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PAlEOCliMATIC DATA Of SEDIMENTOlOGICAl ANAlYSIS Of THE 

GRANDE PilE PEAT BOG (VOSGES. fRANCE) 

by G. SERET 

U.C.L., laboratoire de Geomorphologie 
B-1348 louvain-la-Neuve (Belgium) 

Summary 

In the "Grande Pile" peat bog, the following sedimentological studies were 

applied to the same samples as the ones G. Woillard used to build her famous 

pollen-diagram 

- heavy and light mineral composition 

- sedimentary microstructures in thin sections 

- grain size analysis ; 

- organic carbon content. 

They showed that : 

1. grain size analysis and mineralogy indicate that loess supplies are 

more sensitive than pollens to detect of climatic transitions ; 

2. and also to detect small fluctuations during the very cold periods 

3. the paleoclimatic transitions are rather long, especially from the St.

Germain I temperate period to the Melisey II cold one wich lasted more than 

20 centuries ; 

4. six ash layers were found in Grande Pile peat bog : 

4.1 One at the top of Eemian (s.s.). This ash is different in composi

tion than the Br~rup one in Belgium. It has basaltic hornblend 

(55%), titanite (25 %), green augite (15 %) and enhedral zircon 

(5 %). No enstatite. 

4.2 - four levels with small (lOO ) yellm-lish - brown hollow sulphur 

balls. Those ashes were supplied by spray through some crater lakes, 

as one can nowadays find in some Costa-Rica volcanoes. 

The four sulpur balls levels are 

- Melisey II (with 25 % in a fine sand compound) 

- Pile event (in traces) 

- Charbon event (6 %) 

- Marcoudan event (20 %) (1) 
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4.3 - One ash layer between 3.0 m and 4.50 m depth (in GP XVIII core) 

with bastlatic hornblend (65 %), titanite (30 %) and traces of 

green clino~pyroxenes and euhedral zircons. 

This level is of Tardiglacial age. No further precision is possible. 

These·ashes have been reworked from floating peat rafts. At this 

Tardiglacial period, pollens were also reworked. This part of the 

Grande Pile accumulation can not be stratigraphilly distinguished. 

5. The rate of sedimentation was permanently changing during the filling of 

the Grande Pile lake. An important compaction mainly affected the gyttja 

layers. These postsedimentar.y microstructures have modified the initial 

tickness of layers. 

6. 14c absolute datations do not indicate improvement of climate at 22.000 y 

(Kesselt soil age in Belgium). The main stadials occured during the 

"Middle Weisschel" at 29.980 BP, 34.100 BP and 40.000 BP. (2). 

(1) . Local names from G.Woillard : - The last interglacial - glacial cycle 

at Grande Pile in Northeastern France. Bull.Soc.belge de Geologie, 

T.88 - 1 - pp.51-69 - Bruxelles 1979. 

(2). Data from G.M. Woillard and W.G. Mook- Carbon 14 dates at Grande Pile

Sciences 1982 - 215, pp.l59-161 
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THE PHYSICAl EXPlANATION OF THE TYPICAl SPECTRAl 
SHAPE OF DEEP SEA CUMATIC RECORDS. 

Abstract 

by P. PESTIAUX 

Universite Catholique de louvain, 
lnstitut d'Astronomie et de 

Geophysique Georges lemaitre, 
louvain-la-Neuve, Belgium 

The three main deep sea processes modifying the original paleo

climatic spectra are considered as a succession of three spectral transfor

mations. They will be modelled to simulate their global effect on the ori

ginal undisturbed paleoclimatic variability. 

The two first transformations correspond to a reddening of the 

original paleoclimatic spectrum due to the long memory of the climate system 

and to vertical mixing (bioturbation). The total length of this memory has 

been estimated by an ARMA (p,q) stochastic model to range from 4 to 14 kyr. 

A non-linear time dependent mixing model has then been designed to 

evaluate theoretical mixing functions, being given the diffusion coefficient 

and the sedimentation rate. The effect of the mixing has been evaluated 

using a cubic deconvolution, which allows demixing experiments with both 

experimental and theoretical mixing functions. This deconvolution method 

has been applied successfully to the first 170 kyr of the core V28-238, the 

restored paleoclimatic variability being of the order of that observed in 

high sedimentation rate deep sea records. 

Finally, a Fast Fourier Transform Stretching algorithm applied 

to the core V28-238 showed that the variations in the sedimentation rate, 

which can be identified as a dilatation-compression process of the paleo

climatic signal, broaden the width and decrease the amplitude of the spec

tral peaks. 
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GEOMORPHOlOGIE PAlEOCliMATIQUE DANS lE BAS-ZAIRE 

(AFRIQUE CENTRAlE) 

by G. VAN KERSCHAVER 

Universite de Louvain-la-Neuve 

Le versant du massif du Bangu est successivement, de haut en bas 

- 1. un abrupt subvertical 

- 2. des lobes de solifluxion 

-3. un glacis pedimentaire. 

Au bas du versant, le reseau hydrographique actuel s'est surimpose a un 

systeme de braided river. 

-En milieu equatorial, une alteration chimique intense a transforme le 

substratum du Bangu en argile. Les failles et diaclases subverticales, au 

contact de ces argiles de neoformation ont servi de plans de lubrification 

le long desquels des monolithes ont glisse. De plus des decrochages par 

solifluxion sont responsables de !'elaboration du relief en lobes en centre

bas de l'abrupt. 

-En milieu aride, le ruissellement areolaire etait particulierement actif. 

Ce processus d'erosion aplanissante a etabli des glacis pedimentaires qui ont 

remanie le materiel de solifluxion. En contrebas des glacis fonctionnaient 

des braided rivers a sequences de graviers et de fines, qui ont edifie de 

larges plaines alluviales. Dans la region de Kimpese s'observent plusieurs 

niveaux de glacis pedimentaires, vers 420 m, vers 360m et vers 329m. 

