
cation as a template by examining the interi- 
or volume defined by the channel and pock- 
et features of the ZSM-18 structure. A slice 
of the unit cell between z = 0 and z = 112 
can be viewed along the c axis to  outline the 
largest interior volume projection. Since the 
structure of the triquat cation is known (2,  
3 ) ,  it can be drawn to scale within that 
volume. A stereo drawing of the triquat 
cation and the proposed locations of the 
triply charged ions within the ZSM-18 
structure are shown in Fig. 4. The scaled 
projection drawing shows that the triquat 
moiety must occupy rather specific positions 
within the framework structure of ZSM-18. 
The probable arrangements of aluminosili- 
cate anions and organic cations that would 
favor cocrystallization make it less surprising 
that a 3-ring of aluminosilicate material 
could form t o  balance the positively charged 
triquat. Clearly, this suggests, however, that 
the formation of ZSM-18 and perhaps any 
3-ring aluminosilicate zeolite may depend 
on the judicious choice of a bulky, multiply 
charged, cationic templating species. 
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Amazon Deforestation and Climate Change 

A coupled numerical model of the global atmosphere and biosphere has been used to 
assess the effects of Amazon deforestation on the regional and global climate. When 
the tropical forests in the model were replaced by degraded grass (pasture), there was a 
significant increase in surface temperature and a decrease in evapotranspiration and 
precipitation over Amazonia. In the simulation, the length of the dry season also 
increased; such an increase could make reestablishment of the tropical forests after 
massive deforestation particularly difficult. 

THE DISTRIBUTION OF GLOBAL VEGE- 

tation was traditionally thought t o  
be determined by local climate fac- 

tors, especially precipitation and radiation. 
This view has been modified because con-
trolled numerical experiments with complex 
models of the atmosphere showed that the 
presence or  absence of vegetation can influ- 
ence the regional climate (1-3). One impli- 
cation of these results is that the current 
climate and vegetation may coexist in a 
dynamic equilibrium that could be altered 
by large perturbations in either of the two 
components. The high rate of deforestation 
in the Brazilian portion of  Amazonia, from 
25,000 to 50,000 km2per year (4-7), might 
thus be expected to  have an effect on  the 
regional climate. If deforestation were to  
continue at this rate, most of the Amazonian 
tropical forests would disappear in 50 t o  
100 years. 

Removal of the Amazonian forest would 
also have tremendous effects on species di- 
versity and atmospheric chemistry ( 8 ) .The 
Amazon basin is host to  roughly half of the 
world's species, and the intensitv and com- 
plexity of  plant-animal interactions (9 )and 
the rapid nutrient cycling in the soils (10) 
make the region vulnerable to external dis- 
turbances. The Amazon is also an important 
natural sink for ozone and plays animpor-  
tant role in global tropospheric chemistry. 
The present study is mainly confined to the 
assessment of the effects of deforestation on  
the physical climate system. 
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Quantitatively estimating the effects that 
large changes in terrestrial ecosystems can 
have on temperature, circulation, and rain- 
fall has been difficult because the equilibri- 
um climate is determined by complex'inter- 
actions among the dynamical processes in 
the atmosphere and thermodynamic pro- 
cesses at the earth-atmosphere interface. Re- 
alistic models of the biosphere that can be 
coupled with realistic models of the global 
atmosphere have only recently been devel- 
oped ( 1 1 ,  12).In this report, we describe the 
use of a coupled atmosphere-biosphere 
model (13, 14) to  investigate the conse-
quences of the removal of Amazon forests 
on  climate. 

In the simulations, we assumed that the 

Fig. 1. The South American region. Stippling 
depicts the area covered by the tropical forest in 
the control ~irnulation. The area marked with 
bold l~nes was used for the areal averages of Fig. 3 
and for Tables 1 and 2. 
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Table 1.Mean surface energy budget. The data are 12-month mean (1 January to 31 December) values. Values are in watts per square meter, except for B and 
a, which are nondimensional, and T,, which is in degrees centigrade. S is insolation; a is albedo; L, is net upward long-wave radiation; K ,  is available 
radiative energy; Et is transpiration plus soil evaporation; Ei is interception loss; E is evapotranspiration = E, + Ei; H is sensible heating; C is ground heat 
flux; B is the Bowen ratio (HIE); and T,  is surface temperature. 

