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Abstract. Pollen data collected in Africa at high (Ku-
ruyange, valley swamp, Burundi) and low altitude (Victoria,
lake, Uganda; Ngamakala, pond, Congo) showed that after
6 ky before present (BP), pollen of deciduous trees increase
their relative percentage, suggesting thus the reduction of the
annual amount of precipitation and/or an increase of in the
length of the dry season. Until now, pollen-climate trans-
fer functions only investigated mean annual precipitation,
due to the absence of modern pollen-assemblage analogs un-
der diversified precipitation regimes. Hence these functions
omit the potential effect of a change in precipitation season-
ality modifying thus the length of the dry season. In the
present study, we use an equilibrium biosphere model (i.e.
BIOME3.5) to estimate the sensitivity of equatorial African
vegetation, at specific sites, to such changes. Climatic sce-
narios, differing only in the monthly distribution of the cur-
rent annual amount of precipitation, are examined at the
above three locations in equatorial Africa. Soil characteris-
tics, monthly temperatures and cloudiness are kept constant
at their present-day values. Good agreement is shown be-
tween model simulations and current biomes assemblages,
as inferred from pollen data. To date, the increase of the de-
ciduous forest component in the palaeodata around 6 ky BP
has been interpreted as the beginning of a drier climate pe-
riod. However, our results demonstrate that a change in the
seasonal distribution of precipitation could also induce the
observed changes in vegetation types. This study confirms
the importance of taking into account seasonal changes in
the hydrological balance. Palaeoecologists can greatly ben-
efit from the use of dynamic process based vegetation mod-
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els to acccount for modification of the length of the dry sea-
son when they wish to reconstruct vegetation composition or
to infer quantitative climate parameters, such as temperature
and precipitation, from pollen or vegetation proxy.

1 Introduction

One of the fundamental assumptions in plant ecology is that,
on continental or global scales, the distribution and compo-
sition of vegetation is strongly controlled by climatic condi-
tions (Woodward, 1987; Stephenson, 1990) through the key
processes of photosynthesis, respiration and transpiration.
The length of the dry season has often been emphasized as a
major control of vegetation structure and patterns in the trop-
ics (Thomas, 1973; Box and Fujiwara, 2005; Vincens et al.,
2007; Ngomanda et al., 2009). However, the relation be-
tween vegetation composition and climate is often described
in a simple way using annual descriptors such as tempera-
ture and precipitation (Bonnefille et al., 1990). Yet, precip-
itation regimes are characterised by two main aspects (i.e.
annual mean and month to month variability) modifying the
duration and the intensity of the dry season(s) which have to
be considered in defining the suitable bioclimatic limits of a
vegetation type (Street-Perrott and Perrott, 1993). The mod-
ern mega-climate of Africa is quite simple due to the simple
topography of the continent. Climatic zones related to the
upper-level circulation tend to occur as symmetrical belts on
either side of the equator (Thompson, 1965). Consequently
two symmetric gradients of temperature and humidity spread
from the equator. The tropical climate is governed by the
seasonal movement of the meteorological equator (i.e. inter-
tropical convergence zone, ITCZ) in response to changes in
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the location of maximum solar heating. The ITCZ migrates
northward to ca. 15–24◦ N in June to August, and southward
to ca. 8◦ N in West Africa and to ca. 16◦ S in East Africa
in December and February, respectively (Hastenrath, 1988).
The equatorial zone is therefore characterized by a double
rainfall maximum. In East Africa, the altitudinal effect on
climate associated with the local topography (Mt Kenya,
5197 m; Mt Ruwenzori, 5120 m; Kilimandjaro, 5899 m; Mt
Rungwe, 3176 m) is superimposed to this simple pattern and
results in a decrease of the temperature with altitude as-
sociated with a complex distribution of rainfall (Osmaston,
1989). During the period between 12 ky BP and 6 ky BP, the
insolation had a higher seasonal contrast compared to present
day values due to solar radiation changes associated with or-
bital parameter development (Kutzbach and Street-Perrott,
1985) thus inducing some changes in the seasonal pattern of
the precipitation at regional scale. The COHMAP modelling
project (Kutzbach et al., 1993) simulated higher July precip-
itation across a part of Africa due to the intensification of
the summer monsoon. For instance, within the intertropical
belt in Africa at 12 ky BP (respectively 6 ky BP), simulations
show an increase of the July precipitation of ca. 4 mm day−1

