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Abstract:
Paleoclimatological and archaeological data indicate a strong correlation between atmospheric and ground
moisture and the political and socioeconomic prehistory and history of the Lowland Maya.
Article:
Introduction
In agreement with the eminent botanist-archaeologist, Cyrus Longworth Lundell, that both botanic and climatic
factors are of utmost importance to our understanding of the ancient Maya and their accomplishments,1 and that
"Much of the so-called 'mystery of the Maya' could be discarded by a pragmatic consideration of environmental
factors which influenced the rise and fall of great Maya cultural centers for over 2000 years,"2 we offer the following analyses of the Lowland Maya through time and space as an explanation for the beginnings and ultimate
decline of these people inhabiting the lower regions of Mesoamerica. For if the concept of a relationship between man and his environment is even partially correct, one can expect that cultures would tend to continue
throughout at least one period of stable environment, but be more likely either to terminate or change at climatic
discontinuities rather than during stable intervals.3 R. H. Claxton and A. D. Hecht provide illuminating
examples from the Guatemalan Highlands in which climatic change is clearly instrumental in forcing social and
cultural change during the last 400 years.4 Our intention here is to develop a similar framework for the Lowland
Maya, extending the perspective into prehistory and setting the course of climatic change in the context of
global and North American climatic changes. Although we do not claim that we have all the answers to culture
change in southern Mesoamerica through time, we do think that we have touched upon one of the principal
causal factors of change throughout the Maya area.
Even though the identification of major Maya regional centers has been known for a considerable period of
time, the reason or reasons behind their development, distribution, and redistribution have been obscure. Joyce
MarCUS,5 in an attempt to demonstrate the differential distribution and development of Maya regional centers
in the Southern Maya Lowlands, has suggested a quadrapartite distribution of the Maya world based on hieroglyphic texts. These texts strongly suggest that major centers such as Calakmul (south), Copan (east), Palenque
(north), and Tikal (west) represented the directional capitals of the Southern Maya Lowlands during one point
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in the Classic Period (FIG. 1).6 But for an unknown reason or reasons Copan and Palenque lost their role as
capitals by 849 A.C., with Seibal and Motul de San Jose assuming this position.
Rathje has modeled the distribution of Maya centers in the Southern Lowlands on their range of ecological
variety and access to primary resources such as obsidian for forming blades, and other hard materials for
grinding

stones and querns.7 Thus, the ecologically and primary resource-rich Buffer Zone of the Peten was thought to be
inhabited before the comparatively resourceless Core Zone (FIG. 2).8 In this way, Buffer Zone centers like Altar
de Sacrificios would have been settled before the Core Zone by peoples in search of lands.
In yet another approach, W. J. Folan9 suggested that the Core Zone of the Peten was settled by the Southern
Lowland Maya because of the richness of its soils10 and because it was central to transportation and communication with both the Northern Maya Lowlands and the Maya Highlands. It also had access to the transport facilities provided by the Gulf of Mexico and the Gulf of Honduras. Evidence indicates that even the 3D-day
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round- trip on foot from Tikal to the Pacific Coast was not considered overly lengthy by the Maya of the Core
Zone who sought to reach the rich trade routes of the Pacific shore. Maya in historical times, for example,
commonly traveled this 3D-day distance.11
Folan12 has suggested a rhythm to shifts in Maya settlements in the Northern Maya Lowlands over the
millennia with notable movements in population concentration from the inland Interior Zone to the Coastal
Zone and then back (FIG. 3).13 The earliest demographic centers in the Northern Maya Lowlands are in the
Interior Zone of the Yucatan Peninsula in such places as Mani and Toh.14 This zone was the most fertile zone of
the peninsula preceding the exploitation of coastal areas. At a later date the Yucatec Maya moved toward and
into the Coastal Zone where they later built several important regional centers within 50 km. of the Gulf of
Mexico and the Caribbean Sea. Then, reversing this trend, the Late Classic Period peoples built centers further
inland. This tendency seems to continue in both the NW and the northern area of Yucatan, where major
Postclassic Period centers are situated still further inland. An exception to this pattern during the Late
Postclassic Period is apparent on the east coast of the peninsula where a considerable amount of development is
notable at centers such as Tulum.