Case S (1 - a)S L" Rn Et E, E H G B a T ,  

Control 233 204 -32 172 91 37 128 44 0 0.34 12.5 23.5 
Deforestation 237 186 -40 146 64 26 90 56 0 0.62 21.6 26.0 
Difference +4 -18 -8 -26 -27 -11 -38 +12 0 -0.28 +9.1 +2.5 

tropical forest cover (Fig. 1) is replaced by a 
degraded pasture. On the basis of observed 
changes in soil characteristics in deforested 
areas (15, 16), we also assumed that the soils 
in the deforested regions are disaggregated 
and that, as a result, values of the soil 
hydraulic conductivity and water storage 
capacity available for transpiration are great- 
ly reduced in the upper part of the soil 
profile. 

We have used a high-resolution global 
model of the atmospheric circulation (13) 
that describes and predicts atmospheric tem- 
perature, pressure, wind, and humidity at 18 
different, unequally spaced levels between 
the surface and 30 krn. The horizontal reso- 
lution of the model at each level is about 
1.8" latitude by 2.8" longitude. The large- 
scale topography and sea-surface tempera- 
ture (SST) are prescribed. The diurnal cycle 
is treated explicitly in the model, and both 
the convective and the large-scale saturation 
rainfall are calculated. For radiative calcula- 
tions, zonally symmetric clouds are pre-
scribed rather than generated by the model. 
The global vegetation distribution at each 
land grid point is defined by 1of 12 vegeta- 
tion types, and each vegetation type is de- 
fined by a set of morphological, physical, 
and physiological parameters (1 7). There are 
three soil layers in the biosphere model: a 
thin evaporating upper layer, the root zone, 
and a recharge zone. 

In the biosphere model (12, 14), the wind 
speed, air temperature, incident radiative 
flux, and precipitation as calculated from the 
atmospheric model are used to predict the 
time rate of change of the model variables: 
canopy temperature; ground temperature; 
deep soil temperature; liquid water stored 
on canopy foliage and ground cover foliage; 
and the wetness of the surface thin layer, 
root zone, and recharge zone. Runoff, soil 
moisture, and sensible and latent heat fluxes 
are calculated as diagnostic outputs of the 
model. 

We first integrated the coupled atmo-
sphere-biosphere model for 1year with the 
normal prescribed global climatological 
boundary conditions of vegetation distribu- 
tion, in which the Amazonian region is 
covered with tropical forests (Fig. 1); we 
refer to this integration as the control case. 
We then repeated the integrations for 1year 
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in which all the previous global climatologi- 
cal boundary conditions remained the same 
except over Amazonia, where the tropical 
forests were replaced by a degraded pasture 
cover consisting mainly of grass; we refer to 
this integration as the deforestation case. In 
both the control and the deforestation cases, 
the global SST distributions remained inad- 
vertently fixed for the whole integration 
period and corresponded to the climatologi- 
cal mean values for December. 

The changes over Amawnia in the defor- 
estation case, in effect, resulted in the alter- 
ation of a series of climatologically signifi- 
cant parameters. Relative to the tropical 
forest, the degraded pasture cover is calcu- 
lated to have a higher albedo, lower surface 
roughness length, higher stomata1 resist- 
ance, a shallower and sparser root system, 

and lower available storage capacity for soil 
moisture. The parameters for the control 
case were obtained from a literature survey 
and from an analysis of 2 years of in situ flux 
measurements (18), whereas the parameters 
for the deforestation case were extracted 
from reports on fieldwork carried out in 
deforested areas (16, 19, 20). 

The model integrations were started from 
an atmospheric state on 15 December, when 
the initial soil moisture in the region could 
be assumed to be at or near saturation in 
both cases, and integrations were carried out 
for 12.5 months. The results (Fig. 2) are in 
terms of 12-month averages (1 January to 
31 December); the first 2 weeks of model 
integration are ignored. The annual cycle of 
temperature, precipitation, and evapotran- 
spiration are shown as monthly averages. 

Fig. 2. Differences between 12-month means (1  January to 31 December) of deforestation and control 
cases (deforested - control) for the South American sector: (A) surface temperature increase in degrees 
centigrade; (B) deep soil temperature increase in degrees centigrade; (C) total precipitation changes 
(dashed lines indicate a decrease) in millimeters; and (D) evapotranspiration decrease in millimeters. 
Model results were smoothed before plotting. 
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Surface and soil temperatures are warmer 
by loto 3°C in the deforestation than in the 
control cases. The relative warming of the 
deforested land surface and the overlying air 
is consistent with the reduction in evapo- 
transpiration and the lower surface rough- 
ness length. This result is in agreement with 
results of an earlier simulation experiment 
(21) and some observations (22, 23) for 
tropical forests. 

