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World population development from 1950 to 2050:
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Climate change is affecting all compartments of the terrestrial system

50% of the global land surface has been changed by human activity; 23 % of the land
surface is degraded in quality

Loss of agricultural land (e.g. in China -3,5 Mio ha since 2002)

In 2003: 2 % of the agricultural land was lost: Production of rice, corn and wheat -18%
Worldwide loss of biodiversity

Decline of water availability (49,000 km3 per year) and water quality

1/ 3 of the earthoéds annual renewabl e, wat er
et al., 1998) due to waste water ﬁ HELMHOLTZ
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Motivation

A The effects of Global Change on terrestrial systems are regionally
differentiated

A Global Change affects all compartments of the terrestrial environment
(water, soil, vegetation, atmosphere) with complex feedback
mechanisms

A Existing measurement networks are typically focused on specific
compartments and research questions

A Long-term hydrological and ecological data are urgently needed for
validating terrestrial environmental models

A There is a need for capacity building in the field of terrestrial research
by bringing together different research communities
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Droughts

Heat waves

Floods

Winter storms

Loss of biodiversity
Landsides
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The TERENO Network
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A Northeastern German Lowland
Observatory

Coordination: GFZ

AHarz / Central German Lowland
Observatory

Coordination: UFZ

AEifel / Lower Rhine Valley
Observatory

Coordination:; FZJ

A Bavarian Alps / pre-Alps
Observatory

Coordination; HMUG und KIT
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The TERENO concept

To bring together scientists from
different scientific communities and to
integrate disciplines

To exploit the availability of novel HYDROLOGIE

technologies and high performance
computer facilities for terrestrial
research

TZRENO g

TERRESTRIAL ENVIRONMENTAL OBSERVATORIA

To establish common measurement
platforms as the basis for long term
data sets BIOLOGIE

GROUND, AIR & SPACEBORNE
OBSERVING SYSTEMS

To combine observation and

experimentation o :
Sozio6konomie

To foster synergies between Helmholtz-
centers and national and international
research organizations ﬁ T T——
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Research Goals

Investigate interactions and feedbacks
between different compartments:
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Upscaling

k7
The Basin Scale %
(e.g. the Rur basin) 3 &

y 3

via process-based

models

The Sub-basin Scale

e.g. WaSiM-ETH

e.g. PARSWMS

The Point Scale
(e.g. Lysimeter)

HYDRUS

The Hillslope/Plot Scale
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e.g. HydroGeoSphere

Bridging the gap between measure-
ment, model and management:

Spaceborne
Remote Sensing

Hydrological
Monitoring
(e.g. runoff, load)

Meteorological
Monitoring
(e.g. C-Band Radar)

Airborne
Remote Sensing

Hydrological
Monitoring
(e.g. runoff, load)

Meteorological
Monitoring
(e.g. X-Band Radar)

Groundbased
Remote Sensing

Geophysical
Methods

Micrometerological
Measurements

Sensor Networks

Single Sensors

Laboratory
Methods
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Organizational structure

Scientific Steering

Committee
; Representatives of the involved

Helmholtz Centres

Scientific Advisory Board

Independent experts and
cooperation partners

TERENO Coordination Board
Heye Bogena (FZJ)
Steffen Zacharias (UFZ)
Harald Kunstmann (KIT)

Coordination Teams

CT Environmental Sensing
CT Paleoclimate

CT Socio-Economy

CT Data Management

CT Integrative Modelling
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TERENO SoilCan

A Large-scale Climate-Feedback-Experiment

Central research question: Lysimeter Station
How do grassland ecosystems adapt to climate change?  »x» CATUCIE s oy Ktk
Approach: IR T B

A Grassland soil monoliths (lysimeters) transplanted
along the natural gradient in temperature and
precipitation

A Investigation of Climate Change effects on

A CIN cycles

A associated plant and microbial
processes/populations/biodiversity

A terrestrial hydrology
A water quality

ﬂ HELMHOLTZ
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TERENO SolilCan

A Large-scale Climate-Feedback-Experiment

Lysimeter network at the Ammer catchment:

© =controllysimeter
single lysimeter

Graswang: 860m " © =manipulation lysimeter
2009 6 lysimeter Lysimeterunit consisting of 6 single
” lysimeters and central service station
8 /\
8 7 Rottenbuch: 750m
) ! 2010 . IMK-IFU
3 ® 12 lysimeter ~ )
© o > Garmisch-Part.
l
o 2
2
o
W_ﬁ‘egg;‘[‘; 10 Data transfer
711-887
[ &8s - 1065 System control and
1% 1a1s 2009 maintainance
] 1420- 1597 L
B 775 1051 Fendt: 600m
[ ]1952-2129

18 lysimeter I
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observation
system

cision monitoring of greenhouse gas fluxes

TERENO - ICOS NS =

' | k:
A1COS is part of ESFRI, the European Strategy Forum German 1COS netvor
on Research Infrastructures.

A ESFRI is a strategic instrument to develop the scientific

integration of Europe and to strengthen its international
outreach.

Al COS mi ssion: 0 Termpbservationse
required to understand the present state and predict
future behavior of the global carbon cycle and
greenhouse gas emissions.

A5 EC-sites at TERENO-prealpine, -Harz, and i Eifel
received additional funding from BMBF to expand
instrumentation to include fluxes of CH,and N,O and
upgrade to ICOS standard

A TERENO is recognized by ICOS-D as primary
candidates to receive long-term (staff) funding

ﬂ HELMHOLTZ
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DS =

A European infrastructure dedicated to high precision monitaring of greenhouse gas fluxes

TERENO - ICOS

TERENO ICOS instrumentation:

PAR 4-component Air temperature, Instruments
radiation Air humidity
SKP215 \R01 HP45C Hz%%gz TERENO Grassland
- LI- H,0/CO, .
< , : EC Sites

- @ LI-7500
L 4 .
Wind, precipitation,
pressure, temperature,

I e |

SKP215

- ; Ultra-sonic anemometer, CSAT3

Global/diffuse S .
radaton \ Sg. ) I SR e EC-Station at Grasswang:

QE65000 \ ’ Digital camera CC640

High-sensitivity
Surface fibre optic
temperature spectrometer

) § J Real time GPS16-HV!
b ™ £5
e GSM-quad band
S =' |
L F = Data-logger, CR3000
CH,, N0, CO, - HF

Snow height
SR-50A quantum R
cascade laser e

CW-QCL 76D \/ Computer MPC-21

Soil water content, CS616-L (18x)

‘ ‘ S \\

Soil temperature M-107 (18x)

o Soil heat flux HFPO1SC (R. Steinbrecher, Ch. Sorgel, IMK-Ifu)
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Eifel/Lower Rhine
Valley Observatory
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Ammer Catchment Observatory

"“."h”“i._‘ ) y’\
CEVETED Alps/
' ) ;

pre—AIps Observatory

Rese%mh Station | , Research Farm
Hogjyéqd (FZK) AN ;‘ > Scheyen (HMGU)

D\‘)v

A Area: ~710 km2 (601 km? above Weilheim)

A Alpine and prealpine landscape with high spatial differentiation in
geology and pedology

A Elevations: from 533 m.a.s.l. (Ammersee) to 2185m (Kreuzspitze)

A Two dominant landscape units: the prealpine hill country and
moorland and the Swabian-Upper Bavarian foothills of the Alps.

A Dominant geology: lime-alpine zone (south), flysch zone (north)

ﬂ HELMHOLTZ

| ASSOCIATION

Bogena et al.: TERENO - A new Network of Terrestrial Observatories for Environmental Research




T=RENO

TERRESTRIAL ENVIRONMENTAL OBSERVATORIES

A Adapted and sustainable plant
production systems in crop
rotations of plants for food, feed
and bioenergy

A Optimized energy and trace gas
fluxes and balances

A Improved use of soil microbial
functions for better plant nutrition
and plant protection
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TERENO Site
Fendt 600m

Oberhausen

Peissenberg
TERENO Radar

TERENO Site Geigersau 922m
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Graswang-, Rottenbuch-, Fendt Sites
3 EC towers: momentum, heat, H,0, CO,, N,O, CH, fl
36 Lysimeters: soil water balance, GHG (N,O, CO,, CH,
Geigersau Site
1 X-Band precipitation radar
Additional Sites