-En milieu de savane, comme au stade actuel lors de !'humidification du 

climat, un reseau hydrographique permanent, a large meandres libres, s'est 

d'abord surimpose aux braided rivers. Plus recemment, !'humidification crois

sante a progressivement detruit ce trace en meandres libres, au profit d'un 

reseau en baionnette du au reveil karstique des joints sous-jacents, surtout 

diaclases et failles plus propices a la dissolution des carbonates. 

Au debut du climat de savane l'activite des termites a ete tres importante. 

Lors de l'accroissement recent de l'humidite, les termites du type Macrotermes 
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ont disparu. Cette espece est encore vivace actuellement au Shaba, savane 

plus seche qu'a Kimpese. 

Conclusion 

Le paysage de la region de Kimpese est le resultat de changements climatiques 

succesifs. Des formes du meme type peuvent s'observer a differents niveaux. 

Des variations d'extension des glacis pedimentaires etages indiqueraient des 

intensites variables pour chaque phase climatique. 

En bref' 1 I evolution cenozoique indique une succession de :cy:cles comprenant 

une phase tres humide a foret ombrophile~ une phase subaride a pediments, 

une phase de savane a reseau hydrdgraphique bien hierarchise.· 
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MODElliNG THE UPPER OCEAN fOR CliMATIC STUDIES 

by Philippe GASPAR 

Aspirant FNRS 

Universite Catholique de louvain, 
lnstitut d' Astronomie et de 

Geophysique Georges lemaitre 
2, Chemin du Cyclotron 

B-1348 louvain-la-Neuve, Belgium 

An oceanic mixed-layer model, specially designed for longterm 

simulations is presented. It uses Garwood's (1977) entrainment hypothesis 

but includes a stability dependent parameterization of the turbulent dissi

pation. This model is calibrated using results from laboratory experiments, 

observations at sea and numerical simulations with higher-order turbulence 

closure models. 

A first simulation of the annual cycle of the sea surface tempera

ture at the Ocean Weather Station (OWS) P (50° N, 145° W) has been obtained. 

The results are presented and discussed. 

The model is now further tested. Simulations over several years at OWS P 

and N (30° N, 140° W) are in preparation. 

References 

Garwood, R.W., 1977 : An oceanic mixed layer model capable of simulating 
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RADIATIVE APPROXIMATIONS IN CliMATOlOGICAl STUDIES 

by Ch. TRICOT 

Universite Catholique de louvain, 
lnstitut d'Astronomie et de 

Geophysique Georges lemaitre 
2, Chemin du Cyclotron 

8·1348 louvain-la-Neuve, Belgium 

The heating terms, especially the radiative terms, are of crucial 

importance in climate modelling. The radiative processes indeed determine 

the energy available to the earth-atmosphere system while the other heating 

terms act only to distribute the available energy between surface and atmos

phere and among different latitude zones. 

In climate modelling, particularly in studies of the long-term 

climatic changes, the radiative calculations must achieve two opposite 

goals : accuracy, because of their importance, and speed, because of the 

large total amount of computation. Various approximative radiative schemes 

have been developped and compared as regards the surface and top atmosphere 

radiative balances (Tricot and Berger, 1981 ; Tricot, 1983). 

Finally, in view of modelling man's impacts on climate (e.g., COz 

or other trace gases concentration variations), a global radiative-convec
tive model has been designed in which the vertical non-radiative heat trans-

port is approximated by a simple numerical procedure called "convective ad

justment" (Tricot, 1983). A first sensitivity study for a doubling of co2 
concentration has given a surface temperature increase of about 2 K (figure 

and Tricot, 1984). 

This kind of climate model can be used as an important tool for the 

study of various properties of the global climate system, in the future and 

in the past. They can be considered as an important addition to GCMs to 

study certain feedback mechanisms, to estimate the climate sensitivity to 

forcings of anthropogenic and natural origin as well as to investigate the 

transient response of the climate system to some forcing. 
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MODElliNG ANTHROPOGENIC IMPACT ON CliMATE: A CASE STUDY 

Abstract 

by Dr. A. HENDERSON-SElLERS 

University of liverpool, Department of Geography 
Rox by Building, P.O. Box 147 

liverpool l 69 3 BX, United Kingdom 

Antropogenic perturbations have already affected local urban climates 

and are now implicated in global climatic change (Hansen et al., 1981). 

Land clearance in developing countries results in the removal of original 

forest and intensification and modification of agricultural practices in 

the reclaimed areas. Both these effects can have significant influences upon 

the local climate and ecology and may feed back to cause regional and global 

climatic perturbations. The changes caused to the environment which are be

lieved to be of significance for the climate are : I) increased surface 

albedo ; II) perturbation of the carbon cycle causing variations in the 

atmospheric levels of COz III) local changes in the water balance 

IV) addition of pariculates to the troposphere, both directly from combus

tion and by increasing the wind-blown dust and V) perturbation of the hydro

logical and turbulence characteristics over areas where tall forest stands 

are replaced by low crops or cleared land. 

The consequence of these changes are difficult to predict since 

they almost certainly involve internal feedbacks within the climate system 

itself (e.g. modification of cloud cover as a result of surface albedo and 

water balance changes). Although the agricultural changes may be localized, 

the consequent climatic impact could manifest itself over larger areas. 

Climate modelling techniques are not yet sufficiently well developed to 

permit definitive statements about the magnitude of such perturbations. 

However, it is possible to consider the nature of the impact of these envi

ronmental changes and through ananlyzing model results to establish possible 

climatic effects. Results from both a simple 1-D radative-convective model 

and from a 3-D general circulation model are described. It is concluded that 

in terms of the potential for influencing climate at local scales deforesta

tion is a highly significant land use change. However it is unlikely that 

surface albedo changes alone can modify the regional or global climate. 
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1. Introduction 

Tropical rain forests are biologically diverse, multi~layered, 

predominantly evergreen forests, with little to no seasonalityJ heavy 

rainfall (200-300mm/month) and relatively constant temperatures (around 25°C). 