A possible clue to the reason or reasons behind shifting centers is found in Coba, Quintana Roo, a Classic
Period regional center noted for several small lakes located within and around the ceremonial-civic core of the
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city and along numerous raised roads running out from this nu-

cleus to the fringes of the city.15 Recent investigations indicate that these lakes are at least in part formed by
ancient quarries that ostensibly had been excavated down to the phreatic water table sometime during the
Classic Period. To facilitate communication between the core area of the city and its fringes, a road was built
across a quarry (now known as Lake Macanxoc) when its bottom was dry or nearly dry. At a later date this
quarry, in addition to others, became water-filled because of a rise in the phreatic water table, an event that
could have been the direct result of increased rainfall or decreased evaporation after the construction of the
road. Not only the bottom of the quarry was thus covered by water, but the road was covered as well.16 An
additional indication of fluctuating water levels in Coba is the presence of a road-associated ramp rising out of a
relic quarry also under water in 1975.17 Several walkways leading into Lake Coba are also currently under
water, probably having been built when the water table was lower than it is now.18 Further clues to this type of
fluctuation of the water table are recordable around the rims of virtually all other major bodies of water in Coba.
Here, during the rainy season, the water level rises above the tops of what can only be interpreted as the bases
of ancient dikes19 (FIG. 4) and spreads into the surrounding area.
Additional data for climatic fluctuation in Yucatan are available from John L. Stephens's description of a pond
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at Rancho Jalal in Yucatan associated with several cisterns and wells and a drawing by Frederick Catherwood
(FIG. 5).20 According to Stephens this pond was dry around 1830 and its bottom covered with several feet of
mud.21 While local people were digging into the bottom in search of water during a dry period, they located the
opening to several cisterns and wells. If Stephen's description and Catherwood's section drawing of this pond at
least in part reflect past reality, it may be suggested that the ancient Maya excavated cisterns in the bottom of
this pond down to two, and wells down to three, different levels. The depths of these cisterns and wells could
indicate that the phreatic water table of the peninsula was at three or more levels at different times, and that
these
A Climatic Perspective for Culture Change in Yucatan
Much of the above would have remained more than somewhat of a mystery if it were not for recent work by
Joel Gunn and Richard E. W. Adams on the paleoclimatology of Middle America and Texas.22 In a recent
article they have suggested that the record of Mesoamerican development may mark changes in global climate
and that the environmental impetus to cultural change is most easily recognized in the archaeological record as,
for example, in the case of the prehistoric Mill Creek culture in Iowa where predictions of prehistoric drought
were proven archaeologically by David Baerris and Reid Bryson.23
In a similar fashion, the Mesoamerican archaeological record seems, in broad perspective, to match data compiled by George Denton and Wibjorn Karlén relating to the advance and the retreat of tree lines in the
Alaskan and the Swedish mountains indicating periods of cold weather and glacial advance alternating with
warmer weather and glacial retreat (FIG. 6).24 The data of Denton and Karlén in conjunction with a study by
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Sanchez and Kutzbach25 may be used to determine the effects these climatic changes brought to southern
Mexico.26 The Sanchez and Kutzbach study shows that periods of global cooling are marked by cool,
wet weather in Yucatan, while global warmth is associated with dry, hot weather in the peninsula.
Extrapolating from the glacial chronology of Denton and Karlén, we may suggest that the climatic
sequence outlined in their Table 1 indicates a wet period from 1400 B.C. to 500 B.C. This period was followed
by a drier interval during the succeeding climatic optimum from 500 B.C. to 600 A.C. From 600 A.C. to 900
A.C. a cycle of cooler weather and heavier rainfall would have prevailed followed by a warmer and drier
interval between 900 A.C. and 1250 A.C. A colder climate
FIGURE 6 IS OMITTED FROM THIS FORMATTED DOCUMENT

and heavier rainfall characterized the climatic picture between 1250 A.C. and ca. 1390 A.C. with a warmer and
drier trend commencing at the end of that period and lasting until 1450 A.C. The latter date matches the age of a
sample of dead coral removed from the frame of a coral reef off Costa Rica that corresponds closely with the
onset of the Little Ice Age or Neoglaciation in the Northern Hemisphere that continued up to 1900 A.C.27 Jean
Grove has questioned the global contemporaneity of climatic changes posed by Denton and Karlén except at the
most general levels of chronology.28 Grove's critical evaluation represents a commendable effort to collect
relevant data on glacial advances. His critique, however, ignores critical issues of latitude, lags, etc., all of
which must be considered when evaluating glacial data. On the other hand, it has been known for some time
that high-latitude situations such as those studied by Denton and Karlén are most sensitive to global climatic
change. There is every theoretical reason to expect that the Denton and Karlén hypothesis will be born out by
continued research in the field of globally synchronous climatic changes.
