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Résumé

Le projet Léman-Baikal est une initiative de recherche internationale entre la Suisse et la
Russie dans | e domai ne de Idaitralléganmaiodriseg(ULeM). phy s i
Son but principal est de comparer les qualités des eaux du Lac Léman en Suisse et du Lac

Baikal au Sud de la Sibérie dans la Fédération de Russie. En particulier, les objectifs
scientifiques comprennent| 6 anal yses des pr odeskes,wcemmbligwsr ol og
meélanges avec les ruissellements naturels et anthropiques et leurs bilans énergétiques,

ai nsi gue | 6®t ude d<eligs apxrintedaees serestreplacustrel ecaal-i e r
atmosphere proche des lacs.

Ce projet multidisciplinaire regroupe différents | abor at oi r es de | 6 Ecol
Fédérale de Lausanne: les laboratoires de topométrie (TOPO), des systemesd 6 i nf or mat i
géographique (LASIG), de physique des systémes aquatiques - Chaire Margaretha
Kamprad (APHYS), de technologie écologique (ECOL), d'ingénierie éolienne et d'énergie
renouvelable (WIRE), d e | 6 uni Prmceton en @ollabogation avec le laboratoire de
mécanique des fluides de Il'environnement (EFLUM) et le laboratoire des systemes
cryosphériques ( CRYQOS).

Pour ce projet, une plateforme de télédétection spatiale a été développée pour enregistrer
des images multispectrales et hyperspectrales des surfaces terrestres et aquatiques a partir
d 6 U LPenhdant la phase de test en avril et mai 2013, cette plateforme a permis de récolter
une série initiale de données pendant onze vols au-dessus du Lac Léman. Nos points
d 6 i n étagnt principalement les embouchures des riviéres de la Venoge et du Rhéne, qui
montrent une palette visuelle particulierement riche de phénomeénes hydrologiques.

Dans la seconde phase en juin et juillet 2013, des observations multispectrales et
hyperspectrales ont été collectées au-dessus Lac Baikal prés du Delta de Selenga pendant
trente-deux vols. Le succes de cette campagne a été assuré par la collaboration avec les
universités russes impliquées dans le projet.

Etant donné les quantités importantes de données récoltées, leurs traitements est toujours

en cours. Cependant, les premiers résultats sont tout a fait prometteurs et montrent une
grande similarit® entre | es s pnesurtdepus lasuefacel r ®s
du lac. Ces résultats encourageant vont bientét permettre d 6 ® v al uer | 6 h®t ®r o
parametres de la qualité des eaux sur de larges parties des deux lacs. lls permettront aussi

de décrire des phénoménes locaux de mélanges a des résolutions spatiales et temporelles

encore jamais obtenues.

Concernant l a couche | i mit e spbaauxl pbua meswes feh r e,
t ur bul dumidieeset la témperature a tres haute résolution sont toujours en phase de
développement. lls ont pu étre testés brievement en 2013 et devraient étre préts pour la
prochaine phase du projet en 2014.

En 2014, chaque groupe planifie de récolter des données supplémentaires sur le Lac Léman
pendant trois campagnes en février/mars, avril/mai et septembre/octobre. La prochaine
campagne sur le Lac Baikal aura lieu en juillet/aout 2014 en étroite collaboration avec nos
colleégues russes. Avec ces nouvelles données, les différents groupes espérent décrire de
nouveaux phénomenes observables sur les lacs et sur la dynamique de la couche limite de
| 6 at mo s pdbssus d@e ces lacsS.



Summary

The Léman-Baikal project constitutes an international Swiss-Russian collaborative research
initiative in the field of physical limnology using ultralight aircraft. The primarily aim of the
project is to conduct a comparative study of the functioning of Lakes Léman (Switzerland)
and Baikal (Southern Siberia region of Russian Federation). The scientific objectives of the
project include the analysis of hydrological processes, such as the runoff dynamics of both
natural and anthropogenic origin, lake energy balance, and the study of processes
pertaining to the land-water and air-water interfaces in lakes.

This multidisciplinary project regroups different laboratories within EPFL: Geodetic
Engineering Laboratory (TOPO) / Laboratory of Geographic Information Systems (LASIG),
Physics of Aquatic Systems Laboratory - Margaretha Kamprad Chair (APHYS), Ecological
Engineering Laboratory (ECOL), Wind Engineering and Renewable Energy Laboratory
(WIRE), Princeton University in collaboration with the Environmental Fluid Mechanics and
Hydrology Laboratory (EFLUM) and the Laboratory of Cryospheric Sciences (CRYQOS).

For this project, a remote sensing platform was developed to collect multispectral and
hyperspectral observations of both land and water surfaces from ultralight aircraft. During
the test phase in April and May 2013, this platform was used to collect an initial dataset
during a series of flights above Lake Léman. The fights focussed on the mouths the Venoge
and Rhéne Rivers, which exhibit a particularly rich range of visually observable
hydrodynamic phenomena.

