
and 1998 in Asia and the Americas. Today, 
vast tropical rainforest areas have already 
been opened up by commercial and subsis- 
tence land clearing. A large swath of rain- 
forest in South America and Southeast Asia 

has been af- 
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tablished in 1998 for continuous world- 
wide monitoring, archiving, and informa- 
tion distribution and to form a link between 
science, users, and policy-makers (9). One 
of the major objectives of the GFMC is to 
provide a balanced view on fire and to as- 
sist in the clarification of detrimental and 
beneficial effects of fire and their im~lica- 

1995. Thirteen years. after 
the initial fire. More stand- 
ing trees have died and col- 
lapsed. The undergrowth is 
dominated by pioneer tree 
species (predominant ly  
Macaranga spp.). This sec- 
ondary succession becomes 
h igh ly  f lammable  i n  ex- 
tremely dry years. 

tiating) f i re  tions for fire management. The report by 
Keeley et al. (I), questioning 
one of the prime tenets in 

1998. A second fire. The tree 
laver. including the oostfire , . " ,  
secondary succession, is a[- 1998. Final stage of fire-in- 
most completely killed by a duced savannization of the 
high-intensity fire. rainforest in  a nearby site. 

The area is dominated by an 
aggressive invading grass 

in 1998, the galvanizing event from which fire manage- species (lmperata c~lindrica). 

more violent, frequent, and destructive ment policy, 
fires will follow. is an important contribution toward this 

The last 2 years have seen an increase end (see box on previous page). An intera- 
in the willingness of international agencies gency task force on fire is urgently needed 
to address the fire problem. The Global to follow up on the requirements laid out 
Fire Monitoring Center (GFMC) was es- by the UN Convention on Climate Change 
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Vertical Couplings 
Michael E. Summers 

I he conventional approach to studying 
the global atmosphere is to divide 
the atmosphere into the troposphere, 

stratosphere, mesosphere, and thermo- 
sphere (see figure), horizontal layers which 
are defined by the temperature-altitude 
profile of the atmosphere (1). Many char- 
acteristic dynamical and chemical process- 
es distinguish these layers, but the bound- 
aries between them are far from imperme- 
able. Studies over the past decade have re- 
vealed that strong chemical, dynamical, 
and radiative coupling exists between 
them. It is becoming increasingly clear that 
the global atmosphere must be considered 
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as an integrated system if we are to under- 
stand the relative roles of natural and an- 
thropogenic effects on Earth's changing at- 
mosphere. Recent research presented at a 
chapman Conference held i n  Annapolis, 
Maryland (2) ,  highlighted the importance 
of atmospheric coupling across the 
stratopause (at an altitude of about 50 km), 
the region that marks the transition be- 
tween the stratosphere and mesosphere, to- 
gether known as the middle atmosphere. 

It is now well established that anthro- 
pogenic pollutants such as chlorofluorocar- 
bons (CFCs) released in the troposphere 
cause depletion of stratospheric ozone on a 
global scale (3). Effects attributable to oth- 
er anthropogenic pollutants have also been 
predicted to occur but are less well estab- 
lished. Middle atmosphere model results 

and the UN Commission for Sustainable 
Development. The initiative of the World 
Bank to establish a Consultative Group for 
Global Disaster Reduction in June 1999 is 
an important step toward a concerted glob- 
al fire program. 
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presented by Guy Brasseur (National Cen- 
ter for Atmospheric Research) predict that 
increasing levels of atmospheric carbon 
dioxide-associated with global warming 
in the troposphere as a result of an en- 
hanced greenhouse effect-should in con- 
trast, lead to global cooling of the middle 
atmosphere (4, 5). This is a robust predic- 
tion and is based on the fact that C 0 2  is not 
only an efficient absorber of infrared radia- 
tion but also an efficient emitter. At strato- 
spheric altitudes and above where infrared 
emission from C02  can "escape" to space 
because of the low atmospheric density at 
these heights, dramatic atmospheric cool- 
ing is expected. Tropospheric climate mod- 
els generally predict a 1" to 4°C increase in 
the tropospheric temperature in a doubled- 
C 0 2  scenario. Corresponding middle at- 
mospheric models for the same scenario 
predict a 10" to 20°C decrease in middle 
atmospheric temperatures (5). 

