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The monsoon system 

The monsoon processes and mechanisms 
 

�� Monsoon Onset 
 

The date of monsoon onset determines the beginning of sowing operations and is a crucial factor for 
farmers. The processes involved in the West African monsoon make up a system in which ocean, 
continent and atmosphere interact. Research teams have studied the interaction between ocean and 
atmosphere and their reciprocal actions on the monsoon. An AMMA team has revealed evidence for 
the formation of a tongue of cold water in the Gulf of Guinea just before onset of monsoon rains 
and which exerts a strong influence on the monsoon itself. 
The results allow better appreciation of the role of the Atlantic basin for understanding the processes 
behind the monsoon. Thus it is possible to envisage improved predictability of the arrival of the 
rainy season on the continent. But also, in fundamental research, it is possible to improve the 
representation of the ocean in prediction models and hence arrive at a better representation of the 
monsoon system as a whole.  
Contact: Guy CANIAUX guy.caniaux@meteo.fr / Chris THORNCROFT chris@atmos.albany.edu 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Map of surface temperatures, 15th of June, 2005. The 25°C isotherm is indicate by a thin line. (Source : TMI-
AMSRE). 

Tongue of cold water 
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�� Monsoon Pauses 
 

The dry pauses in the monsoon, interruptions or strong reductions in rainfall that can last 10 days to a 
month, can be disastrous for crops.  
Why do these pauses occur and how are they modulated? A research team is bringing out evidence for 
the influence of a mass of colder air coming from the Mediterranean. This approaches by way of North 
Africa, between the Atlas and the Agar. Depending on the regions where this cool air arrives, it 
increases the rainfall by bringing moist air from the Mediterranean or reduces the rainfall by reducing  
convergence of the winds. 
By studying a variability scale of two to ten days of rain under the influence of this cold air, 
weather forecasting can be improved. 
Contact: Edward VIZY ned@ig.utexas.edu 
 
In Africa, climate and weather forecast are focussed generally on one to two day range or on the 
season. However, on the intermediary scales, between the week and the month, researchers have shown 
that the rainy system activity in Sub-Saharan Africa presented variations during the stages of the 
monsoon. They seek to understand the mechanisms which govern these evolutions to determine their 
predictability. They bring to light spatial organisations of the rainy systems beyond individual system 
organisations. Thus, the rainy systems presents preferential phases and zones for which its activity is 
reinforced or reduced. This activity involves a number more or les important of individual rain systems 
and/or an activity of these systems more or less intense. Mechanisms governing these organisations 
have been identified. For variations at week scale, interactions between soils and convection play a 
major role. At month scale, it has been showed the influence of the atmospheric circulation above Indo-
Pacific basin. 
Contact : Serge JANICOT Serge.Janicot@locean- ipsl.upmc.fr / Chris TAYLOR cmt@ceh.ac.uk 

Arrival of a convective system ©Guichard/Kergoat/AMMA 
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The monsoon and its environment 
 
The monsoon interacts with its environment and affects water resources. Understanding of its 
links with continental surfaces or indeed with water resources is increasing. 
 

�� Greening of the Sahel 
 

Observations of vegetation dynamics across West Africa are based on a vegetation index adapted to 
satellite measurements. This is linked to the density of “green” plant cover, in other words vegetation 
having photosynthetic activity. Positive trends were thus observed across the Sahel and the Sudan over 
the period 1982-2003. The positive global trend towards a “greener” vegetation and a higher plant 
biomass is interpreted as a renewed greening of the Sahel. The climate appears to be the main factor 
responsible for this global trend but locally disparities in the vegetation are also observed, induced 
especially by human activity (some local places show a negative trend). Their roles in the water, 
radiation and energy budgets mean that these dynamics can be important for the monsoon system, but 
interpretation of the observed trends will remain difficult without supplementary field observations, 
high-resolution satellites and modelling. 
Contact: Eric Mougin Eric.Mougin@cesbio.cnes.fr 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Index trends (in %) of vegetation on the AMMA sites (1982 – 2006) 

©Mougin/AMMA 
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�� Runoff paradox 
 