(respectively ca. 2 mm day−1). However, in the equatorial
highlands of central East Africa during the early Holocene
(10–7 ky BP), the reconstructed mean annual precipitation
is 30 mm yr−1 (−2%) below present-day value with sev-
eral positive shifts (Bonnefille and Chalíe, 2000). Moreover,
pollen records show large variations of vegetation during the
Holocene as a consequence of precipitation changes (Bon-
nefille et al., 1990; Vincens et al., 1993). Until recently, most
studies estimated the annual precipitation from palaeodata
(Bonnefille et al., 1990; Vincens et al., 1993; Peyron et al.,
2000). It has been shown (Barboni et al., 2003) that the sea-
sonality of the precipitation (as represented by the duration
of the dry season) in the tropical region of South West In-
dia has a strong impact on the modern pollen taxa distribu-
tion. The first attempts to estimate the total duration of the
rainy season(s) by transfer functions (Chalíe, 1992) need to
be improved. Indeed, using pollen data does not allow us to
unambiguously reconstruct environmental conditions much
different from the modern ones, particularly when low atmo-
spheric CO2 concentration prevail, because the reconstruc-
tions are ultimately based on the best analogues available
within modern data (Guiot, 1990). One way to slacken this
constraint is to use mechanistic models to simulate present
and past vegetation distributions. This type of models de-
scribes explicitly photosynthetic processes and hydrological
cycles according to empirical laws and experimental mea-
surements. In this paper, we focus on the mean monthly pre-
cipitation using different scenario for this parameter to test
its impacts on equatorial African ecosystems at the century
time scale. For such time scales, vegetation and climate can
be considered as being in steady state equilibrium (Webb,
1986). Therefore, changes in vegetation composition, in re-
sponse to a modification of the precipitation regime (through

the modification of the length of the dry season holding tem-
peratures and CO2 level constant), may be evaluated with
the equilibrium biosphere model BIOME3.5 (Haxeltine and
Prentice, 1996). This model is applied at three sites along an
equatorial transect, in different botanical contexts in order to
simulate a set of diversified ecosystem responses. The three
selected sites show consistent pollen records of past vegeta-
tion. They all show a tropical forest established at the be-
ginning of the Holocene, and taxonomic changes during the
mid-Holocene that have been interpreted as a consequence of
hydrologic changes (annual rainfall amount and/or seasonal
precipitation change) (Kendall, 1969; Elenga et al., 1994;
Jolly et al., 1994).

2 Methods

2.1 BIOME3.5

BIOME3.5 is a modified version of the BIOME3 terrestrial
biosphere model (Haxeltine and Prentice, 1996) including
improved descriptions of competition, phenology, photosyn-
thesis and respiration (Kaplan et al., 2002). This model de-
scribes the potential vegetation present at a site following an
essential logic. First, the model selects the plant functional
types (PFTs, assemblage of species which have the same re-
sponse to environmental factors) likely to be present on the
site according to their physiological, phenological and bio-
climatic characteristics and the site specific climatic condi-
tions. For each of the selected PFTs, maximum sustainable
leaf area index (LAI) and net primary production (NPP), are
calculated using a coupled carbon and water flux model. NPP
values are then compared independently for trees and grasses
to select the dominant PFT. Simulation of competition be-
tween trees and grass is based on NPP and LAI values. Vege-
tation is described as monthly/annual values of LAI and NPP
for the dominant PFT and secondary PFTs. These outputs
can be classified into biome types according to the domi-
nance and assemblages of PFTs and a classification scheme
(Haxeltine and Prentice, 1996). Model inputs are expressed
as latitude, atmospheric CO2 content, soil texture (Zobler and
for Space Studies(1986); map of soil from theFAO-Unesco,
1974) and monthly mean values of temperature, precipitation
and cloudiness. BIOME3.5 is similar to the latest version
BIOME4 (Kaplan et al., 2002) in its representation of trop-
ical vegetation. We used BIOME3.5 for comparison with
Guiot et al.(2000).

