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Necessity of an improved monitoring of the global climate system - Essential Climate Variables

(ECVs) defined formally in 2003.
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Essential Climate Variables

An ECV is a physical, chemical or biological variable or a group of linked variables that critically

contributes to the characterization of Earth’ s climate.
Amount of available sensors = increase the access to a complete portofolio of ECVs from EO data.
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LSA SAF VEGA PRODUCTS

Fire Radiative Power
Composite 23 October 2017
Fire Confidence > 80%

» Estimates of LAIl, FAPAR, FVC, GPP and

C\WC. v i

» Simulation of vegetation cover spectral O @ @
sighatures by means of a RTM at global w W =
scale. = 3

» Comparison between operational EO-
based biophysical products.

https://landsaf.ipma.pt/en/
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LSA SAF VEGA PRODUCTS

@ LSasar

Fire Radiative Power

* Numerical Weather prediction and climate [BREEEEEEEg

Fire Confidence > 80%

modelling. e
wehagng.

+ Monitoring terrestrial ecosystem processeg.

Applications Latest News

+ Environmental monitoring and assessment.

« Carbon and Energy fluxes modelling. @ﬁ” @ W
« Agricultural and forest applications. 2 & £

+ Climate analysis.

https://landsaf.ipma.pt/en/
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Essential parameter to characterize the ecosystem process: l
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LAND SURFACE ANALYSIS

Home About ~ Applications ~ Data « User Support « News «

MSG 10-days Gross Primary Production (vcpp, LsA-411)

Product Documentation

e NRT Product available since Mar 2018
This operational product is documented in the following

documents:

0 * Product User Manual (PUM)
¢ Product Qutput Format (POF)

- : A ) + Validation Report (VR)
s - which vegetation converts light into chemical energy by « Algorithm Theoretical Basis Document (ATED)

photosynthesis, is an essential parameter to characterize « Algorithm Changes Record

The gross primary production (GPP), i.e. the rate at

the ecosystem processes. The assessment of GPFP on

Example of Product

More info on this product at https://landsaf.ipma.pt/en/products/vegetation/mgpp/

wide areas, which is necessary to study the global carbon
cycle and for planning and managing resources in
response to changing environmental conditions, can be
performed using procedures driven by remote sensing
data.

Please see Product Peer-Review publications in
References.
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U GLOBAL SCALE:
(LSA SAF)

O Near real time production of 10-day
GPP.

O (MGPP LSA-411)

U Operationally disseminated since

March 2018.
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PAR | fapar

Operational LSA SAF
product.

Renormalized Difference
Vegetation Index (RDVI).

Clear-sky TOC reflectances
in the red R and NIR bands
for an optimal angular
geometry in the solar
principal plane (Roujean and
Bréon, 1995).

Fraction of absorbed photosynthetically

active radiation
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Article

Climate Data Records of Vegetation Variables from
Geostationary SEVIRI/MSG Data: Products,
Algorithms and Applications

Franeisco Javier Garcia-Haro 1+, Fernando Camacho?, Beatriz Martinez !,
Manuel Campos-Tabernes 17, Beatriz Fuster 2, Jorge Sincher-Zapem *
and Maria Amparo Gilabert !

! Earth Physics and Thermedynamics Departmnet, Faculty of Physics, Universitat de Valéncia, De Molies,
46100 Buriassot, Vakencia, Spsin
Easth Observation Laboratory (EOLAB), Parc Cientific d= la Universitat de Valencia, Catedrition A gustin
Encardine, 3, 6960 Paterns, Vol Spain
Cormspondence: jganca ha

Reeivec 26 July 2015; Accepied: 6 September 2015; Publishad: 9 September 2019 SR
Abstrace The scientific community nequires long-lrm data meords with wellcharacterized
uncectainty and suitable for modeling kermstrial ecosystems and enengy oycles at mgional and
global scales. This paper presents the methodelogy cusrently developed in EUMETSAT within its
Satellite Application Faclity for Land Surface Analysis (LSA SAF) 1o generate biophysical variables
from the Spinning Enhanced Visible and InfraRed Imager (SEVIRD) on beard MSG 1-4 (Meteosat &-11)
grostationary satellites. Using this methodology, the LSA SAF generates and disse minates at a time
a suite of vegptation products, such as the leaf ana index (LAT), the fraction of the photosy nthetically
active radiation absorbed by vegetation (FAPAR) and the fractional vegstation cover (FVC), for the