A team also found evidence for an increase in runoff in Sahel, for example in the drainage basins 
of the River Senegal, in spite of lowering rainfall owing to climate change. Its paradox can be 
explained by the increase, during the years of the severe drought, of extensive vegetation clearing and 
forest removal combined with the climate change and demographic pressure prompted a sharp increase 
in runoff. The AMMA hydrologists and ecologists are working on the study of surface changes using 
remote sensing and photo- interpretation to map land use with the objective of providing politicians 
with data on the variability of water available for agriculture. 
Contact: Luc DESCROIX luc.descroix@ird.fr / Soussou SAMBOU sousamb@refer.sn 
 
 
In the pastoral Sahel, ponds are highly important for local people, and particularly for their livestock. In 
the Gourma of Mali, a paradox emerges: in spite of the long drought, the use of IGN aerial photographs 
from the 1960s with the satellite data from 1975 
up to the present, show a substantial increase in 
ponds since the 1960s.  
For example, the scientists observed a 98% 
extension of surface areas between 1975 and 2002 
on a 150x150 km study zone. In 1975, 92 ponds 
covered 22 000 hectares and in 2002, 43 000 
hectares for a practically equivalent amount of 
rainfall. This change was gradual, most ponds 
changing from seasonal ponds to permanent ones. 
A possible interpretation given by the researchers 
would be that this paradox stems from an 
increased runoff, not from the seasonal 
precipitation cycle. 
Contact: Laurent KERGOAT kergoat@cict.fr 
 
  

�� Water ressources 
 
Another aspect of hydrology dealt with in AMMA projects concentrates on the continental water cycle 
in West Africa. The stock of water in the ground is a key variable in the ocean-continent-atmosphere 
budget and plays an essential role in plant growth. The changes in water covered surface area of this 
region are therefore critical data, especially for agriculture.  
The research teams have worked on observations from the satellite GRACE launched in 2002. The 
satellite-borne instrument is the first that makes it possible to assess variations in groundwater 
stocks. Comparison with AMMA field data for 2007 showed that the water stocks observed by 
GRACE can be used to follow-up the seasonal variability and hence the interannual variability of the 
groundwater in West Africa and the Sahel. The satellite data can therefore be used to develop improved 
understanding of the water balance of this region and to further investigations and modelling of the 
relations between groundwater and the vegetation phenology. 
Contact: Manuela GRIPPA manuela.grippa@cesbio.cnes.fr   

 

Sahel pond©Taburet/AMMA
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The monsoon and climate change   
 
West Africa is not currently experiencing such a dry period as it did in the 1980s. Yet the region is still 
in a situation of water deficiency, particularly closed to the Atlantic front. Beyond the natural variation 
in rainfall, anthropogenic factors influencing climate change, such as greenhouse gases, make 
prediction of this variability more difficult.  
It is important to know if large changes are going to take place and to quantify them but the rate at 
which such modifications will come about must also be known. In the past, the change has very often 
been brutal. Adaptation of local communities already in difficulty is even more of a problem in the face 
of extremely harsh situations which reinforces the need for more reliable forecasts. Scientists are 
seeking to find out why in West Africa such abrupt changes have occurred.  
Contact: Kerry COOK kc@jsg.utexas.edu / Aïda Diongue aida_dniang@yahoo.fr 
 
 
 
 
Recent evolution of rains all over West Africa : Displacement to the south of the isohyets1   

black (average 1950-1969)    Red (average 1970-1989)

                                                 
1 Isohyets : line that link points where the rains height is the same 
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©Ali/AMMA 
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Forecasting variability of the monsoon 
 in the context of climate change 

 
The results of the IPCC (Intergovernmental Panel on Climate Change) shows uncertainties in the 
scenarios devised for the monsoon zones, areas which have a key role in the global climate 
system. Indeed, the Sahel is the region where there are the strongest uncertainties about the 
evolution of rainfall patterns. This reinforces the AMMA programme’s contribution in about the 
20 systems of world prediction models used by the IPCC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
West Africa climate modelling  
 
