Lysimeter Stations and Soil Hydrology Measuring Sites in
Europe - Results of a 2004 Survey

Abstract

The main goal of a diploma thesis was
to provide an overview of lysimeter ty-
pes used in Europe and to show their
employment in research centres. Pur-
pose, details on equipment, research re-
sults and future perspectives of lysime-
ter facilitieswerearranged logically and
presented clearly. To gain data of lysi-
meter operatorsand their stationsaques-
tionnairewas sent out. According to that
survey, 117 institutions in Europe ope-
rate ca. 2930 lysimeter s/seepage water
samplers in 18 countries. 2440 of the
total number arelysimeter vessels. More
than half of all vessels (54 %) are used
for studies of arable land. The main
challenges for research in the future are
calibrating numeric soil water and nutri-
ent transport models with data collected
by lysimeter studies as well as impro-
ving precise measuring methods.

Lysimeter- und bodenhydrologische
Forschungsstationen in Europa- Zie-
le, Ausstattung, Ergebnisse, Per spek-
tiven

Im Rahmen einer Diplomarbeit wurden
die européischen Lysimeter- und boden-
hydrologischen M essstationen hinsicht-
lichihrer Zielsetzung, den Ausstattungs-
merkmalen (z. B. Lysimetertypen, instal-
lierte Sonden), ihren Forschungsergeb-
nissen und zukinftigen Entwicklungen
erfasst. Um diese Informationen einzu-
holen, wurden an die Betreiber von Ly-
Simeterstationen eigensentwickelte Fra-
gebodgen ausgesandt. Der Auswertung
der Umfrage zufolge betreiben in 18
Landern ca. 117 Ingtitutionen etwa 2930
Lysimeter/Sickerwasser sammler
(SWS), davon sind 2440 Lysimeterge-
falde, die zu ca. 84 % nicht wéagbar und
zu etwa 30 % monoalithisch befdllt sind.
Lysimeter werden zu fast zwei Drittel
fur ackerbauliche Fragestellungen,
SWS vermehrt im Grinland (41 %)
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eingesetzt. Der Gesamtanteil aller
Gefélleim Ackerland belé&uft sich auf
etwa 54 %.

Die Herausforderungen fir zukinftige
Forschungen liegen vor allem in der
Ubertragung von gemessenen punktbe-
zogenen Daten mittels numerischer Bo-
denwasserhaushalts- und Stofftransport-
modelle sowie in der Verbesserung der
prézisen Messtechnik. Als Schnittstelle
fur einen erweiterten Informationsaus-
tausch sind die Stationsbeschreibungen
im Sinne einer Lysimeter plattform un-
ter http://www.lysimeter.at — Stationen
abrufbar. Die kartographische Darstel-
lung und Navigation unterstiitzt den Be-
sucher bei der Lokalisierung der einzel-
nen Messstellen.

Introduction

The purpose of this paper is to present
the main results of the diploma thesis -
which was finished in December 2004 -
concerning lysimeter stations and soil
hydrology measuring (SHMS) sites of
Europe. As lysimeter studies are impor-
tant for many research fields such as
(soil) hydrology, agricultural and fo-
rest economy or ecology, it isimportant
to get to know about lysimeter types built
in at measuring sites and to describe fu-
ture developments of lysimeter research.

In the thesis, lysimeter types used in
Europe were described and then summa-
rized according to the following four
important criteria to provide as much
information as possible in the name of
the type: weighing possibility, soil fil-
ling technique, if seepage water iscol-
lected gravimetrically, and groundwa-
ter connection. | decided not to takethe
size or shape (square, cylindrical) of the
vesselsfirst because the four parameters
tell us more about the use of lysime-
tersat a glance. The size (and shape if
known) of each lysimeter is provided in

the description of the stations, see ho-
mepage (described in section 5/lysime-
ter platform). For example, combined
types are called non-weighable back-
filled gravitation lysimeter, weighable
monolithic gravitation lysimeter, etc. To
distinguish between lysimeter vessels
mentioned before and larger test areas,
a separate category for " large lysime-
tersltest areas' was created, meaning
big trays or geomembrane being back-
filled with soil or substrate - only at one
stationisthe soil undisturbed. According
to information reported in the question-
nairestheir surfaceisbetween 30 m2and
670 m2 (LANTHALER, 2004).

Several seepage water samplers/SWS
were aso divided into two main catego-
ries: SWSwith or without applied vacu-
um. The main difference between an
SWSand alysimeter isthat an SWSdoes
not have aside border to the soil surface
and isin general smaller than alysime-
ter (STENITZER inv. UNOLD 2003, pp
9-10).

