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O u t I n e SEVENTH FRAMEWORK
PROGRAMME

e CONTEXT = Why a network of sites?

* VARIABLES — What to Measure ? Which devices?
* PROTOCOLS = How to measure/process data?

* NETWORK — Where to measure ?

* RESULTS — What we have measured?

e EXPLOITATION — How to exploit this dataset?
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« CONTEXT = Why a network of sites?
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Context - Global Land Service /
* ImagineS

e COPERNICUS GLOBAL LAND SERVICE

» Global geobiophysical products (LAI, FAPAR, Fcover, Albedo...)
are produced every 10 days at 1 km resolution.
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Context- Validation needs il

e Copernicus Global Land products must be validated
according to CEOS LPV best practices g >
» Product accuracy should be assessed trough a ;ﬁ*d‘s L

significant set of locations and time periods {\Resolution Resolution /

> None of the existing networks are oriented to global
LAI/FAPAR product validation
« Need for ground LAI/FAPAR data processed according to ' 7 W

CEOS LPV for validation of satellite products from the current |
and coming missions 3H

High Spatial
Resolution
Image of the
Site

|
@ GODDARD SPACE FLIGHT CENTER £ NASA Homepage

Focus hysics : ity
Areas L Phior > @ i8¢ > @
Announcing... - - - Elementary
ng o [Product accuracy is aszessed from a small (typically = 300 set of locations and : 5 li
e Stage 1 Validation |, . ) L . m a:_'np ing
e i > time periods by comparizan with in-situ ar ather sutable reference data. |' Unit
Ialy, Feb 17-21, 2014 . N . o . .
’ L Product accuracy is estimsted over a significant set of locations and time |
GWEM: Global Yegatation = ) ) y = }
VS e RCEITE periods by comparizon with reference in stu ar ather sutable reference data. 1'
#uignon, France. B Stage 2 Validation |Spatial and temporal consistency of the product and with similar products has — &
Tth EARSeL Wirkshop on Land heen evaluated over alobally representative locations and time periocs . Individual measurements
e o e (el The value of satellite derived lanc ResLt hlished in th . o literat
e dependent upon the known aceul esults are published inthe peer-reviewed literature.
" 4 Satellites (CEOS), the space arm AT . . e
Land Product Validation & key role in coordinating the land ¢ Uncertainties inthe product and t= associsted structure are well quartified from
Ewoluti hshop, Jan 28-30, i i - . . . . . L.
B4 Fraseatt, aty Sl L Compatison with reference in stu or other suitable reference data. Uncertainties
1t LP Workshop on Foar, Jan products. The LPY subgroup acti are characterized in & statistically robust weay over muttiple locations and time
23.24, 2014 atthe European product families; biophysical, sur ~ _ . } T
Commission, lspra, Haly. Abstracts cover mapping, land surface tem  |Stage 3 Walidation |periods representing global conditions.
ue How. h 1 . R . .
phenniogy Spatial and temparal consistency of the product and with similar products has
) heen evalusted over globally representative locations and periods.
Rezults are published inthe peer-reviesed literature.
25/09/20 — : AQRS-1V, Torrent , 25 September 2014 5
s alication results for stage 3 are systematically updated when
Stage 4 Validation . . )
newy procuct versions are relessed and as the time-zeries expands.
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 VARIABLES — What to Measure ?

QRS-IV, Torrent , 25 September 2014 6



Variables / Devices —7

Rice, Honghe Farm,China

; . W———————————
® Main Variables (@) —— (12200 5R —— DHP) ACCUPAR
> Leaf Area Index “ Green 8F ==-- LA2200 4R ——— DHP} = Destructive -
» Fraction of Absorbed PAR 2 °l
» Fraction of Vegetation Cover ol
2F
° - | #
Indirect methods 160 170 180 190 200 210 220 230 240 250 260 270
1) Gap fraction (Po) Day of year
T T A — 3
— DHP (CAN-EYE software) PAleff (B) — 412200 5R —— DHP) ACCUPAR )
P.(0.¢.) = o N- () — E—G-(Hpmp;-mgmp} 8 ===- LAL22004R = DHPf =——— Destructive -
O\ Mpr Wl T - .
6 -
FAPAR®(6;) = 1 — Py - (6s) 3 |
FCOVER=1—P,- (0 —107) il
2 I /
— LICOR LAI 2200 ( Miller's method) L ol . . ] BX
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Fﬂleffzzf —InPy(#)cos @sin Hdd _ H.Fangetal./Agricultural and Forest Meteorology 198
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® PASTIS -PAR (PAI Autonomous System from

Transmittance Sensors in the PAR domain)
» Developed at INRA

> It allows continuous monitoring of PAI and FAP/ SARRAY- appverSoiferum 214

> Data logger with 6 hemispherical PAR sensors . MWMHA ;
> Easy to install and maintain E{E "q“A'iA'NJ N Vi
» FAPAR ~1 - Transmittance (PAR balance) e e

L0400 20040008 O0S/004 L0501 205201 SLOS0M4  10QB/014  2008/014 30060014 10/072014 20007204
PASTIS 302

Poster Session
M. Weiss “Monitoring Plant area index at ground level with PASTIS”

3 ) S
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Context - Global Land Service / 7
ImagineS

PROTOCOLS — How to measure ? Process?

