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• Several global data analysis activities are conducted in the frame of 
GEWEX to complete the description of the energy and water cycle.

• Most products are now being worked on  (clouds, aerosols, radiative 
fluxes, precipitation, ocean surface turbulent fluxes, water vapour, 
temperature, and ozone) apart from the turbulent land heat fluxes.�

(http://www.gewex.org/projects-GRP.htm)

• Objectives: 
to develop the needed capabilities to 
produce a global, multi-decadal
surface heat flux data product.

• Agenda: 
1st workshop in Toulouse, May 2007.
2nd workshop in Melbourne, Sep 2009.
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The LandFlux initiative of the GEWEX Radiation Panel 
(GRP):
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• Some possibilities for global estimation of land surface heat fluxes (LE, H):�

(b) using observations to force
‘complex’ land surface model, 
e.g GSWP-2��

(a) using observations to infer the 
properties of the atmosphere and 
surface needed to derive the fluxes 
by physically based formulations

Introduction

[e.g. monthly latent fluxes August 93] 

e.g. (Fisher J., 2007, Rem. Sens.Envir.) 

(Dirmeyer P. (2006), BAMS) 

(c) assimilating observations into 
a coupled land-atmosphere model 
e.g NCEP reanalysis��

(Kalnay. E. (1996), BAMS) 
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• Land heat fluxes does not have a 
unique signature that can be remotely 
detected, so satellite observations need 
to be combined to infer them.

Introduction
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• Energy partition at the surface governed by:

Governing equations

from Cleugh et al. (2007), Regional evaporation estimates from flux tower and MODIS satellite data
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• Eliminating surface temperature:

Penman-Monteith equation

Prisley-Taylor simplification

from Verstraeten et al. (2008), Assessment of evapotranspiration and
soil moisture content across different scales of observation

Governing equations
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• Radiation at the surface

Inputs

from Kalma et al. (2008), Estimating land surface evaporation: a review 
of methods using remotely sensed surface temperature data

• Soil heat flux

Cannot be measured remotely, G/Rn 
(5-20%) constant or parameterized

From atmospheric reanalysis (e.g ERA-INT��), or radiative transfer models fed with 
relevant data (SRB, ISCCP-FD), or simpler parameterizations combining estimation of 
down-welling components and surface properties (albedo, emissivity, Ts, … ).

e.g. Aug 1993 Rn

SRB

ISCCP-FD
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• Land surface skin temperature (LST)

Inputs

Inputs

Radiative temperature available from IR sensors (LandSat, ASTER, AVHRR, 
MODIS …) for clear-sky at different spatial (60m - 4km) and time (1/2 hour -16 
days) resolutions (also from microwave sensors less clear-sky biased but less 
frequent and at larger spatial resolutions).

LST and its difference with air temperature govern the flux partitioning; its 
diurnal rate of change is a useful constrain for LE as soil moisture conditions 
have a thermal signature. e.g. July 2003 LST differences for 

observations and models

• Atmospheric forcing

Meteorological inputs (e.g air temperature, vapour pressure, wind, ….) are 
required by some methods, datasets exist (e.g. CRU) but global coverage can 
be an issue.
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• Characterizing the surface

Inputs

Inputs

Ra, aerodynamic resistance, some 
of the parameters difficult to estimate 
globally (U, zo …)

Rs, efective resistance (soil+vegetation) estimated by parameterizations 
requiring vegetation indexes ( e.g. NDVI, SAVI, EVI) and derived measures 
(fractional land cover(fc), leaf area index(LAI), fraction of active radiation (PAR) 
intercepted and/absorbed by vegetation cover, ….) 

from Cleugh et al. (2007), Regional evaporation 
estimates from flux tower and MODIS satellite data
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Anderson et al. (2007), A climatological study of the 
evapotranspiration and moisture stress across the continental 
US based on thermal remote sensing

Methodse.g.  two-source model with soil and canopy resistances coupled with a model 
simulating the growth of the ABL. Requires 2 Ts measurements (GOES) but 
avoids the use of absolute Ts-Ta and remove time independent biases in Ts. 