NRT

MSG Daily FVC MSG 10-days
(MDFVC) SAF-421 FVC
(MTFVC) SAF-422

MSG Daily FVC

MSG 10-days LAI
(MTLAI) SAF-423

(MTLAI) SAF-424

CDRs

MSG 10-days FVC
(MTFVC-R) SAF-50

MSG 10-days LAl
(MTLAI-R) SAF-451

Contents lists availablc at ScienceDircet

ISPRS Journal of Photogrammetry and Remote Sensing
journal homepage: www.elsevier.com/locate/isprsprs
Evaluation of the LSA-SAF gross primary production product derived from | )
SEVIRI/MSG data (MGPP) =

B. Martinez™", M.A. Gilabert”,
C. Briimmer”, A. Carrara®, G.
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* Deparmen: of Gensciences and Mamiral Arsource Mosagemeny (IGN). Untversity of Capenbogen, Copenhagen, Denmark

ARTICLE INFO ABSTRACT

whole Meteosat disk at wo kemporal frequencies, daily and 10-days. The FVC algorithm relies on
anovel stochastic spectral mixture model which addmsses the variability uf-cu.luuu vegstation ty pes
using statistical distributions wheress the LAIand FAPAR sta
general encugh for global applications. Anoverview of the LSA SAF snmwscm

'&" MGPP 20171221
s |

data record (CDR) is freely avalable in the LSA SAF, oftering more than ke wanlmpmxm]
of time serk ined for climate nd envi ions. The high frequency
and good temporal continuity of SEVIR] products addmesses the needs of near-reak time users and
ass also suitablefor loog-terin monitoriog of Land surface varisblea. The study also evalusies the
potential of the SEVIRIMSG products for spanning from
aceurate monitoring of vegetation cycles to msolving long-term mam.mor vegatation.

MSG 10-days FAPAR
(MTfAPAR-R) SAF-452

Garcia-Haro, et al., 2019.Climate Data Records of Vegetation
Variables from Geostationary SEVIRI/MSG Products:
Algorithms and Applications, Remote Sensmg 11, 2103.

significantly in the last decades Thanks to the Farth cbservation (EO) satellite systems, a large number
of variables mlated to the atmospher:, cceanic and termestrial demains an acoessible [3]
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VEGA DATA ACQUISITION

Home Website Contact

LSA SAF Data Service

Welcome to the LSA SAF data service.

= datalsasaf.lsasvcs.ipma.pt 1 > PRODUCTS > EPS > ETFVC > HDF5 > 2015 > 02

Access to the data arc

o ) ~ B datalsasaf.lsasvcs.ipma.pt
Click here to Register
v [l PRODUCTS

v M s & HDFs
Data Service Use v I EDLST m o 23/08/2022 09:17
M HDFs [— 23/09/2022 09:19
I NETCDF
Browse the data M tosc I o 23/09/2022 09:20
I enpvito | e 23/09/2022 09:21
e W o 23/00/2022 09:22
I ETFAPAR
06 23/09/2022 09:23
v [ ETFVC i /09
> M HDF5 m o7 23/09/2022 09:24
B neTcor m o8 23/09/2022 09:25
| By
m 23/09/2022 09:26
o MsG
B 1sci0DC m o 23/09/2022 09:27
https://datalsasaf.lsasvcs.ipma.pt/ - iz orie
m o 23/09/2022 09:29


https://datalsasaf.lsasvcs.ipma.pt/

VEGA DATA ACOUISITION ... At

& > C (O @ datalsasaflsasvcsipma.pt B 029(/.Ma& toml J“neDZO - ONLINE

@. Vv Cémo mejorar la c...

= e E§3§AF Home

LSA SAF Data Service

Welcome to the LSA SAF data service.

Access to the data archive is restricted to registered users

Click here to Register | Forgot your Password?

