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Land atmosphere feedbacks in tropical
regions

Jan Polcher
CNRS/IPSL/LMD

With contributions from Chris Taylor, Thierry Lebel, Randy Koster and
Paul Dirmeyer

* What are the characteristics of tropical climate which make
them key regions for land/atmosphere feedbacks ?

* At what scales are these feedbacks likely to act.

* New 1deas being developed within AMMA on the processes
governing the surface atmosphere feedback.

*The AMMA results open new doors 1n this field of research.
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Surface atmosphere Feedback Loops
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West Africa as an example

Convective systems bring the rain in West Africa while
moving from East to West.
The Sahellan reglon has 10 to 20 systems per year.

These characterlstlcs of the water
cycle have a strong impact on land
surface processes :

#* rainfall is intense.

* The contrast is strong between
processes during and after the rain
events.

* Vegetation responds quickly.
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The Rainy season has a marked spatial
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The inter-annual variability of
total rainfall
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Total rainfall can be decomposed into
a succession of events :
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Deforestation experiments with GCMs have
shown that the impact on precipitation is also
dominated by the change in the number of
events.

—>An analysis of the land atmosphere

interactions on a synoptic scale is thus
essential.
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An analysis of tropical deforestation
experiments

All models which have performed deforestation studies used different
changes 1n surface properties. We can play through them with one

GCM.

(VIR |

It demonstrates that with this uncertainty only, a deforestation leading
to a reduced moisture convergence as well as one with an increase can
be obtained.
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8 The approach also allows to propose a mechanism to
@ explain the sensitivity of the model and test it.
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Strong indications that the coupling is
active at the synoptic scale

* |t Is highly unlikely that the triggering and life cycle of
the convective systems are insensitive to the surface
conditions.

# The high spatial contrasts generated by tropical rain
events at the surface has the potential to induce local
atmospheric circulations.

*The rapid changes from dry to wet will lead to non-linear
responses of the surface and exacerbate contrasts.

= In 1975 ]. Charney emitted the hypothesis that in West
Africa the coupling could modify the regional climate.

= A number of modeling studies confirmed this potential.

-~ Most analysis of these experiments were carried out at
the monthly scale and thus have probably missed the

underlying processes.
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E Measuring the coupling strength In
an ensemble of models
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Koster et al. (2004)

JJA Land-Atmosphere Coupling Strength, Averaged Across AGCMs
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The coupling
strength is
measured by
the impact of
surface
processes on
the coherence
of an ensemble
of seasonal
forecasts.
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The GLACE project showed that while the 12 participating

models differ in the land-atmosphere coupling strength for
precipitation some regions have a stronger coupling.



W@ Coupling Segments in GCMs

Guo et al. J. Hydromet, 2005

Land-Atmosphere coupling has
been broken down between legs
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Surface atmosphere interactions have

been at the core of the AMMA project
(African Monsoon Multidisciplinary Analysis)

From the start of the project it was felt that surface atmosphere
interactions (and land-surfaces in particular) are key to understand
a number of geophysical phenomenons in West Africa :

* The dramatic decrease in rainfall in the 70's and 80's.
* The 1nitialization of weather to seasonal forecasts in the region.
* The triggering and evolution of convective systems.

* Climate and land-use changes and their impact on water
resources.

AMMA was thus designed with the objective of
better understanding the land atmosphere
coupling in West Africa.
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Observational network for the Extended
Observing Period (2005-07)

R LYBIE I:I_ ISD_ 200 600 el i] 1 ZD'EIm
A
=
! .Tamanrasset
WVAURITAHIE
<@
Cap Vert g naglm
» 3
:
E
o .
Ron Brown
Océan
e, Atlantigue ol (i
e & cubtadante
Meteor : d &
;*... roh, : - J "
ol Research Vessel (SOP) /| Mesoscale sites @ : Radio-sounding (EOP, 2RS/day) &=¥ : FOP GPS Station ,y oo cpy Ajrcraft (SOP)

\EOPILOP)

&> : SOP GPS Station
o : Buoys (LOP) JWEAerosol sites

! : High frequency SOP soundings

L |

it = 4 11 1 Bzas i ]
w1 e T



Surface moisture anomalies impact
low level atmospheric conditions
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Taylor et al. (2007)

LSTA [K]

LSTA [K]

| d(theta_v)/dx [K/deg]

Impacts on the atmospheric
dynamics

The moist patches modify the
15N 16N structure of the PBL and
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Impacts of wet spots at the larger
scale

Using remote sensed soil wetness anomalies (microwave polarization)
and meteorological analysis products over 9 wet seasons, composites of »
the atmospheric response to wet patches can be constructed.
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*The impact of wet .
patches is
consistent with in-
situ observations.
#A rainfall event
modifies the PBL
temperature for 3-4
days.
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The impact of the cool high on the
circulation

The cool high induces a low level vortex which increases the
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The next steps ...

These new hypothesis on the coupling between land-surfaces
and the atmosphere offer new opportunities to advance our
understanding.

*The AMMA data sets will be used to test these 1deas further.

*Their potential to explain some of the characteristics of the
West African monsoon needs to be explored.

*Are models able to reproduce the relationships explained by
these mechanisms ?

