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The LLL Zonal Atmospheric Model was modified to test the climatic 
sensitivity to changed,surf ace albedo. Experiments were designed to 
simulate the climatic effects resulting from tropical deforestation 
(Potter et al, 1975) and desertification from overgrazing (Ellsaesser 
et al, 1976). 

These sensitivity studies were carried out using the annual-average 
version of the model. Rather than integrating for a number of years and 
calculating the annual average statistics, an annual average solar flux 
and zenith angle are specified thus suppressing both the diurnal and 
seasonal variations. The thermocline depth was also reduced from 50m to 
5m to reduce the thermal inertia (time to equilibrium) of the oceans. 
The model solution converged to a near steady-state in which remaining 
trends were less than .02 ly/day. 

*Work performed by the Lawrence Livermore Laboratory under the auspices 
of the U.S. Department of Energy under contract No. W-7U05-Eng-U8. 
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For the first experiment, the surface characteristics (albedo, 
run-off, and evaporative exchange coefficient) were modified for that 
fraction of the land surface type that could be characterized as tropical 
rain forest (0.34) in the latitudinal band form 5°N to 5°S. Two deforest
ation runs were made, one with both the albedo and the hydrologic features 
raodified (Case 1) and the other with only the albedo modified (Case 2). 

Figure 1 shows the change (perturbed minus control) in solar radiation 
absorbed at the earth's surface for the two cases. The effect of the 
increased surface albedo is largest at the equator but did spread into 
the latitude zones immediately adjacent to the deforested zone. This 
spreading is apparently due to increased cloud cover at these latitudes 
caused by a weakened (and blurred) intertropical convergence. On the 
other hand, cloud cover is reduced in the northern and southern mid-
latitudes due to reduced moisture transport from the tropics. This 
reduction in turn allows more solar radiation to be absorbed at the 
earth's surface. 

The reduced equatorial absorption of solar radiation led to a 
reduction in evaporation, as shown in Figure 2. (The increase in the 
high southern latitudes is a spurious result associated with the extremely 
sensitive ocean-ice boundary and the extreme contrasts that occur when 
air over glacial ice mixes with air over the open ocean.) The reduced 
equatorial absorption and evaporation led to a reduction in the energy 
available to drive tropical convection and the adiabatic conversion 
between potential and kinetic energy. Figure 3 shows the energy conversion 
at each latitude for the control and for Case 1. At the equator, the 
adiabatic cooling is reduced (indicating weakened Hadley circulation) 
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while at 10°N and 10°S the adiabatic cooling is increased (indicating a 
widening of the tropical convergence). Poleward of this region, adiabatic 
warming is reduced, again due to the weakened Hadley cell. 

Figure 4 shows the change in temperature by latitude and height for 
Case 1. Generally, tropospheric lapse rates were increased by the 
suppressed latent heat release in the upper troposphere resulting from 
the reduced tropical surface evaporation. Throughout the troposphere, 
the increase in lapse rate was insufficient to compensate for the reduc
tion in vertical velocity, so the net change was a reduction in the 
adiabatic conversion of potential to kinetic energy. In the latitude 
bands adjacent to the equator, there was an increase in precipitation 
(Figure 5), which is due more to the broadening of the intertropical 
convergence (Hadley cell) than to the increased lapse rate. A slight 
reduction in the Hadley subsidence also allowed more precipitation in the 
sub-tropical latitudes. 

The increased surface albedo and consequent reduced surface absorption 
of solar radiation associated with the desertification .experiment (Ellsaesser 
et al, 1976) resulted in a similar chain of events except that the effect 
on the Hadley circulation was reversed. The Hadley cell represents the 
atmospheric (or model) response to the latitudinal gradient of absorbed 
solar radiation. Increased albedo at the equator (deforestation) reduces 
this gradient and thus reduces the intensity of the Hadley cell. Increased 
albedo in the subtrdpics (desertification) increases this gradent and thus 
intensifies the Hadley circulation (particularly in the northern hemisphere 
in our case). Yet, in both cases, the net effect of increased surface 
albedo was global cooling and reduced global precipitation (less energy 
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available to drive the hydrologic cycle). 
In summary, these zonal model experiments with modified surface 

boundary conditions suggest an initial chain of feedback processes that 
is largest at the site of the perturbation: deforestation and/or deserti
fication •*• increased surface albedo -*• reduced surface absorption of solar 
radiation •*• surface cooling and reduced evaporation •»• reduced convective 
activity •* reduced precipitation and latent heat release -*• cooling of upper 
troposphere and increased tropospheric lapse rates •*• general global 
cooling and reduced precipitation. As indicated above, although the two 
experiments give similar overall global results, the location of the 
perturbation plays an important role in determining the response of the 
global, circulation. These two-dimensional model results are also consis
tent with three-dii^ensional model experiments. (Charney et al,. 1975; 
Chervin, this conference). 

These results have tempted us to consider the possibility that self-
induced growth of the subtropical deserts could serve as a possible 
mechanism to cause the initial global cooling that then initiates a 
glacial advance thus activating the positive feedback loop involving 
ice-albedo feedback (also self-perpetuating). Reversal of the cycle 
sets in when the advancing ice cover forces the wave-cyclones tracks 
far enough equatorward to quench (revegetate) the subtropical deserts 
(Ellsaesser, 1975). 
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Tropospheric change of temperature vs latitude and height 
(Case 1 Perturbed-Contrel) 
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