2.2 Validation of BIOME3.5

A qualitative and quantitative comparison at global scale of
the BIOME3 simulations of the present-day vegetation with
a digitised global map of potential natural vegetation showed
that the model successfully reproduces the broad scale pat-
tern (Haxeltine and Prentice, 1996). Another comparison
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Fig. 1. Sites location and current observed vegetation formations.

made between predicted NPP and a set of NPP data mea-
sured byLeith (1975) showed a fair agreement between the
predicted NPP and measured NPP, yielding a correlation co-
efficient of 0.74 (Haxeltine and Prentice, 1996). However,
even if BIOME3 can be considered robust in the intertropi-
cal area (Jolly and Haxeltine, 1997), it tends to underestimate
the absolute NPP values above 1100 gC m−2 yr−1 The same
bias has been observed for a large number of other global
NPP models (Moore III et al., 1995). BIOME3.5 was not
changed for the intertropical biomes.

2.3 Sites description

The selected sites are located on an African equatorial tran-
sect (Fig.1) characterised by constant temperatures during
the year (Fig.2). We chose Ngamakala (Congo, 4◦ 4′ S,
15◦ 23′ E, 400 m; Elenga et al., 1994), Victoria (Pilkinton
bay, Uganda, 0◦ 19′ N, 33◦ 20′ E, 1134 m; Kendall, 1969)
and Kuruyange (Burundi, 3◦ 35′ S, 29◦ 41′ E 2000 m;Bon-
nefille et al., 1991; Jolly and Bonnefille, 1991; Jolly et al.,
1994). The three sites present high values of annual
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Fig. 2. Current mean monthly temperatures (lines) and precipitation (bars) distribution for the three studied sites (Leemans and Cramer,
1991).

precipitation and annual mean temperature (Ngamakala:
1620 mm, 24.1◦C; Victoria: 1175 mm, 22.3◦C; Kuruyange:
1470 mm, 17.4◦C) which are considered as non limiting con-
ditions for the current vegetation composition. These sites
presents, respectively mean dry-seasons of 84, 3 and 96 con-
secutives dry days according to the climatic database (Lee-
mans and Cramer, 1991).

According to White (1983), Ngamakala present-day vege-
tation belongs to the Guineo-Congolian domain. Kuruyange,
a swamp today anthropised, is located in the afromontane do-
main with a mosaic of East African evergreen bushland and
secondary Acacia wooded grassland near the transitional rain
forest (White, 1983). The surrounding vegetation of Pilking-
ton Bay is a mixed mosaic of semi-deciduous or deciduous
forest and savanna.

2.4 Climate data

At each site, relevant climatic data are obtained by interpo-
lation from a database of global climatic variables (Leemans
and Cramer, 1991) using an artificial neural network (ANN),
as performed in Africa by (Peyron et al., 2000).

Temperature, cloudiness and soil texture are maintained
constant at their current site values in the simulations. It
may appear unrealistic to change the precipitation distribu-
tion when keeping cloudiness constant. However, changes in
cloudiness are difficult to estimate because co-variations be-
tween precipitation and cloudiness are poorly understood in
this context (Gregory and Morris, 1996). Moreover, we aim
at deciphering the ecosystem response to one specific param-
eter under investigation (rainfall seasonality), hence primar-
ily producing sensitivity experiments rather than fully realis-
tic experiments. Only the distribution and the magnitude of
the monthly precipitation during the year are modified, keep-
ing constant the annual amount of precipitation.

The construction of the precipitation scenarios can be de-
scribed in three steps:

1. Automatic identification of the months with extreme
precipitation (minimum or maximum) is done on the
modern mean monthly precipitation distribution curve
for each studied site.

2. The amount of precipitation for one of the extremes is
set by increments of 20 mm from−120 mm to 120 mm.
This step is a compromise between the number of sce-
narios and the calculation time. As the intertropical re-
gion is characterised by two wet seasons, the amount of
precipitation is modified for the four extreme months.

