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What does AMMA need?

Models that are properly coupled across all
scales!

* Point and spatial evaluation of models

 Evaluation of model land-surface-
atmosphere coupling against data

* Conceptual understanding of land-
surface-atmosphere coupling!



Clouds are a crucial link in land-
surface feedback

* Cloud fields are a tightly coupled
component; impacting surface energy
budget and evaporation

* Partly linked locally to ‘soilwater’ which
Impacts evaporation, and LCL

* Partly linked to larger-scale dynamics



Consider the chain of processes
involving water

Precip —— SMI ——AE clouds Precip
vegetation vegetation \ BL param dynamics
Soils RH microphysics
runoff Cu param
LW,SW radiation

R .., H

net’

SMI : soil moisture index [0<SMI<1 as PWP<SM<FC]

a..,. cloud albedo’ viewed from surface



ERAA40 river basin
budgets
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How well are physical processes
represented?

 Basin-scale assessment of ERA40 biases
[Betts et al. 2003a, 2003b, 20058]

 Flux tower data can assess both biases and
the coupling of physical processes on the
point scale



Compare ERA-40 with BERMS flux
towers in Saskatchewan

Focus:
» Coupling of clouds to surface fluxes

 Define a ‘cloud albedo’ that reduces the
shortwave (SW) flux reaching surface

- Basic ‘climate parameter’, coupled to
surface evaporation [locally/distant]



Compare ERA-40 with BERMS
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Global model improvements [ERA-40]
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 Reanalysis T bias is now small in all seasons
[ERA-40 land-surface model developed from BOREAS]
 BERMS inter-site variability of daily mean T is small



Comp

Temp: OJP ('C)

RH

RH: OF

OBS to:
Spacing:

arison of BERMS and ERA-40

0

1.0

4 1997- Aug 2002
1 BERMS above canopy

=10 1]
Temp: OBS {"C)

L i T T

=20

Pyt
10

= 1997- Aug 2002
I BERMS above canopy

e laa el

05 06 0T 08 [I:EI
RH: 0BS

OJP
29km

02 03 04

1.0

Temp: OA (°C)

RH: 0A

20 1997- Aug 2002

1 BERMS above canopy

k3
=]
|

& Rl=nsss

=30 =20

TESCT
=10 o 10
Temp: 0BS ("C)

= 1997- Aug 2002
7 BERMS above canopy

el

o4

Pl N PR e

03 -

o233 4

T e P E e T T e

02 03 04 05 06 07 OB 08 10
RH: OBS

OA
81km

Temp: ERA ('C)

RH ERA

30 1997- Aug 2002

1ERA; lverest model level
260 OBS: above canopy
10

0

-10
-20 -
_3|:| q

E BB e R e R e B R R B LR R |

=30 <20 10 0 10 20 30

Temp: 085 ('C)

1.0 | 1997- Aug 2002

ERA: lowest model level
0.9 - OES: above canopy
0.8
0.7
0E
0.5
04 -
0.2

:Wal :
024 _ f

T
08 07 08 09

10

02 D3 D4 05

RH: OBS

ERA-40
[grid-point]



Seasonal Evaporative Fraction

» Data as expected | |z
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Comparison of BERMS and ERA-40
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BERMS: Old Black Spruce
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Cloud albedo comp
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Cloud albedo and LW comparison
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How do fluxes depend on cloud cover?
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How do model biases depend on
cloud cover?
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Coupling of regional water vapor
convergence, clouds and land-
surface processes
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Historical perspective

* For about 15 years, ‘cloud feedbacks’
have been labeled a ‘challenge’; a ‘'major
source of uncertainty in climate modeling

« Why? Seems odd because they are so
easily observed!

* A quantitative framework, which links
clouds to both surface and large-scale
processes has been missing.



Organize data by
‘cloud albedo’

and the links become
transparent and verifiable



Definitions

* VIMC: Vertically integrated moisture
convergence

* a,,,,- cloud albedo’ viewed from surface
— measure of surface SW cloud forcing

« SMI : soil moisture index
[0<SMI<1 as PWP<SM<FC]



cloud

Surface and TOA cloud albedo are
tightly related
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SMI and VIMC
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O ouq IS the critical link

Not dependent on moisture convergence, VIMC
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Relation of surface cloud forcing to

CF-SURF (Wm™)

precipitation forcing [Wm-]
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H (Wm™2)

Surface fluxes vary with a
but not VIMC
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H (Wm2)

Surface fluxes vary with SMI
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Precipitation varies with o,y and SMI-L1
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CF-SURF (Wm™2)

ERA-40 SEB is partitioned into

- Energy, a function of cloud albedo
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Satellite perspective on SEB

SEB energy balance a ‘soluble problem’ ?

1) Surface cloud forcing/a,, 4 [Visible]
2) EF from surface layer SMI [microwave]



Satellite perspective on Precip
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Conclusions

* Organize data by ‘cloud albedo’

* Cloud albedo is as important as surface
albedo [with higher variability]

* Clouds, BL and surface are a coupled
system; so biases coupled

* Coupling of LW__,to RH and a4
important to diurnal temperature range



Critical Issues

* Are observables coupled correctly in a model?
Accuracy of model ‘daily climate’ important to
forcing of monsoon

« Key non-local observables:
— BL quantities: RH, LCL, 8¢ linked to soilwater

— Clouds: reduce SW reaching surface, o,y and
outgoing LW

— Aerosol: shift heating from surface to lower
atmosphere

clou



For AMMA

* Will we have sufficient/representative flux-

tower data to assess models?

« Bamba (17.0N, 1.4W)

« Agoufou (15.33N, 1.48W)

« Wankama (13.63N, 2.63E)
Banizoumbou (13.52N, 2.62E) [+ Niamey airport- ARM]
Djougou (9.82N, 1.72E)

[2 or 3 flux stations at each location each over a different land
surface type]

« Can we link ‘cloud albedo’ derived from
satellite data to surface fields and model
analyses?

» Stratify by aerosol surface radiative
feedback
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