3 Climate stations (Mount Hornle, Forsthaus Unternogg, Uffing) ﬁ HELMHOLTZ
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Meteorological Observatory

- Meteorological Tower
f, e Oy | - Polarimetric Doppler Weather Radar
- b ¥ { =", )| - SoilNet Soil Moisture Monitoring

Research Site Sehlhausen

- SoilCan Site

- TERENO-ICOS Site

- SMOS Reference Site

- Soil Moisture Monitoring

- Soil Respiration Monitoring

- Geophysical Monitoring

- Remote Sensing (IR, Far-field GPR,
Microwaveradiometer)

= \-\\(: R :!.\—

-4

Research Site Rollesbroich

- SoilCan Site

- TERENO-ICOS Site

- SMOS Reference Site

- SoilNet Soil Moisture
Monitoring

- Groundwater Monitoring

- Runoff and Solute Monitoring

Research Site Wistebach

- SoilCan Site

- TERENO-ICOS Site

- LTER-D and SMOS Reference Site
- SoilNet Soil Moisture Monitoring

- Groundwater Monitoring

- Runoff and Solute Monitoring

- Biodiversity Assesment
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[ Rur Hydrological Observatory @ Runoff gauging station

ﬁ: Eddy flux tower

[ | Ellebach Subbasin
[ | Kall Subbasin
B Erkensruhr Subbasin

- Waterbodies

ﬁ HELMHOLTZ
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Wireless sail sensor network

@ Groundwater level stations
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Hypotheses

Ve

A Long-term changes of the water balance with reduced water retention capacity,
faster efflux with fast increasing and decreasing runoff peaks

A Larger energy-input by direct solar radiation resulting soil warming, enhanced
biological activity of the soil and higher conversion rates

A Higher conversion rates of the litter layer, higher losses of the soil C-pools and
change in biodiversity

Atmospheric
forcing

~_CD ‘
=
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&
R
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%, cycling g e/ S
gl PRSI # weLmuoLrz
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Instrumentation of the Wistebach research station
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Test site Wiistebach

#__ Eddy correlation tower

Gauging station 1 (multi-parameter probe,
autom. sampling station)

0049695

: : ‘ : o, : » Gauging station 2 (multi-parameter probe)
..... _ o o ; : . ST st : . > Interflow experiment
POy B A i : (FD probes and tensiometers)
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r1 Weekly sampling points —§

Weekly respiration measurement <
Wireless soil sensor network

Groundwater level stations

meter

Soil Moisture
Sensor Network
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oS
-
Inlet funnel for
gas analyzer
_ } : Quantum
! o o % =St 5 ’ Cascade laser
.' " ! 4 ; NZO)
32 EC (open and closed path analyzer) (H,O, CO,)
y
\ljvamsﬁann%@ \ H,O, CO, Gradient
eatner radar > Measurement System

(Closed path analyzer)
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Runoff gauging station at Rollesbroich research station
Meteorological sensor

(rainfall, temperature, air humidity, wind
direction, wind velocity)

Data logger with remote transmission

Multi parameter probe
(water temperature, electrical
conductivity, pH, nitrate, chloride)

Automatic sampling system

Venturi-Gauging Weir
(water level, drainage volume)

ﬁ HELMHOLTZ
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Wireless soill moisture sensor network SoilNet

Blro

virtual

MODEM
»[RS232| GPRS |«
<« Long-distance data
transmission (GMS) ® Router unit Above
«<— Communication between @ 4 dinator unit }ground

Router and Coordinator

- Communikation between
Sensor unit und Router

® Sensor unit (below ground)

Page 25
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Application
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SoilNet instrumentation at Wistebach research

2523200 2523300 2523400 7 150 Sensor units
18 Router units

900 Soil water content
Sensors

55967
0049655

300 Temperature
sensors

5596600
0099655

o ]
(@] a
Yol ©
© (9]
[©] )]
Yol o
Yol o

ZigBee Modul  Antenne

5596200 5596300 5596400
0029655 00€96S5 DOY96SS

5596100
00196SS

2523200 2523300 2523400
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Time series of soil moisture pattern

45 ¢

Mean soil water contents from
August to November 2009:

Mean SWC [vol.%)]
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w
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