Fortunately, much more detail is available on the course of global climatic change since the 1Oth century A.C.,
thanks to the efforts of Pall Bergth6rsson.29 By studying Icelandic historical records of climatic change, Bergth6rsson was able to determine the average annual temperatures around Iceland during this time. In that
Icelandic average temperatures approximate temperatures of the northern hemisphere because of Iceland's
location in the North Atlantic, Bergth6rsson's findings can be used to continue our exploration of the effects of
climate on the high civilizations of Mesoamerica from 900 A.C. to the
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present (FIG. 7).30 Although Astrid Ogilvie's analysis of Bergth6rsson's historical sources for the period before
1100 A.C. and between 1450 and 1550 A.C. suggests a lack of reliability,31even when eliminating the decades
thought unreliable by Ogilvie, it is apparent over the period of centuries that Bergth6rsson provides a valuable
climatic data trend.
Cultural adjustments to the above climatic changes are recognizable in the archaeological record, as demonstrated by Gunn and Adams,32 who state that all lowland florescences in southern Mesoamerica have taken
place during periods of comparatively cold and wet climatic conditions. For example, the Olmec of SE Mexico
established themselves at San Lorenzo as a major power at the beginning of a cool and wet period during the
2nd millennium B.C. The focus of Olmec occupation shifted from San Lorenzo to La Venta in 900 B.C. After a
period of florescence, La Venta and the Olmec manifestation collapsed. The 400 B.C. date of this event
corresponds with the end of the same cool and wet period, as judged by Denton and Karlén in their glacial
chronology33 and alluded to earlier by Heizer, who associated the end of Olmec culture with drought. 34 The
data for termination of San Lorenzo also correlate nicely with Wayne M. Wendland and Reid A. Bryson's C-14
date of 2760 B.P. associated with world-wide pollen maxima and minima, sea-level maxima and minima, and
top and bottom surfaces of peat beds simultaneously analyzed to identify times of global environmental
discontinuities.35 The termination date of 400 B.C. for Olmec culture at La Venta approximates the C-14 date of
2510 B.P. associated by Wendland and Bryson with environmental and cultural change as devised from a
stratified ordering of all C-14 dates collected by these two scholars on a world-wide basis.
An important date in the development of Maya civilization is the beginning of the Early Classic Period, ca. 300
A.C., which correlates very well with the world-wide date of 1680 B.P. established by Wendland and Bryson
for a major period of botanic change. The 600 A.C. beginning date for Tikal's maximum development matches
the end of the 534-593 A.C. Maya hiatus associated with a decrease in the erection of stelae and other dated
monuments during the Transition Period from Early to Late Classic,36 which is marked by the beginning of a
cold and wet weather cycle. It also seems worthwhile mentioning here that the Wendland and Bryson cultural
30
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discontinuity date of approximately 1260 B.P. equates reasonably well with the rapid drop off in the recording
of dynastic texts in the Maya area after 790 A.C. following a burst of this activity 10 years earlier.
That climatic change coincided with important transitional stages in Maya civilization is suggested by recent
research by Lawrence H. Feldman.37 The latter believes that the inverse appearance of the fresh-water Pomacea
and Neocyclotus shells in the Corozal District through time is the result of differing Maya farming techniques.