Climate change prediction is performed using physical models of the climate. However, such models 
are still unable to give correct predictions of rainfall patterns in the Sahel and their possible 
modification under the effect of global warming. A number of AMMA teams have been grouped 
together for the first time in order to make comparative studies of these models. They are 
assessing these models on their capacity to simulate the climate in West Africa and particularly the 
monsoon rains. The work under way consists of comparing the results from models with the data 
collected in AMMA field campaigns. It has brought out weaknesses of these models. Incorporation of 
these observations will bring distinct improvements to the results yielded by the models with a view to 
assessing them, on their use for agronomic or hydrological studies for example.  
Contacts: Frederick HOURDIN frederic.hourdin@lmd.jussieu.fr / Y. XUE yxue@geog.ucla.edu / 
Paolo RUTI paolo.ruti@casaccia.enea.it 

Rains July-August-September 
[(2070-99) minus (1960-99)]:  
Predicted by different models  
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Forecasting at daily and seasonal scales 
 
Numerical models can be used to establish monsoon predictions. The main objective is to quantify the 
advantage brought by data from radiosondes deployed as part of AMMA campaigns on the analyses 
and forecasts focusing on West Africa, and beyond towards higher latitudes of the northern 
hemisphere. This improved description of atmosphere helps draw up more accurate daily forecasts in 
Africa and beyond, and to establish reference analyses for the African monsoon on which to base 
scientific studies aiming to unravel the underlying mechanisms. 
When these data are used correctly, they can help make better analyses of atmospheric humidity, which 
improves predictions of rainfall over West Africa but also another regions. Over the period August-
September 2006 studied, a significant improvement was achieved for the 2-3 day forecast over 
Europe when the data on Africa were employed. 
Contact: Florence RABIER florence.rabier@meteo.fr 
 
 
 
 

 
 
 
 
 
 
The use of the AMMA radiosondes in the 
models allowed to decrease the mistake on the 
Europe forecast : colours are corresponding to 
mistake index between observation and models 
results. Darker are the blue, less the forecast 
mistakes are important on a place for 72 hours 
of expiration date.  
 
 

©Rabier/AMMA 

 
 
 
 
 

�� Forecast for tomorrow 
 
The new generation numerical prediction models are applied over Africa. Their advantage lies in better 
reproduction of rainfall systems. By running them over Africa, the researchers have shown that they 
work quite well and successfully represent the formation of cloud systems on the relief, their 
propagation, their squall lines and their connections with waves from the east. They are improved 
future prediction methods which are being used for the first time on Africa, assessed and improved 
with data from AMMA. 
Contact: Arlene LAING laing@ucar.edu 
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The monsoon and its interactions with 
 society and the environment 

 
Impacts 
 
Research work on atmospheric physics and chemistry is giving 
attention to strong air pollution in the capitals of West Africa, hitherto 
scarcely incorporated in the international plan, and to establishing 
links between this pollution and its impact on the health of the people 
exposed to it in terms of risks of inflammation (toxicology) and 
infections (epidemiology). 
The results of AMMA experimental campaigns allowed to 
quantify and characterise high levels of particle and gas pollution 
in the African capitals. Here it is appropriate to study the impacts on 
climate and health.  
Contact: Cathy LIOUSSE lioc@aero.obs-mip.fr 
 
 
 
 
 
Health 

 
By taking into account the conditions that 
encourage Rift Valley fever, it will be possible 
to devise an early warning system based on 
emergence risk prediction models. The vectors 
of RVF are now known and mapping is under 
way to plot their breeding ground locations 
(temporary ponds). At the same time the 
researchers have identified the type of rainy 
season (rainfall distribution, rainy season profile 
and so on) associated with RVF emergence in 
Senegal. Environmental risk maps combining 
remote sensing and in-situ data have been made 
available for the first time. The new challenge 
for the scientific community is to take into 

account the question of climate change in relation 
to the emergence of RVF in the future. The 

AMMA programme has strengthened the multidisciplinary approach, notably with the geophysicists 
but also with diversity of types of data and new working hypotheses.  
Contact: Jacques André Ndione,  jacques-andre.ndione@cse.sn 
�

 

Urban pollut ion in Africa ©Liousse/AMMA

Larvae RVF vectors sampling data collect ion, 
Senegal©Ndione/AMMA 
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Warning systems 
 