In the second phase carried out in June and July 2013, multispectral and hyperspectral
observations were collected above Lake Baikal near the Selenga delta during thirty-two
flights. The success of this campaign was ensured by the collaboration of the Russian
universities implicated in the project.

Given the massive dataset, data processing is still underway. However, preliminary results
look promising. They showed a high similarity of the spectra measured from the air and in
situ from the lake surface. These encouraging results will soon allow assessment of the
heterogeneity of water quality parameters on large portions of the two lakes, and to describe
local mixing phenomena at a higher spatial and temporal resolution than ever achieved.

Concerning the atmospheric boundary layer, special sensors to measure turbulence,
humidity and temperature at high resolution are still under development. They could only be
tested briefly in 2013, but will be ready for the next phase of the project in 2014.

In 2014, each group plans to collect additional data on Lake Léman during three campaigns
in February/March, April/May and September/October. Another campaign on Lake Baikal is
planned in July/August 2014 in close collaboration with Russian colleagues. With such a
large dataset, the different groups hope to discover new findings on the limnology of both
lakes as well as on the dynamics of the atmospheric boundary layer above lakes.
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1. Remote sensing platform 1 TOPO / LASIG laboratory

Dr. Y Akhtman, D Constantin, Prof. B Merminod, Prof. F Golay, M Parkan, M Rehak, Dr. D
Tuia

1.1. Methodology

Over eight months starting in October 2012, we developed and deployed a remote sensing
platform optimised for collection of multispectral and hyperspectral observations of both land
and water surfaces from an ultralight aircraft. The platform is comprised of four cameras,
auxiliary position and orientation sensors, as well as data recording equipment.

The main principle of the research methodology is constituted by the concurrent acquisition
of airborne wide-area and surface point-based data. The corresponding data collection
process is illustrated in Figure 1. Specifically, we have employed the ultralight aircraft in
order to carry an airborne remote sensing platform, and a boat equipped with a range of
sensing and water sampling equipment.
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Figure 1: Concurrent airborne and surface collection of data



The surface-based samples, measured in collaboration by APHYS and ECOL laboratories,
are used to produce a detailed characterisation of the water properties at sampling locations.
Additionally, the reflected spectral response of the water surface at each sampling point is
registered. The reflectance properties are correlated with the various water characteristics
and the spectral response-based indicators for the various chemical and biological water
properties are derived. The resultant spectral signature-based indicators are subsequently
utilised in order to derive a wide-area maps of water properties using the multispectral and
hyperspectral data collected with the use of the airborne remote sensing platform.

In this context, the concurrent airborne and surface based data acquisition is essential for
the sake of calibration of the airborne data, as well as the data quality and the
methodological accuracy analysis.

1.1.1. Airborne remote sensing platform and operations

Our main instrument is constituted by an Alava ARS3 system, which is based on a Headwall
Photonics Micro Hyperspec VNIR sensor. In addition, the platform includes two high-
resolution RGB and near-infrared sensors based on consumer-grade Sony NEX-5R
cameras, as well as a thermal infrared sensor based on the DIAS Pyroview 640L Compact
camera. The resultant remote sensing platform is portrayed in Figure 2.
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Figure 2: Multispectral and hyperspectral remote sensing platform installed on an Air Creation Tanarg ultralight
aircraft

As our airborne carrier we have utilised the Air Creation Tanarg ultralight aircraft depicted in
Figure 3.



Figure 3: Air Creation Tanarg 912S ultralight aircraft with the remote sensing platform installed

1.1.2. Data acquisition

The field campaign resulted in the collection of the total of around 7 Terabytes of airborne
remote sensing data covering the area in excess of 2000 km?, including more than 100 in
situ sampling sites.

The entire field campaign spanning both Lake Léman and Lake Baikal phases included over
83 hours of flight having an accumulate flight trajectory length in excess of 7,700 km. In
particular, the data collected to date is comprised by 580,000 airborne images and nearly
15,000,000 hyperspectral scan lines.

Lake Léman phase

During the stage of the system development, as well as during the collection of the initial
data, we conducted a series of flights in the area of Lake Léman. Our initial points of interest
included the mouths of the Venoge and Rhéne Rivers, which exhibit a particularly rich range
of visually observable hydrological phenomena.
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Figure 4: Flight trajectories performed during the months April and May of 2013 over the coastline of
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Lake Léman (top), and the particular region of interest in the outflow of river Venoge

Date Time Location Altitude Measurements
2013-04-16 10:30-11:40 Gland shoreline 500m HSI
2013-04-16 16:10-16:50 Gland shoreline 700m HSI
2013-04-17 10:10-11:50 L6Aubonne out fl 700m HSI, RGB, nIR
2013-04-17 15:30-17:10 North shoreline, Rhéne 1500m HSI, RGB, nIR
outflow
2013-04-18 9:30-11:40 North shoreline 1000m HSI, RGB, nIR
2013-04-22 15:30-16:50 Venoge outflow 700m HSI, RGB, nIR
2013-04-23 15:30-17:40 Lake perimeter, Rhéne 3500m HSI, RGB, nIR, thermal
outflow (high altitude)
2013-04-24 9:30-11:30 Venoge outflow 1000m HSI, RGB, nIR, thermal
2013-04-24 15:30-17:00 Venoge outflow 700m HSI, RGB, nIR, thermal
2013-05-13 9:30-11:00 Vidy Bay 700m HSI, RGB, nIR, thermal
2013-05-22 10:10-11:40 Venoge outflow 700m HSI, RGB, nIR, thermal