It is, however, more reasonable to conclude from Feld- man's data38 that stagnant-water-oriented Pomacea was
more numerous during the opening years of the Early Preclassic, the Early Classic, and possibly the Early
Postclassic because these were comparatively warm and dry periods in the Maya Lowlands. Conversely, the
fresh water Neocyclotes commonly associated with burned-off farming areas were more numerous during the
Middle Preclassic, Late Classic, and possibly the Late Postclassic Periods because these intervals were
comparatively cooler and wetter, a fact that must have made essential the development of different farming
techniques by the Maya. These farming techniques would probably have been more hydraulically oriented
during dry periods, but better characterized by slash and bum in wet periods, with both dry and wet farming
techniques evidently being used in the Late Classic Period, according to our observations.39
At a later date, Postclassic Period Chichen Itza was established by Toltec colonists during a warm period in the
9th century to control the exploitation of salt beds on the northern coast of Yucatan40 and the major entrance to
the Maya infraworld, the Cenote Sagrado.41 Gunn and Adams suggest that the increased evaporation occurring
during this warmer climate interval would have enhanced rather than detracted from Chichen Itza's economic
orientation. Both increased salinity of seawater and accelerated rates of evaporation in the salt fields would have
served to increase the production of salt and thus strengthened the city as a center of trade in this commodity. 42
It should also be mentioned here that the fall of Chichen Itza may well be related to a period of sudden cooling
around 1250 A.C. and, therefore, more rain (FIG. 8)43 that could have covered the salt beds, thus bringing about
Toltec-Chichen Itza's economic demise during the mid-13th century and making way for a new Maya order in
Mayapan.
That Chichen Itza functioned during a period of relative dryness is supported by the presence of several charcoal-filled incense burners of the Toltec-Maya Period discovered under ca. 1 m. of water in one of the inner
passages of the Cave of Balancanche, Yucatan.44 It can be inferred that these incense burners had been left by
the ancient Maya on the floors of these passageways during a period of time drier than that of the 1959 rainy
season in Yucatan and any season since.45 In addition to Bergth6rsson's data,46 the C-14 dates of discontinuity,
determined by Wendland and Bryson both from the world geologic-botanic record and from the world cultural
record, average out at 840 B.p.47and are thus in remarkable agreement with the dating of the transitional period
occurring between Chichen Itza and Mayapan.
Historical records allow an even closer analysis of the sources of cultural change. Actual Mayan historical records are available for the period of Bergth6rsson's Icelandic temperature record. These indicate that in contrast
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to the cold and moist period benefiting the inhabitants of Mayapan between 1200 and 1400 A.C., the conquest
of Mayapan around the latter date occurs during a period of higher temperatures and relative dryness. But
following the fall of Mayapan, there were 20 years of abundance48 that may actually have occurred during a
relatively cool and wet period that began around the middle 1400s. This period of prosperity was brought to an
end around the 1460s when a great hurricane was said to have leveled the land.49 Following the hurricane, those
who survived continued to flourish and replenish their numbers until many were eliminated by pestilential fevers,50 probably associated with Ponce de Leon's arrival on the northern coast of Yucatan in 1513.51 After this
smallpox epidemic, 16 additional years were marked by good crops; all of this occurring during a period of
comparative coolness and wetness (FIG. 7)52 that reached its peak around 1550 A.C. following the conquest of
the peninsula of Yucatan in 1546. Besides supplying us with a short descriptive history of Yucatan during the
protohistoric period, the above also seems to indicate that in spite of natural disasters such as a hurricane and an
epidemic such as that following Ponce de Leon's visit to Yucatan, the Maya still flourished if and when the
weather affecting the peninsula was cool and wet as projected by our model.
In certain cases climate can cast some insight on historical controversies. It is of more than passing interest here
that the chronological similarities between climatic and sociopolitical events in the Maya area favor the
correlation between Maya and European calendars by Goodman, Martinez, and Thompson of 11:16:0:0:0 more
than the Spinden correlation of 12:9:0:0:0, which is 260 years earlier. This agreement demonstrates that the former rather than the latter correlation matches the occurrence of major cultural events for the entire Maya area,
thus also suggesting a single correlation for both the Northern and the Southern Maya Lowlands.