Browse the data archive Data Service User Guide

https://qitlab.com/helpdesk.landsaf/lsasaf data access/-/tree/main/Readme.md

https://qitlab.com/helpdesk.landsaf/lsasaf data access/-/tree/main/examples/webdav/read map hdf5 webdav.ipynb



https://gitlab.com/helpdesk.landsaf/lsasaf_data_access/-/tree/main/Readme.md
https://gitlab.com/helpdesk.landsaf/lsasaf_data_access/-/tree/main/examples/webdav/read_map_hdf5_webdav.ipynb

& cC O @ datalsasaf.Isasvcs.ipma.pt/PRODUCTS/ 2 Y

€ vcomo mejorar la c...

datalsasaf.lsasves.ipma.pt 1 > PRODUCTS

W1 datalsasaflsasves.ipma.pt
~ [ PRODUCTS

W s &  datalsasaf.lsasves.ipma.pt
| vsG B cPs 11/10/2022 18:56
M vsc-oDc | vsG 09/03/2023 15:25
I MsGIoDC 17/10/2022 18:14
M+ Readme.md 06/04/2023 16:45 6KB
< C + @& datalsasaflsasvcsipma.pt/PRODUCTS/MSG/MDFAPAR/ 2 * 009 @ % 0O o :

2

 €émo mejorar la c..

= datalsasaf.lsasvcs.ipma.pt 1 > PRODUCTS > MSG > MDFAPAR

v P datalsasaflsasves.ipma.pt
v Il PRODUCTS
I Ers &« MSG
~ Il MSG I HDFs 02/01/2023 02:29
| Dist
M FrRivv2

I NETCDF 02/01/2023 02:19

I FRP-GRID
W FRP-PIXEL
| mpAL
v [l MDFAPAR
I HDF3
I NETCDF



@& EUMETRAIN

VEGA DATA ACQUISITION

= C O & gitlab.com/helpdesklandsaf/lsasaf data_access/-/wikis/data/wget%20examples e % 009 @ » 0O o

€ v como mejorar la c.

About GitLab ~ Pricing Talk to an expert Q Search GitLab

e%w |sasaf_data_access HelpDesk Landsaf IM > e |sasaf_data_access > Wiki =+ > wget examples &, Clone repository
@ Project information i _
Last edited by & Emanuel Dutra 3 months ago Page history v credentials
B Repository
forgot p

& Issues 0

wget examples

$3 Merge requests 0 register
The recommended way to download several products is with the wget tool which is available in most linux distributions. Windows binaries can

% ci/co be found here v data
@) Deployments . . .

For example to download MSG LST hourly files (skipping minutes 15, 30, 45) for Jan 2006 you can use the following command (don't forget the browse
@ Packages and registries last “/" to download only that period), replacing --user=XXX --password=XXX by your access credentials:
[xl Monitor

wget -c --no-check-certificate -r -np -nH --user=XXX --password=XXX \

B Analytics R "#15.nc, *38.nc, *45.nc, *.html, *.tmp" \ wget examples
@ wiki https://datalsasaf.lsasvcs.ipma.pt/PRODUCTS/MSG/MLST/NETCDF/2606/01/ Home
X Snippets

The character \ should be replace by * in windows for line continuation, or invoke the command in an single line

You can check the details of each option here. :

» The main options used in the example (click to open)

For example to download EPS 10-daily Leaf Area index for the year 2021 on the native HDF5 format (it's 13Gb of data):

get -c --no-check-certificate -r -np -nH --user=XXX --password=XXX \

-R "*.html, *.tmp" \
& Collapse sidebar

https://datalsasaf.lsasvcs.ipma.pt/PRODUCTS/EPS/ETLAI/HDF5/2821/



Simbolo del sistema - _

2023-85-29 12:15:12 (9,39 MB/s) - 'PRODUCTS/MSG/MGPP/NETCDF/2022/62/21/index.html.tmp’ saved [2768]

--2023-085-29 12:15:12-- https://datalsasaf.lsasvcs.ipma.pt/PRODUCTS/MSG/MGPP/NETCDF/20622/062/01/NETCDF4_LSASAF_MSG_MGPP_MSG-Disk_262202016000.nc
Reusing existing connection to datalsasaf.lsasvcs.ipma.pt:443.

HTTP request sent, awaiting response... 280 0K

Length: 3832641 (3,7M) [application/octet-stream]
iSaving to: 'PRODUCTS/MSG/MGPP/METCDF/2022/02/81/NETCDF4_LSASAF_MSG_MGPP_MSG-Disk_202262010000.nc’

W

fPRODUCTSEHSGfHGPPENETCDFE2822f82f81ENETCDF4_L 1ee%[ ] 3,65M 4,85MB/s in @,8s

2023-85-29 12:15:13 (4,85 MB/s) - 'PRODUCTS/MSG/MGPP/NETCDF/20622/82/01/NETCDF4_LSASAF_MSG_MGPP_MSG-Disk_262202010800.nc” saved [3832641/3832641]

--2823-85-29 12:15:13-- https://datalsasaf.lsasvcs.ipma.pt/PRODUCTS/MSG/MGPP/NETCDF/2822/82/11/NETCDF4_LSASAF_MSG_MGPP_MSG-Disk_282282118688.nc
Reusing existing connection to datalsasaf.lsasvcs.ipma.pt:443.

