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SÜMMARY 

ttiideApie.ad dz&oifátation in Amazon fizòultò In neduccd evapoiative. wateA filux, 
thm oJXkeA a de.cAe.aot i.n <zvapon.ati.on Lt> compe,mated locally by fte,duccd Aaln^atl,OAeZòe. 
changed mo-LòtuAe balance. expAeÁòQÁ itòeZ^ domwtnd in tkz yet ixnd-Utuh.be.d ^onzht. The 
quution ol vòheAZ nain wilZ OCQ.UA ÍÁ cK.u-ci.al. ít ÍÁ òuggeAtud tkat tke. appeanance o^ 
cloucU and tke occuAAtnce. oi natnout íí> govzAnzd pnÁmahÁJLy by tkz tnteAplay o{, locai 
metzoKologi.c and. pkyòtcal gzognaphy paAamzteAò iMÍtk tkz atmoòphzfttc ótab-LUXy òtAixctuAe. 
zxczpt ion a £ew wzll-dzlínzd pzilodò wkzn naín ÍA domtnatzd by laAgz òcalz atmoòpkzAtc 
initabiLity. TIXÍÁ mzani tkat tkz òtudy ol thzóz pkd.nome.na [local kzat balancei,í>tudi.z& 
on cloud {)Omation mzchanÁAm, vznttcal atmo&ph.eAÍ.c òtabiltty, ztc.) mubt bz madz on tkz 
òcalz ol tkz cloud 6izz, a fizw tzm, ofa ktiomztzAò at moòt. 
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The f e a r had been expressed t h a t t h e e v a p o r a t i o n water f l u x from the Amazon basin 
would be reduced as the r e s u l t o f a widespread d e f o r e s t a t ion program (Fr iedmann, 1977)and 
t h a t a s a consequence the water b a l a n c e coul be upset both l o c a l l y and w o r l w i d e . Emphasis 
in recent research programs was thus d i r e c t e d towards q u a n t i f y i n g t h e water c y c l e In the 

Amazon basin and , in p a r t i c u l a r , t o the assessment o f the p e r c e n t a g e o f the re-evaporated 
moisture in the p r e c i p i t a t i o n . C l a s s i c a l water balance e s t i m a t e s ( V i l l a Nova,1976; Ma£ 
ques e t a l . , 1977) i n d i c a t e d that about one h a l f o f the p r e c i p i t a t i o n in the b a s i n 
or ig inates from r e c y c l e d m o i s t u r e , which i s r e l e a s e d w i t h i n the basin through t r a n s p i r -
ation of t h e f o r e s t p l a n t s and by e v a p o r a t i o n from i t s s u r f a c e . Data on the ( i n l a n d ) 
gradient o f the i s o t o p i c composit ion o f r a i n f a l l ( S a l a t i e t a l . , 1979) confirmed the 
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importance of the recycled moisture in the hydrologic cycle-of the Amazon basin. 

Any change of this re-evaporation flux obviously results in a commensurate change 

in the amount of precipitable water in the downwind atmosphere. It was implied that 

there would then be an automatic and equivalent change in rainfall. Two scenarios can 

then be considered: 

a) that the system response occurs "on the spot" so that a decrease in evaporation 

is compensated locally by a reduced rainfall. Nothing much would then be changed in the 

hydrologic situation of the virgin forest further afield. Indeed the case of the Marajó 

Island at the mouth of the Amazonas, of which the half which has no forest is also 

markedly deficient in rainfall, could be taken as an indication that such a situation 

might be a stable one. It should be pointed o u t , however that it is sofar not clear 

wheter the reduced rainfall at Marajó is indeed the result of the deforested state of 

the island or whether, conversely, the absence of trees is a consequence of a negative 

water balance which occurs there because of its geographic position near the open sea. 

This is another version of the question: which came first the hen or the egg? 

b) The other possibility to be considered would be that the changed moisture 

balance expresses itself downwind in the (yet) undisturbed forest. This scenario is, of 

course,fraught with danger as the moisture deficiency can then propagate inland, cutting 

a swathe into the forest and encroaching progressively into virgin territory. 

Obviously the question of where rain will occur, is a very crucial one. 

The whole problem has, however, even wider ramifications. Very basic meteorolog

ical considerations make it appear most unlikely that the consequences of deforestation 

can be "contained" within the area concerned or indeed be simply control led by the local 

water balance. The meteorological role of the immense tropical clouds (cumulo-nimbus 

towers) is the dissipation of the heat excesses which accumulate at these low latitudes 

(Riehl , 1 9 6 9 ) ; the latent heat flux is here a dominant term. Whereas the large scale 

water transport may not be affected by a change in the updraft flux (e.g. reduction of 

the frequency of cloud formation) because an equivalent reduction in evaporation compen 

sates for any decrease in precipitation,'and vice versa, as described above, such ac

counting cannot be applied to the heat transport; the elimination of even some of the 

convective cells necessarily reduces the heat flux and perturbs the heat balance both 

locally and globally. Alternative dissipation mechanisms then evolve to take care of 

the excess heat; these might, secondarily, even affect the regional water balance. 