Developing a
Questionnaire and
Searching for Operators

To gain data about lysimetric stations
around Europe, | developed a question-
naire (in MS Excel) that | sent to opera-
tors by e-mail with arequest to comple-
te it. | extracted general information
about lysimeter types and soil hydrolo-
gy measuring equipment/methods and
their use from proceedings of the BAL
Gumpenstein (1991-2004) and arranged
guestions about

* research purpose of the stations, ge-
neral dataabout lysimeter types, num-
ber of lysimeters/vessels and seepage
water determination,

» thesurrounding area (topographic fea-
tures), mean annual temperature and
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precipitation, etc. to describethelysi-
meter sites geographically, and also
about the meteorological parameters
that are determined,

* soil (fractions, types, horizons) and ve-
getation types of the locations,

» datastoring and managing and formu-
las used to determine evapotranspira-
tion and water balances or modelsused
and their goals to facilitate the ex-
change of information among lysime-
ter operators,

» future development of the stations (see
section 6) which is an important part
of the survey,

» contact information (address, Web site,
etc.).

| completed the questionnaire according
to detailed information about lysimeter
types provided in DVWK 1980 and ac-
cording to a questionnaire by KRETZ-
SCHMAR which was sent to German
lysimeter operatorsin 1996/1997.

| looked up operator contact informati-
on in proceedings, other articles and on
the internet using a Web search engine
to search for universities, research cen-
tres, or other institutions related to lysi-
meters and soil hydrology. More than
250 e-mails were sent either with a ge-
neral request or the attached question-
naire. After | had got back several ques-
tionnaires, | created an M SAccess data-
baseto easily arrange all the dataand to
build queries for several evaluations.
Datawas collected from Juneto Novem-
ber 2004.

53 operators of lysimeter sites sent back
a completed questionnaire, 22 sent in-
formation by e-mail (and attached files
with general information about their si-
tes or research articles); four operators
provided site information by post; some
operators sent additional research artic-
les by post. | aso collected papers and
information during the lysimeter excur-
sion in October 2004 (Croatia and Slo-
venia) and extracted information from
proceedingsand excursion reports (BAL
Gumpenstein, GSF Neuherberg - e.g.
KLOTZ, 2002, 2004), a survey by
KRETZSCHMAR, 1999 and his com-
pilation of German lysimeters,aDVWK
publication with descriptions of weig-
hable lysimetersin Germany (current as
of 1990) and a number of Web sites and
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pdf articles. Except for three lysimeter
stationsin France, information about si-
tes in that country was extracted from
MULLER, 1996, wholistslysimetric re-
search centres in France up to 1990.

Lysimeter Sites in Europe

268 data records are stored in the data-
base providing information about appro-
ximately 220 locations and the different
lysimeter types used at these sites (in-
cluding al inactivated lysimeter sitesand
SHMYS). The exact number of sites can-
not be quoted as some operators use ly-
simeters at different locations which are
summarized in the database and the map.
The area of investigation is shown in fi-
gure 1: | sent inquiriesto 37 countries;

Luxembourg and Liechtenstein are de-
finitely not operating SHM S/lysimeters.
In 17 countriesit wasnot possibletofind
any lysimetric stations, or | did not get a
response. Map 2 provides information
about lysimeter sites in Germany, the
Czech Republic, Austria and Slovenia.
Lysimeter facilitiesare classified as si-
tes with at least three lysimeters or two
lysimeters and SWS (most of the facili-
tieshavealysimeter céellar); stationsare
operating less than three lysimeters and
(several) SWS; lysimeter sitesat several

locations are sometimes summarized to
one"station". SHMS and SWS sites are
indicated with other symbol s (see maps).

According to the survey, 2930 vessels
including SWSand large lysimeters/test
areas (2440 lysimeters) are installed at
178 sites around Europe (by 117 insti-
tutions), but asinformation on some sta-
tions, on numbers of vessels implemen-
ted at several stations or on whether
some vessels are still operating is mis-
sing, exact figures cannot be provided
and thetotal number of vesselsand sites
hasto be higher. Figure 3 showsthat the
majority of lysimeter vessels (84.2 %)
are non-weighable. More than two thir-
ds (68.5 %) of the non-weighable lysi-
meters are backfilled, whereas about 46
% of al ponderablelysimeter vesselsare
filled monolithically. Weighability of
about 117 vessels could not be determi-
ned. About 239 groundwater lysimeters
are in use - 236 of them in Germany,
three in Scotland.