Locust reproduction, development and movements are strongly influenced 
by climate conditions. But what exactly are these parameters? Now we 
know that the East African Jet have a significant role with a strong 
presence of locust when it is weaker in spring and coupled with a stronger 
input of moist air coming from the West. The question that arises is to 
know if the regional models accurately represent the slowing-down of the 
East African Jet, and in this case if it would be possible to use it as an aid 
for constructing a locust early warning system. It appeared that it is 
possible to conduct seasonal forecasting of wind anomalies but that the 
performances are variable from one model to another.   
Contact: Lorenzio GENESIO l.genesio@ibimet.cnr.it  
 

To forecast food crisis, scientists study correlations between 
climate and agriculture and adapt forecast tools to crisis 
dimension. Early warning systems evolutes quickly but 
focussing on extreme events. Food crisis can be considered 
as a food security problem on a long term or as an extreme 
event on a short term: problematic is radically different and 
leads to issues in West Africa, distinguishing actors and 
users. Researchers have analysed this early warning system 
framework and innovations that should radically change 
these systems, increasing their efficiency. Advances of the 
weather seasonal forecast open new perspectives to 
ameliorate early warning systems of food crisis. In this 
regard, AMMA programme has promoted the introduction 

of new techniques. Use of the seasonal prediction in a global approach have proved to be efficient for 
the early warning systems. AMMA was a success to show future ways and the operational execution 
for the well being of African populations. 
Contact: Andrea DI VECCHIA a.divecchia@ibimet.cnr.it 
 
Adaptation 
 
Climate change is a factor influencing forest dynamics. Scientists have shown the importance of 
forest resources in any possible adaptation of the rural Sahel. A questionnaire covering many 
different themes on the use of forest resources was issued among 1354 households in 16 sites of 
Senegal, Mali, Burkina Faso, Niger and Nigeria following a rain gradient for 400 to 900 mm. Land use 
maps have been drawn up for most sites where documents giving information on the state of the forest 
cover were available. The results have shown the diversity and size of the forest resources which are 
used daily, such as fire wood for heating, construction timber, medical purposes, food, soil erosion 
control, and so on.  
The potential of forest services is strongly dependent on the quantitative and qualitative state of 
the resources and of the biodiversity of forests but is also affected by pressure of local 
populations.  
Contact: Cheikh MBOW cmbow@ucad.sn 

Locust in Mali©AMMA

Mil Field©AMMA 
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The AMMA programme (African Monsoon Multidisciplina ry Analyses), launched in 2001 by 
French researchers, now involves over 140 European, African and American laboratories. AMMA is an 
international multidisciplinary programme which was initiated to gain better understanding of the 
reasons behind disturbances to the African monsoon. Improved knowledge of the mechanisms of the 
African monsoon should help devise better systems for predicting its variations and consequences on 
the climate at local, regional and global scales and also its impact on the people, on their health, 
agricultural resources and water resources. The ultimate objective is to improve climate and 
meteorological prediction models, and thereby enhance forecasting systems for daily to interannual 
scales. 
 
During its 1st phase, AMMA benefited from the contribution of several projects, allowing to build a 
scientific community rich of its pluridisciplinarity and of international dimension. Considering the size 
reached by the programme, its new scientific and human challenges, the programme recognition at the 
international level through strengthened institutional anchoring is a major element in building the 2nd 
phase. To this purpose, AMMA develops its international governance involving, among others, the 
World Meteorological Organization, the Pan-African Organizations and European Union. 
 
 
Press contacts  

 
AMMA Project Office  
Aude Sonneville :  
aude.sonneville@cnrm.meteo.fr; 
Tel : + 33 (0)5 61 07 98 74 / + 33 (0)6 21 28 90 73 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Based on a French initiative, AMMA has been built up by an international scientific group and is 
currently financed by a large number of agencies, particularly from France, the United Kingdom, 
the United States of America and Africa. It has received a major contribution from the European 
Community’s Sixth Research Framework Programme. Full details on the scientific coordination 
and financing are available from the AMMA International site: 

www.amma-international.org�
 