Such a large middle atmospheric signal 
of global temperature change suggests that 
the atmospheric effects of increasing lev- 
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els of C02 may become apparent at higher In addition to its role as a greenhouse stratosphere. However, the global impact 
altitudes before an unambiguous trend is gas, methane is oxidized in the strato- of this effect on stratospheric ozone is un- 
observed in the troposphere. A large sphere to yield water vapor. The photo- certain and controversial. 
change in the middle atmospheric temper- chemical breakup of the water molecule in It is well known that diurnal and semidi- 
ature structure would also drive significant turn produces hydroxyl (OH), one of the urnal atmospheric tides have a strong influ- 
changes in the middle atmospheric circula- most important oxidizing agents in the at- ence on mesospheric and thermospheric 
tion. This would affect tropospheric cli- mosphere. In the stratosphere and meso- winds. It is also clear that dissipation of 
mate because stratospheric dynamics pro- sphere, OH is a key catalytic agent for the gravity waves and planetary waves, both of 
vide the upper boundary mechanical forc- destruction of ozone. The ozone budget in which are generated in the troposphere by 
ing of tropospheric weather patterns. Re- the lower and middle stratosphere is well the interaction between winds and orogra- 
cent results suggest that high- phy (see the figure), provide 
altitude cooling is already be- ix, momentum drag on the circu- 
ing observed, sooner than ex- lation of the stratosphere and 
pected (6,  7). However, our mesosphere. Yet there are cur- 
ability to explain this cooling IM rently no dynamical models 
is complicated by other pertur- that encompass the entire at- 
bations, including solar activi- mosphere from the ground to 
ty and volcanic eruptions. the thermosphere. Most upper 

To understand the effects of atmospheric models have a 
anthropogenic pollutants in the lower boundary above 90 km 
middle atmosphere, we must altitude, whereas most lower 
determine the dynamic pro- atmospheric models have an 
cesses by which tropospheric 46 upper boundary below 50 km 
trace gases are transported into 30 altitude. Ray Roble (National 
the middle atmosphere. Both Center for Atmospheric Re- 
observations and models have '' search) has coupled the NCAR 
shown that most tropospheric Thermosphere-Ionosphere- 
trace gases enter the strato- Mesosphere-Electrodynamics 
sphere through the tropical e General Circulation Model 
tropOpause (see the figure) and Coupling between layers. Sketch of the atmospheric layers and the physical which has 
are then and chemical processes that couple the middle atmosphere to the troposphere a lower near 30 
the middle atmosphere by below and to the thermosphere above. Middle atmospheric circulation is driven km altitude, with the NCAR 
winds and various mixing Pro- by solar heating and by momentum drag resulting from gravity and planetary Community Climate Model 
cesses. For greenhouse gases waves.These waves couple tropospheric climate to  the middle atmospheric cir- (CCM3) model. This ''COU- 

like COT and CH4, which show culation that in turn controls the transport of radiatively and chemically active pled" model was run for one 
increasing abundances and trace gases and exerts mechanical forcing on the troposphere below. model year with the CCM3 
have a long atmospheric life- model forcing the TIME-GCM 
time, the time difference between the ap- understood, but models of upper strato- but without feedback from the TIME-GCM 
pearance of a given abundance in the tro- spheric and lower mesospheric ozone con- on the CCM3 model. Initial results show 
posphere and the appearance of that same tinue to underpredict the observed ozone that lower atmospheric forcing affects the 
abundance in the stratosphere is known as abundance (9). Robert Conway (Naval Re- dynamical variability in the mesosphere and 
the "age-of-air." In addition to providing a search Laboratory) presented the first the layers above significantly. The results il- 
measure of the delay between the release of satellite observations of OH in the upper lustrate the need for a fully coupled ground- 
the gases at Earth's surface and their ef- stratosphere and showed that the observed to-space global atmospheric model with 
fects on the middle atmosphere, the age-of- abundances are consistent with standard which to study global atmospheric weather 
air can be used to diagnose model descrip- models of ozone chemistry. Thus, the un- and climate, and to understand solar-terres- 
tions of dynamics (8). derprediction of ozone near the strato- trial relations. 

Darryn Waugh (Johns Hopkins Universi- pause continues to be a mystery. 
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