The increase in surface temperature calcu- 
lated in the deforestation case is reflected in 
differences in the surface energy budget for 
the two cases (Table 1). The absorbed solar 
radiation at the surface is reduced in the 
deforestation case (186 w/m2) relative to 
the control case (204 w/m2) because of the 
higher albedo (21.6%) for grassland com- 
pared to forest (12.5%). The higher surface 
temperature in the deforestation case gives 
rise to more outgoing long-wave radiation 
from the surface compared to the control 
case, so that the amount of net radiative 
energy available at the surface for partition 
into latent and sensible heat flux is consider- 
ably smaller in the deforestation case. In 
addition, the reduced storage capacity for 
soil moisture in the deforestation case has 

J  F M A M J J  A S O N D  
Month 

" J F M A M J J A S O N D  
Month 

Table 2. Mean water budget. The data are 12-month mean (1  January to 31 December) values. Values 
E and Pare in millimeters per year; PW is in millimeters. Pis total precipitation; E is evapotranspiration; 
and PW is precipitable water. 

Case P E (E - P) N P  PW 

Control 2464 1657 -807 0.67 37.7 
Deforestation 1821 1161 -660 0.63 35.4 
Difference -643 -496 +147 -0.04 -2.3 

Change (in petrent) 
-26.1 -30.0 

the effect of reducing the time-averaged 
transpiration rate; also, in the deforestation 
case, less precipitation is intercepted and 
reevaporated as the surface roughness and 
the canopy-water holding capacity of the 
pasture are relatively small. 

The reduction in calculated annual precip- 
itation by 642 rnm and in evapotranspira- 
tion by 496 mm (Table 2) suggests that 
changes in the atmospheric circulation may 
act to further reduce the convergence of 
moisture flux in the region, a result that 
could not have been anticipated without the 
use of a dynamical model of the atmosphere. 
Increased surface and soil temperatures pro- 

+18.0 -5.9 -6.1 

duce some increase in the sensible heat flux 
(about 10 to 20 w/m2, not shown); howev- 
er, even the increased warming of the near- 
surface air is not sufficient to increase the 
convergence of air (and moisture) into the 
region in the simulation. 

Because evapotranspiration from the for- 
est is one of the important sources of water 
vapor (24, 25) for precipitation in the Ama- 
zon, a reduction in evapotranspiration is 
expected to lead to a reduction in precipita- 
tion. However, because of the complexity of 
the atmosphere-biosphere system and the 
continuous interactions of dynamical and 
hydrological processes, a reduction in evap- 
oration might be compensated for by an 
increase in moisture flux convergence. Our 
experiments indicate that such a compensa- 
tion will not occur for the Amazon and that 
there is even a further decrease in convergence 
of the large-scale moisture flux. Whether this 
result is model-dependent can only be re-
solved by additional experiments and compar- 
ison with results from other models. 

The differences in monthly mean surface 
temperature, precipitation, evapotranspira- 
tion, and evapotranspiration minus precipi- 
tation for the control and the deforestation 

Icases are consistently of the same sign but of 
different magnitude for each of the individ- 

> w 
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Fig. 3. Monthly distribution (1  January to 31 December) of the areal average of (A) surface 
temperature; (B) total precipitation; (C) evapotranspiration; and (D) evapotranspiration minus total 
precipitation. The solid line is for the control case, and the dashed line is for the deforestation case. Areal . . 
averages were taken over the area marked with bold lines in Fig. 1. 

I 3 2 4  

ual months (Fig. 3). This consistency is 
partly a result of the large area for spatial 
averaging; similar time series for different, 
smaller subregions of the Amazon will show 
more variability from one season to the 
other. The value of evapotranspiration mi- 
nus precipitation increased in the deforesta- 
tion simulation. Runoff was also reduced in 
the deforestation case because the decrease 
in precipitation was more than the decrease 
in evapotranspiration. 

A few significant changes in global circu- 
lation were also evident in the deforestation 
simulation, especially over North America; 
however, climatic fluctuations over the 
northern mid-latitudes are generally large in 
nature as well as in simulations even without 
any forced perturbations, and thus the 

may not be a the 
deforestation simulation. Moreover, the ar- 
tificial constraint of time-invariant SST 
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fields makes it difficult to draw any defini- 
tive conclusions about the global effects of 
Amazon deforestation from this study. 

