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EvapotranspiratOn monitoring

with Meteosat Second Generation satellites:
method, products and utility in drought detection.
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Evapotranspiration
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- Plants do transpire.
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Corn field (100x100 m?): ?7?

( )

150 liters in 1 day

\ J

1500 liters in 1 day
:15 000 liters in 1 day

N

Plants do transpire a lot.

large oak tree:
151 000 liters in 1 year




With plausible large
conseguences

Evapotranspiration monitoring
can be essential for
drought detection.



Evapotranspiration can be measured ! Models compute evapotranspiration

Indirectly, though ... B /@ g)@ \‘/




Royal Meteorological Institute of Belgium

R M I “... services supported by research and long term
standardised meteorological, climatological and
geophysical observations ...”
(http://www.meteo.be)

“Reliable public service realised by empowered
staff and based on research, innovation and
continuity.”
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modelling& remote sensing
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Where are you ?




Who are you ?

I’'m a researcher

| work for governmental decision planning

‘Other:




Who are you ?

: plan to use EUMETSAT products

‘| am here for general interest

I'm already a EUMETSAT user

I'm already using remote sensing
products from other agencies

I'm prospecting for satellite products

Other:
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Plant « Breathing » and the Transpiration Process

1. Root-zone water

Hygroscopic
water

Gravitational
water

Capillary water

water held in micropores

remaining water adheres
to soil particles

(available water-
plant roots can
absorb this)

drains right through

Wilting point —> - Field capacity

2. Root water uptake
€O, 0,

Light
Hzo-\wi Sugarﬁ
T

-Water taken to leaves through roots

-Light is necessary

7
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For transpiration to occur, there
must be water available !

3. Exchange plant-atmosphere

low water

vapor conten

Water vapour is released into the
air through leaves stomata



BOUNDARY LAYER
(AND EXCHANGE
WITH FREE ATMOSPHERE)

.usgcrp.gov)

On land, ET returns 58% of precipitation !
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Energy

Interface

Water

Ambrant

Surface net radiation

Soil occupation

Plant type &
characteristics

Soil moisture

Wind Air humidity

Air temperature
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Remote Sensing Opportunities
Orbits preferred for earth monitoring

1. (Near-) Polar orbiter, sun-synchronous

-low orbit (~1000 km)
-earth revolution in ~100 min

Need of several ground receivers for the data flow

Polar orbiters: Terra, Aqua, METOP, ...

2. Geostationary (geo-synchronous)

-altitude (~36000 km)
-over equator

Depending on longitude, need to correct longitudinal drift

Geostationary satellites: Meteosat, GOES, ...




What useful variables derived

from remote sensing ?

Il High Intensity Urban
[ Low Intensity Urban
[ Grassland

B Fed Fine

[ MixedrOther Coniferous
[ fspen

= maple

[ MixedOther
Ercad-leaved Decdduous

< [ Mixed Deciduous Coniferous
B Cpenater

I Emergert/iet Meadow

[ Lowtand Shrub

| B Lgward Srub
(Broad-leaved Evergreet)

[ Forested Wetland
(Broad-leaved Deciduous)

[ Forested Wetland
(Coniferous)

| [ Forested Wetland
{Mixed Dedduous/Zoniferous)

. [ Barren
[ Shrubland

Land cover

Greeness of vegetation

- =
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Surface temperature
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o5 University of |
Leicester - . s

Fve

Cloudiness




FUMETSAT SAE on |1 and Surface Anal;zsis

EUMETSAT SATELLITE APPLICATION FACILITIES

(SAF’S)

v

\4

LSA -SAF Land Surface Analysis

OSI -SAF Ocean and Sea Ice

GRAS -SAF Meteorology

O3M Ozone Monitoring

NWP —SAF Numerical Weather
Prediction

CM -SAF Climate Monitoring

NWC-SAF - Nowcasting and
very Short Range Forecasting

LSA -SAF OBJECTIVES

Develop techniques to retrieve parameters related to
land, land-atmosphere interactions and biospheric
applications, by using data from MSG and EPS
satellites

- =

“ | & LSA SAF
‘ Surface Radiation |
| | | | |
[ LST & Emssivity | | ‘Longwave Flux | | 4shortwave Flux | | Abedo |
‘ Vegetation ‘
|
| Fraction Veg Cowver | | Evapotrall'uspiralion | Fire Detection |
T T
| LAl | | Reference Evap | | Fire Radiative Power|
1 I
| FAPAR | | sensible Heat Fiux | | Fire Risk (Europe) |
T T
| NDVI | | Latent Heat Flux | | Burnt Areas |
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The | SA-SAF evapotranspiration mode]

Meteosat Second
Generation

MSG/SEVIRI pixel

Energy balance: (1-0?).8v + e.(I:-o-.Tsk,i“) +H;+LE,-G;=0

(Ghilain N., Arboleda A., Gellens-
Meulenberghs F., 2011, Hydrol.

