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INTRODUCTIUN
Much has been written about the poten-
ial effects of tropical deforestation on the surface
nergy balance and hydrological cycle (e.g.,
enderson-Sellers and Gorintz, 1984; Dickinson
4nd Henderson-Sellers, 1988; Lean and
¢ Warrilow, 1989: Nobre et al., 1991; Henderson-
Seilers ot al., 1993). However, little attention
¥ has been given to the effects of deforestation on
L the general circulation. In particular, it 18 of
- interest to determine what general changes in
* eirculation are common to a number of experi-
" menis and scenarios. Spurious Or case-dependent
- anomalies should be de-emphasized, and the
. genuine anomalies should be accentuated.
Knowledge of systematic responses could help in
pinpointing the mechanisms involved, and serve
as a basis for prediction of regional as well as
local climate changes induced by deforestation.
The results of four different sets of exper-
iments are used in determining the general
response of the general circulation to defores-
tation in the tropics. The one-year integrations
of Shukla et al. (1990} and Nobre et al. (1991)
(hereafter referred to as NSS) comprise one set,
The other sets are one follaw-up experiment with
improved representation of S8Ts and cloudiness.
and two seis of four-year integrations with a
lower horizontal resolution {Dirmeyer, 1992,
Dirmeyer and Shukla, 1994). One of these sets
has idealized topography.

9. DESCRIPTION OF EXPERIMENTS

In all experiments, an atmospheric
general civculation model is used with specified
lower boundary conditions over ocean and a
biosphere model over land. 'The atmospheric
3 general circulation model (GCM) used is a re-
E search version of the National Metecrological
. Center (NMC) global spectral model described by
Sela (1980) with modifications and boundary
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The model 15 discretised HIO 1O VoL oy o
with resolution concentrated near the lower
boundary. The complete physics package is used,
including diurnally varying radiation. A
Caussian grid is used by the model for all physics

caleulations.
Table 1 shows the basic differences

among the four sets of experiments. The lower
boundary conditions for the GCM are supplied as
follows. NSS used the Simple Bicsphere (5iB)
model of Sellers et al. (1986). The other experi-
ments use a simplified version of SiB that i8
described by Xue et al. (1991}, referred to hereaf-
ter as SSiB. The newer integrations have sea-
gonally varying climatological sea surface temper-
atures. This is in contrast o NSS, where SSTs
were held at December values throughout the
integration.

There are other differences between these
experiments and NSS. The current version of
the GCM has interactive model-generated cloud

Table 1 Characteristics of the sets of experi-
ments. See text for details.

NSS RAO R15 1denl.
Resol. R40 R40 R15 Rib
Length =1y 14m 4y 4y
88T fixed chim, clim. clim.
Cloud ZOM. Hou / Hou Hou
aveg. ZOn.
avg.
Orog. earth earth earth idesl.
Veg. SiB S8iB SSiB 3818
Defor. +.10 +.10 +.11 +.09
Aot +.03 -.03 +.06
+.00
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scheme of Hou (1990), whereas in NSS clouds
were specified as a function of latitude and time
of year. In addition, the specification of the
"Jegraded grassland" vegetation in the deforested
region is slightly different from that of NSS,
because of a change from SiB to SSiB. In partic-
ular, several different albedos are used in the
various deforestation integrations.

NS and its follow-up integration are at
R-40 resolution for one model year; the other two
experiments are R-16 and four years duration.
In three of the experiments, earth topography
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Figure 1 Orographic height (m) and areas of
rainforestideforestation for (a) R-40 cases and (b)
R-165 cases with reslistic topography; {c) R-15 with
idealized topography.
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and vegetation are used, and tropical deforesta-
tion is specified to occur over the entire
rainforest area of the Amazon basin. The lower
boundary of one R-15 experiment is ocean
covered except for a single, flat, rectangular
continent centered on the equator. The continent
spans 60° longitude by about 27° latitude, and is
covered by a single vegetation type; rainforsst in
the control case, and degraded grass in the -
deforested cases. Figure 1 shows the geometry
and areas of deforestation for each configuration.

3. RESULTS

Resulis for the Amazon deforestation
experiments and the experiment with idealized
topography will be presented separately. A
synthesis of the changes in circulation will be
presented at the end of the section.

3.1 Amazon Deforestation

Some features of the anomalous flow
caused by deforestation are consistent among ail
experiments. Figure 2 18 a schematic showing
these features. Shaded arrows and letters repre-
sent the lower troposphere; unshaded features
upper troposphere; A anticyclone; C cyclone. The
maost robust feature is a tendency for increased
low-level flow westward from the tropical Atlan-
tic over the Amazon basin. This feature i§
evident in the annual and seasonal averages of
every experiment, This inflow region is straddled
by a pair of ridges to the north and south.

The flow anomalies in the upper tropo-
sphere vary considerably between cases. Ab
300 mb, anticyclone pairs occur when net surface
albedo changes little from forest values. Cyclone
couplets tend to appear when surface albedo
increases are great. One consistent feature is a
tendency for westerly anomalies over the basin,
particularly south of the Equator.