Table 1: Flight details of the 11 flights over Lake Léman carried out in April and May 2013




Lake Baikal phase

In the consecutive stage of the project, taking place during the months June and July of
2013, we carried out a comprehensive field campaign in the area of the Selenga River delta
in the Southern Siberia region of the Russian Federation. The campaign was conducted in
close collaboration with the Geography Faculty of the Moscow State University and the
Institute of Nature Resource Management in Ulan Ude. Our airborne observations were
complemented by extensive ground work, which included the collection and analysis of in
situ samples, as well as the recording of the corresponding spectral reflectance signatures
of the water surface.
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Figure 5: Flight trajectories (top) and in situ sampling sites (bottom) for the Lake Baikal phase of the Léman-Baikal
project, which took place during July of 2013



1.1.3. Data processing

The airborne remote sensing data processing chain depicted in Figure 6 is being actively
developed for effective analysis of the material collected in the course of the various phases
of the field campaign. The raw data is comprised of multiple data types including image files,
image sequences, line scan sequences, as well as auxiliary navigation data logs. The aim
of the data processing methodology is the production of a data management system, which
will facilitate access to synchronised, calibrated, as well as time and space referenced

multimodal data.
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Figure 6: Airborne remote sensing data processing chain. The development progress is indicated by completed
steps (green), work in progress (yellow) and steps, which are planned to be developed in the near future (red)
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As part of the Léman-Baikal project we have developed and deployed a dedicated database
system and a web-based GIS data management framework detailed in Figure 7, which
facilitates an effective and highly structured storage, search, retrieval and visualisation of
multi-modal scientiyc data collected in the cour se

Data Browser

Figure 7: The underlying architecture of the Web GIS data management and visualisation system

The cloud-based approach to data management is motivated by the need for collaborative
access to a particularly large volume of collected data.

1.2. Preliminary results

We have conducted a range of methodological experiments, while collecting data from
different altitudes between 500m and 2500m, resulting in the ground resolution for the high-
resolution RGB/nIR imagery of approximately 16 to 80 cm per pixel, respectively.

The results of the preliminary analysis of the collected data demonstrate its suitability for the
generation of a wide range of remote sensing products exemplified in Figure 8.
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Figure 8: Examples of remote sensing products including hyperspectral cubes (a), thermal maps (b), DTMs (c),
metric surface morphology analysis (d), as well as various types of automated land cover classification maps (e)

2. Thermal images T ECOL Laboratory
Prof. D A Barry, A Irani Rahaghi

The objective of ECOL laboratory is to utilize satellite, ULM and point measurements to
estimate the lake surface energy balance and its effect on 3D hydrodynamics.
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2.1. Surface temperatures from remote sensing

The heat balance at the air-water interface includes different mechanisms. In general for
lakes, heat flows from groundwater and inflow/outflow are insignificant compared to other
heat transfer mechanisms. Therefore, the heat flux equation at the lake surface is given by:

rWCph%:Qtot :an Qan Qﬁr Qev' Qco" (1)

where the RHS (right-hand side) terms are, respectively, net incident solar radiation (short-
wave), net incident atmospheric radiation (long-wave), back radiation (long-wave),
evaporation and convection. Also, h is the mixed layer thickness, T is temperature, t is time,
rw is the water density and C; is the heat capacity.

Methods to evaluate the heat flux at the lake surface in (1) have been investigated by ECOL
laboratory. For this, we have acquired a radiometer for measuring the first three terms in the
RHS (i.e., the net radiation). For estimating evaporative and convective heat flux over lakes,
different approaches are possible (bulk aerodynamic methods, surface energy balance
system, etc.). These methods require measurement of air temperature, surface water
temperature, wind speed, humidity, and air pressure within a precise temporal scale (e.qg.,
hourly). The air temperature, wind speed, humidity and air pressure can be obtained using
some of our own instruments as well as MeteoSuisse COSMO data. For calculating the local
temperature derivatives (left-hand side, LHS), surface temperature values in different times
are needed. Therefore, the lake surface water temperature (LSWT) plays an important role
in three terms of the heat flux equation.

Figure 9: LSWT at the centre part of Lake Léman6s Gr and Lac: comparison of AVHRR dat
2010

Concerning the LSWT, in the present study satellite data are considered together with ULM
data and point measurements. As the preliminary step, the comparison of AVHRR satellite
data and CIPEL data (from the centre of the lake) is underway. Figure 9 shows this
comparison for 2005-2010. The overall trends of both data sources are the same. However,
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