AQRS-1V, Torrent , 25 September 2014 9



Guidelines for field campaigns are
provided considering up-scaling needs
(VALERI heritage)

>
>
>

>

>
>

Size of the site: 3x3-km
Number of ESUs: 30- 50 sampling units

Size of the ESU: ~ 20x20 m (GPS at
centre)

Sampling the site: Stratified, based on
land cover

Sampling the ESU: 13 shots

Instruments: Digital Hemispherical
Cameras (DHP)

Processing: CAN-EYE software (INRA)

Pre

' selection processing & reporting I

Image

Protocol- Field Measurements

E——
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PROGRAMME

Sampling the site
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Comprehensive Database
» Header information
» Ground dataset
» Summary table

— protocols, devices, summary

Protocol - Reporting

E——
SEVENTH FRAMEWORK
PROGRAMME

Column Var.Name Comment
1 Plot # Number of the field plot
2 Plot Label Label of the plot
3 ESU # Number of the Elementary Sampling Unit (ESU)
4 ESU Label Label of the ESU in the campaign
5 Northing Coord. Geographical coordinate: Latitude (°), WGS-84
6 Easting Coord. Geographical coordinate: Longitude (°), WGS-84
7 Extent (m) of ESU (diameter) Size of the ESU
8 Land Cover Detailed land cover
9 Start Date (dd/mm/yyyy) Starting date of measurements
10 End Date (dd/mm/yyyy) Ending date of measurements
11 Method Instrument
12 Nb. Replications |[Number of Replications
13 LAI LAleff grc]):l;puted from the gap fraction as a function of the view zenith
14 Uncertainty LAleff standard deviation
15 LAI LAIltrue = LAleff/clumping index
16 Uncertainty LAltrue standard deviation
i7 Method Instrument
i8 Nb. Replications |[Number of Replications
FAPAR
190 FAPAR Measured daily integrated FAPAR under direct llumination

conditions at a given solar position
FAPAR standard deviation
Instrument

Uncertain

Number of Replications

Retrieved from gap fraction. fCover = 1-Po(0-10°)
FCOVER standard deviation
Instrument

Number of Replications

Leaf WC = (FWT-DWT)/Aleaf

Leaf WC uncertainty

Canopy WC = leaf WC * LAI

Canopy WC uncertainty
Instrument

Method

32 Nb. Replications [Number of Replications
Leaf Ch
33 CHLOROPHYLL (microg/cm2) Leaf Chlorophyll Content
34 EQ@NTENTT Uncertainty Leaf Chlorophyll Content standard deviation
35 C(anr::g;)%gh Canopy Chlorophyll Content = leaf Ch * LAI
36 Uncertainty Canopy Chlorophyll Content uncertainty
37 LAIS7eff Ef:'epctlve leaf area index calculated at the 57.5 zenith angle from
38 [FAPAR @i white sky (or diffuse) FAPAR
30 Sample fresh weight. Sample includes aprox. 95% of leaves and
OTHER 5% of steams
40 Sample dry weight
41 Sample area

Unclassified pixels in the estimation of sample area (%0)

COMMENTS Additional commets

RAQRS-1V, Torrent , 25 September 2014 11




® Ground-based maps according to

% Medium Spatial High Spatial
. Resolution Resoluti
[ | atellite Satellite |
/
_ .'.I I.'I - —
/ TH FRAMEWORK
/ 'OGRAMME
\ /
. v
i

CEOS LPV best practices for up-
scaling (VALERI)

» High resolution imagery (SPOT-5,

Landsat-8)
» Evaluation of the sampling = — TR
» Regression method: iteratively re- -
weighted least squares algorithm  °. LT
N 5 RS
» Selection of band combination (lower =« - - - " - ° ° e ”

L 5 2 25 2
NOVI 21 B B2 [B20 (4] M2 21 (3 B3 432 K321 LAleff-TF

RMSE) - Transfer Function

» Convex Hull: Quality Flag

» TF is applied to HR data for upscaling
Qngl empirical maps are produced

- e
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e THE NETWORK — Where to measure ?

