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Outline

o West African variability
e Mesoscale feedbacks

e Large scale feedbacks

“Can we trace physical
mechanisms that are responsible
for the variabllity in coupling
strength found in GLACE?”




A cold-spot of soil
moisture interaction




Interannual variability

LAl “rom AVHRR at Homberi

Pictures from Eric Mougin (CESBIO, Toulouse)
LAI from Sietse Los (U Swansea)




Interannual feedbacks

Zeng et al,
Science,
1999

Other GCM studies also suggest land amplifies SST-
(ﬁ forced variability




Seasonal Cycle of West African Monsoon
10W-10E 1992 in Observations and ERA40
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AMMA Land Model Intercomparison Project (ALMIP)
Aaron Boone (CNRM), Patricia de Rosnay (ECMWF)




AMMA flux network data

NDVI




The West African Monsoon

ERA-40 mean wind 925hPa August 2000




Diurnal cycle of monsoon

Parker et al, QJ, 2005




Site observations from Dano, Burkina Faso (SOP1)
Martin Kohler et al (FZK)

High evaporation, low
sensible heat, low
surface temperature
after rain when
vegetation not well-
developed (SOP1)

Convective indices
regenerate after 3 dry
days
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Spatial distribution of LST variabllity




Spatial variablility in soil moisture and impacts on
the atmosphere

From operational
models (ECMWF)

From satellite (AMSR-E)
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Impact of soll moisture on subseqguent convection

Cold cloud cover [%] in composite
(739 cases)

12

Increased cloud from
left to right (meridional
gradient of cloud)

|

Evening peak
in cold cloud | -

/ . .
< Cross-section >

Reduced cloud in vicinity of wet soill
Biggest effect afternoon and early evening
@ 33% reduction in cold cloud!




An Iindividual case

12 June 2000 22:15 13 June

Wet soll

Polarisation ratio TRMM
Meteosat 7 TIR

In this single case, extent of convective system influenced by soil moisture

Storms appears to “avoid” wet patch




Results from 108 cases

e |nitiation over wet soll

Cold cloud extent 13 June strongly suppressed (2%
cases)

« Over 50% cases similar
to example shown

 Even clearer signal for
small (<200 km) cloud
systems

e Suggests a negative soll
moisture — precipitation
feedback

Taylor and Ellis, GRL 2006




Convective scale feedbacks
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 From observations, found tendency of rain within squall
lines to be heavier in locations that have been recently
wetted

* Linked to a positive feedback between soil moisture and
rainfall at scales of only 10 - 15 km (Taylor and Lebel,
MWR 1998)




Modelling Impact of Moisture Anomalies on
Convection
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AMMA-UK alircraft campaign

e Photo needed




Spatial variability of surface-PBL features

UK aircraft flight over wet and dry zones provides snhapshot of atmospheric response

500 km

Cold (wet) Warm (dry)

<

Taylor et al, GRL 2007

»

White: no data (cloud or river)




Aircraft data within planetary boundary layer (PBL)

— PBL temperature
according to

ECMWEF forecast
model

T Observed PBL

temperature

Generally very good correlation between satellite surface data and
PBL at fine scale: weak heating from wet soil>cool PBL




An impact on low level winds?

If surface heating contrasts large enough, might expect
a sea-breeze type response...
l.e. convergence over dry (hot) surfaces

Surface gradients strong enough to induce circulations.
Not been so clearly seen in obs before.



Length scale analysis

Spectral analysis: coherency between pairs of variables
on flight (a form of lagged correlation)
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Might expect daytime circulations to develop
every day in wet season...

From satellite (AMSR-E)




A case with moist convection

Cold (wet) from previous storm

e 31 JU|y 2006 — major MCS Shading: land surface

: temperature anomalies

developed on flight track (not (LSTA © from mean
forecaSt) diurnal cycle

Contours: cold cloud
(T<-60C) during flight

e Dry slot within wet zone ~50x100
km (not resolved by AMSR-E)

 As in Taylor and Ellis, convection
developed over dry slot

Storm 24 hours
/ later




Observed variability in the Planetary Boundary
Layer

Land surface temperature anomalies (LSTA)
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Low level winds from aircraft




Impact of PBL variability on convection?