ET ~ X LE; (Land Cover, LAI, Wind, T, Q,i, Soil Moist) Earth Syst. Sci.)
A A ——
ECOCLIMAP-I| P
-

ECMWEF weather forecasts



ETgap [mm/m)

The |l SA-SAF e lrati ol

Examples validation LSA-SAF MET product

Dataset: 2007
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ET,,, [mm/h]

The | SA-SAE e

Product Required Accuracy (LSA-SAF MET)

el

Relative difference of 5 days cumulated ET at Cabauw

if ET>0.4 mm h'1

if ET<0.4 mm h'

—

—

Error < 25%

Error<0.1 mm h1

50

25

Difference %
o

ET [mm¢h] at Buzenol

4 RMS=0.098344

y=0.95488.%+0.02302

1as=0.00777
r=0.51299
Magh=( 50843

%PRD=80.0775

1 1 1 Il 1
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%PRD=88.2437
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ET_ _[mm/h]



The | SA-SAF evapotranspiration products

Two images are generated: the first one contains instantaneous ET estimates in mm/h while
the second one is the quality flag image, provides information on the quality of estimates
pixel by pixel

0.0 . Y 06 . 1000 200

ET (mm/h) for 2010/10/29 at 12:00 UTC Associated quality flag (-)
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Instantaneous ET
LSA-SAF MET

Surface type

Quality input data

Overall quality

Bit Field Category Binary Description
code
Sea 0
00-00 | Land/Sea Land 1
01-01 | Land cover 0 IGBP
1 ECOCLIMAP
02-02 | Cloud cover 0 Covered
1 Clear / partially covered
03-04 | Snow cover 00 Not processed
01 Snow covered
10 Partially covered
11 Snow-free
05-06 | SM 00 Corrupted / not processed
01 SM from LSAF-SAF
10 SM from other source (ECMWE)
07-07 | AL 0 Albedo from data base
1 Albedo from AL product
08-00 | LST 00 Not used by now
00
00
10-11 | DLSF 00 Corrupted / not processed
01 Below nominal
10 Nominal
11 Above nominal
12-13 | DSSF 00 Corrupted / not processed
01 Below specified angle of view
10 Cloudy sky method
11 Clear sky method
14-15 | ET confidence 00 Cormupted / not processed
01 Poor quality
10 Below nominal

11

MNominal




The | SA-SAF evapotranspiration products

a) DMET (mm/day) b) Percent of missing values for every pixel

0 100
(mm/d) (%)



The | SA-SAF evapotranspiration products

DMET images from 06/09 to 15/09 2009

ET [mm/day]



Near-real time production: how it works

W s )
MSG , & EPS/MetOP%%Q? r O
" l\‘x ///‘ "'
A

Data acquisition
and control

|

Preprocessi
EUMETSAT H

5

Meteorological Products ﬁed-Neteorologl |||
Extraction Facility (MPEF) Archive and Retrieval l[_.\

EUMETSAT HQ Facility (U-MARF)

Darmstadt EUMETSAT HQ
4 Darmstadt
Centralised Decentralised
processing processing
and generation and generation
of products of products
L

P S—

S E—

1.Acquisition of MSG/SEVIRI corrected radiances and
Clouds mapping (from EUMETSAT, Darmstadt, Germany)

2.Computation of radiation components (Land SAF
computing facility)

3. Acquisition of the global weather forecasts (ECMWF),
reproject and interpolate

4. Computation of ET over 4 areas (Europe, North/South
Africa and South America)

5. Compute a quality index
6. Creation HDF5 files
7. Distribution through web or satellite to users

8. Distribution of regular update of User Manual and
Validation Reports



LAND SURFACE ANALYSIS

- | @ LSA SAF E\.‘ﬂ
Guest
Home
Avout | e
Hame The scope of Land Surface Analysis Satellite Applications Facility
i (LSA SAF) is to increase benefit from EUMETSAT Satellite (MS5G L5 AE e Goe =S
Overview and EPS) data related to: Wild Fires
e gy | Fire Radiative Power- PIXEL
| FreRadiative Power-GRID
Contacts Land-Atmosphere I FAreRskMap
Site Map interaction Fire Detection and Monitoring
Site Search Biospheric Vegetation Parameters
[News ] Applications | Fraction of Vegetation Cover
L leafArealndex
Workshops performs:
Forum ® RE&D Programs. Snow Cover

Description

Operational
Activities

Development Status N
® Generation
® Archiving

| pocuments | & Discamination

List See colourlegends

Bublicatians of land surface related products.