Historical Period
Other historical sources from the 15th century on tend to confirm our view that climatic changes in Yucatan,
which paralleled those taking place in the rest of the world, had a notable impact on the historical development
of the Maya.53 As stated above, the Postclassic Period emergence of Mayapan as an important political center
coincides with a colder and wetter climatic cycle than what existed before on the peninsula of Yucatan. The
temporary reversal of this cycle in the early or mid- 15th century, that is, the beginning of a short cycle of
warmer, drier climate, also coincides with the collapse of Mayapan and the political chaos endemic in
precolonial Yucatan that was characterized by a division of the peninsula into several local jurisdictions. This
warmer cycle seems to have culminated in the mid-16th century with a famine caused by drought.54
The trend towards a general cooling of the climate, which had begun in the late 13th century, was resumed in
the second half of the 16th century after the preceding short-lived warm period had run its course. The return to
a cooler and wetter climate, however, did not produce another cultural or economic florescence among the
Maya as in the past. This lack of florescence resulted from the introduction by the Spaniards of epidemic and
endemic diseases that thrived in the moister environment extant after ca. 1550 A.C. Consequently the Indian
population continued to decline in numbers, even though no droughts, formerly an important factor in
demographic decline, occurred during the 17th century.
In the 18th century another reversal of the climatic pattern took place, as the cooler and wetter climate characteristic of the previous century gradually gave way to a warmer and drier cycle that lasted into the early 19th
century. This reduction in rainfall was a factor involved in the reversal of the earlier demographic decline, as
diseases became less frequent because of drier conditions. The Indian population consequently increased rapidly
48
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in the course of the 18th century.55 On the other hand, the warmer, drier climate also was characterized by the
return of drought, of which the first notice dates from 1747. In the second half of the 18th century, and at least
until the second decade of the next century, the frequent lack of rain became a serious problem in Yucatan and
helped bring about important social and economic changes.56 Most importantly, frequent maize shortages
resulting from the scarcity of rain caused maize prices to rise dramatically, a pattern that was paralleled in the
Valley of Mexico and in Western Europe.57 In Yucatan this rise in prices made grain production, for the first
time in history, profitable for the descendants of early Spanish conquerors and colonists. The latter, therefore,
began to convert their cattle ranches into estates devoted to grain production as well as livestock. They also
began to acquire the requisite labor force to carry out this new branch of production.58
Socioeconomics of Coastal Yucatan As Related to Climatic and Eustatic Sea-level Changes
The sea around the peninsula of Yucatan has undoubtedly been a valuable asset to the Maya since ancient times.
Coastal trade and the exploitation of marine resources, notably fishing and salt gathering, have been closely tied
to the political and socioeconomic developments of the Maya Lowlands.
In this paper, we have argued that climatic change affected the dry-land food production, settlement, and
economics of Yucatan. On the coast, eustatic sea-level changes in addition to climatic changes (and they are
interrelated) affected the exploitation of marine resources. These shifts had adverse effects not only on coastal
settlement, economics, and subsistence, but also throughout the Maya Lowlands because of shortages of certain
natural resources such as salt.
World-wide climatic and sea-level changes have affected civilizations since ancient times.59 One of the essential
natural resources exploited in many parts of the world affected by changing climate and sea levels is sea salt
produced by solar evaporation. Solar salt has been produced on the coast of Yucatan since at least the Late
Preclassic Period, and probably earlier.60 It was an important commodity through all subsequent periods.
At the height of ancient Greek and Phoenician civilizations, sea level was lower than today and solar salt
production and trade flourished in the Mediterranean.61 It was also during that time that conditions for solar salt
production on the northern coast of Yucatan were evidently favorable for the Middle Preclassic Period Maya
making exploitation and trade of this item a significant enterprise for them.
Although the sea level was gradually rising in Europe from 200 B.C. on, the Mediterranean salt works flourished for nearly 800 years before the sea began to flood the salt pans to the extent that they brought about the
reduction of salt production. By 500 A.C. the sea had risen to well above the present level. This peak level was
sufficient to inundate most salt pans all over the world, thus drastically affecting the production and traffic of
salt. In Europe the commercially vital salt pans and salt peat beds were flooded, thereby producing an economic
dark age. Population shifts occurred and former salt- producing areas were abandoned.62 Some salt was produced from salt mines, desert salt lakes, and the Dead Sea, but not in quantities large enough to supplement the
vast resources from the sea. Salt was essential, and in the 6th century A.C. ports and towns in places such as
Palestine grew and became wealthy through providing mined inland salt and salt-cured food to the West.