QRS-IV, Torrent , 25 September 2014 13



The Network —7

« ImagineS Network of demonstration sites
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The Network —7
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e RESULTS— When / How much we have measured?
— Examples Field Campaigns and data processing

.

23/01/2014 QRS-1V, Torrent , 25 September 2014 16



Results - Summary of Measurements

e E—
SEVENTU EDARMEIODK

MEASUREMENTS
D SITE COUNTRY  |Northing Coord| Easting Coord | CAMPAIGNS# | ESUS # ciﬁf,ﬁiﬁg; DATES 2013
M t DAYS | MONTH | _YEAR TOTAL
easurements % 1926 oune 2013 2
21 09-11 July 2013 21
1 SW France France 43.48 1.27 5 113 23 24-29 July 2013 23
22 16-20 August 2013 22
21 2--6 September 2013 21
6 31 January 2013 6
; 9 20 February 2013 9
[ ]
5 sites 14 8 March 2013 14
] 17 26 March 2013 17
e 25 cam paigns 6 Merguellil Tunisia 35.75 10.08 9 91 7 11 April 2013 7
8 17 April 2013 8
18 3 May 2013 18
e 436 ESUS. 5 15 May 2013 5
7 19 December 2013 7
12 10-26 June 2013 12
14 3-31 July 2013 14
8 Ottawa Canada 45.30 -75.50 4 34 7 1526 August 2013 4
. 4 10,18 September 2013 4
e 7/ sites a1 1417 May 2013 31
17 Pshenichne Ukraine 50.075 30.11 3 102 34 12--15 June 2013 34
: 37 1417 July 2013 37
25 campaigns
25 9 April 2013 25
« 661 ESUS. g4 | Guagdong- China 2087 110,08 4 100 25 6 May 2013 25
xuwen 25 26 May 2013 25
0 I I 21 19 June 2013 21
v e ra . . ESUS per DATES MEASUREMENTS
ID SITE COUNTRY |Northing Coord| Easting Coord | CAMPAIGNS# ESUS # campaing # DAYS | MONTH | YEAR TOTAL
< . 3 Barrax Spain 39.03 -2.07 1 30 30 29-30 May 2014 30
1 1 Si te S 31 9 April 2014 31
31 23 May 2014 31
. . 4 Tula Russia 53.08 37.23 5 155 31 26 June 2014 31
m 31 25 July 2014 31
> 50 fleld Ca p c Ig ns 31 3 September 2014 31
15 21 January 2014 15
> 1 O 9 7 E S U S 15 14 February 2014 15
. . 13 21 March 2014 13
6 Merguellil Tunisia 35.75 10.08 6 77 1= = Aé:f” So14 1=
15 8 May 2014 15
> 1 _849 LAI 4 28 May 2014 4
10 La Pampa Argentina -37.90 -67.73 1 44 44 7.9th __ February __ 2014 44
13 Cordoba Spain 37.78 473 1 55 55 19-20 May 2014 55
34 17 June 2014 65
> >12.000 DHP taken e
. 28 29 June 2014 84
19 6 July 2014 57
15 Albufera Spain 39.274369 -0.316439 9 257 36 15 July 2014 96
> > 5 . O O O 27 22 July 2014 131
27 31 July 2014 159
A L AI 2 2 O O 36 7 August 2014 219
CC U p a r = 24 22 August 2014 160

m ea S u res i 16 43 43 3--4 July 14 43 l /




g Field Campaigns and Data Processing
’ 25 Mayo - La Pampa TR

« 25 Mayo (La Pampa) : Water Balance Assessment in the

Rio Colorado’ Basin _ Contact:

e Carlos Di Bella (INTA)
« INTA-25 Mayo
— Instrumentation:
« PAR@METER & PASTIS sensors

e DHP for intercomparsion &
uncertainty estimate

— Sampling/Protocol:

« Two plots (5-10 ESUs each) with
PAR@METER & PASTIS sensors

« IMAGINES protocol for DHP
— Planned acquisitions:

« Continuous growing season
2014 and 2015

Semi-desertic area with irrigated alfalfa

pastures « Intensive Field campaign

(EOLAB) February 2014

S LPV FAPAR 1st Workshop, JRC, spra



Field Campaigns and Data Processing
25 Mayo - La Pampa o

Spatial sampling

Alfalfa
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Field Campaigns and Data Processing

25 Mayo - La Pampa

Ground based maps using SPOT-5

23 de Mayo site — 9 February, 2014
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Selected validation areas
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Field Campaigns and Data Processing
South West 2013 R

e 1-South West — FRANCE 2013

« Valerie Demarez (CESBIO)

« DHP (CAN-EYE) « Multi-temporal field data was grouped in five
campaigns.