The most significant result of this study is 
the simulated reduction in precipitation 
over Amazonia, which is larger than the 
corresponding regional reduction in evapo- 
transpiration, implying that the dynamical 
convergence of moisture flux also decreased 
as a result of deforestation. The spatial and 
temporal coherence of the decrease in pre- 
cipitation implies that the deforested case is 
associated with a longer dry season. The lack 
of an extended dry season apparently sus- 
tains the current tropical forests, and there- 
fore a lengthening of the dry season could 
have serious ecological implications (26-28). 
Among other effects, the frequency and 
intensity of forest fires could increase signifi- 
cantly (29, 30) and the life cycles of pollina- 
tion vectors could be perturbed. 

These results suggest that a complete and 
rapid destruction of the Amazon tropical 
forest could be irreversible. Changes in the 
region's hydrological cycle and the disrup- 
tion of complex plant-animal relations could 
be so profound that, once the tropical for- 
ests were destroyed, they might not be able 
to reestablish themselves. 
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Fossil Soils and Grasses of a Middle Miocene East 
African Grassland 

Fossil soils and grasses from the well-known Miocene mammal locality of Fort Ternan, 
southwestern Kenya, are evidence of a mosaic of grassy woodland and wooded 
grassland some 14 million years ago. This most ancient wooded grassland yet: known 
on the African continent supported more abundant and diverse antelopes than known 
earlier in Africa. Ape fossil; at Fort Ternan, including ~ e n ~ a ~ i t h e c u swickeui, were 
associated with woodland parts of the vegetation mosaic revealed by paleosols. 
Grassland habitats were available in East Africa long before the evolutionary diver- 
gence of apes and humans some 5 to 10 million yea& ago. 

SAVANNA ECOSYSTEMS HAVE LONG 

been linked with early human evolu- 
tion, and the antiquity of savannas in 

Africa has been a source of debate (1). Part 
of the problem is the loose use of the term 
"savanna" to include anv kind of tro~ical 
grassland. We prefer the term "wooded 
grassland" for well-drained grassy vegeta- 
tion with 10 to 40% cover by trees (2). 
Unlike wooded and open grassland, grassy 
woodland and marsh are at least as old as 23 
million years and remained widespread 17 
million years ago in East Africa, judging 
from evidence of paleosols (3), of fossil 
sedges and grasses (4), of fossil dicots (5) ,  
and of fossil birds allied to modern forms 
now found widely in grassy vegetation (6 ) .  
Of more interest from the point of view of 
the evolution of African mammals is the 
origin of wooded grassland and open grass- 
land among more ancient kinds of wood- 
land and forest vegetation. 

Paleosols can 6e useful in deciphering 
ancient vegetation mosaics, because, unlike 
fossils, they are by definition in the place 
they formed. They are also abundant and 
have been wide1irecop;nized in southwest ., 
G, Retdack and E, A, Restland, Depment ofJ ,  

Geological Sciences, University of Oregon, Eugene, OR 
Y/4UJ. 
D. P. Dugas, Deparunent of Geography, University of 
Oregon, Eugene, OR 97403. 

Kenya (3, 7-9). The thin, brown, nodular, 
calcareous paleosols found throughout the 
9.6-km outcrop of the middle Miocene Fort 
Ternan Beds are distinct from geologically 
older paleosols in Kenya (3, 10). The Fort 
ern& beds are a seauence of carbonatite- 

nephelinite tuffs, lahars, colluvium, and allu- 
vium. They have been dated by the KIAr 
method at 14.4 & 0.2 million years old by 
the use of biotite (7, 11). This account 
details only paleosols in the 8-m-thick se- 
quence exposed in the large (12) quarry for 
fossils at Fort Ternan National Monument. 
Three distinct kinds of paleosols were recog- 
nized and named informally from the local 
Dholuo language: Chogo ("bone"), Onuria 
("yellow"), and Dhero ("thin") paleosol se- 
ries. The paleosols were characterized in the 
field, petrographically, and chemically (13). 
~rom-thesi data (Fig. l),some aspects of 
the original soils and their environment can 
be reconstructed. 

One approach to interpreting paleosols is 
to identify them within a soil classification 
and compare them to modern soils, with 
allowance for possible alteration after burial. 
The distinctiGe surface horizons of both 
Onuria and Chogo paleosols are critical to 
their identification: they have the granular 
structure, thickness, dark color, and large 
proportion bases that define a 
epipedon and Mollisols (14). Organic mat- 
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