global system, increas-
ingly tightly interlinked, so that the break-
down of one adaptive system somewhere
would rapidly affect whole continents, ul-
timately with worldwide repercussions. To
speculate on the possible nature of such re-
percussions would be inappropriate, but we
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should realize that our global adaptive sys-
tem is metastable. Systemic simplification
towards a lower equilibrium level would be
too expensive in human or economic terms
to contemplate.

It is therefore incumbent on the scientific
community not only to refine and refocus
potential contributions to broadly defined
ecological themes, but also to communicate
its findings to the public and, directly or
indirectly, to government. Only in this way
can we hope to influence community per-
ception and stimulate or influence proper
remedial action, to preempt involuntary
adaptive modification and systemic sim-
plification on a global scale. ‘‘Pure’ re-
search is ultimately justified, at least in
economic terms, because it frequently has
unexpected applications, the importance of
which may only be recognized decades
later.

Quaternary researchers are ideally suited
to verify, with paleoclimatic data, the
paleoboundary conditions simulated by
climate modelers. Equally so, they can and
should contribute more to examination of
the feedback systems involved, many of
which can be identified or negated by
careful historical monitoring. Again, Quat-
ernary research is ideally suited for an
examination of modern desertification pro-
cesses in historical context, determining to
what extent these are unique or cyclical
within the Holocene record. In conclusion,
Quaternary scientists of many different
persuasions now have a unique ability, op-
portunity, and responsibility to contribute
both multidisciplinary component data and
systemic evaluations to an issue of equally
unique importance.
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