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In Yucatan, sea-salt production still flourished on the north coast during the Late Preclassic and Early Classic
Periods.63 Sometime around the end of the Early Classic Period (ca. 500 A.C.), however, occupation of the salt
lagoons seems to have terminated and there was a population shift to the interior of the peninsula. Perhaps at
this time the salt pans had been drastically flooded by the peak rise in global sea level. The region may also
have been affected by the heavy rains that produced the relatively wet climatic conditions postulated for that period in Yucatan. The existence of this adverse climatic condition on the coast, as suggested by the apparent
abandonment of the salt fields and a population shift, closely correlates with the Classic Period hiatus which
evidently took place at the end of the Early Classic.64 It was during this hiatus that global sea level attained its
highest point. Then, after remaining in flood condition for nearly half a century, it began to recede. This situation seems to have been experienced in many parts of the world coincidental with peak sea level, and it is here
thought that climatic change and the drastic reduction in the production and supply of salt were key factors in
this socioeconomic decline.
As has been suggested, there have been alternating periods during the past 10 centuries when mean sea level
rose above and fell below the present level,65 and the changes were accompanied by climatic changes of alternating wet and dry periods (FIG. 8).66 It is not surprising, therefore, that some of the most crucial events in Yucatan, and all of Mesoamerica, occurred during phases of major climatic and sea-level changes. The times of
sea-level rise were evidently coincidental with periods

of longer and heavier rainfall related to global climatic conditions when the downpour of rain water would
dilute the surface salinity of the inshore sea waters used in solar salt production. During drier periods and lower
sea level, however, surface salinity would be higher and the dry trade winds would bring about rapid
evaporation and greatly increase salt production.
During the 7th and 9th centuries global sea level receded to where coastal salt pans were again producing. In
Europe during the 10th century the making of salt from evaporation pans and peat bogs had fully resumed and
salt traffic was again meeting demands. During the Maya Late Classic Period (600-900 A.C.) sea-salt pro63
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duction evidently returned, although archaeological evidence is relatively scarce. Perhaps at this time seasonal
salt harvest was performed by work forces from inland towns, as happened later during the colonial period.
During the Maya Terminal Classic and Early Postclassic Periods of the 10th and 11th centuries, sea level had
returned to where it is today and global climate was entering a drier period. During the Maya Postclassic Period,
sea level actually dropped a little lower than current levels and drier climatic conditions on the coast were once
again favorable to salt production. During this time there exists archaeological evidence for increased
occupation of coastal salt lagoons. Moreover, there appears to be notable evidence of a foreign Toltec and Itza
presence.
During the 16th century, sea level again rose and flooded European salt-making centers. Global sea rise was not
as devastating as before and did not greatly affect Yucatan salt production. The colonial salt report of 1605
notes considerable salt production at this time.67
Lowland Maya Settlement Patterns and Climatic Change
In addition to explaining the ebb and tide of Mesoamerican cultures, the model by Gunn and Adams of climatic
variation68 also seems useful in explaining the location of major Maya regional centers throughout the
Lowlands. For example, the early part of the Middle Preclassic Period of Maya prehistory would have been a
wet period probably making the habitation of such places as the low, poorly drained Peten Core area relatively
uninhabitable until a later date, because of flooding, while the outer Buffer Zone was more habitable because of
its location on higher and better-drained ground than the Core (FIGS. 9, 10).69 In the case of the Northern Maya
Lowlands, heavy rainfall would have enrichened the Interior Zone of the peninsula of Yucatan making it more
fertile for horticultural purposes than the Coastal Zone, which would have been characterized by large bodies of
water that would have covered the coastal salt flats that were to become of greater importance from 500 B.C. to
600 A.C., when southern Mexico would have been warmer and drier. The latter part of this period was
characterized by the development of such Coastal Zone centers as Edzna, Oxkintok, Dzibiichaltun, Izamal, and
Coba in the Yucatan Peninsula and the Core Zone cities of the Peten such as Tikal and Uaxactun. The 600-900
A.C. period would have brought about cooler and wetter climes in southern Mexico, thus reducing the value of
coastal area salt production and encouraging the development of at least a few regional centers such as Uxmal
and T'ho, which are closer to the Interior Zone of the peninsula of Yucatan.
Explaining the movement of these two regional centers toward the Interior Zone of Yucatan during a wet period
and the exact effect of changes in the annual atmospheric energy budget on local Yucatan climate is difficult
without the detail of meteorological information available in areas further north of Yucatan where data
collecting is much more intensive. The study by Sanchez and Kutzbach of climatic changes in the Americas
between the
.