3. The monthly amounts of precipitation for the months
located between two extreme months are linearly inter-
polated as following:

1P(j) =
1Pex(2)−1Pex(1)

mex(2)−mex(1)
× [m(j)−mex(1)] +1Pex (1)

where the extreme months encompassing monthm(j) are
notedmex(1) and mex(2), their increments being1Pex(1)

and 1Pex(2). P(j) is the modern precipitation of month
j and1P(j) is its increment. For each of the 4 modified
months, there are 12 possibilities to obtain a new distribution
of precipitation. The new distribution must have an annual
amount of precipitation more or less equal to those of the
actual precipitation Pan on the site. Strictly, the new dis-
tribution P ′an is such that|P ′an−Pan| < 100 mm (Fig.3).
This strong constraint highly reduces the number of tested
distributions: for example, when it is applied on the Nga-
makala site, the number of simulated distributions is 5410.
Simulation of the vegetation is performed in each of the new
precipitation scenario, using BIOME3.5.

2.5 Variables selected to describe the vegetation change

The NPP value of each PFT present in the grid cell is used to
describe the vegetation. We express the seasonal precipita-
tion signal with simple parameters (number of consecutives
dry days, sum of the daily amount of precipitation). We use
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Fig. 3. Simulated distributions of precipitation at Ngamakala. Solid
circle, current precipitation distribution according to the climatic
database (Leemans and Cramer, 1991); Blue line, mean simulated
distribution. Red lines, mean simulated distribution± SD.

the “highest number of consecutive dry days” as a discrimi-
nant variable. A month is defined as “dry” when the monthly
amount of precipitation is lower than 30 mm (Köppen, 1884).
This variable requires a daily time-step and is calculated by
a linear interpolation:

– For a monthi, the amount of precipitationP(mi) is at-
tributed to the julian day representing the middle of the
month (mdi) considered (Haxeltine and Prentice, 1996).

– For days between two consecutive mid-month days,
precipitation at dayj +1 is obtained from precipitation
at dayj as follows:

Pj+1 = Pj +
P(mi+1)−P(mi)

(mdi+1−mdi)2
(2)

2.6 Relationship between seasonality and biome

The biome types at each of the three sites are simulated
for each of the precipitation scenarios defined as explained
above. The length of the dry season is given by the number
of consecutive dry days. We deduce, for each biome type, the
range of dry season length and the percentage of appearance
of each biome type related to the total number of simula-
tions for this range (frequency of occurence of the biome in
%). Simulated biome type can be classified by increasing dry
season length (Fig.4) as follows:

– Tropical Evergreen Forest: TrEF

– Tropical Semi-Deciduous Forest: TrsDF

– Tropical Deciduous Forest/ Woodland: TrDF/W

– Tropical Savanna: TrSa

The biomes TrEF, TrsDF and TrDF/W are all dominated by
the “tropical raingreen trees” PFT. In this specific case, the
biome selection is made according to the number of “green-
days”, i.e. the number of days when a foliage cover is present
as a function of the Leaf Area Index of the dominant PFT.

2.7 Altitudinal effect

In addition, we evaluate the impact of the atmospheric pres-
sure decrease at higher altitude, on vegetation composition
simulated by Biome3.5. With a decrease of the atmospheric
pressure, CO2 and O2 partial pressure also decrease in pro-
portion modifying thus the altitudinal photosynthetic rate.
We aim at testing how this lower atmospheric pressure lead-
ing in lower CO2 and O2 partitial pressure may change the
vegetation response and sensitivity to a same seasonal varia-
tion in the precipitation distribution. At Kuruyange (2000 m),
in addition to seasonal changes in precipitation, we apply two
distinct atmospheric pressures in our simulations: (1) sea-
level atmospheric pressure and (2) 2000 m atmospheric pres-
sure. Estimates of the atmospheric pressure are calculated
according to an empirical relationship (Triplet and Roche,
1977) as following:

P(z) = P(z0)−0.08z (3)

with P representing the atmospheric pressure (in hPa),z,
the altitude (in m), andP(z0) ≈ 1000 hPa being the atmo-
spheric pressure at the sea level.

