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Presentation structure

o The CCI LAKES project
o The study on heatwave and chlorophyll-a response

o Preliminary investigation in 1-3 shallow lakes
o Up-scaling to 36 European lakes

o Conclusions

https://climate.esa.int/en/projects/lakes/
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Lakes as sentinels of climate change

The influence of climate change is already clearly evident in many of Earth’s lakes

Increasing body of evidence on regional to global 
climate change in lakes from remote observations
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CCI LAKES

ESA CCI LAKES project: to exploit satellite data to create the largest and 
longest possible consistent, global record of five lake climate variables: 
o Lake Water Extent
o Lake Water Level
o Lake Ice Cover
o Lake Surface Water Temperature
o Lake Surface Water Reflectance (chl-a, turbidity)

ESA CCI programme aims to provide stable, long-term, satellite-based ECV data 
products

Essential Climate Variable (ECV) is a physical, chemical or biological variable or a group of linked 
variables that critically contributes to the characterization of Earth’s climate
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CCI LAKES

https://catalogue.ceda.ac.uk/uuid/03c935c6890c4b2ebf4aae4d84cd9472

Crétaux, J.-F.; Merchant, C.J.; 
Duguay, C.; Simis, S.; Calmettes, 
B.; Bergé-Nguyen, M.; Wu, Y.; 
Zhang, D.; Carrea, L.; Liu, X.; et al. 
ESA Lakes Climate Change 
Initiative (Lakes_cci): Lake 
Products.

V1: ~ 250 lakes (limited coverage of Water Level and Extent)
V2: ~ 2000 lakes (longer continuous coverage) (NEW!)
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Estimates of Chl-a from the CCI LAKES 
(Chla_CCI) and from WISPStation
(Chla_WISP) agreed well

For shallow lakes, its often 
the low pressure system 

after the heatwave that 
increases Chl-a

CCI LAKES – First investigation 

Bresciani et al., in press 2022 

Lake Trasimeno (Italy)
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From 1 to 3 lakes (all shallow)
Examined response of high-frequency chlorophyll-a 

estimated from 3 WISPstations in Europe (summer 2019)

CCI LAKES – First investigation

Trasimeno

Võrtsjärv

Curonian lagoon

Free et al., Sensors 2021 
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Essentially, in these three shallow water bodies –
the main response was observed at the end of the 
heatwave with an increase in chlorophyll-a. 

Free et al., Sensors 2021 

CCI LAKES – First investigation

A heatwave in July 2019 occurred with record 
daily maximum temperatures over 40 °C in parts
of Europe. 
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CCI LAKES – Heatwave: up scaling to Europe

Compounded weather events, whereby multiple climatic drivers or 
hazards can produce higher risk of significant impact has received 
more attention. 

An atmospheric block producing a sequence of heatwaves is an 
example of a temporally compounding event and can have multiple 
impacts (Zscheischler et al. 2020).

Compounded weather events affecting 
summer 2019 in Europe

https://www.ecmwf.int/sites/default/files/elibrary/2020/19546-annual-report-2019.pdf



1124th July 2019 DOY 205
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36 lakes within Europe to be examined for 
influence of double heatwave event in 2019

CCI LAKES – Heatwave: up scaling to Europe
Lake Country Lat Lon z̄

m
Area
km2

TP
mg l-1

Skadar AL 42.19 19.29 5.0 381 20
Võrtsjärv EE 58.30 26.03 2.8 260 46
Peipus EE/RU 58.82 27.42 8.4 3578 49
Päijänne FI 61.50 25.40 15.2 937 14
Pyhajarvi FI 60.99 22.31 5.5 153 17
Muggelsee DE 52.44 13.65 4.9 7 60
Constance DE/CH 47.54 9.51 85.0 47 8
Balaton HU 46.98 18.07 3.2 584 47
Garda IT 45.53 10.65 133.0 369 8
Idro IT 45.78 10.51 77.0 11 28
Iseo IT 45.74 10.07 123.0 66 23
Mantua IT 45.16 10.78 3.5 6 97
Trasimeno IT 43.15 12.10 4.7 121 42
Maggiore IT/CH 45.99 8.68 177.0 216 4
Ohrid MK 41.03 20.72 155.0 359 6
Ijsselmeer NL 52.54 5.23 4.4 1139 72
Melvin IE/UK 54.42 -8.13 8.3 23 17
Razim RO 44.91 28.95 1.7 511 60
Albufera ES 39.34 -0.36 2.0 26 155
Almendra ES 41.26 -6.28 30.6 55 32
Cuerda del Pozo ES 41.85 -2.75 10.0 16 12
Rosarito ES 40.10 -5.31 6.2 10 97
Bolmen SE 56.87 13.70 6.2 169 45
Erken SE 59.85 18.58 9.0 22 34
Glan SE 58.62 15.97 9.9 71 30
Ivösjön SE 56.07 14.40 10.7 50 8
Mälaren SE 59.49 16.76 11.9 1310 30
Moeckeln SE 56.66 14.21 4.0 46 20
Östra Ringsjön SE 55.86 13.55 4.7 25 38
Rusken SE 57.29 14.35 3.5 35 15
Vättern SE 58.55 14.71 39.0 1888 2
Vänern SE 59.05 13.59 27.0 5501 6
Vidöstern SE 57.01 13.98 4.4 42 15
Geneva/ Leman CH/FR 46.46 6.58 153.0 581 48
Erne UK 54.49 -7.81 11.9 116 60
Neagh UK 54.59 -6.42 8.9 382 124

How the European heatwave in June and July 2019
affected  lakes?
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The chlorophyll-a concentrations for summer 2019 were extracted from satellite 
data from the CCI LAKES project database (Crétaux et al. 2020). 