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decades 1930-1960 and 1961-1970 demonstrates, however, that as the energy budget drops, winter moisture
significantly increases (FIG. 11).70 The fact that overall annual moisture remains stable (AG. 12),71 suggests a
shift from a summer rainfall, wet season to year-long wetness or perhaps a reversal of the present wet-dry
season pattern. For now let us assume that colder global temperatures simply shorten the dry season while
warmer global temperatures generate a longer dry season.
This surmise is supported by the barometric pressure maps provided by O. G. Ricketson (FIG. 13),72 The 30.0
inches of mercury line, representing the ridge of high pressure known as the "subtropical high" or the Ber70
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muda-Azores cell of the subtropical high, is the critical determining factor. In February, the height of the dry
season, the high-pressure ridge crosses Yucatan directly, precluding rain since the dry, subsiding air of the high
is devolving directly onto the peninsula.
During the summer, however, the ridge moves northward. Since the air circulates clockwise around the high as
it subsides, characteristic winds carrying moist sea air develop on the periphery of the cell. The easterly trade
winds represent such an air flow and account for part of the summer precipitation in the peninsula. This supposition is further supported by the distribution of contemporary rainfall in Yucatan as represented in Figure 973
and by a study of satellite photos by A. Williams (FIG.
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The final climatological question to be dealt with is how variation in the global energy budget moves the
ecotone between wet eastern Yucatan and the dry western sector. We would suggest at least tentatively that the
ecotone responds gradually and directly. That is to say that the colder the global energy budget, the further west
the ecotone moves in response to increasing rainfall in the present dry season and in response to higher effective
moisture as evapotranspiration is reduced by lowering temperature. Conversely, the ecotone moves east, or SE,
as an increased energy budget lengthens the dry season.
We should note at this point that weather systems in the higher latitudes respond in a step-wise fashion tolerating ranges of change in the energy budget and changing suddenly when a threshold is crossed.75 Whether or
not the step-wise effect reaches the lower latitudes is a matter that awaits analysis of tropical climatic time
series data, none of which has been performed to our knowledge. Numerous lines of evidence suggest, however,
that the effects of global cooling are rapidly diminished as latitude decreases. We, therefore, pose for the
moment a gradual response fully realizing that a more stepped reality may appear with intensive data analysis.
To this point we have dealt with Yucatan climate in the rather broad perspective of the global energy budget.
There are, however, some interesting details known about the weather processes of climatic change. Williams76
was attracted by the very curious occurrence of an arid climate on the otherwise tropical Karst Plain of northern
Yucatan. He reasoned that if the entire area shares a dry winter because of the subtropical high phenomenon
discussed above, then the aridity of the NW must lie in the summer rainfall-producing mechanisms. Given the
virtual nonexistence of climatic data from the north of the peninsula he turned to satellite photos of the area to
determine the cause involved.
Yucatan has two rainfall maxima during the year. One is during the fall, September and October, the other during early summer, June and July. Williams chose to study satellite photos of the peninsula every two hours
during the day for the months of June and July, 1975, to determine the source of this summer rainfall. The hours
selected for study were 10 a.m., 12 p.m., 2 p.m., and 4 p.m. After days disturbed by cold fronts and easterly
waves were removed, a pattern of thunderstorm activity appeared over the eastern sector of the Karst Plain, as is
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clearly shown in Figure 14.77 A few thunderstorms appear in the photos as early as 10 in the morning. There
exists, however, a persistent increase in thunderstorm activity along the east coast which reaches a crescendo in
early afternoon.
Closer examination of the patterns along with the surface data available revealed the working of a phenomenon
known among meteorologists as the "double sea breeze effect"78 also known to occur in South Florida. The'
'double sea breeze effect" develops over the course of a day as follows. Early in the morning the land and the air
over it begin to warm creating a low-pressure zone into which the cooler sea air moves. The air over the
Caribbean, supported by persistent easterly trade winds responds first, usually about 10 a.m. It begins to move
westward onto the land. As the day progresses thunderstorms begin to develop along this sea-breeze front. At a
slightly later time a similar sea breeze develops off the Gulf of Mexico and moves south. Along the line at
which the two sea breezes converge terrific thunderstorms generate the pattern of heavy rainfall which marks
the summer along the east coast.