Anderson and Kustas (2008), Thermal remote 
sensing of drought and evapotranspiration

• How to reduce sensitivity to input errors or lack of inputs? 

Inputs
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Nishida et al. (2003), An operational remote sensing algorithm of land surface evaporation

Inputs

• How to reduce sensitivity to input errors or lack of inputs? 

e.g.  Vi-Ts methods, with changes in the slope of Vi-Ts tracking surface 
conductance.  Here determining Tsoil and Tveg from Vi-Ts scatter plot to derive 
an evaporative fraction without requiring VPD or Ta. 

1.Introduction

2.Equations 

3.Inputs

4.Methods

5. Global
fluxes

6. Inter-
-comparing

fluxes



�

�<carlos.jimenez@obspm.fr>                                                                                                    12

• Possibilities to estimate LE/H:

Methods

1. H from formulations involving Ts, LE calculated as a residual of the 
surface energy balance 

2. LE calculated from equations predicting the main evapotranspiration 
processes, H as a residual 

3. LE and/or H calculated from empirical regressions linking the fluxes to 
related atmospheric/surface observations 

e.g. Su (2002), the Surface Energy Balance System (SEBS) for estimation of 
turbulent heat fluxes

e.g. Cleugh et al. (2007), Regional evaporation estimates from flux tower and MODIS 
satellite data

e.g Wang et al. (2008), An improved method for estimating global evapotranspiration based on 
satellite determination of surface net radiation, vegetation index, temperature and soil moisture
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• Some validated methods for LE:

Methods

Kalma et al. (2008), Estimating land surface evaporation: a review 
of methods using remotely sensed surface temperature data
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Methods

Kalma et al. (2008), Estimating land surface evaporation: a review 
of methods using remotely sensed surface temperature data

• Some validated methods for LE:
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Methods

Kalma et al. (2008), Estimating land surface evaporation: a review 
of methods using remotely sensed surface temperature data

• Some validated methods for LE:
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• Findings from previous review:

Methods

Kalma et al. (2008), Estimating land surface evaporation: a review 
of methods using remotely sensed surface temperature data

• assessment of ~ 30 published validations showing an RMSE ~ 50 
W/m2 and relative errors of 15-30% (at different time steps and for 
different regions)

• the assessment shows that more complex physical and analytical 
methods are not necessarily more accurate than empirical and 
statistical methods

• improved temporal scaling procedures are required to extrapolate 
instantaneous estimates to daily and longer time periods

• gap-filling techniques are needed when temporal scaling is affected 
by intermittent satellite cover
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• Pros and cons of different methods?

Methods

Verstraeten et al. (2008), Assesment of evapotranspiration and soil 
moisture content across different scales of observattion
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Global heat fluxes

Nishida et al. (2003), An operational remote sensing algorithm of land surface evaporation

• Policies for development of global LE, H?
�
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Mu et al. (2003), Development of a global evapotranspiration algorithm 
based on MODIS and global meteorology data

• Policies for development of global ET? Other ideas?
�

Global heat fluxes
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• Published global 
RS datasets:

1.

2.

3.

Global heat fluxes
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Prisley-Taylor with new ecophysiological ideas on how to reduce 
potential to actual ET when soil moisture, stomatal resistance and 
wind speed data are unavailable.

[ 1o x 1o, monthly means, 1986-1995 ]�

Fisher et al. (2008), Global estimates of the land-atmosphere water flux 
based on monthly AVHRR and ISLSCP-II data, validated at 16 FluxNet sites

1.

• Inputs

• Evaluation at 16 tower EC 
fluxes with model using in situ 
meteorology

Global heat fluxes
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Statistical method using a simple regression equation calibrated at 
12 (EBBR and EC) US sites

[ 1o x 1o, monthly means, 1986-1993 ]�

2.

