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Motivation
Å All land-atmosphere coupling is local 
éinitially.
Å Coupling ñstrengthò affects fluxes; 
important for weather & climate.
Å GEWEX/GLASS/LoCo project:
Characterize the nature of local coupling.
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Betts
(1996)

Diurnal 
timescales

Seasonal 
timescales

Centuryé

Land - atmosphere interaction
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Beljaars
(2005)

ñWe discussed 
including this in a 
recent document, 
but dropped it 
because it was 
too confusing.ò

EC model/
TESSEL

Land - atmosphere interaction
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Characterized 
many land and 
atmospheric 
processes & 
feedbacks for 
typical daytime 
with focus on soil 
moisture vs other 
processes

surface
evaporation

non - evaporative
processes

Land - atmosphere interaction

Ek &
Holtslag
(2005)
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Simplified.

negative 

feedback

positive 

feedback

Land - atmosphere interaction

Ek &
Holtslag
(2005)
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van Heerwaarden 
et al (2009)

Land - atmosphere interaction

Negative feedback 
mechanisms and 
the relationships 
among variables 
that regulate 
evaporation.
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Land - atmosphere interaction

direct 
heating

moistening

entrainment 
heating & 

drying
negative 

feedbacks
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Coupling parameters 

Parameters respond to interaction of land, 
boundary layer, and entrainment processes:

Å Effect on relative humidity tendency (& 
potential for boundary - layer clouds).

Å Effect of soil moisture on surface 
evaporation (or evaporative fraction).

Å Findell convective potential (Obbe 
Tuinenburg).

Å Betts mixing diagrams (Joe Santanello).
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éABL-top
dry -air &
warm -air
entrainment

Surface 
evaporation

Warming due to 
surface sensible 
heat flux

ABL growthé

éABL-top
temperature 
decrease

Coupling parameter:
Relative humidity tendency
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Normalized RH tendency (Ek and Holtslag, 2004)
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Coupling parameter:
Relative humidity tendency & clouds

Å surface 
moistening regime 
(stronger above -ABL 
stability and/or q 
large)

Å ABL-growth 
regime (weaker 
above -ABL stability 
& q small)

evaporative fraction (ef)
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) RH tendency with decreasing ef

RH tendency with increasing ef

greatest RH tendency & 
ABL cloud potential, e.g. 
in land -ABL model runs.

normalize RH tendency
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Jarvis 1985
Jarvis & McNaughton, 1986
McNaughton & Spriggs, 1986

Coupling parameter:
Soil moisture & evaporative fraction

Å change in evaporative fraction with changing 
soil moisture ( ñò).

Å Omega (ñò) parameter (vegetation):

-- > 0, strongly coupled :  strong turbulence, 
strong stomotal control, e.g. forests.

-- > 1, weakly coupled :  weak turbulence, 
weak stomotal control, e.g. grass/crops.
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Å RH tendency 
sensitivity to soil 
moisture, related 
to Omega param.
(normalized by  
non -evaporative   

RH tendency term) .

evaporative fraction (ef)
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Coupling parameter:
Omega parameter & RH tendency

normalize sensitivity of RH 
tendency to soil moisture

Å forest

Å grass/crops

Å FLUXNET DATA

(Cor Jacobs)

Ö/Ö(ÖRH/Öt) = fct() O
m

e
g

a
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days with feedback (%)

radiosonde data

monsoon

ÅñCTP-HIlow frameworkò Findell and Eltahir, 2003
ÅConvective Triggering Potential - Humidity 

Index (lower atmosphere, 950 -850mb)
ÅFeedbacks based on atmospheric state:  

atmospheric stability & low - level moisture.

Obbe Tuinenburg (Wageningen University: obbe.tuinenburg@wur.nl)

Coupling parameter:
Influence of surface conditions on precipitation
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Satellite -Scale Modeling of Land -Atmosphere Coupling
Joseph A. Santanello, Jr. and Christa D. Peters -Lidard, NASA -GSFC Code 614.3

Hydrospheric and Biospheric Sciences Laboratory

Dry Soils

Atmospheric fluxes of 
heat and moisture 

(entrainment)

7am

Land Surface 
fluxes of heat and 
moisture 
(evaporation)         

�µ�0�L�[�L�Q�J���'�L�D�J�U�D�P�¶��
approach depicts L-A 
fluxes and feedbacks 
through the evolution of 
2-meter temperature and 
humidity.

7pm

7am

----- Observations

7pm

�7�K�H���G�H�J�U�H�H���R�I���O�R�F�D�O���F�R�X�S�O�L�Q�J�����µ�/�R�&�R�¶�����E�H�W�Z�H�H�Q��
the land and atmosphere is a function of 
complex processes and feedbacks that require 
further understanding and quantification. 

The daily variability of heat and moisture states 
�D�Q�G���I�O�X�[�H�V���Q�H�D�U���W�K�H���(�D�U�W�K�¶�V���V�X�U�I�D�F�H���L�V���U�H�I�O�H�F�W�L�Y�H��
of both land surface (soil moisture) and 
atmospheric (boundary-layer depth) conditions. 
As a result the modeled and observed 
evolution of temperature (T) and humidity (q) 
can be used as a diagnostic of LoCo.

A unique NASA modeling system (LIS-WRF) 
has been developed and successfully applied 
to a framework for diagnosing LoCo that 
combines physically-based process models 
with observations of land and atmospheric 
properties at satellite scales.  

Results show that soil moisture anomalies 
lead to significantly different signatures of 
heat and moisture evolution and highlight the 
potential utility of routine observations of T 
and q from current and future NASA satellite 
platforms.

Fig. 2:  Daytime 
evolution of specific 
humidity vs. potential 
temperature for the dry 
and wet soil moisture 
locations in Fig. 1

Model Range

Wet Soils

Dry Soils

Wet

Dry

Soil Moisture (m3/m3)

Fig. 1:  Near-surface soil 
moisture map of the 
Southern Great  Plains 
Region.

Å ñMixing diagramò 
quantifies the land & ABL 
fluxes (surface, entrain -
ment) through the 
evolution of T and q 
(Betts, 1992).
Å Soil moisture anomalies 
lead to significantly 
different signatures of 
heat and moisture 
evolution (in the 
observations, as well as 
for LSM -ABL coupled 
modeling with WRF).
Å Potential utility of 
routine obs of T and q, 
e.g. remote sensing.

Joe Santanello (NASA/GSFC/HSB: joseph.a.santanello@nasa.gov)