The dark, dense, moist vegetation gives these forests a lower surface albedo 

than almost any other natural or man-made area. 

Deforestation is detrimental in the tropical environment, since most 

of the nutrients are concentrated in the above-ground biomass and therefore 

removal of the vegetation leads to rapid decrease in soil fertility (Jordan, 

1982; Richards, 1973). The claim is often advanced that the removal of 

tropical rain forests will substantially alter the climate, either by adding 

co2 to the atmospere, thereby enhancing the greenhouse effect, or by in

creasing the global surface albedo (Bolin, 1977; Woodwell et al., 1978; 

Hampicke, 1980; Sagan et al., 1979; Potter et al., 1981; Shukla and Mintz, 

1982). Such a claim merits careful investigation. In this paper, the 

climatic impact of albedo changes associated primarily with tropical 

deforestation are discussed. While tropical forests undoubtedly have 

considerable ecological value, the results of this study, which excludes the 

impact of tropical defore·station on the level of atmospheric co2, do not 

substantiate the assertion that their removal will have anything other than 

local significance for climate. 
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2. Simple Climate Models 

Sagan et al. (1979) use results from the 1-D RC of Manabe and 

Wetherald ( 1967) to estimate a 2K temperature decrease cause'd by a planetary 

albedo change of 0.01. They further suggest that anthropogenic changes over 

the last 25 years have led to a global temperature decrease of ar.ound 0.2K. 

However the rates of vegetation change and.the albedo values they use are 

questionable. Henderson-Sellers and Gornitz (1982) have repeated the calcu

lations of Sagan et al. (1979} based on an improved version of their table 

(Table 1). Their calculated planetary albedo increase of between 0.00036 

and 0.00067 will give rise to a much smaller temperature decrease of the order of 

0.07K to 0.13K. This temperature alteration is probably too small to be 

detected above the interannual and longer period variability (Hansen et al., 

1981). The calculation of the global albedo from the likely surface albedo 

changes also depends upon the appropriateness of the assumptions made about 

and values assigned to all of the other climatic variables. For example 

no feedback effects are included in the calculation of Sagan et al. (1979). 

Hansen et al. (1981) in their 1-D RC climate model find a temperature 

decrease of -1.3K for a surface albedo change of +0.05. Here we use a 

linear interpolation of this result to estimate surface temperature change. 

The anthropogenic surface albedo changes given in Table 1, (last column) 

may cause a temperature decrease of between 0.02K and O.OlK. These 

temperature changes, which except in case (a), are forced almost entirely by 

the alterations in tropical forest areas, are very small. Henderson-Sellers 

and Gornitz (1982) suggest that within the error ranges of global 1-D RC 

climate models, the climatic impact of deforestation over the last 30 years 

is close to zero. 
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· 3. A General Circulation Model Study 

The estimate of the possible impact of tropical deforestation, 

using simple climate models, suggests that the claims of substantial global 

climatic modification may have been premature. However these calculations 

considered the alteration caused by forest removal as a globally averaged 

phenomenom, which is unsatisfactory since deforestation is highly localized 

and therefore the effects of such local surface modification could be 

magnified and possibly transmitted by the action of general circulation of 

the atmosphere (Namias, 1979; Chervin et al., 1980). 

The nature of local feedback effects which could amplify the 

climatic ~mpact of tropical deforestation are complex. Initially the in

creased albedo is likely to be offset by the reduced ability to lose energy 

through evapotranspiration and surface temperatures may increase. The 

stripping of vegetation from grassland areas. however, (Charney, 1975) leads 

to a net cooling and hence an overall descent of air over the modified 

region. Initially convection may increase and therefore, if there is suf

ficient water vapour available (say, transported from an upwind source area), 

cloud formation and possibly pre.cipitation will increase, Hydrologists 

have not yet been able to make detailed studies of the local vs. regional 

movement of water vapour, and therefore estimating the environmental impact 

of forest removal and agricultural irrigation is difficult. Modelling stu

dies by Lettau et al. (1979) suggest that a considerable proportion of the 

precipitation over the Ama~onian forest results from regional evaporation 

rather than from advected moisture. Convective activity may be enhanced by 

providing an effective heat souree at the surface. Water consumption for 

bare soils and young partial vegetation cover is found to be between 400-

500 mm per year, whereas mature forests consume from 750-900 mm per yeat 

(Baumgartner, 1979). The decrease in evapotranspiration must lead to 

increased local runoff if precipitation rates remain constant. The inter

actions between the perturbed energy and water cycles as a result of defores

tation are likely to be very complex. Negative and positive feedback effects 

may exist and predominate at different times and heights in the atmosphere. 
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The interrelationships between radiation fluxes ,vertical velocities, 

the hydrosphere and surface can be investigated using a general circulation 

climate model. It is likelytn~twhile the local-scale change will be a 

function primarily of the nature of the local environment, even at this 

scale pertubations in precipitation may depend upon the regional climatic 

regime. Regional and global scale effects will be a result of feedback from 

the local change and will, once againt be a function of the geographical 

location of the perturbed area. 

Here we report on the results of a simulation of deforestation using 

the GISS GCM (Hansen et al., 1982). In this study, the possible impact of 

tropical deforestation was maximized by concentrating all the alterations of 

the surface vegetation into one locality : a large-scale deforstation of the 

Brazilian Amazon region. The magnitude of the modification is equivalent to 

35-50 years of deforestation at the current global rate concentrated in the 

Brazilian Amazon. This is therefore the locational antithesis of the global 

estimates considered in Section 2. 