Data on total phosphorus and lake mean depth were obtained from Waterbase
(European Environment Agency) 

Climatic data were obtained from (ERA5)

CCI LAKES – Heatwave: materials and methods

Graphing and statistical analysis (regression, correlation, ANOVA) and of thee data was 
carried out (through R) 

The timing and peaks for air temperature and chl-a were identified by fitting a lowess line 
(a locally weighted non-parametric smoothing method)
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For shallow lakes, it 
appeared that peak 
temperatures during a 
heatwave event 
coincided with a 
decline in chl-a
before increasing again 
following the storm 
event 

Yellow box highlights 14 June – 13 
August 

CCI LAKES – Heatwave: results in shallow lakes

average air temperature (1981-
2010) 
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CCI LAKES – Heatwave: results in deep lakes

Yellow box highlights 14 June – 13 
August 

average air temperature (1981-
2010) 

In the deeper nutrient-poorer 
lakes, the chl-a was 
always relatively low but 
nonetheless an increase 
was visible in synchrony 
with rising temperatures 
from the first but not the 
second heatwave in 2019 
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Negative slopes indicates a decrease in chl-a with an increase in temperature anomaly whereas a 
positive slope indicates an increase with temperature anomaly

CCI LAKES – Heatwave: results

Lake Võrtsjärv

Temperature anomaly

To generalize the response to heatwaves and subsequent low pressure systems (storms) chlorophyll-
a for each lake was regressed against the temperature anomaly

All lakes

• shallow lakes were
typically negative

• medium depth lakes
were mixed between
negative and positive

• deep lakes showed
little response (slope
close to zero)
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CCI LAKES – Heatwave: results

Shallow lakes - stronger response, 
delayed by 5 days after heatwave 
typically

Deep lakes – Majority have chl-a peak 
on ascending limb of heatwave

Timing and concentration of the chl-a peak that occurred closest to 
the air temperature peak during the heatwave, either on the 
ascending or descending limb of the heatwave

When its hotter than normal, is the Chl-a peak appearing soon or later?
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Deep Northern lakes synchrony Chl-a & Temp
Shallow southern lakes  asynchrony Chl-a & Temp

CCI LAKES – Heatwave: results

The regression indicated that shallower lakes at lower (warmer) latitudes tended to be more 
out of phase than deeper lakes at higher (colder) latitudes 

Time Alignment Measurement (TAM) values were calculated to 
indicate temporal alignment between temperature and chl-a 
(0 indicating perfect alignment and 3 indicating completely out 
of temporal alignment)

Predicted TAM surface (on temperature and chl-a) from a 
multiple regression that included latitude and log mean depth
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Heatwaves and subsequent storms appeared to play an important role in structuring the 
phenology of the primary producers, with wider implications for lake functioning 

Deep lakes respond sooner – probably higher temperature promotes stratification and ends 
light limitation leading to more rapid response (though limited nutrients mean only small 
peak)

Shallow lakes respond later – probably some photo-inhibition and / or greater response to 
subsequent nutrient impulse (internal / external loading) from low pressure event

Timing of response to HW depends on depth / Trophic status
… (Free et al in preparation)

CCI LAKES – Heatwave: conclusions
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CCI LAKES: Summary

• This study is part of research activities developed in the first phase of the ESA CCI LAKES 
project (2019-2022)

• Phase 2 (2022-2025) of the project starts next month

• This opens to new research opportunities to understand the role of lakes as 
sentinels, integrators, and regulators of climate change

• 2000  lakes, most variables included daily
• 1km daily gridded resolution (sub/super-sampled)
• Level/Extent as one value per lake
• netCDF files, conformant climate vocabularies
• Per-pixel product uncertainties
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CCI LAKES: Summary

• This study is part of research activities developed in the first phase of the ESA CCI LAKES 
project (2019-2022)

• Phase 2 (2022-2025) of the project starts next month

• This opens to new research opportunities to understand the role of lakes as 
sentinels, integrators, and regulators of climate change

• To best to support the studies which could benefit from the CCI LAKES dataset we have 
prepared a survey

• 2000  lakes, most variables included daily
• 1km daily gridded resolution (sub/super-sampled)
• Level/Extent as one value per lake
• netCDF files, conformant climate vocabularies
• Per-pixel product uncertainties



23

ESA CCI LAKES: Summary

https://climate.esa.int/en/projects/lakes/
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