3 Results

Under the current precipitation distribution, at each of the
three sites the simulated biome is TrsDF, a mixed forest char-
acterised by evergreen and deciduous trees. When we modify
the precipitation regime according to the rules given above,
four types of biomes are simulated but with varying frequen-
cies (Fig.4). At Ngamakala, the modern biome TrsDF is
the most frequent (60% of the total number of simulated
biome), followed by the drier TrDF/W (37%). For Victo-
ria, the most frequent biome is drier than the modern one
(65% TrDF/W), the modern biome TrsDF being the second
in frequency (32%). For Kuruyange, the vegetation has a
particularly strong response to variations of precipitation sea-
sonality. Indeed, the modern biome type is TrsDF dominant
(45%) but two other types are important: a wetter biome
TrEF (32%) and a drier one TrDF/W (23%). PFTs potentially
present at each site are of three types: tropical raingreen trees
(trt), tropical/warm or temperate grass (trg/teg) and woody
desert plant type C3 and C4 (wod). At Kuruyange, teg re-
places trg. Generally, the dominant PFT is trt whatever the
chosen site, except some rare cases where it is trg.

www.clim-past.net/6/169/2010/ Clim. Past, 6, 169–178, 2010



174 E. S. Gritti et al.: Seasonal precipitation change and vegetation in tropical Africa

Fig. 4. Frequency of occurence within the total number of simulations of the biome types simulated for each site. In red, Tropical Evergreen
Forest biome; In dark green, Tropical Semi-Deciduous Forest biome; In light green, Tropical Deciduous Forest/Woodland biome; In yellow,
Tropical Savanna.

Figure5 gives the value of NPP of the three PFTs for the
Ngamakala site as a function of the number of consecutives
dry days, each point representing one scenario of precipita-
tion. It is noticeable that NPP values vary more in function
of the PFT and vary less and differently in function of the
driest-season variable. The trt PFT has a NPP value decreas-
ing from 2000 gC m−2 yr−1 to 1400 gC m−2 yr−1 for a driest-
season longer than 100 days. For the trg PFT, the NPP values
seem to be almost constant and equal to 1800 gC m−2 yr−1,
despite a small discontinuity around 40 days. The dispersion
of the NPP values is related to the number of significatively
different scenarios considered for each value of the driest-
season variables.

Figure6a represents the frequency of appearance of each
biome type as a function of the number of consecutives dry
days for Ngamakala. Our results show two distinct transi-
tions, but the first is less marked than the second. Between
20 and 100 consecutives dry days, the probability of simulat-
ing a semi-deciduous biome is almost equal to one. As the
number of dry days increases above 100 days, the probability
of simulating a deciduous biome reaches a maximum. Note
that the shift between TrsDF and TrDF/W biomes is simu-
lated as a fairly radical change, simulated strictly for a driest
season between 100 and 120 days. For this site, the savanna
biome type rarely occurs. At Victoria, only one transition
occurs between a semi-deciduous forest and a deciduous one
(Fig. 6b). This transition takes place between 60 and 100 dry
days and reveals progressive, especially if compared to the
change observed in Ngamakala. The tropical savanna is also
simulated, but its occurrence is always low.

At Kuruyange, located at 2000 m , BIOME3.5 simulates
two distinct transitions (Fig.6c). Between 0 to 100 consecu-
tives dry days, the model simulates an evergreen forest if we
don’t take reduced atmospheric pressure into account. After-
wards, the biome type is semi-deciduous until 140 dry days.
Finally, the frequency of the deciduous forest is high above
140 dry days. We notice that the range of consecutives dry

Fig. 5. Evolution of the NPP of 3 PFTs, as a function of the num-
ber of consecutives dry days for Ngamakala (400 m). In red, trop-
ical/warm grass PFT (trg); In green, tropical raingreen trees PFT
(trt); In yellow, woody desert plant type C3 and C4 PFT (wod). In
grey, current number of consecutive dry days according to the cli-
matic database (Leemans and Cramer, 1991).

days within which the semi deciduous biome dominates is
rather narrow. The results are significantly different when
we take into account the decrease of pressure with elevation
(Fig.6d). The number of consecutives dry days within which
the present-day biome at Kuruyange occurs increases from
days 100–140 to days 40–120. Moreover, both biome transi-
tions occur at lower critical values of number of consecutives
dry days.