• Inputs

• Evaluation at 12 sites using 
in situ meteorology

Wang et al. (2008), An improved method for estimating global evapotranspiration based on 
satellite determination of surface net radiation, vegeation index, temperature and soil moisture

Rn, T a,d (day time averaged air T) , DTaR (diurnal air T range) from 
ISLSCP-II, NDVI from AVHRR

Global heat fluxes
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Statistical method using regression models to relate land surface 
model fluxes with multi-sensor observations (aiming not only at data 
production but also at land model development and multi-variable assimilation )

[ 0.5o x 0.5o, monthly means, 1993-1999 
]�

3.

• Inputs

• Coarse evaluation at 76 
Ameriflux sites using tower 
flux 2002-2006 annual 
climatologies 

Jimenez et al. (2008), Towards an estimation of global 
land surface heat fluxes from multi-satellite observations

Global heat fluxes
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Phase 1

[ Statistical models for LSM development ]

The statistical models learn the 
global relationships between 
observations and a land model 
state variable (e.g. soil moisture).

The statistical models map the 
observations into soil moisture using 
the learned global relationships.

Phase 2

• Methodology



�

�<carlos.jimenez@obspm.fr>                                                                                                    25

e.g. (a) July 93 monthly soil moisture
from NCEP, (c) associated prediction 
from satellite observations, and (e) 
difference . 

[Aires, F., et al., Sensitivity of microwave and infrared satellite observations to soil 
moisture at a global scale. II: Global statistical relationships, JGR, 110, 2005]

[ Statistical models for LSM development ]

• Applications [1]

• for specific regions and times there 
may be no consistency between the 
LSM (original) variable and the 
satellite-driven (statistical model) 
variable: this can be used to diagnose 
potential LSM problems.
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• there exist techniques to calculate Ri and give more weights to the 
statistical model predictions when there are more reliable.

• as the statistical model was calibrated with the LSM outputs, we force 
consistency between LSM and satellite-derived variable and minimize 
the typical problems trying to assimilate exogenous inputs.

background term

LSM variable satellite-derived variable statistical model error

Cost function to combine information from the observations and the LSM:

• the observations mapped into state variables by the statistical model 
could be integrated into the LSM by standard variational assimilation 
schemes.

• Applications [2]

[ Statistical models for LSM development ]
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Inter-comparing global heat fluxes

• We have started an inter-comparison of land surface heat fluxes within 
the framework of LandFLUX.

• A first comparison of monthly heat fluxes in 1993-95 was conducted with 
the aim of assessing the spread in the estimated fluxes. There was no 
attempt to quantify the accuracy of the products, no intentions to claim that 
one product was superior to the others.

• We are expanding these first inter-comparison exercises into a focused 
activity (LandFlux-EVAL), that will include multi-scale (spatial and temporal) 
data sets, assessment over longer time-periods, and identification of specific 
regions for focused analysis. 

• ETH Zurich and the Observatoire de Paris are the contact institutions for 
this activity.

[http://www.iac.ethz.ch/url/LandFlux-EVAL]
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INSTITUTION LE H Rn Resolution
PHYSICAL FORMULATIONS/STATISTICAL MODELS [driven by observational data]

OXUNI University of Oxford Priestley-Taylor ET,  data from ISLSCP-II (SRB, 
CRU, AVHRR)

Rn - LE SRB 1986-95 monthly
1o x 1o

MAUNI University of Maryland Empirical, calibrated with Ameriflux, satellite 
data from ISLSCP-II (SRB, CRU, AVHRR)

Rn - LE SRB 1986-95 monthly
1o x 1o

PRIUNI Princenton University Penman-Montheith ET,  data from ISCCP, 
AVHRR

Rn - LE ISCCP-FD 1986-06 daily
2.5o x 2.5o

OBSPM Paris Observatory Empirical, calibrated with GSWP fluxes,  data from ISCCP, 
ERS, SSMI, AVHRR …

ISCCP-FD 1992-99 monthly
1/4o x 1/4o

MPIBGM MPI Biogeochemistry Empirical, global upscaling of FluxNet,  data from CRU, 
GPCC, AVHRR ….