The Amazon river drainage basin covers approximately 7.8 x 106 km2; 

of which over 85% is forested. Over 60% of the Amazonian forest lies within 

Brazil, while the remainder is divided among Bolivia, Colombia, Ecuador and 

Peru (Figure 1). Almost 58% of the total area of Brazil (~8.5 x l06km2) 

lies within the boundaries of Amazonia (see Figure 1). Thus approximately 

5 x 106 km2 of the nation's land is covered by this important biome. Climate 

and geography cause regional variations in the vegetation. A large portion 

(approximately 2.9 x 10 km2) is lowland tropical moist forest, while vegetation 

occuring on the older, higher, crystalline soil is tropical forest, vs. 

equatorial forest in the lower basin sedimentary soils. Vegetation that is 

too close to the ~iver to retain significant undergrowth is classified as 

varzea (occasionally inundated) and igapo (permanently flooded) 

The climatic regime of northern Brazil is dominated by the seasonal 

movement of the equatorial trough but is also affected by the changing 

pressure fields at higher latitudes (Figure 2). The western part of the 

state of Arnazones has an equatorial climate almost without seasons and heavy 

rainfall of 3000-3500 mm/year. The forest area to the south of the river, 

and the northern and southern states of Amazonia Legal (Raraima and Mato 

Grosso) show slight seasonal variations in rainfall and foliage density. 
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The Atlantic anticyclone is more important than the Pacific high pressure 

system since the Andes "protect" Brazil from changes occurring to the west. 

A heat low becomes well developed in the centre of the continent in the 

summer which results in slightly weaker easterly winds over the Amazon 

region compared to the winter pattern (Figure 3) although winds are generally 

weak and variable in all seasons. In response to the formation of the 

continental heat low in the summer, air flows southward from the Amazonian 

region. This phenomenon has been compared to a monsoon circulation pattern. 

The Amazon flows towards the east almost parallel to the equator, i.e. in the 

opposite direction to the prevailing easterly winds. Thus advected air 

loses moisture by precipitation as the continental divide is approached. 

Figure 2 and 3 include both climatological data and the results of simula

tions of the global circulation pattern by the GISS GCM (Hansen et al., 1982). 

Although modelled predp!i.tation is lower than observed (Figure 4), the local 

·climatology is fairly well simulated (Figure 5). Despite the generally 

weak winds and hence reduced turbulence, the Amazonian rain forest provides 

a very large energy source for the region, mostly through evapotranspiration 

(~1300-1600 mm yr-1). Insolation is high in spite of a consistently high 

percentage cloud cover; air temperatures remain high (24-26°C) and almost 

invariant. Fluxes of water vapour from the vegetation are higher than from 

most tropical oceans (~1500 mm yr-1). Rainfall is large and experiences a 

double peak in phase with the movement of the equatorial trough. Since the 

belt of heaviest rain coincides roughly with the position of the trough 

which ·reaches its extreme latitudinal positions in February and August, the 

peak rainfall on the equator occurs around May and November (Figure 4 upper). 

Total annual rainfall c.an be as high as 2700 to 3200 mm yr -l in the upper 

basin. The almost continuous heavy rainfall in the upper reaches cannot be 

due to advected moisture alone and must therefore result from a partially 

closed hydrological cycle. Much of the water within the Amazon basin is 

recycled through the atmosphere, possibly more than once (Molion 1975 and 

Lettau et al., 1979). 

Detailed climatological data for the region are extremely difficult 

to obtain. There were only 515 climatological stations in the whole of 

Brazil in 1976 (Schwerdtfeger, 1976) of which only 4 were radiosonde stations. 
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The studies of Molion (1975) and Lettau et al. (1979) were based on hydro

logical data from as few as 28 stations in the Amazon basin. Despite this 

dearth of data it can be seen that any climatic modification which perturbs 

the hydrology and/or radiation regime of th:is area could have fundamental 

significance. The climatology of two observation stations, Algrete and 

Belem, are compared with model-derived rainfall and temperature statistics 

from the GCM in Figure 5. The regime of these two locations are surprisingly 

well simulated in view of the coarseness of the model's horizontal resolution 

(8° X 10°), 

Deforestation in the Amazon has recently been observed to be 

accelerating. In 1979, a joint survey by the Brazilian National Institute 

for Space Research and the Brazilian Institute for Forestry Development 

using LANDSAT Imagery revealed that 1.5% of the total Brazilian Amazon 

forest had been cleared between 1975 and 1978 (Tardin et al., 1979). This 

represented a 170% increase in deforestation over the 3 year period from 

1973-1975. Around 260,000 km2 of forest has been cleared since the 1950s. 

If this estimate is correct (Myers, 1980), then over 5% of the original 

tropical moist forest has already been removed. It is important to note 

that it has not been established that climax vegetation ever existed over the 

whole of the area which bioclimatologically could support it (Sommer, 1976). 

Prior to the LANDSAT survey (Tardin et al., 1979), an estimated 

114 x 103 km2 of forest had been cleared during the 11 year period 1966-

1977, i.e. an annual average rate of 104 km2 • This was comparable with the 

official "expecte~' rate calculated by addition of the various known clearance 

plans (e.g. cattle ranches, small-holdings, other agriculture, 

timber). This total suggests an average rate of approximately 

per year. The annual removal rate seems to be increasing from 

for the 1973-1975 period to 16,000 km2yr-l for 1976-1978. 

highways and 

12,800 km2 

2 -1 9,500 km yr 

The deforestation imput to the GCM simulation is much greater than 

any likely near future deforestation of Amazonia. It was intended here to maximize 

any climatic perturbation resulting from a 30-year total tropical deforesta-

tion for cQmparison with the global calculations which represent a minimum 

likely response from simpler climate models {Section 2). Therefore the 
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albedo increase could cause an alteration in the global climatic regime. 