= Do convection permitting regional models represent these
effects ?

= Can RCMs or GCMs simulate this type of land-surface

atmosphere feedbacks ?
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Some questions are already raised by
these new ideas on the feedback

* Should the cool high favor the propagation of the rain systems
then this should lead to a more or less homogeneous seasonal
rainfall pattern ... but at which scales ?

* A deforestation which decreases evaporation and increases
sensible heat flux reduces the cool high ... and the propagation
of systems ?

* On the contrary a land use which would increases evaporation
should strengthen the cool high !

Only with models which correctly reflect our understanding of
the land atmosphere coupling will we be able to explore these
questions and provide answers for the precipitation in the

@H()pical regions.
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Conclusion

* Modeling studies of land/atmosphere interactions have been
limited by our lack of confidence 1n their sensitivity. Still these
exercises have been helpful to

= show the limits of our understanding, and
= develop new methods for diagnosing the feedbacks.

* New remote sensed and in-situ observations have permitted a
more theoretical understanding of the land/atmosphere feedbacks.

= In contract to model results these ideas can be tested.

* These new hypotheses need to be refined and used to validate the
sensitivity of our models

= This process should lead to a higher confidence in our
modeling capabilities and their potential for their application :

aWeather and seasonal forecasts — surface 1nitialization,
@ sAnthropogenic climate change - land-use impact.
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Founding
agencies:

African
agencies

ACMAD

T mars Y ——

Supporting
agencies
Partners

Belgium :
University of Louvain la Neuve

Ifremer

Benin :

Université d'Abomey-Calavi, Direction de
I'Hydrologie

Direction de la Météorologie Nationale
Burkina Faso :

Institut de I'Environnement et de Recherches
Agricoles, Direction Général de 1'Inventaire des
Ressources Hydrauliques, Université de Ouagadougou,
Direction de la Météorologie Nationale
Cameroon :

Centre de Recherches Hydrologiques

Cabo Verde :

Instituto Superior de Ciéncias do Mar, Instituto
Nacional de Meteorologia e Geofisica, Instituto

Nacional de Gestao dos Recursos Hidricos
Denmark :

University of
Copenhagen
Finland :
Vaisala OYJ

NATURAL
ENVIROMNMENT
RESEARCH COUNCIL

B 3

European Commission

RROLPE DES FCOURE
TR - ETSHEE

IRD=J [ METEO FRANCE
stilut de rechmrche Jjours un temps d'avance
ur & deappamant

o= Bundeaminienium ' A

ﬁ q’l el e SR @ i ARM

m __-'I U.5. Department of Energy
France :

MEDIAS-France, Centre de Coorpération Internationale en
Recherche Agronomique pour le Développement,Université de
Bourgogne, Université Paris 6 — Pierre et Marie Curie, Université
Paris 7 — Denis Diderot, Université Paris 12 — Val de Marne,
Université Paul Sabatier, Université des Sciences et Technologie de
Lille, Université de Montpellier 2, Université de Grenoble
Université de Versailles Saint-Quentin, Ecole Normale Supérieure,
Ecole Polytechnique, Muesum National d'Histoire Naturelle, Institut
National Polytechnique de Grenoble

Germany :

University of Cologne, Deutsches Zentrum fiir Luft-und Raumfahrt,
University of Bremen, Forshungszentrum Karlsruhe, Leibniz-
Institut fiir Meereswissenschaften

Ludwig-Maximilians-Universitit Miinchen, Rheinische Friedrich-
Wilhelms-Universitit Bonn, Karlsruhe University

Ghana :

Met service, Univeristy of Kumasi

Italy :

Consiglio Nazionale delle Ricerche, Enea per Nuove Technologie,

I'Energia e 'Ambiente, Universita' di Perugia

Ivory Coast :

Université d'Abidjan Cocody, Institut de Géographie
Tropicale, Direction de la Météorologie Nationale
Mali :

Direction de la Météorologie nationale du Mali, Institut
d'Economie Rurale, Institut National de Recherche en Santé
Publique, Université de Bamako,

Netherlands :

Royal Netherlands Meteorological Institute

Université Abdou Moumouni de Niamey, Centre Régional

VI |

d'Enseignement Spécialisé en Agriculture, Direction de
I'Hydrologie, Direction de la Météorologie Nationale
Nigeria :

Nigerian Meteorological Agency, Uiversity of Jos

Senegal:
Université Cheikh Anta Diop de Dakar, Direction de

I -

5
M

I'Hydrologie, Centre de Suivi écologique, Direction de la

c
|

[ Tlli L

Météorologie Nationale, Institut Sénégalais de Recherches
Agricoles

Universidad de Castilla- La Mancha, Universitad Complutense
de Madrid, Universidad Politécnica de Cartagena

United Kingdom :

University of Leeds, Centre for Ecology and Hydrology,
University of East Anglia, University of Liverpool, University
of York, University of Leicester, University of Manchester,
Chancellor, Masters and Scholars of University of Cambridge,
University of Reading, University of Oxford, University
College, London, European Centre for Medium Range
Weather Forecasts, Ocean Scientific International Ltd

United States :

University at Albany, University of Oklahoma, Nag

Center for Atmospheric Research, HowardUnivers