Rn~ LE+H 1982-08 monthly
1/2o x 1/2o

LAND SURFACE MODELS [coupled with an atmospheric model assimilating observational data]

MERRA NASA-GMAO MERRA reanalysis, GEOS-5 atmospheric model coupled with NSIPP land 
model

1979- 6-hourly
1/2o x 2/3o

NCEP NCEP/NCAR NCEP-DOE reanalysis, atmospheric model coupled with OSU land model 1979- 6-hourly
1/2o x 2/3o

ERA ECMWF ERA Interim reanalysis, atmospheric model coupled with TESSEL land 
model

1989-98  6-hourly
1.5o x 1.5o

LAND SURFACE MODELS [forced off-line with model and/or observational data]

GSWP GLASS/ISLSCP Multi-model ensemble, forced with ISLSCP-II ↓Rn 
SRB

1986-95 monthly
1o x 1o

NOAH NCAR/OSU/AFWA/HL
Equally forced participating models under the GLDAS land 
data assimilation system

↓Rn  
-1993 (ERA15)
-1994/5 (NCEP-
R1)
SRB-bias-corr. 

1979- 3-hourly
1o x 1o

CLM NCAR +

MOSAIC NASA-GSFC

Inter-comparing global heat fluxes
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• Monthly averaged
latent fluxes (LE) 

August 1993        [W/m2]
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• Monthly averaged
sensible fluxes (H) 

August 1993        [W/m2]

Inter-comparing global heat fluxes
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• Monthly averaged
net radiation (Rn) 

August 1993        [W/m2]

Inter-comparing global heat fluxes
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• Monthly averaged
evaporative fraction 

(EF)

August 1993        [W/m2]

EF = LE / (LE+H)�

Inter-comparing global heat fluxes
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• Example of monthly zonal means

H

August 1993

RnLE

[ BLACK all-products ensemble average ]

Inter-comparing global heat fluxes
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• 1993 annual 
differences

- Differences calculated with respect to the all-products ensemble average.

LE

Rn

Inter-comparing global heat fluxes

[selected basins]
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• 1993 annual RMSE (W/m2) [from the global monthly mean differences]
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• Based on this PRELIMINARY results, it seems that the fluxes spread in the new global 
observation-based heat flux estimates is similar to the already existing reanalysis and 
LSMs heat fluxes.
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Concluding remarks

• Estimation of land surface heat fluxes [LE/H] from observations is difficult due 
to the large spatial heterogeneity of vegetation and soils and the dependence of 
water availability on meteorology and climate. 

• Nevertheless, there is a solid body of work estimating LE/H at different space 
and time scales by combining observations with physical formulations or 
statistical models.

• The combination of long-term satellite data records and appropriate formulations 
can provide the long data record of LE/H required to close the water and energy 
cycle (using observation based products). The derived products can also be of 
utility to benchmark land surface and climate models.

• There are already a number of groups independently pursuing global scale 
estimation of flux components. These products vary in terms of the forcing data 
used, the governing equations employed, and the temporal scale of their 
application. 

• The LandFLUX activity will provide a framework for undertaking coordinated 
evaluation and assessment of these various products, ultimately identifying and 
delivering a robust procedure for production of a global land surface flux data set.
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BACKUP SLIDES
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Concluding remarks

• Global estimation of land surface heat fluxes [LE/H] is difficult due to the large 
spatial heterogeneity of vegetation and soils and the dependence of water 
availability on meteorology and climate. 

• Satellite observations can be used to estimate globally LE/H, but they require a 
formulation/model to infer the fluxes from the observations.

• There are already a number of groups independently pursuing global scale 
estimation of flux components. These products vary in terms of the forcing data 
used, the governing equations employed, and the spatial and temporal scales of 
their application.