e Multi-temporal acquisitions « SPOTS5 and Landsat-8 imagery used for up-

e ~ 25 ESUs scaling the ground data

qJ\_ Isle of Man Lecds

Dubl
Ireland 0 Liverposle oshetfield
Eire

Birmingham
&

By CAMPAIGN DATES IMAGERY

Bristol ‘London  Netheriards o Dortmun]
5 2 7 -

First campaign 19" to 26" of June 2013 LANDSATS8 TOA (26.06.2013)
Second campaign 9" to 11" of July 2013. SPOT5 TOA (15.07.2013)
. Third campaign 24" to 29" of July 2013 SPOT5 TOA (25.07.2013)
> e
g Sk SSade . THESaINC oG | _ 16" to 20™ of August
ﬂ? Mok hw;r T’ s Fourth campaign 9 LANDSATS TOA (20.08.2013)
Rorigal Espaa vages  Foe S ENds. [ 2013
Lisboa Spain N . B B-ee?‘f ‘ =
Mgeia i b
e ilis i - TR _ Fifth campaign 2" to 6" of September LANDSATS TOA (29.08.2013)




Field Campaigns and Processing
South West 2013 ST

Temporal sampling

Wheat
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Field Campaigns and Data Processing
South West 2013

Third campaign (SPOT-5)
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Fourth campaign (Landsat-8)
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Field Campaigns and Data Processing 7
South West 2013 R

Ground-based maps: SPOT-5 vs Landsat-8 (third campaign)
Landsat-8 SPOT-5
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Field Campaigns and Data Processing
South West 2013 R

Ground-based Maps: South West_Zone 1 (Spring crops)
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Field Campaigns and Data Processing
South West 2013 R

Ground-based Maps: South West_Zone 2 (Summer crops)
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Field Campaigns and Data Processing 7

- ry
La Reina- Cordoba T
e 13-La Rema -Cordoba (SPAIN)
/ Qe f ;\d « M.Pat Gonzalez (IFAPA)
i France gﬂi" "dg}i::—' f*“j g
Bay of Biscay 0 Gi‘:ﬁ\'@(‘ L wg"?%éﬁf?éla\w‘n—wfr i - - -

e T  Irrigation Advisory System
- DHP
- 19-20 May

« 55 ESUS /IMAGINES for DHP

Flat cropland area where IFAPA is

developing an space assisted advisory
aaricultire service
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From ground data to ground-based maps (Landsat-8’
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La Albufera, Va |E|‘!Cia R
15 - La Albufera, Spain Eagaa
Collaboration with ERMES project 5 -
- Javier Garcia-Haro (UVEG) _ i

« DHP (two cameras)
« LAI2000 & LAI2200
o Accupar

 App movil

« 10 campaigns (June-Sept)
o 20-35 ESUs per campaign

24/09/20 17y =, . ' | 30
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e Ground data Ground-based HR map
(Landsat-8) 15 July
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Field Campaigns and Data Processing N4
Barrax, Spain R

2

Distribution of 36 ESUS aver BARRAX site

-  Field campaign i i s 5 5

+ Intensive field campaign 29t -30th May 2014 (DHP
and Accupar) 36 ESUS

« PASTIS- PAR systems (two different samplings)

Landuse 2013 - 2014, "Las Tesas® Farm
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e EXPLOITATION = How to exploit this dataset ?

QRS-IV, Torrent , 25 September 2014 33
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ESU

Globe = g /%
50-100sites database

Site _
10-50 ESUs/site ol

V.

ESU alue at the

10-50 meas. /ESU ESU level
(]
Individual Individual
Vieasurement measurements

Mean
values q \

ESU database
e Accuracy of decametric products
« Temporal consistency

Reference maps database
e Accuracy of decametric products

e Accuracy of medium resolution
products (333, 1km)

« Temporal consistency
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A network of sites (17) over cropland/grassland sites was established within
ImagineS for validation of PROBA-V (1 km, 333 m) biophysical products of
Copernicus Global Land and decametric products.

Protocols for ground acquisitions and up-scaling well-established (VALERI heritage).
PASTIS system have been installed to acquire continuous PAR data
Since 2013, more than 50 field campaigns in 11 demonstration sites
2 >1000 ESUs sampled >12.000 DHP taken
= 20 ground reference HR maps already available.
Untill the end of the project:
= San Fernando (Chile), Upper Tana Basin (Kenya) to be sampled

= Strength collaborations with other teams to increase the number of sites and
vegetation types.

Share ground datasets trought ImagineS and OLIVE.

AQRS-1V, Torrent , 25 September 2014 36
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Thanks for your attention!

Special thanks to all researchers and institutions involved in the
collection of ground data sets