In the latter case a global temperature decrease would be expected. There 

is no such temperature deviation that can be detected above the natural 

variability of the standard climatic regime in·our simulation. Even in 

the latitude band in which the surface change occurs (the zone of width 

16° and centered at the equator) there is no detectable climatic perturba

tion. This seems to be because certain of the feedbacks effects resulting 

from the deforestation act in opposition to one another. For instance, 

surface temperatures rise in spite of an increased surface albedo because 

the reduced evapotranspiration dominates the response. Similarly enhanced 

convection which might be expected to result from occasional temperature 

rises appears to be opposed by the moist convective cooling. It seems 

unlikely, at least from the result of this simulation, that even massive 

deforestation of the Amazonian region can directly cause global scale 

temperature effects. 

There remains, however, the possibility that the local scale changes 

already noted could become coherent enough to establish a significant 

regional departure from the standard model's circulation. If, for example 

the climatic change is large enough to affect ocean temperatures then a 

perturbation in the Walker circulation may occur. The possibility of such 

an interaction may, however, be hindered by the intervening topographic 

feature (the Andes). If such a regional anomaly were to be established, 

its effects could impinge upon the Hadley circulation. Such systematic 

regional departures were suggested by Potter et al. (1975 and 1981) from 

the results of their 2-D climate model. We have examined the hypothesis 

that the disturbance to the normal circulation pattern in the region of 

the Amazon bould be large enough to cause a feedback effect which feeds into 

the general circulation of the atmosphere by analyzing the vertical velocity 

field in the area of the perturbation. Figure 8, based on the averaged 

data from the standard run, shows the ascent of air over the continental 

regions between 8°N and l6°S latitude for January and July. The classical 

Walker circulation cells shows clearly in the January simulation (see Julian 
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global tropical forest removal was concentrated on the Amazon region. 

Figures 1 and 6 show the region of South America for which a simu

lated vegetation change was made. A total area of 4.94 x 106 km2 of 

tropical moist forest was removed and replaced by grass/crop cover. The 

"deforestation" occured in 7 of the 8° x 10° grid squares of the medium 

resolution model lying between 7.8°N and 15.65°8 and 45°-75° W. All the 

areas classified as tropical forest were altered to grass/crop vegetation 

type but other vegetation types already existing in the squares remain 

unaltered. The area within which the vegetation change occured and the 

4 boxes for which averaged Amazonian statistics are derived are indicated 

in Figures 1 and 6. Both the control and deforestation experiments were 

conducted using an interactive GCM with fixed ocean transports. Interactive 

oceanic circulation simulation requires a considerable time period before 

equilibrium is achieved (e-folding time of 5-10 years), because of the 

ocean's heat capacity. An interactive simulation is therefore only possible 

with a computationally efficient model. 

The perturbation of vegetation caused a number of immediate effects. 

The surface albedo increased as a result of the vegetation replacement. 

This effect is particularly noticeable in the near infrared spectral region 

where grass/crop cover is known to exhibit high albedoes (values range from 

0.1 at 0.5 m to 0.35 at 1.0 m). The roughness length is also signifi

cantly affected by the vegetation change due to the small scale of topograp

hy in this region. An anticipated climatic response to the changes shown 

in Figure 1 would be a lowering of surface temperatures together with a 

reduction in turbulent fluxes from the surface to the atmosphere, similar 

to the results of Potter et al. (1975, 1981). However the field capacities, 
which are related to the vegetation in the GCM are also perturbed by the 

simulated deforestation. The consequences of the subsequent hydrological 

changes are found to reduce the surface temperature change to close to 

zero (Figure 8). 

The effects of deforestation in the Amazon have been assessed by 

comparison with a control (standard) climatic simulation. In the case 

of the control run the data from which the maps in Figures 2-5 were drawn 
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were taken from ten-year averaged data (years 6-15 of a 20 year run). The 

data shown in Figure 7 are from years 16-20 of the standard control simula

tion and the last five years of the ten year perturbation run. The control 

run produces reasonable simulations of the regional (Figures 2-4) and even 

the local (Figure 6) climatological regime. The results of deforestation 

were to alter significantly all the climate parameters considered, except 

the surface temperature. Figure 7 shows the departure of the hydrology from 

the control run particularly well. The rainfall has decreased by between 
-1 

0.5-0.7 mm day and evaporation and total cloud cover are both reduced. 

The effects of reduced rainfall and increased run-off are shown in the 

significantly lowered values of water available in both ground layers. 

These results contradict the simple assumption that the surface albedo is 

the most important parameter. Figure 7 shows that despite the increase of 

surface albedo from 11% to 17%, the temperature does not decrease. This 

is because the reduction in evaporation caused by a combination of less 

available water and reduced ability to transpire has offset the radiative 

cooling by an evaporative (or latent heat) warming; The overall effects 

is a negligible temperature change. It must be noted that the surface is 

not the only area in which the hydrosphere seems to oppose the input altera

tions. The decreased cloud also opposes the increase in the surface albedo, 

leading to a smaller averall albedo increase than would have been expected 

form a model which did not incorporate both atmospheric and hydrologic 

feedback effects, e.g. the model used by Sagan et al. (1979). 

The local results of the deforestation experiment can be summarized 

as follows from Figure 7 : no change in the surface temperature; precipi

tation decreased by around 0.6 mm day - 1 ; evapotranspiration decreased by 

0.4 - 0.5 mm day-1 ; planetary albedo increased by between 1% and 1.5% as 

a combined result of the increased surface albedo and the decrease in cloud 

cover (the latter ~s a highly variable parameter - see Figure 7) but we 

calculate that it has decreased by between 5% and 15%. 

There are two ways in which the changes described here could 

affect the global climate; either through a circulation modification or, 

as suggested by those using simpler climate models, the local planetary 
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and Chervin 1978 and 1980). One of the major areas of ascent occurs over the 

Amazonian region. Figure 9 is a contour plot of a climatic derived following 

Chervin and Schneider (1976), which presents the perturbed vertical velocities 

minus the standard vertical velocities (i.e. those in Figure 8) divided by 

the standard deviation of the standard run where all variables are derived 

from 5 year simulations. Following Chervin and Schneider (1976) and Chervin 

(1981) it can be shown that for an absolute value of this statistic greater 

than 3 there is a significant difference between control and perturbation 

at the 99% confidence level. Figure 9 shows only a very small region of 

significant decrease in the vertical velocity above the deforested region. 