Ascending _
dry parcel Ascending
wet parcel
~ .
RN Flight data shows strong
PN relationship between wet soil
/ . .
/ N (more negative LSTA) and high

Dropsonde profile over moderately wet soil
extrapolated to lifting condensation level (LCL)
and low level conditions over dry soil

(ﬁ From 1-D thermodynamics argument, initiation more
5 likely over dry soil with this profile




Importance of the soil moisture gradient on
initiation (2-D effect)

Land Surface
Temperature
Anomalies (LSTA)

pn

wet

Blue contours: I_STA/’

Wet features

v

Convection triggered on gradient: signature of surface-forced circulation (2-D)

Next 2 hours, storm developed right across dry soil but remained clear of wet:
could be effect of CIN (1-D) and/or convergence (2-D)

High resolution visible (1km) MSG
i




Simulations with WRF model

Matt Garvert (University of Castilla la Mancha)

Low level convergence (red)
and divergence (blue)

Purple contours: satellite data

i Model shows enhanced
convergence due to soll

; |_—moisture gradients in region

g 4 where convection actually

initiated

St

= .

@

Model confirms importance of surface-forced convergence for triggering storm

-

H.Q‘ 4‘:1{5‘(? )
Control simulation: Simulation including realistic
orography but uniform soil soil moisture

moisture




Evolution of MCS when matured




Cold cloud and convection...




Assimilation of fine scale satellite data into land
model (Phil Harris CEH)

« Assume greatest errors in coarse-scale forcing are in rainfall amount

P.=Pamip €Xp()

« Diagnose on day 1 subject to minimise cost function over days 1-3

B MSG
Land surface

temperature (C) — JULES

Rainfall (mm)




Preliminary Results — 15t Aug 2006 — Surface
fluxes




Mesoscale summary

« Triggering:
— Strongly favoured over dry soll
— May be due to circulations
— Relative to other forcings?

e Fuel for existing systems:
— Wet solls favoured

e Net effect?




Impacts of soil moisture on larger scale
dynamics

 Event scale feedbacks — land modifies PBL directly

* Indirect feedbacks also possible — land modifies large
scale dynamics (moisture transport)

« To what extent does soil moisture variability influence
atmospheric dynamics of monsoon?




Synoptic Scale Surface Variabllity

— e e .
-~ - ik Alternate warm (dry) and
> -

cool (wet) surface anomalies

travel westwards across the
Sahel

16AUG2000

11AUG2000

26JUL2000

21JUL2000 %




An interesting easterly wave case study

Land surface temperature anomalies 26 July 2006

(ﬁ Caroline Bain, Doug Parker (Leeds)




Intraseasonal variability of W African
monsoon

« Key mode of rainfall variability
In Sahel at 15 days

* Fluctuations in strength of low
level monsoon flow

« Associated dry spells
important for agriculture

Sultan and Janicot 2001

Is soil moisture variability large enough (spatial
(ﬁ extent and amplitude) to feed back on circulation?




Use passive microwave satellite surface wetness
data to scale up fluxes to regional scale

Simple model of
sensible heat fluxes
as function of
satellite soil wetness

TRMM Microwave Imager
data used to detect soill
moisture in top cm




Wet events in ECMWEF analyses

Sosed (// wolj uolnjons ainjeladwa) uealy

e




Link surface heating anomalies with atmospheric
variability (ECMWEF analyses)

Composite all wet and dry
surface events over 9 years of
TMI data

ECMWF analysis depicts “cool
high” anomaly

— vortex consistent with Janicot

and Sultan
B N?W interpretation as result of Shading: Sensible heat flux anomaly
rain as well as cause Contours: T (925hPa) 187

Vectors: u,v 925hPa 6Z day+1

Taylor J Clim in press
(@ 2

Data only plotted where significant at 95%



Evolution of surface-atmosphere variability

Shading: H from TMI
Contours: T(925hPa, 182)
Vectors: winds (925hPa, 62)

Data only plotted when significant at 95%




Summary

o Sahel is ideal place to study response of
atmosphere to soil moisture

* Influences development / propagation of MCS

 Influences larger scale flow in which MCS
embedded

 Which processes dominate regional coupling?