• The LandFLUX activity will provide a framework for undertaking coordinated 
evaluation and assessment of these various products, ultimately identifying and 
delivering a robust procedure for operational production of a global land surface 
flux data set.

FORMULATIONS/MODELS

• The models are based on the basic ET governing equations, but they require to 
be simplified/adapted/extended to deal with the existing observations and its 
limitations. Do we need further work to cast them in terms of the observed 
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Concluding remarks

• Re-calibration of long-term satellite radiance datasets are crucial to 
producing long-term LE/H: AVHRR visible and near-infrared (for albedo, NDVI, 
FPAR) and infrared (for surface skin temperature, cross-calibration of the 
geostationary satellite radiances is also needed to resolve diurnal variability) and 
SSM/I (also SMMR, for surface skin temperature, vegetation properties and soil 
moisture). These records should also be connected to more current records from 
MODIS/ MERIS and SSMIS/AMSR. 

• Improving the estimation of radiation: newer albedo products based on 
combined analyses of MODIS, MISR, POLDER and connect them to an AVHRR-
based record?

• A global surface skin temperature product that resolves diurnal variations for 
clear and cloudy conditions is desired: by a combined analysis of satellite 
infrared and microwave measurements (many different instrument combinations 
can be tried but the longest record would be obtained using weather satellite 
infrared imagery and SSM/I-AMSR)? 

OBSERVATIONS/INPUTS

• Some critical inputs to the formulation/models require further work e.g
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Annual biases

• Global annual and seasonal LE and H biases

1993

- Biases calculated with respect to the all-products ensemble average.
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Annual biases

• Global annual and seasonal Rn and EF biases

1993

- Biases calculated with respect to the all-products ensemble average.
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Amazon basin

• LE and Rn 1993-95 time series

[ BLACK all-products ensemble average ]

LE Rn
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• LE, H and EF normalized distributions for Feb 1993

Amazon basin

LE

Rn

EF

[ BLACK all-products ensemble average ]
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Parana basin

• LE and Rn 1993-95 time series

LE Rn

[ BLACK all-products ensemble average ]
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• LE, H and EF normalized distributions for Feb 1993 

Parana basin

LE

Rn

EF

[ BLACK all-products ensemble average ]
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• Disclaimer

• Methodology

Inter-comparing global heat fluxes

Expand the workshop based intercomparison exercise into a focused 
activity (LandFlux‐EVAL), that will include multi‐scale (spatial and 
temporal) data sets, assessment over longer time‐periods, and 
identification of specific regions for focused analysis. ETH Zurich and 
the Observatoire de Paris are the contact institutions for this activity 
(see http://www.iac.ethz.ch/url/LandFlux‐EVAL).
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Murray basin

• LE and Rn 1993-95 time series

LE Rn

[ BLACK all-products ensemble average ]
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1993

• LE, H and EF normalized pdfs for Feb 1993 
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Mississippi basin

• LE and Rn 1993-95 time series

[ BLACK all-products ensemble average ]

LE Rn

1.Introduction

2.Products

3.Examples

4.Annual 
means

5. Zonal 
means

6. Basins

7. Summary



�

�<carlos.jimenez@obspm.fr>                                                                                                    50

• LE, H and EF normalized pdfs for Aug 1993 

Mississippi basin
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Summary

• 1993 annual RMSE (W/m2) [from the global monthly mean differences]
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1.Introduction
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3.Examples

4.Annual 
means

5. Zonal 
means

6. Basins

7. Summary

• Based on this PRELIMINARY results, can we say that the range of uncertainties in the 
new global observation-based heat flux estimates is similar to the already existing 
reanalysis and LSMs heat fluxes?
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Introduction

from W. H. Lim and  M. L. Roderick (2009) An Atlas of the  Global Water Cycle Based on the
IPCC AR4 Climate Models7

• Benchmarking the climate models?
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Introduction

from Schloser and Gao (2009), Assessing Evapotranspiration Estimates  from the GSWP-2 Simulations 

• GSWP-2 (mean 434 mm/year)
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