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1. Overview of Spanish inland waters

Are there lakes in Spain? -
. | &
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1. Overview of Spanish inland waters

LAKES
5N

1 7 > About 600 (90% in the Pyrenees)
- > Small size: average 0.1 km2; max 0.5 km2
» Most between 1500 and 3000 m.a.s.l.

- > Oligotrophic (low human pressure) G
' > Only exception: Sanabria lake (NW Spaln) 4 km2 7/ "

il
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1. Overview of Spanish inland waters

WETLANDS

» About 2000

> Varied sizes (up to 15 km? inland — 500 km? coastal)
1 » Most temporary. Often hypersaline (endorheic).

; «-;.g » Varied trophic state (high human pressure)
¢~ » Shallow
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1. Overview of Spanish inland waters

RESERVOIRS

» 1280 “big” reservoirs (dam higher than 15 m)

P > 66 bigger than 10 km? (at full capacity)

» Retention times: from days to years (up to 120 “hyperannual®)
» Diverse mineralization and catchment's geology

» Climatic gradient

» Varied trophic state (30% oligotrophic; 40% eutrophic)

~ » Multiple uses (irrigation, hydropower, water supply)
8 > Increasing human use (including recreational)
» Frequent HABs

» Understudied. Monitoring required by WFD
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1. Overview of Spanish inland waters

1280 RESERVOIRS
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1. Overview of Spanish inland waters

> 10 “pure water pixels” in MERIS imagery

130 RESERVOIRS
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2. Summary of remote sensing studies
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1992

2. Summary of remote sensing studies

2006 2008 2010 2012

First steps: River basin surveys with Landsat-TM
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. 40-50
. 50-60
. 60-T70
. 70-80
. 80-100

. mag de 100

» Eutrophication monitoring

» In situ measurements:

= [Chl-a]

= Secchi disk

= Temperature

» TSM (few points)
» 778 match-up points
» Empirical approach (scene-
based multiple regressions
without proper AC)
» Potential for image re-

processing

Pefia, R. y Serrano, M.L., 1992. Evaluacién del estado tréfico de los embalses mediante imagenes

digitales. Ingenieria Civil, 86, 37-44,
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2. Summary of remote sensing studies

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

CHRIS/PROBA in Rosarito reservoir

Phycocyanm concentratlon 20/05/04 > 9 cloud-free image sets
| o » 46 sampling points

> In situ measurements:

= Above water radiometry (46)

» [HPLC] phyto pigments (33)

= In situ fluorescence (PC, PE,

Chl, CDOM,; 46)

» Phytoplankton taxonomy (3)

» TSM; Temp; cond.; wind; other
» Empirical models and calibration

of semi-empirical algorithms
» [Chl-a] and [PC] mapping

220 >250 mg m-3

Ruiz-Verdu, A., Dominguez, J.A. & Pefia-Martinez, R. (2005) Use of CHRIS for monitoring water
quality in Rosarito reservoir. Proceedings of the Third Chris/Proba Workshop. ESA-ESRIN, Frascati,
Italy, 21 -23 March 2005 (ESA SP-593, June 2005)
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2. Summary of remote sensing studies

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

MERIS-Lakes: Validaton of MERIS Lake Water Algorithms
D CAMPAIGNS (2007)
,; o

> 5 reservoirs and 1 lake
» 55 sampling points

> In situ measurements:

= Above water radiometry (55)
= |In situ (AC-s) and lab IOPs
2 E;Ila admgims) n‘:;l\lll Se;chi ;;Il\::étlher:e (aphyto, aCDOM, aDET; bb; 35)

» [HPLC] phyto pigments (35)

= = |n situ fluorescence (PC, 46)

PR TN

= AOT (6)
» TSM; Temp; cond.; wind; other
» 7 match-ups with MERIS

. » Algorithm validation (EUL+ICOL)

CENTRO DE ESTUDIOS
Y EXPERIMENTACION
DE OBRAS PUBLICAS

Ruiz-Verdu, A., Koponen, S., Heege, T., Doerffer, R., Brockmann, C., Kallio, K., Pyhalahti, T., Pefia, R.,
Polvorinos, A., Heblinski, J., Ylostalo, P., Conde, L., Odermatt, D., Estellés, V. and Pulliainen, J. (2008)
Development of MERIS Lake Water Algorithms: Validation results from Europe. 2nd MERIS/AATSR User
Workshop. ESA ESRIN. Frascati, Italy. 22 - 26 September 2008 (ESA SP-666, November 2008)
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1996 1998 2000

2. Summary of remote sensing studies

2002 2004 2006 2008

2010 2012

Validation of C-PC retrieval Algorithms

Nested Semiempirical Band Ratio

1000 1

100 ~

PC retrieved (PCrab, mg m'3)

10 +-
10

100
PC measured (PCggr, mg m™)

» Common database of Spanish
and Dutch lakes

» 193 sampling points (Spain)
» Evaluation of algorithms:

» Single Reflectance Ratio

» Baseline Semiempirical

» Nested Semiempirical Band
Ratio

1000

Ruiz-Verdu, A., Simis S.G.H., de Hoyos, C., Gons, H.J., Pefia-Martinez, R. (2008) An evaluation of
algorithms for the remote sensing of cyanobacterial biomass. Remote Sensing of Environment 112:

3996-4008
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2. Summary of remote sensing studies

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Validation of MERIS AC algorithm (SCAPE-M)
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Guanter, L., Ruiz-Verdu, A., Odermatt, D., Giardino, C. Simis, S., Estellés, V., Heege, T., Dominguez-
Gomez, J.A., Moreno, J. (2010) Atmospheric correction of ENVISAT/MERIS data over inland waters:
Validation for European lakes. Remote Sensing of Environment 114: 467-480
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2. Summary of remote sensing studies

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Hyperspectral airborne campaigns of inland water quality

> CASA C-212 aircraft

= CASI 1500i (VNIR)
= AHS (VNIR-SWIR-TIR)

» Field measurements
(ASD-FR; Cimel)

» Calbration facilities
» Image processing
laboratories

» L1b (geolocated at-
sensor radiances)

» L2 (geolocated
reflectances
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2. Summary of remote sensing studies

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

CINCLUS: A new satellite sensor for inland water quality monitoring?

INTAuSAT-1 in flight configuration

(Pitch) +Zs

PAU radiometer &
GPS reflectometer

4 Fixed solar
(accomod. TBC)

panels

Payload (-X, +Y, -Y, +Z)

Module

2 MS-WAC

cameras Star sensor

(external baffle)

CINCLUS

camera g — - SVM & PLM
Service external
Module connectors

2 X-band
antennas

S-Band Attrachment to
antenna the launcher
+Xs (Nadir) (Roll) +Ys

0207 M Sympochan on Small Sateiites for Earth Observation May 4 - § 2009 Berfin, Germsany
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2. Summary of remote sensing studies

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

CINCLUS: A new satellite sensor for inland water quality monitoring?

5 spectral filters
(60 x 2048 pixels / filter)

_ saeliefrett _ _
Cypress Lupa-4000
CMOS detector
‘083(0 (2048 x 2048 pixels)
Telecentric
system
Baffle

Ruiz-Verdu, A., de Miguel, E., Robles-Gonzélez, C. y Fernandez-Renau, A. (2010) Cinclus: An instrument
for the remote sensing of inland water quality. Proc. ‘ESA Living Planet Symposium’, Bergen, Norway.
28 June — 2 July 2010 (ESA SP-686, December 2010).

1st GloboLakes Scientific Workshop. 10-12 December 2012. University of Stirling



3. Bio-optical characteristics (2001-07 dataset)
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3. Bio-optical characteristics (2001-07 dataset)

BIO-OPTICAL SAMPLING CAMPAIGNS 2001-2007

# sampling points

O 12

Average [Chl-a]

® <1

® 1-25
O 25-8
O 8-25
@ >25

56 RESERVOIRS AND 2 LAKES
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3. Bio-optical characteristics (2001-07 dataset)

STATISTICS OF MAIN WATER QUALITY VARIABLES

440_CDOM [Chl-a] [PC] [TSM] Z_SECCHI
(m™) (mgm® | (mgm?) (g m?) (m)
N 193 204 156 139 221
MIN 0.05 0.5 0.0 0.2 0.1
10 PERCENTILE 0.23 1.4 0.0 0.7 0.3
MEDIAN 0.64 23.2 29.8 2.8 1.7
MEAN 0.67 65.8 102.8 6.9 2.1

90 PERCENTILE

MAX 4.80 705.0 1040.0 78.8 11.5
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3. Bio-optical characteristics (2001-07 dataset)

DOMINANT PHYTOPLANKTON GROUP
(153 SAMPLES)

CHLORO
12%

CRIPTO
3%

—

CYANO
38%

Rrs (sr-1)
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3. Bio-optical characteristics (2001-07 dataset)
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4. Concluding remarks

(usefulness for GlobolLakes)
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Usefulness of Spanish dataset for GlobolLakes

« Diverse dataset (wide gradient of environmental variables)

« Adequate for phytoplankton studies

« Reservoir shape and hydrologic / climate regime favour sedimentation in
tail and stratification in open waters

« Semi-arid climate favours low CDOM
« Eutrophication is widespread: High phytoplankton biomass
* Phytoplankton dominates RS signal (“pseudo case 1 waters”)

« Adequate for cyanobacteria studies (C-PC retrieval)

« Dataset comprising radiometric, pigment and taxonomic data
« 23 MERIS match-up dates (24 for Landsat-TM)

9 CHRIS/Proba match-up dates

« Hyperspectral airborne data
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