The relative dominance of lifting and
sinking motion over the region of deforestation is
also proportional to the change in albedo. Subsi-
dence anomalies dominate the Amazon region
when albedo is increased. Lifting is enhanced
when grassiand albedo is near that of rainforest.
There is a fair amount of variability in the
pattern of the anomalies between cases, and
between years in the multi-year integrations.
Nonetheless, there is a tendency in all cases with
predicted clouds for lifting anomalies to occur
over the eastern half of the basin, and sinking
anomalies to occur in the west. Likewise, posi-
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Figure 2 Schematic of flow anomalies caused by
Amazon deforestation with large albedo increase
{top) and neo albedo increase (bottom). See text for
details.

tive precipitation anomalies tend to occur near
the Atlantic coast, and negative anomalies are
more prevalent inland. This dipole is most
obvious in the lower resolution case, although the
pattern is apparent in the R-40 case after small-
scale features are filtered out.

3.2 Idealized Orography ,

The annual mean anomaly patterns for
the idealized topography case lack hemispheric
asymmetry. Figure 3 shows the annual mean
flow anomalies at 950 mb for high-albedo and
low-albedo deforestation. Thers is still a strong
tendency for easterly anomalies over the conti-
nent at low levels. Only in the low-albedo case is
there any evidence of inflow from the west.
Again, anomalous ridges flank the easterly
anomaly in both cases, but the low-albedo flow
strongly tends toward low-level convergence,
while high-albedo deforestation promotes diver-
gence near the surface.

The response in the upper troposphere
(not shown) compliments the low-level flow. The
high-albedo case is dominated by upper-level

convergence between a pair of cyclones situated
over the north and south coasts. An anticyclone
couplet anomaly dominates the low-albedo case,
with strong anomalous divergence aloft. In each
case, most of the magnitude of the anomalies
occurs in the zonal wind, implying a change in
the climatological "Walker" circulation. Anoma-
lies in vertical motion maxima and minima along
the equator exceed 20% of the climatological
values. There is also a substantial change in the
zonally averaged meridional circulation, exceed-
ing 10% at the climatological extrema.

In the low-albedo deforestation case,
strong lifting anomalies are centered over the
continent, with weak subsidence over the eastern
coast. In the case of high-albedo deforestation,
the subsidence over the eastern part of the
continent dominates, and is joined by a second
region over the western half. There is a lifting
anomaly over the wesi coast.

3.3 Synthesis of Responses

There is a clear tendency for tropical
deforestation to cause an increase in the strength
of equatorial easterly flow onshore in the lower
troposphere. This increases the advection of
moisture over the continent, However, where
that moisture is precipitated depends on the
distribution of vertical motion anomalies, and
thus low-level convergence and divergence. That
seems to be very dependent on the geometry of
the continent. As a result, the flow anomalies in
the upper troposphere are aiso highly variable.
In the experiments with a flat rectangular conti-
nent, lifting anomalies occur over the center of
the land mass at the center of anomalous surface
heating.- There is no mechanism for orographic
lifting, and roughness is small. Sinking anom-
alies occur near the east and west coasis, where
zonal contrasis between land and sea are strong,
In the low-albedo case, lifting dominates as
heating and low-level convergence are strong. In
the high-albedo case, the surface energy deficit
encourages lifting to occur offshore, and subsi-
dence is forced just inland from the coasts. In
the Amazon experiments, anomalous heating is
centered in the western half of the basin. The
anomalous inflow is forced upward by orography
near the coast, increasing rainfall there. The air
which reaches the western Amazon has less
moist static energy, and lifting is suppressed
there. The presence of the Andes, and the hemi-
spheric asymmetry of the heating encourages the
flow to curl into the Southern Hemisphere

5TH GLOBAL CHANGE 133

R

*m‘-&-.ur o



Figure 3 Annual mean flow anomalies at 950 mb in
m s'; a) large albedo increase; b) slight albedo de-

creadge.

around the South Atlantic subtropical ridge.
These features are dictated by the geometry.
Their relative strengths vary depending on the
surface albedo and its effects on the energy
balance. Again, low albedos bolster the lifting
anomalies, while high albedos encourage sinking.

4. DISCUSSION

Many features of the horizontal flow are
similar between experiments despite differences
in resolution and geometry. The net effect on
vertical motion due to variations in:the surface
albedo is also robust across experiments. Howev-
er, the exact positions of vertical motion anom-
alies seems to between cases. For example, the
tendency for sinking in the east and lifting to the
west in the case with idealized orography is oppo-
site that found for .Amazon deforestation, sug-
gosting that the exact position of anomalies in
the divergence field are strongly governed by the
geometry of the region. This presents problems
in making universal statements about changes in
rainfall, as precipitation anomalies correlate
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strongly with anomalies in vertical motion.
High-albedo deforestation appears to decreass
net rainfall, and deforestation with little or no
albedo change may not reduce net rainfall at all.
However, localities may see large anomalies of
pither sign. It cannot be determined from other
published studies whether these features are
common to all deforestation simulations.
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