This is consistent with the reduction in the surface evapotranspiration and 

the reduction in the moist convective heating aloft. This latter effect 

becomes statistically significant at two levels in the atmosphere in January 

only. The resultant decrease in the vertical velocity over the deforested 

area is similar to that predicted by Charney (1975) as a result of deserti

fication. In this case, however, there is no strengthening feedback and 

decreased upward motion never becomes descent. Nor does the effect ever 

penetrate beyond the area local to the perturbation. 

During the course of the simulation, the excursions of the regional 

climate were carefully monitored (Henderson-Sellers, 1982). There seemed 

to be a slight tendency towards more variability in the deforested run. 

For instance, during the second year of simulation, a cha~ge in the relative 

magnitude of the winter and summer hemisphere Hadley Cell ci:rculations 

was noted. This anomalous circulation pattern was also clearly visible in 

the regional values of vertical velocities over the deforested region. 

The upward velocities were decreased in all but the most easterly sector. 

However the anomaly did not persist and neither the vertical temperature nor 

the zonal wind celocities for the region shown in Figure 9 suggest any 

systematic change. Locally the changes are mutually consisted. The winter 

(July) surface temperature increases affect the second layer of the atmos

phere. This penetration is also seen in the occurrence of moist convective 

cooling 1n the second layer as well as the lowest layer of the atmosphere. 

This seems to suggest that, due to the considerably reduced moisture flux 

from the surface, this layer remains unsaturated and then=foreas subsidence 

occurs evaporation is cooling the air at higher levels. However as can be 



- 69 -

seen from Figure 9, the 5 year averaged vertical velocities suffered only 

a slight disturbance in one season, July. The Hadley Circulation, as 

monitored by the stream function, differed significantly from that of the 

standard simulation only in one area at a pressure level of 200mb. Even 

after years of'simulation the effects of a very large deforestation could 

be detected only in the immediate vicinity of the perturbation. Furthermore, 

there seems to be no reason to suspect that further changes will take 

place in the circulation pattern in subsequent years. We therefore conclude 

within the constrains of a model without variable oceanic circulation, 

there is no reason to suggest that any regional to global scale effects 

on the climate can be expected as a result of large-scale tropical defores

tation. 
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4. Conclusions 

The possible climate impact of tropical deforestation has been 

considered usin~ two extreme prediction modes. The calculations presented 

in Section 2 were derived from simple climate models, which must estimate 

the effect of a climatic forcing factor as though it were globally averaged. 

The results presented in Section 3 are from the GISS 3-D global climate 

model. In this case, the probable effects of a highly specific alteration 

to the surface and atmospheric features of one locality can be considered. 

In both cases the outcome for the global climate was similar, i.e. the 

alteration caused to the global temperature regime was undetectably small 

or zero. This result does not imply that local changes will be unimportant. 

On the contrary the GCM results show that the effects upon the deforested 

area itself are considerable - e.g. a reduction in rainfall of around 200 mm 

year-l Since vegetation has been removed and therefore infiltration capacity 

decreased, despite this decrease in rainfall, soil erosion, run-off and 

river discharge are likely to increase causing further environmental 

deterioration (Aubreville, 1949). 

One of our major conclusions is that the effects of the hydrosphere, 

which have generally been neglected in simpler climate models, must be in

clude if useful simulations are to be produced (see also Manabe et al.,1981). 

The climatic effects of a surface albedo change are much smaller in a very 

moist atmospheric environment than in arid regions (cf. Charney et al., 1977 

and Sud and Fennessy, 1982). 

The changes, potentially important for the climate, currently being 

caused by man in the tropical forests can be listed under the headings of 

I) surface albedo; II) co2 levels; III) hydrospheric changes; IV) addition of 

particulates; V) perturbations to surface atmosphere exchanges and to the 

atmospheric part of the hydrosphere. Estimates of the perturbations caused 

can only be made if the rate and mode of vegetation removal are well known. 

It is very important that we draw attention to the fact that only 

first order surface modifications have been considered here. No attempt 

has been made to consider the impact on the global carbon budget of either 

the initial removal of the forest vegetation nor the subsequent loss of this 

large sink of atmospheric carbon. Also it is likely that the forest clearance 



- 71 -

itself would produce atmospheric particulates as well as additional co2 (e.g. 

Seiler and Crutzen, 1980). 

Here we have sought to quantify the current extent of tropical 

deforestation and to calculate its possible impact upon the climate primarily 

as a result of the albedo change. We conclude that even when considering 

extensive tropical deforestation it is unwise to suggest that the surface 

vegetation changes alone will produce a climatic perturbation except in the 

immediate environment of the removal 
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Figure 1. Amazon region with the GISS GCM grid boxes in which asimulated 

"defo.restation" occurred superposed. The numbers in the grid 

boxes are the total % of rain forest. This was modified to grass/ 

Crop in the experiment. Alegrete and Belem and the grid elemants 

from which statistics for Figure 6 are taken are also shown. 

Figure 2. Sea level pressure for January and July: the control run (left) 

and observations (right). 
-1 Figure 3. Zonal wind (0.1 ms ) for January and July: control run (left) 

and observations (right). 

Figure 4. Total annual precipitation: upper figure observations showing 

seasonal variation, lower figure control run. 

Figure 5. Monthly precipitation vs. temperature plots for the two stations, 

Alegrete and Belem, cf. two grid elements (see Figure 2 for location). 

Figure 6. Grid elements of the GISS GCM (medium resolution) showing % 

rain forest and grass cover in the control case and indicating 

the regions of "deforestation" and of averaging for statistics 

used in Figure 8. 

Figure 7. 12 month running means for the last 5 years of the control and 

deforestation runs. 

