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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
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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 lce 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 @esa
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 - First investigation

Lake Trasimeno (ltaly)
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CCI LAKES - First investigation
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Table 1. Main features of Lake Trasimeno, Curonian Lagoon and Lake Vértsjarv.
Characteristics Trasimeno Vortsjarv Curonian Lagoon o :
Catchment area (km?2) 383 3100 97928 i
Lake surface area (km?2) 121 270 1584 : t J “ :
:__? ‘ i ﬂi fl i i fajt lnllll "] i i1! - :
Maximum depth (m) 5.5 6 58" g R N, ol uu,.M','. i ““"‘f W "*'.mfm i
g i
Average depth (m) 4.0 28 3.8 1
Water residence time =20 years ~1 year 10-100 days
Total phosphorous (ug L) 27 40 108
* The artificially deepened Klaipeda Strait for harbor activities is 8-15 m in depth. g : :
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CCI LAKES - First investigation

Free et al., Sensors 2021

E sensors

Article

A heatwave in July 2019 occurred with record

Detecting Climate Driven Changes in Chlorophyll-a Using
High Frequency Monitoring: The Impact of the 2019 European
Heatwave in Three Contrasting Aquatic Systems
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Abstract: The frequency of heatwave events in Europe is increasing as a result of climate change.
This can have implications for the water quality and ecological functioning of aquatic systems.

We deployed three spectroradiometer WISPstations at three sites in Europe (Italy, Estonia, and
Lithuania/Russia) to measure chlorophyll-a at high frequency. A heatwave in July 2019 occurred
with record daily maximum temperatures over 40 °C in parts of Europe. The effects of the resulting
storm that ended the heatwave were more discernable than the heatwave itself. Following the
storm, chlorophyll-a concentrations increased markedly in two of the lakes and remained high
for the duration of the summer while at one site concentrations increased linearly. Heatwaves
and subsequent storms appeared to play an important role in structuring the phenology of the
primary producers, with wider implications for lake functioning. Chlorophyll-a peaked in early
September, after which a wind event dissipated concentrations until calmer conditions returned.
Synoptic coordinated high frequency monitoring needs to be advanced in Europe as part of water
management policy and to improve knowledge on the implications of climate change. Lakes, as
dynamic ecosystems with fast moving species-succession, provide a prism to observe the scale of
future change.

daily maximum temperatures over 40 °C in parts
of Europe.

Essentially, in these three shallow water bodies —
the main response was observed at the end of the
heatwave with an increase in chlorophyli-a.
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CCIl LAKES - Heatwave: up scaling to Europe

Compounded weather events affecting
summer 2019 in 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).

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

In 2019, ECMWF continued
to provide high-quality weather
predictions to its Member and
Co-operating States and other
users of its data and products
across the globe. Severe
weather events that were well
predicted by ECMWF forecasts
ingherde freezing rain €
n the year in Romania, two
short heatwaves that brough
record-breaking temperaturg

Azores and Mozambique.

An upgrade of the Integrated Forecasting
System (IFS) in June improved the skill
of forecasts substantially across most

1-3 days ahead for 26-28 June

variables and regions. Amongst many other
improvements, IFS Cycle 46r1 introduced
more continuous data assimilation to
improve ECMWF's estimate of the state

of the Earth system at the start of forecasts.
It also included new ocean wave physics
and new output parameters in the extended
range to provide better advance information
on the probability of severe weather.

Among many improvements in forecast
scores, ECMWF recorded its highest

ever skill for Extreme Forecast Index wind
predictions. ECMWF also widened access
to its products by making Oceanb reanalysis
charts freely accessible, and more products
were made available to Members of the
World Meteorological Organization (WMO).
Experimental products to predict cold spells
in Europe were made available to registered
users, and a new product generation
package was rolled out.
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CCI LAKES - Heatwave: up scaling to Europe

AL 42.19 19.29 5.0 381 20
EE 58.30 26.03 2.8 260 46
EE/RU 58.82 27.42 8.4 3578 49
Fl 61.50 25.40 15.2 937 14
Fl 60.99 22.31 5.5 | 1583 17
DE 52.44 13.65 49 7 60
DE/CH 47.54 9.51 85.0 47 8
HU 46.98 18.07 3.2 584 47
IT 45.53 10.65 133.0 369 8
IT 45.78 10.51 77.0 11 28
IT 45.74 10.07 123.0 66 23
IT 45.16 10.78 35 6 97
IT 43.15 12.10 4.7 121 42
IT/CH 45.99 8.68 177.0 216 4
MK 41.03 20.72 155.0 359 6
NL 52.54 5.23 4.4 1139 72
IE/UK 54.42 -8.13 8.3 23 17
RO 44.91 28.95 1.7 511 60
ES 39.34 -0.36 20 26 155
ES 41.26 -6.28 30.6 55 32
ES 41.85 -2.75 10.0 16 12
ES 40.10 -6.31 6.2 10 97
SE 56.87 13.70 6.2 169 45
SE 59.85 18.58 9.0 22 34
SE 58.62 15.97 99 | i 30
SE 56.07 14.40 10.7 50 8
SE 59.49 16.76 11.9 1310 30
SE 56.66 14.21 4.0 46 20
SE 55.86 13:55 4.7 25 38
SE 57.29 14.35 3151135 15
SE 58.55 14.71 39.0 1888 2
SE 59.05 13.59 27.0 5501 6
SE 57.01 13.98 4.4 42 15
CH/FR 46.46 6.58 153.0 581 48
UK 54.49 -7.81 11.9 116 60
UK 54.59 -6.42 8.9 382 124
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CCIl LAKES - Heatwave: materials and methods

The chlorophyll-a concentrations for summer 2019 were extracted from satellite
data from the CCIl 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 (ERAYS)

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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CCIl LAKES - Heatwave: results

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

Negative slopes indicates a decrease in chl-a with an increase in temperature anomaly whereas a
positive slope indicates an increase with temperature anomaly

« shallow lakes were

504 * _ . .
y=21 072x, #=013 ’ . typ|Ca”y negatlve
_ 407 ., .
2 , - medium depth lakes
@ 30 % PRS- H
s 01 | L 0 st > pepngrop WeEre mixed between
8' ] '.‘ . e < . iy
gzo I 8 - negative and positive
10! =] 7-15
5! - « deep lakes showed
0_ = 7 "
: . : Al lakes little response (slope

Temperature anomaly close to ZerO)
Lake Vortsjarv 41
17
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CCIl LAKES - Heatwave: results

When its hotter than normal, is the Chl-a peak appearing soon or later?

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

—— <7
- >15

901
== 7-15

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

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

Chlaugl -

301

10 0 10
Days from heatwave peak
18
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CCIl LAKES - Heatwave: results

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

of temporal alignment)
Predicted TAM surface (on temperature and chl-a) from a

287
267
s 247 <
=20 08
20 > & | | | |
50 2 multiple regression that included latitude and log mean depth
/ (o))
s b5
Latitude 55 6(/)
The regression indicated that shallower lakes at lower (warmer) latitudes tended to be more
out of phase than deeper lakes at higher (colder) latitudes
Deep Northern lakes synchrony Chl-a & Temp
Shallow southern lakes asynchrony Chl-a & Temp
EE W I ESIIII =S E s - e B SE SE KX = 6 imm ¥l > THE EUROPEAN SPACE AGENCY




CCIl LAKES - Heatwave: conclusions

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)
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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

« 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

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

21
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CCI LAKES: Summary
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ESA CCl LAKES: Summary

Thanks!
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