By contrast, the same northerly sea breeze off the Gulf of Mexico has a negative effect on moisture further
west. There are no moist easterlies supporting the flow of air from the Gulf. Therefore, air rushing off the Gulf
causes subsidence of dry, upper air along the NW coast. After the initial rush of moist, maritime air, it is
followed by dry upper air which precludes thunderstorms in the western sector during the early afternoon, the
period of the day most conducive to such activities.
The question we must ask ourselves at this point is, ,'Is there in this summer rainfall mechanism a likely cause
of local climate given a change in the energy budget?" Under any circumstances could this pattern spread
summer thunderstorms to western and northern Yucatan? One can suggest that since global cooling generally
speeds up circulation in the atmosphere, cooler conditions might lead to stronger easterly support for the
Caribbean sea breeze and thereby a more westward progress of the thunderstorm systems. This weather model
is an hypothesis that needs to be tested in the modem weather and in the archaeological record.
Culturally both the global and local analyses of the weather system imply that occupations such as those represented by Dzibilchaltun and Oxkintok should move southward and eastward to places such as T'ho and Uxmal
during globally warm periods in cultural situations where societies are only horticulturally or otherwise
dependent on precipitation moisture. This tendency, however, is evidently not the case for Yucatan where the
ancient Maya apparently moved from north to south and NW to SE in response to a cool, wet period during the
Late Classic, Florescent Period, 600-800 A.C. Although we do not completely understand the reasons behind
this move, it may be suggested that the Northern Maya gravitated toward the coast in warm, dry periods to take
advantage of the benefits to be derived from sea and shore and moved toward the interior during cooler, wetter
periods to exploit the rich, rain-soaked soils of the Interior Core Area. It would be at this time that rainfall
would be available to fill the numerous cisterns and larger open reservoirs found in such places as Uxmal,
Kabah, Labna, and Sayil, thus providing the citizens of the Puuc Region with water sufficient for urban use, a
need underscored by the numerous representations of the rain- associated deity Chac in NW Yucatan.
Chichen Itza's later development during a warm drier period in the peninsula has already been explained by
Eaton in reference to the northern salt beds and by Folan in reference to the entrance to the Maya infraworld,
Xibalba. And the later location of such regional capitals as Mayapan toward the interior during a cold, wet
period would match the location of such places as T'ho and Uxmal further inland than earlier capitals because of
the flooding of the salt beds and the enrichment of interior lands for horticultural purposes. The location of still
later regional centers such as Mani was also toward the Core where there was heavier rainfall. The only coastal
area of much habitational importance at this time was along the east coast of the peninsula of Yucatan, which is
the only coastal area of the Yucatan Peninsula benefited by a reasonable amount of rainfall (FIG. 9).79 The east
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coast was also the only coastal area where there were no salt beds, according to historical sources. But although
salt. was of much economic importance at the time of the conquest, fish were in first place, according to
ethnohistorical research by Roman Pifia Chan,80 quantified by Folan,81 indicating that this may well have been
the item most available and pursued by coastal peoples in Yucatan during cool, rainy periods such as those
prevalent during Late Classic and Late Postclassic times.

Conclusions
Based on the above data it can now be stated that Classic Period Maya culture did not fall only to the onslaught
of outside invasion forces, epidemics, social decay, governmental disorganization, or economic collapse
because of the failure of the Maya agricultural system to meet the needs of an increasing population or trade and
market losses,82 but like Mycenae two millennia earlier,83 its collapse may have been brought about by a 9thcentury climatic change that failed to provide sufficient moisture for needed horticultural production, thus
bringing about a situation that would make any or all of the above reasons for the fall of the Maya Great
Tradition possible, if not imperative.
Moreover, it is now clear that the shift by Europeans from ranching to farming in Yucatan, as demonstrated by
the transition from cattle ranches to plantations, was to a certain extent influenced by a decrease in precipitation.
The famous Caste War of the 19th century, therefore, could have resulted mostly from the land-grabbing
activities of plantation owners, who were influenced unconsciously by the factor of climatic change that
reduced corn production and drove its market value up to the point that cattle raising became less profitable than
farming.
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