4 Discussion

Under water stress, the model predicts that all PFTs un-
dergo a general decrease of their respective NPP values. A
first question to ask is whether the simulated physiological
response is realistic. In term of absolute NPP, BIOME3.5
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Fig. 6. Frequency of occurence by class of number of consecutives dry days of the Biome types simulated for each site. In red, Tropical
Evergreen Forest biome; in dark green, Tropical Semi-Deciduous Forest biome; in light green, Tropical Deciduous Forest/Woodland biome;
in yellow, Tropical Savanna for(A) Ngamakala (Congo),(B) Victoria (Uganda),(C) Kuruyange (Burundi) with atmospheric pressure mea-
sured at the sea level and Kuruyange (Burundi),(D) with atmospheric pressure at 2000 m, calculated applying an empirical correction to take
into account the altitudinal effect. In grey, current number of consecutive dry days according to the climatic database (Leemans and Cramer,
1991).

underestimates systematically the ecosystem NPP above
1000 gC m−2 yr−1 (Haxeltine and Prentice, 1996). However,
due to the process-based characteristics of the model, we be-
lieve that the simulated response in terms of trend is realistic.
All the PFTs are stressed (marked by a general decrease of
the mean NPP value above a PFT-specific threshold) by an
increase of the dry season length. The differential response
illustrates that grasses have a better adaptation capacity to
water stress than woody plants. These differences could be
interpreted by a different growth scheme for plants corre-
sponding to these two PFTs, with a ”short” longevity (i.e.,
a better yield for a broad climatic spectrum) for grass type.

Studies on the effect of the atmospheric (CO2) show that
C3 natural and cultural plants decrease their photosynthetic
rate when CO2 partial pressure is reduced (Bazzaz, 1990;
Sage, 1995; Sage and Coleman, 2001), inducing a decrease
of NPP. When we run BIOME3.5 with decreasing CO2
partial pressure (increasing altitude), we observe displace-
ment of the transition between biomes mainly due to an
overall decrease in both NPP and Leaf Area Index values
(i.e. foliage covers). This result is well in agreement with
previous studies (seeFriend and Woodward, 1990). How-
ever, Biome3.5 lacks explicite description of the effect of the
lowered partial pressure of O2 on photosynthesis through the

reduction in the rate of photorespiration (Woodward, 1986).
Similarly,the modification with elevation of CO2 diffusion
coefficient (Terashima et al., 1995) as well as light inten-
sity and greater evaporative demand (Smith and Geller, 1979)
may counterbalance these results. In BIOME3.5, until now,
the present PFTs are selected using climatic constraints with-
out taking into account the altitudinal effect on CO2 par-
tial pressure. Therefore, to improve vegetation simulation,
it would be better to select potentially present PFT(s) after
NPP and LAI calculations which would take this effect into
account. At the biome level, ecosystem transitions are simu-
lated as a function of the driest season length. These transi-
tions are characterised by vegetation composition modifica-
tion from a tropical semi-deciduous forest biome to a tropical
deciduous forest biome. At present-day, BIOME3.5 simu-
lates a semi-deciduous forest at the three studied sites with a
length of the driest season of 3, 84 and 96 days at Victoria,
Ngamakala and Kuruyange, respectively. This study shows
that even if we keep constant the total annual amount of pre-
cipitation, a seasonal change is able to produce major biome
changes. The change toward drier biomes, respectively ap-
pears around 110, 80 and 100/150 days, respectively, of dri-
est season at Ngamakala, Victoria and Kuruyange without
altitude effect. We note that the simulated vegetation change
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due only to the change of the seasonality of precipitation is
more important than the changes observed in the palaeodata
during the Holocene at the three sites (Kendall, 1969; Bon-
nefille et al., 1991; Elenga et al., 1994; Jolly et al., 1994).
Our simulations demonstrate that we have to take into ac-
count the seasonal distribution of precipitation when recon-
structing past climates. Reconstruction of mean annual cli-
matic variables (Bonnefille et al., 1990; Peyron et al., 2000;
Bonnefille and Chalíe, 2000; Peyron et al., 2006) in tropi-
cal areas must be completed by considering the precipitation
seasonal distribution. If BIOME3.5 output correctly matches
palaeodata, the next step will consist in developing an ob-
jective and automatic procedure to determine which climatic
scenario are the most reliable. Regarding the threshold on
the monthly amount of precipitation to define a dry month,
the literature is abundant. The value of 30 mm used here is
perhaps the oldest definition of a dry month (Köppen, 1884)
and, according toAubréville and Chevalier(1949), 30 mm is
“certainly under the true value, but this corresponds to a cer-
tainty”. The calculation of the number of dry days could be
improved by using the xerothermic Gaussen index (Gaussen
and Bagnouls, 1953) which takes into account the relative air
humidity. Moreover, while the processes considered in bio-
spheric models are highly nonlinear, some of them have char-
acteristic times substantially shorter than one month. The use
of monthly average data as model forcing is thus nota priori
justified and may lead to non-negligible errors on the model
output variables (Hubert et al., 1998). The use of processes-
based ecosystem models has already been shown to be a pow-
erful strategy to perform climate reconstruction from palaeo-
data (Prentice and Harrison, 2009). Yet, the model used in
this study is an equilibrium biosphere processes-based model
not simulating explicitly disturbances such as fire distur-
bance or human land management which are largely control-
ling the trees/grasses balance in disturbance-prone ecosys-
tems (van Langevelde et al., 2003; Gritti et al., 2006).Thus,
further studies on past climatic reconstruction from palaeo-
records would greatly benefit from the use of new generation
of explicit processed-based dynamic vegetation models.