HTTP request sent, awaiting response... 288 0K

Length: 3893828 (3,7M) [application/octet-stream]

Saving to: 'PRODUCTS/MSG/MGPP/METCDF/2622/82/11/NETCDF4_LSASAF_MSG_MGPP_MSG-Disk_2082282110060.nc’

W

PRODUCTS/MSG/MGPP/NETCDF/2022/02/11/NETCDF4_L 106%[ ] 3,71M 5,99MB/s in @,6s

2023-05-29 12:15:14 (5,99 MB/s) - 'PRODUCTS/MSG/MGPP/NETCDF/2022/62/11/NETCDF4_LSASAF_MSG_MGPP_MSG-Disk_262202110800.nc” saved [3893820/3893820]

--2023-085-29 12:15:14-- https://datalsasaf.lsasvcs.ipma.pt/PRODUCTS/MSG/MGPP/NETCDF/20622/062/21/NETCDF4_LSASAF_MSG_MGPP_MSG-Disk_262202216000.nc
Reusing existing connection to datalsasaf.lsasvcs.ipma.pt:443,

HTTP request sent, awaiting response... 288 0K

Length: 3916171 (3,7M) [application/octet-stream]

Saving to: 'PRODUCTS/MSG/MGPP/METCDF/2822/82/21/NETCDF4_LSASAF_MSG_MGPP_MSG-Disk_282202218086.nc"

W

PRODUCTS/MSG/MGPP/NETCDF/2022/02/21/NETCDF4_L 106%[ ] 3,73M 4,95MB/s in @,8s

2023-05-29 12:15:15 (4,95 MB/s) - 'PRODUCTS/MSG/MGPP/NETCDF/2022/62/21/NETCDF4_LSASAF_MSG_MGPP_MSG-Disk_262202210800.nc” saved [3916171/3916171]

FINISHED --2823-85-29 12:15:15--
Total wall clock time: 5,4s
Downloaded: 7 files, 11M in 2,1s (5,22 MB/s)

G: \PROGRAMAS\idlprog\MODIS\wget-1.20

.3-win32»wuget -c --no-check-certificate -r -np -nH \ --user=training®l --password=training@lLSASAF \ -R "*.html" \ https://datalsasaf.ls

) 5 5

wget -c --no-check-certificate -r -np -nH \  --user=trainingo1 --password=training01LSASAF \  -R
“html"\  https://datalsasaf.lsasvcs.ipma.pt/PRODUCTS/MSG/MGPP/NETCDF/2022/02/
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VEG. CHANGE DETECTION

f@®) = 4,0 + 3] D)

i

Low-pass filter (LPF)
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i '

(b) 146 (c) y™MD

Translating the Wavelet

Scaling the Wavelet at different
temporal resolutions (dilatation and
contraction)
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VEG. CHANGE DETECTION

©Matlab

O L . L L L L L
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O MRA-WT mdays T

o 050 ©
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© 05F 4 ys | ©
o < o ©0
Low-pass filter (LPF) WV\/\/\/\M/\/\/”WMW
N AN S P
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
T T T T T T T T 0.1 T T T T T T T T
6 days
~ 05 9 ys | -
Contents lists available at ScienceDirect 0 L L L . L L L L 0 1 . L L N . L L N
Remote Sensing of Environment 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 -2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
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Vegetation dynamics from NDVI time series analysis using the wavelet transform \AAAM/\/\/\/\/\/\N\[\/\A/\N

Beatriz Martinez, Maria Amparo Gilabert *
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VEG. CHANGE DETECTION
©Matlab
0 1 . 1 1 1 1 1
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Py o 0.1
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VEG. CHANGE DETECTION
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O MRA-WT
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Inter-anual component

Magnitud and direction of
the slope using Mann-
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VERY IMPORTANT, the MRA does not accomplish change detection on the signal.

The MRA is only a filter method that allows you to have different details components (D) or
approximated components (A).