User Support

Latest News:

FAQs ® Important Change in LSA SAF lead NMS name see more...
® LSA SAF Products web dissemination service
Authentication Important e
Login ) LSA SAF Products WEB Dissemination service stopped see
Warning
Register more...

LSA SAF Products web dissemination senvice

L "
i resumed. see more...

LSA SAF Products web dissemination service stopped. see

®
Update e

® Information Fire Risk Map see more...

LSA SAF is an initiative of:

@ EUMETSAT et

Tha BUMETSAT
BT

EUMETSAT
Disclaimer

LSA SAF System and
Web site developed by:

Xse 9V

Other

Albedo
Surface Albedo
MSG Ten Day Surface Albedo

Land Surface Temperature

Down-welling Surface Fluxes

Evapotranspiration

MetOp/AVHRR based products
Land Surface Temperature
EPS - Land Surface Temperature

Down-welling Surface Fluxes

Down-welling Surface Long-wawve Radiation
Flux

Caption

Dewvelop Demo.

Pre-Operat. |NOBEFSENN

LSA SAF consortium in CDOP (2007-2012):

S MA@ @

MF RMI IME W FMI 1oL

LandSAF (UTC) Time: 10:32:49
Optimized for Mozilla Firefox 3, 1024x768
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arificat E ]

Natural Evapotranspiration (ET)
= Actual evapotranspiration (AET)
= Real evapotranspiration (ETR)

Evaporation of natural surfaces + plant transpiration

Potential Evapotranspiration (PET)

Maximum evapotranspiration for a given climate and continuous vegetated
surface (no hydric stress)

Reference Evapotranspiration (ETO)

Used for agricultural irrigation management (FAO standard).
Evapotranspiration (can be potential) of a well-watered grass patch.

Crop Evapotranspiration (ETc)

Optimum evapotranspiration of a given crop (productivity not affected by
hydric stress).
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Natural Evapotranspirat’ 0

= Actual evaré@, sration (AET)

= Real eve’ Jration (ETR)
Evaporation of \6 Jrfaces + plant transpiration

Potential E\ V' .spiration (PET)

Maximum evapotranspiration for a given climate and continuous vegetated
surface (no hydric stress)

\

Reference Evapotranspiratior

Used for agricultural irrigaf’ o Jement (FAO standard).
Evapotranspiration (can’ (} «Jal) of a well-watered grass patch.

Crop Evapotran O@ (ETc)

Optimum evapotra. giration of a given crop (productivity not affected by
hydric stress).



arificat t

For crops

Daily A
Evapotranspiration

PET (ETc)
/

ETO
) /
AET

A year
For a given crop: ETc = Kc x ETO



licati .

Meteorological drought : AET
. D ht index (%) =
Europe, Spring 2011 rought index (%) PET

s L . . .
s pril 1= dune Aol



licati .

Agricultural drought

. im T T
Europe, Spring 2011 | ¥ r x _
S5k § .
Fundulea, Romania e | ‘
53— “u | . i
Zhiten, Bulgaria | [ | i [ 1 -i i
‘*;‘ ‘!! [
L i‘J Einter Wgat EMaiz% i
| . . flowleringl . . sill§ing
34101 04/16  05/01 05/16 06/01 06/16  07/01 07716
2011
Fly
5l
PET - AET = Water deficit |

D 1 1 1 1 1 1 1 1
04/01 0416  05/01 05/16 06/01 06716  07/01 07116
2011



Summary

« Evapotranspiration estimation
Operational production in over wide an_d remote areas
near-real time: In near-real time,

thanks to remote sensing.

every 30 min & daily

3 km sub-satellite « LSA-SAF evapotranspiration products
monitor quantitatively the water loss

(http://landsaf.meteo.pt) _
from the surface into the atmosphere.

« Available products have been checked
and show good comparison with in-situ
observations (at least) over Europe.

.\,\
(Provided-by A. Arboleda)

« LSA-SAF ET products could be a
I | . useful tool for drought monitoring.

| LA 0.2 0.4 0.6 0.8

ET [mm/h] for 2010/10/29 at
12:00 UTC




Contact: nicolas.ghilain@meteo.be