5 Conclusions

The effect of a seasonal change in the seasonality distribu-
tion of precipitation on the vegetation has been tested with
an equilibrium vegetation model. Our simulations confirm
that at all sites, located near the Equator, a substantial in-
crease of the number of consecutives dry days could easily
lead to a change in the tropical forest composition and struc-
ture such as those observed in the pollen diagrams during the
Holocene. The impact on the vegetation depends on the PFT
and the location. A smooth seasonal change in the precip-
itation as used in this study can induce one or several well
marked biome transition. The change toward a drier biome,
i.e. from a semi-deciduous to a deciduous one for instance,

appears, respectively at 110, 80 and 150 days of driest sea-
son at Ngamakala, Victoria and Kuruyange. The NPP value
of each PFT potentially present at the tropical location is af-
fected by the seasonality of precipitation.

Finally, our study indicates that in the future, sensitivity
analyses of models will be very useful to test explicit or of-
ten implicit hypotheses assumed by palaeoecologists. Here,
without a modelling approach it would be impossible to es-
timate the potential impact of a change in the seasonality of
the precipitation at a specified location. In natural condi-
tions, it is rare to find exact analogues (same mean annual
temperature, annual precipitation, soil, altitude, latitude,. . . )
with only a change in the precipitation distribution. This lack
of analogues allows for the common assumption by palaeo-
climatologists that a change of vegetation is only due to a
change of the annual amount of precipitation. Our study
demonstrates the importance of seasonal distribution of pre-
cipitation in pollen-derived climate reconstructions. A way
to integrate such changes is the inverse modelling iterative
procedure developed byGuiot et al.(1999, 2000) and exten-
sively applied to Africa byWu et al.(2007a,b).

Acknowledgements.We are grateful to A. Vincens, L. Dallari,
G. Riollet, G. Buchet, and A. Fayolle for helpful discussions and to
J. Kaplan who has provided the BIOME3.5 model. Pollen data have
been provided by the contributors of the African Pollen Database.
This research has been funded by the EC INCO programme
[INCO-DC (DG XII ERB3514PL972473)]. This paper is also a
contribution to project MOTIF (EVK2-CT-2002-00153) of the EU
Environment and Sustainable Development Program. E. S. Gritti
acknowledges support from the ANR founded project QDiv. We
thank the referees for constructive comments on an earlier version
of this paper.

Edited by: D.-D. Rousseau

The publication of this article is financed by CNRS-INSU.

References
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