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Outline:

Intro/Motivation: demand-driven science, use of seasonal
climate prediction, adaptation to climate change...

1. The influence of SST on African climate:
ENSO on interannual time scale
longer-term variations (e.g. drought in the Sahel)
(time scales dictated by ocean dynamics)

2. Influences on Europe:
Atlantic SST, convection (e.g. 2003 heat wave)
Indian Ocean SST, convection (e.g. NAO trends)

3. Understanding projections of future change:
the role of SST/remote v. land/local influences
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working at the intersection of predictability and vulnerability...

IRI Multi-Model Probability Forecast for Precipitation
for September-October-November 2010, Issued August 2010
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Projections of precipitation: incoherent in tropical regions

June-July-August (JJA)
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Famine Early Warning Systems: www.fews.net
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time series
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ENSO influence on eastern and southern Africa

GODDARD AND GRAHAM: IMPORTANCE OF THE INDIAN OCEAN GODDARD AND GRAHAM: IMPORTANCE OF THE INDIAN OCEA
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Sahel precipitation - July-September 1930-2000
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normalized PC

Variability in Sahel rainfall
(25% in obs, 21% in ens-mean)
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Variability in Sahel rainfall: interdecadal and interannual time scales

a. 21-year running mean of the Sahel PC

d. high-freq residual of the Sahel PC - r=0.52
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Response to diabatic heating in the equatorial Indian Ocean
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Trend in Annual Precipitation, 1901 to 2005
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Roles of Atlantic and Indian Ocean SSTs
attribution: natural (decadal) variability or global warming?

[ T T T T T T T T T T T T T T T T T T T T T T T T T T T

T T T T
— [ mean { UEA CRU TS2p1 monthly prcp ) anomalies ]/ root mean sq anom [ mean { UEA C}:\U

e [ mean - mean ] [ { KAPLAN EXTENDED v2 ssta) *cosd] / rootmeansqanom [meant m
------ [ mean ({ KAPLAN EXTENDED v2 ssta} *cosd) / root mean sqanom mean ({ KAPL

green — Sahel rainfall
blue — north Atlantic SST (minus global mean)
red — equatorial Indian Ocean SST (Wlth Sign reversed) The International Research Institute

for Climate and Society



The relative roles of external forcing and internal variability
Mingfang Ting (LDEOQO), personal communication

Ting et al 2009, in J Climate @ The International Research Institute
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Tropical SSTs influence European, African climate independently

The summertime NAO
(SNAO)

Folland et al 2009, in J Climate
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Tropical Atlantic convection shifts frequency of occurrence of
European summer weather regimes
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Indian Ocean warming favors the positive NAO phase

Responses (JFM) to +1°C Indian Ocean SST Anomaly
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IPCC AR4 simulations: from coherence to divergence

XX-PI Sahel Rainfall

Sahel Rainfall Anomalies due to greenhouse gases
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Differences in SST projections do not explain the divergence in
projections of regional precipitation

Correlation Sahel and Predicted Sahel (PI)

A1B Trend in Sahel Raintall (47)
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Will the African monsoon strengthen?
Haarsma et al, 2005 (Geophys Res Lett.)
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Or will warmer oceans dry out continents?

GFDL CM2.0
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Connecting energy and water cycles

in the moist static energy framework

(Neelin and Held 1987; Zeng and Neelin 1999;
Liepert et al 2004)

om+Vemv+o mow=9gdF

where m = gz + ¢, T + Lq is moist static energy
and g d, F is the net energy flux

Giannini 2010, in J Climate
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The dominance of
a remote/ocean top-down mechanism
leads to projection of a drier Sahel:

this is consistent with studies that highlight
the connection between sea surface temperature and rainfall:
In the climate change context
vertical stability is set globally, from the top
In @ way analogous to the impact of ENSO
on the global tropical troposphere
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Warming of the When the energy With reduced

oceans warms requirement for precipitation and

the tropical deep convectionto  evaporation,

troposphere, occur cannot be met reduced cloud cover

setting vertical over land, because and net surface

instability globally moisture is lacking, terrestrial radiation,
precipitation the surface warms
decreases thanks to an increase

In net solar radiation

(A d A A
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The projection of a drier Sahel:

Near-surface and upper-level moist static energy
as measures of vertical instability

Gridbox-by-gridbox regressions of precipitation on MSE
20t century 21st century
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NB: the change is in the upper level (toswpanels), and is consistent with
warming of the global tropical troposphere leading to increased stability
indUCing reduced precipitation The International Research Institute
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The dominance of
a local/land bottom-up mechanism
leads to projection of a wetter Sahel

This is an analogue to studies that relate perturbations
in land surface properties to changes in the atmospheric
energy budget, and to orbital forcing of monsoons.

The local net surface energy balance is crucial:

(Solar + Terrestrial)R — (Latent + Sensible)H
especially net terrestrial radiation and latent heat
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An increase in net drives increases in  ultimately

radiation at the surface, evaporation and Increasing
dominated by the near-surface vertical instability
terrestrial component moisture and precipitation,
directly related to the convergence as well as surface
increase in GHGs temperature
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The projection of a wetter Sahel:

Near-surface and upper-level moist static energy
as measures of vertical instability

Gridbox-by-gridbox regressions of precipitation on MSE
20t century 21st century
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The projection of a wetter Sahel
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Concluding remarks:

Our understanding of 20t century African climate, which
IS based on the relationship between SST forcing and rainfall
response, is challenged by the uncertainty in projections

predictability: to advance our physical understanding, we need
to work across spatial and temporal scales

vulnerability: at the same time, why not build resilience on the
ground that is informed by lessons learned in adapting to
persistent drought?
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Variability in Gulf of Guinea rainfall
(15% in obs, 32% in ens-mean)
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The role of (sulfate) aerosols
Rotstayn and Lohmann, 2002 (J Climate)

ROTSTAYN AND LOHMANN
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Bader, J and M Latif, 2003 (Geophys. Res. Lett)
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The relative roles of the Atlantic, Indian and Pacific Oceans
Lu, J and TL Delworth, 2005 (Geophys. Res. Lett.)
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