Figure 8. Vertical velocity in the latitude band from 8°N to l5°S. 

(lo-4 ms-1) for January (upper) and July (lower). 5 years average 

from the control run. The cells of the Walker Circulation are 

clearly seen in the January case. 

Figure 9. Climatic change test statistic - (deforestation-control)/ control 

standard deviation- 5 year averages (January- upper; July- lower). 

Values greater than ! 3 occur in regions where the perturbation 

vertical velocity differ significantly from the control field 

(99% confidence level). 
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ON THE USE OF LARGE VAlUES FOR THE DETERMINATION OF THE 

DISTRIBUTION OF MAXIMUM VAlUES 

Abstract 

by R. SNEYERS and M. VANDIEPENBEECK 

Royal Meteorological Institute of Belgium 

When large values are independently distributed and when their dis

tribution function 1s known, the distriburion function of the largest (i.e. 

maximum) value may be derived from the former distribueion £unction. As a 

consequence of this principle, it is possible to give for the annual max1mum 

of a meteorological variate good estimations for fractiles with large return 

period such as the secular maximum with using relatively short series of 

observations. Two examples are given with the use of five years of observa

tions : a)the annual maximum windspeed at Uccle; b)the annual maximum of the 

daily rainfall at Uccle. 

Resume 

Lorsque les grandes valeurs sont reparties de fa~on independante et 

lorsque leur fonction de repartition est connue, la fonction de repartition 

de la plus grande de ces valeurs, c'est-a-dire le maximum peut etre deduite 

de la premiere. Il en resulte que pour le maximum annuel d'une variable 

meteorologique il est possible de donner de bonnes estimations des fractiles 

a grande periode de retour tels que le maximum seculaire a partir de series 

d'observations relativement courtes. On donne deux exemples bases sur une 

serie de cinq annees d'observations a)le maximum annuel de la vitesse instan

tanee du vent a Uccle; b)le maximum annuel de la cote pluviometrique jour

naliere a Uccle. 
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ETUDE DENDROCHRONOLOGIOUE AU MAROC 

by Claudine Till 

Laboratoire de Palynologie et de Phytosociologie 
Place Croix du Sud, 4 

1348 Louvain-la-Neuve 

Cette etude s'inscrit dans un vaste programme de recherches entrepris par le 

Professeur A. MUNAUT dans le bassin mediterraneen sur differentes especes 

d'arbres convenant dendrochronologiquement. 

Dans le cadre de notre doctorat elles sont essentiellement focalisees sur le 

cedre (Cedrus atlantica) du Maroc afin de repondre a des problemes concrets 

d'ecologie forestiere et pour effectuer ulterieurement des reconstructions 

climatiques. 

Nos analyses dendrochronologiques ont fournis des series chronologiques de 

cernes continues, definies a l'annee pres et s'etendant sur plus d'un 

millenaire, de 960 a 1979. 

Differents parametres dendrochronologiques et des relations cernes - climat 

revelent dans les donnees dendrochronologiques la presence de gradients 

montrant les difficultes de croissance du cedre en parallele avec les gradients 

climatiques nord-sud et ouest-est existant au Maroc. 
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PRINCIPAl COMPONENT ANALYSIS OF THE 
MEDITERRANEAN RAINFAll 

by Chr. GOOSSENS 

lnstitut d' Astronomie et de Geophysique 
Georges lemaitre 

Universite Catholique de louvain 
2, Chemin du Cyclotron 

B-1348 louvain-la-Neuve, Belgium 

Principal component analysis has been used to group the European 

Mediterranean stations into homogeneous regions. The annual rainfall re

cords used were from 90 stations distributed all over the European Medi
terranean countries. 

Major rainfall patterns were selected by a dominant-variance 

selection rule called rule N (a Monte-Carlo methode technique). 

The most important component accounting for over 26% of the va

riance, comprises a fairly uniform field over much of the area covered, and 

hence represents rainfall events common to all stations. It is referred as 

a uniform pattern. 

The second eigenvector accounts for 8 per cent of the variance and 

represents a gradient from northwest to southeast, with dry year in the 

northwest of Spain, the North of Italy and the South of Greece corresponding 

to wet years elsewhere and vice-versa. 

A gradient in the same direction is likely to emerge as a third 

eigenvector (7 percent) with a considerable orographic influences super

imposed. The orographic effects are slight over Pyrennees and Appenins but 

much more important over the Iberian mountains and the Alps. 

The fourth eigenvector (7 percent) marks the influence of the 

cyclonic disturbances which originate in the Mediterranean Basin. The main 

region lies in the Western Mediterranean, producing Gulf of Genoa depressions. 

In the Mediterranean North-East region, the central Basin depressions tend 

to move to the northeast or eastwards where further intensification may 

occur in the eastern Basin area. 
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Eigenvectors beyond the fourth contribute individually little to 

the total rainfall. Generally, as the eigenvector number increases, the 

patterns they represent become smaller scale and represent shorter time 

fluctuations. 

To summarize we may conclude that these eigenvectors classify the 

rainfall stations into some homogeneous rainfall groups. The regional 

grouping, based on the spatial patterns formed by the four major eigen

vectors, shows the existence of six climatic regions : 

- group I : north-west Spain and north Portugal which have a west

European rather than a Mediterranean coastal climate with rainfall 

exceeding 700 mm in much of the region, this rainfall is heaviest 

under the westerlies in winter, but considerable in summer also. 

- group 2 : north-east and south of Spain, south of Portugal and south 

of France characterized by rainfall in the winter half-year, but very 

little rain in summer. 

group 3 : north-Italy which 1s characterized by a rainfall distribu

tion all over the year, but in contrast to the regime of the Medi
terranean climate, the summer half-year has more rain than the winter. 

The rainiest montt1s are in autumu and spring, the driest are January 

and February. 

- group 4 : the rest of Italy without Sicily, where most rain falls in 

the winter half-year, but summer is not rainless. However, the amount 

of rain becomes smaller and the rainy season shorter when going to the 

south. 