These are quite general considerations; on the more detailed scale the whole con

cept of local linkage between evaporation and precipitation amounts must be questioned: 

the response of the rain pattern to environmental change does not seem to be dictated by 

water balance considerations alone and is not necessarily proportional to, or even in 

phase with, the evaporative water flux. We believe that the question of the effect of 

deforestation on the regional and local precipitation patterns can only be answered when 

the more fundamental question of the "why, where and w h e n " of rainshowers in the basin 

has been solved. Unlike most other regions where the detailed precipitation pattern is 



dictated by distinct weather systems (cyclones, fronts etc.) or by the topographical 

features (orography), one rarely finds the development of a large weather pattern such 

as fronts throughout the Amazonas and there is almost no altitude variation.Indeed only 

some of the heavy autumn rains during February-May along the Atlantic seashore seem to 

be correlated with the position of the Intertropícal Convergence Zone (Ratisbona, 1969) 

[these rains are marked by a very negative values of both 18 and 2 (Salati et al.,)] 

and some of the precipitation in the southern and central parts of the basin can be 

attributed to the advection of polar air masses, although the cold fronts properseemto 

peter out before even reaching the center of the basin (Ratisbona, 1969). [These latter 

rain events are characterised by moderately depleted isotopic values (Matsui,Salati and 

Gat, this conference)]. In the majority of cases, however, there is a predominantly 

westward dríft of tropical marine air which appears to be in a rather delicately balan-

ced (neutral) state. Cloud formation and the ensueing rain are then triggered by minor 

local perturbaiions such as a hot spot or by turbulence initiated by surface roughness 

elements, and hindered by any process which would stabilise the air column, for example 

by cooling as a result of excess evaporation. The local albedo and the surface struc -

ture may well be the key elements which determine the pattern of onset of rain,although 

the degree of saturation of the surface air which results from local water balance also 

has to be considered (the distance to the dew point obviously determines the scale of 

initial lifting which is required). As deforestation affects these variables inadditicn 

to the atmospheric moisture load, it wi 11 be necessary to take these factors into ac 

count in order to define the system's response in time and space. 

The contention of this presentation is that the appearance of clouds and the 

occurrence of rainout is governed to a large extent by the interplay of the local mete-

orologic and physical-geographíc parameters with the atmospheric stability structure, 

except during a few well defined periods during which rain is dominated by large scale 

atmospheric instabi1ities. The study of these phenomena must then be made on the scale 

of the cloudsizes, e.g. that of a few ten kilometers at most. The clouds, whose forma

tion is determined by the local conditions are, however, responsible for most ofvertical 

heat and mass transport over the basin (Ríehi, I969). Their frequency of occurence, 

rainout efficiency etc. will thus dictate the extent to which energy inbalances remain 

in the system. Regional and global responses to any such inbalances t h u s a 1 so depend, in 

the final analysis, on the local phenomena, although the exact meteorological or cl imatic 

form which such reactíon may take will require a synoptic-scale approach to the system. 

The research priority of the micro-scale phenomena appears to be clearly indicated. 

These should include local heat balances, studies on cloud formation mechanism as well as 

detailed measurements of the local atmospheric (vertical) stability. 

RESUMO 

Se o ddòmai.amdnt.o do. QK.and<U ÕJLZOA no Amazonaò niAultax. numa tiadução do filuxo dd 
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água. zvapoftativa, ou a queda na zvapohação z compzn&ada localmzntz poh. uma r e d a ç ã o na 

chuva, ou zntão a mudança no zquilXbnÁ,o da humtdadz K.z^lztÁA-bz-ã na dJjizção do vznto,na 
filofizòta ainda não pzntunhada. A quzòtão chix.ci.at z quando ocofüizfiao at> chuvaò. Sugz-
H.Z-&Z que o apan,zctmznto dz nuvzni, z ocohAzncÁJX dz chuvas i,ão pntmofidÃalmzntz dztzKmina 
dot> pzla. LntzKação doò paAÔmztAoó gzogfiã^icoi, tocaia, mztzoAolõgi.coò z fiZòicoà, com a 
zòtAutuAa da. zi>tabilidadz atmoò^zAlca, e x c e ç ã o fazita a algum, pzAlodoò bzm dzi-íntdoò 
quando a chuva z dominada zm laAga zòcala poA uma inòtabtltdadz atmoòdzAica. loto òig-
ní^-ica quz o zhtudo dzhtZÂ ^znomznoh {balanço tÓAmico local, z6tadoò òobuz o mzcantòmo 
dz ^onmação dz nuvznò, zòtabilidadz atmoí>izAÍca vzAticat, ztc.) dzvz ÒZA ^elto dz acoA-
do com a zxtznòão daí, nuvzni,, no mãxÃmo a algumaò dzzznaò dz quílÔmztAo&. 
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