To perform the change detection > We chose the Man kendall and Sen slope method to evaluate
the inter-annual changes.

The levels (j) in which you decompose the signal, will depend on the mother wavelet and on the
temporal resolution of your data (see eq.10 in 09-RSE paper).
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. # Change here your user credentials
https://gitlab.com/helpdesk.landsaf/lsasaf_data access/- server user="training01"

/blob/main/examples/thredds/thredds_msg_mdfapar_point.ipynb server passwd="training0lLSASAF"

LatLonPoint = [39.03,-0.8]
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import pyv\;t o o N D Python (google

wavelet = 'sym4d' COlab)
level = 4

# Perform wavelet decomposition to obtain the approximation and detail coefficients at each
level

coeffs = pywt.wavedec (data, wavelet, level=level)

# Extract the approximation coefficients at level 4

approx coeffs level 4 = coeffs[0]
# Perform wavelet reconstruction using only the approximation coefficients
reconstructed series = pywt.upcoef('a', approx coeffs level 4, wavelet,

level=level) [:1len (data) ]

Original vs Reconstructed Time Series A2

0.51 i 0.6

—— Original Series
—— Reconstructed Series

Original vs Reconstructed Time Series A4

= Original Series
— Reconstructed Series

0 5000 10000 15000 20000 25000 0 5000 10000 Tin%lf’eooo 20000 25000
Time



VEG. CHANGE DETECTION

rsymd! O Python (google
colab)

# Perform wavelet decomposition to obtain the approximation and detail coefficients at each
level

wavelet =
level = 9

coeffs = pywt.wavedec (data, wavelet, level=level)

# Extract the approximation coefficients at level 9

approximation coeffs = coeffs[0]

#WAVEREC

# Perform wavelet reconstruction using only the approximation coefficients
reconstructed signal = pywt.waverec ([approximation coeffs] + [None] * level, wavelet)

0.5
—— Original Signal

0.4 4
o 0.3
&
T 0.2

0.1

T T T T T T
0 5000 10000 15000 20000 25000

https://pywavelets.readthedocs.io/en/lat
est/ref/2d-decompositions-overview.html

—— Reconstructed Signal
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https://pywavelets.readthedocs.io/en/latest/ref/2d-decompositions-overview.html
https://pywavelets.readthedocs.io/en/latest/ref/2d-decompositions-overview.html
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VEG. CHANGE DETECTION

;a :—t - i
o . o

-

Extreme values=> Red and blue

A greening is observed concentrated on 10° N and

16° N, particularly in the central and eastern Sahel

region and east part of Africa (Horn of Africa), which,
particularly, was affected by severe drought periods

in 2011 and 2016-2017.
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VEG. CHANGE DETECTION

SPl index computed from GPM data (GPM3IMERG,
monthly and 0.1° x 0.1° temporal and spatial resolutions).
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APPLICATIONS:

VEGA LSA SAF Change detection: MGPP
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RELATIVE ANNUAL DIFFERENCE 2017
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Standardized Precipitation Index (SPI) values provided '
by the European Drought Observatory system. L5 1¢
(https://edo.jrc.ec.europa.eu)
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Event Week on Heatwaves and Droughts

RELATIVE ANNUAL DIFFERENCE 2017 29 May to 1 June 2023 - ONLINE

P = 1
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A M Severe wet (1.5 < SPI £ 2)

MW Extreme wet (SPI 2 2)
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Map of SPI-3 for the period April, May, and June 2017
across Italy. EDO Analytical Report
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RELATIVE ANNUAL DIFFERENCE 2015 RELATIVE ANNUAL DIFFERENCE 2016 RELATIVE ANNUAL DIFFERENCE 2017
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Messages to take home.... . LA

29 May to 1 June 2023 - ONLINE

\
|

» CLIMATE DATA RECORD of MSG VEGA (LAI, FVC, FAPAR) products have shown to be a

good alternative for vegetation change detection at MSG scale.

+ Ecosystem change detection understanding can strongly benefit when other CDR are
available, such as DMET [LSA-312].

« The future MGPP CDR will contribute to the knowledge of how these weather extremes

events are affecting our ecosystem and also how it is adapting.

+ Important issues in vegetation change detection analysis: Considered method, variables

used and analyzed time period.




Thanks!

Any questionsé¢

You can find me at;

@Beamartinezdiaz
Beatriz.martinez@uv.es

@UVERS2
https.//www.uv.es/uvers
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