- group 5 : Yougoslavia, Albania and north of Greece characterized by a 

single rain maximum in winter, summer being almost but not quite ra1n

less. 

- group 6 : Sicily and South of Greece characterized by considerably 

less precipitations, with dry and dusty lands through the long summer 

months. 
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DESERTIFICATION RESEARCH IN SOUTHER TUNISIA 

by Jean-luc MEliCE 

Associate· Expert 

World Meteorological Organization 
Geneva - Switzerland 

Research project of the WMO and the Geophysical Institute of the 
university of Alaska (Fairbanks, Alaska, U.S.A.}. 

This study is supported by the National Science Fundation (Washington D C) 
(Grant ATM 7915798) and by the World Meteorological Organization. 

This study proposes to investigate "climatic" feed-back mechanisms 

of desertification in the Tunisian region. Emphasis is placed on the effects 

of surface radiative properties as a consequence of modifying surface fea

tures by overgrazing and on the effects of associated increased atmospheric 

turbidity. 

Interpretation of the impact of overgrazing on desertification not only is 

of interest as fundamental knowledge in atmospheric sciences but has pro

found societal relevance associated with the world food supply. 

We will summarize briefly the work already accomplished with this 

project and the work wich is underway : 

I. Ground-based measurements were carried out in the semi-desert of sout

hern Tunisia. These measurements provided results on the ground surface 

temperature and albedo differences between denuded, semi-desert and 

vegetated areas. For example, albedo differences between grazed and 

protected land were found to be in the order of 10%, and bare soils, even 

with a higher reflectivity, was always warmer during times of bright sun

shine than vegetaded soil. Previous controversy in the litterature on 

this topic might have been clarified through these results. 

Turbidity and aerosol measurements were also carried out in :S·Out

hern Tunisia. The winter months wich comprise the rainy season in that 

area showed lower values of turbidity than the summer months, a result 

to be excepted since most of the aerosols are dust particles. 
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Spring showed the largest number of sand storms and turbidity was high 

from this time on, until the approach of the next rainy season. Values 

found approaches those of heavily industrialized areas of the United 

States. Model calculations on radiative transfer us1ng the measured data 

(turbidity and surface albedo) as an input were carried out. Perturbation 

experiments showed that an increased surface albedo (desertification) 

and an accompanied turbidity increase would have somewhat compensating 

effects on the planetary albedo. 

Over the last 80 years, there has been no decrease in precipitation in 

southern Tunisia wich is statistically significant. For the semi-desert, 

a quasi-biennial oscillation was detected and further, there is an 

indication that the sunspot cycle was detected in the precipitation data. 

2. Quantitative analyses of satellite data for the evaluation of the deser-· 

tification process in the semi-desert of southern Tunisia over the last 

decade will be carried out. Good results of these analyses will be ex

pected after taking into account atmospheric attenuation wich are obtained 

from our turbidity and "ground truth" measurements. 

Measurements of the surface heat balance and the atmospheric boundary 

layer over semi-desert and oasis will also be carried out. These data 

will be the basic input for a radiative-convective model wich will be 

applied 1n order to check the climatic stability of the desertification 

process. 
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PREUMINARY ANNOUNCEMENT 

CUMATE AND DESERTIFICATION, ERICE, SICilY, 10-22 OCTOBER 1983 

by J.P. VAN YPERSELE 
Vice-Director of the Course 

lnstitut d'Astronomie et de Geophysique 
Universite Catholique de louvain 

Chemin du Cyclotron, 2 
B-1348 louvain-la-Neuve, Belgium 

The Third Course of the International School of Climatology (Director : 

Professor A. Longhetto) will be held at the Ettore Majorana Centre for Scienti

fic Culture, Erice-Trapani, Sicily, from 10 to 22 October, 1983. It will be 

devoted to "The Climatological Aspects of Desertification : Facts, Theories 

and Methods". 

This Course intends to go beyond the controversy about the main 

cause -man or climate ?- of desertification, understood here as the var1ous 

processes leading to a reduction of the biological potential of the land ; 

it will try to address the questions : what is the present state of knowledge 

on the climatological aspects of desertification ? How to make the best use 

of the existing atmospheric data for a better management and planning in 

regions at risk ? What are the gaps to fill ? How can modern remote sensing 

techniques be applied to this problem ? What do the climatologists need to 

know about desertification ? In which way can the atmospheric scientists, 1n 

collaboration with scientists from other disciplines, contribute to the 

understanding, the monitoring and finally the control of desertification ? 

How to present the climate-related information to the potential users ? 

The goal of this interdisciplinary Course will not only be achieved 

through the lectures, but also through the informal discussions between all 

the participants. Lectures will be delivered by the 25 specialists who will 

review the following subjects : Ecology and climate of arid, semi-arid and 

subhumid regions, Desertification processes, Wind and water erosion, Salini

zation, Drought and bio-geophysical feedbacks, Climatological and bio-geo

physical monitoring of desertification processes. A panel discussion will 

also be devoted to the interaction of climate variability and human activi

ties leading to desertification. 

A set of recommendations for further research/action also emerge 

from this meeting. 
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This Course is intended for people having a background in meteoro

logy, geophysics and/or ecologie, but also to indivuals from other disci

plines interested in desertification. The programme has been designed as 

much to supply up-to-date information to researchers already working in the 

field of desertification as to provide a high-level background knowledge to 

all geophysicists (including graduate and post-graduate students) planning 

to work on related topics. 

Some fellowships available for travel and/or living expenses will 

be awarded on a competitive basis. The number of participants will be limited. 

For further information and applications, please contact the Director of 

the Course, Dr. R. Fantechi, Commission of the European Communities, Environ

ment Research Programmes (DG XII), Rue de la Loi 200B, B-1049 Bruxelles, 

Belgium, or the author of this sheet. 