The oldest vessels still operating were
installed around 1880 at the site of
Rothamsted Research, United Kingdom
(two non-weighable monolithic gravita-
tion lysimeters), and at the facility Lim-
burgerhof, Germany, 234 non-weighab-
le back-filled gravitation lysimeter ves-
sels built in the years 1927/30 are till
working. The largest number of lysi-
meters at one site was counted in Szar-
vas, Hungary, where 320 non-weighab-
le backfilled vessels are implemented,
and at Limburgerhof, Germany (252
backfilled and monolithic lysimeters). In
2004, new lysimeters were built in se-
veral countries (sites): Austria (Wagna),
France (Villi&-Morgon), Germany (Mu-
nich/Freimann and Braunschweig/V dl-
kenrode), Ireland (Johnstown Castle,
Wexford) and United Kingdom (Allt
aMharcaidh Experimental Site, 5 plots).
LysimetersSWSin Europe are used pre-
dominantly for agricultural research,
see figure 4: More than half (1590) of
all vessels and 62 % of all lysimeters
(1511) but only 16 % of all SWSarein-
stalled in arable land/fields, or crops,
vegetables, etc. are cultivated on the ly-
simeters. Asthe use of many SWSisnot
known, the number of SWSinstalled in
arable land could be much higher.

On about one fourth (755 lysimeters/
SWS, 553 lysimeters), different types of
grass are planted (including peatland
vegetation) and 126 lysimeters (5 %) are
used under bare soil. The figures change
from season to season because of crop
rotation (e.g. bare soil isthen cultivated)
and the purpose of 104 vessels is vari-
able. Inforests, only 1 % of al lysime-
ters (including four large lysimeters/test
areas) are employed but the proportion
of SWS used in forests is much higher
(8 %). A reason for this might be that
smaller trays are easier to install in fo-
rests than large lysimeters. 10 % (298)
of the vessels were not classified. Lysi-
meters and test areas at eight sites are
used to investigate leaching of dumps/
landfills or testing surface-sealing sys-
tems.

31 SHMS were counted, where probes
for measuring soil water content, matric
potential or for gaining samples of soil
water (TDR probes, gypsum blocks, ten-
siometers, or suction cups, etc.) are in-
stalled.
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Lysimeter Platform on the
Internet

To show clearly arranged descriptions
about lysimeter and soil hydrology
measuring sites and to provide accessto
their research results on a Web site for
making an exchange of experience pos-
sible and information easily accessible,
the European Lysimeter Platform
(EuL P) has been established. It was de-
signed for researchersinterested in lysi-
meter studies, operatorsof lysimeter sta-
tionswho want to get information about
other sites or who want to get in contact
with researchers in other countries, or
research centres looking for cooperati-
on. The EULP Web site is integrated in
the homepage of the Austrian Lysimeter
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Research Group/AG Lysimeter http://
www.lysimeter.at — Stationen; it is di-
rected at all users of this homepage.
Maps with clickable symbols for lysi-
meter locations, photos and sketches of
lysimeters and facilities increase the in-
formation content; research reports of
studies are provided for downloading
(pdf files).

Conclusion and Future
Perspectives

Animportant questioninthe survey was
to find out the future developments and
goalsthat lysimeter/soil hydrology isai-
ming at. While some lysimeters (mostly
old, outdated vessels) were inactivated
during the past few years, new lysime-
ters were installed, even as recently as
2004 (see section 4). Several new con-
tainers were/are going to be implemen-
ted at large facilities, some at smaller
ones supply datafor specific project stu-
dies. The most important research
goalsfor thefutureare

« to determine seepage water quality and
quantity for modelling; to calibrateand
verify water movement and solute
transport models; to determine water/
nutrient balances,

« to investigate soil and groundwater
protective cultivation systems (orga-
nic farming),

* to compare lysimeter data with data
of undisturbed soil outside the vessels
and to compare results (leaching) of
different soil typesbut under samecul-
tivation conditions,

* seepage water prediction: sourceterm
determination (contaminants rel eased
of contaminant material S'waste soils),
(long-term) monitoring of fate of pol-
lutants in soil,

* todeterminesoil hydraulic parameters.

M easuring resultswith high precisionin

time and space combined with results of

lysimeters/soil hydrological probes in
different depths are important for calib-
rating new and adj usting existing nume-
ric water balance and nutrient transport
models (SEEGER et al. in BOHM et al.

2002). In order to assure sustainable soil

and groundwater protective ground cul-

tivation it is important to control soil
water budget and seepage water proces-
ses using lysimeter studies.
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