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Fig.	
   6:	
   Rainfall	
   per	
   day	
   and	
  mean	
  daily	
   temperature	
   at	
  Wüstebach	
   lysimeter	
   sta6on	
   (le9)	
   and	
   at	
  	
  
Selhausen	
  lysimeter	
  sta6on	
  (right)	
  

Technical	
  specifica6on	
  of	
  the	
  lysimeters:	
  	
  
o  Lysimeter-­‐hexagon	
  with	
  six	
  lysimeters	
  and	
  a	
  central	
  service	
  pit	
  
o  Soil	
  monoliths	
  
o  Balance	
  resolu6on:	
  0.1	
  mm	
  =	
  100	
  g	
  
o  	
  Area: 	
   	
  1	
  m2	
  

o  Depth:	
  1.5	
  m	
  
o  Adjustment	
  of	
  the	
  lower	
  boundary	
  condi6on	
  

via	
  suc6on	
  cups	
  rake	
  to	
  direct	
  the	
  water	
  
flow	
  up-­‐	
  or	
  downwards	
  

o  Mul6ple	
  sensors	
  installa6on	
  to	
  elucidate	
  
	
  the	
  processes	
  in	
  the	
  “black	
  box”	
  soil	
  

o  Open	
  VPN	
  access	
  to	
  each	
  lysimeter	
  sta6on	
  	
  

Long-­‐term,	
  high	
  precision	
  lysimeter	
  network	
  an	
  important	
  tool	
  to	
  validate	
  soil	
  models	
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•  Observa6on	
  of	
  long-­‐term	
  effects	
  of	
  climate	
  change	
  on	
  terrestrial	
  systems	
  with	
  the	
  “same	
  
soil”	
  under	
  different	
  climate	
  condi6ons	
  and	
  a	
  special	
  focus	
  on:	
  

•  terrestrial	
  hydrology	
  
•  N-­‐/C-­‐cycle	
  
•  biodiversity	
  

•  Comprehensive	
  data-­‐sets	
  for:	
  
•  model	
  development	
  
•  model	
  calibra6on	
  –	
  remote	
  sensing	
  

•  Consistent	
  experimental	
  design	
  
•  Land	
  use	
  changes	
  
•  Bridging	
  the	
  up-­‐/down	
  scaling	
  processes	
  

Mo6va6on	
  

Defini,on	
  lysimeter:	
  a	
  vessel	
  filled	
  with	
  disturbed/undisturbed	
  soil	
  of	
  an	
  ecosystem	
  that	
  permits	
  
the	
  sampling	
  and	
  the	
  balance	
  of	
  water	
  and	
  chemicals.	
  

SoilCan	
  Lysimeter	
  Concept	
  

The	
  main	
  goal	
  of	
  TERENO	
  was	
  to	
  create	
  observa6on	
  plajorms	
  on	
  the	
  basis	
  of	
  an	
  interdisciplinary	
  and	
  long-­‐term	
  aimed	
  research	
  program.	
  By	
  the	
  aid	
  of	
  SoilCan-­‐lysimeters,	
  an	
  ideal	
  network	
  was	
  built	
  between	
  the	
  four	
  different	
  TERENO-­‐observatories	
  with	
  their	
  highly	
  instrumented	
  test	
  sites.	
  Within	
  the	
  four	
  
TERENO-­‐observatories	
  at	
  13	
  different	
  experimental	
  sites,	
  in	
  total	
  126	
  lysimeters	
  were	
  filled	
  monolithically	
  and	
  the	
  measurements	
  were	
  started	
  in	
  October	
  2010.	
  The	
  lysimeters	
  have	
  been	
  cul6vated	
  as	
  grassland	
  or	
  arable	
  land	
  with	
  a	
  standardized	
  crop	
  rota6on:	
  winter	
  wheat	
  -­‐	
  winter	
  barley	
  –	
  winter	
  rye	
  –	
  oat.	
  

TERENO	
  =	
  TERrestrial	
  ENvironmental	
  Observatories	
  

sensors	
  per	
  lysimeter	
   number	
   depth	
  (cm)	
  
tensiometer	
   3	
   30	
  /	
  50	
  /	
  140	
  
matrix	
  poten6al	
  sensor	
   4	
   10	
  /	
  30	
  /	
  50	
  
TDR	
   3	
   10	
  /	
  30	
  /	
  50	
  
temperature	
  sensor	
   6	
   10	
  /	
  30	
  /	
  50	
  /	
  140	
  
heat	
  flux	
  sensor	
   1	
   10	
  
CO2	
  gas	
  sensor	
   1	
   10	
  
balances	
  (leachate,	
  lysimeter)	
   2	
   -­‐	
  
suc6on	
  candles	
  /	
  leachate	
   4	
   10	
  /	
  30	
  /	
  50	
  /140	
  

Tab.	
  1:	
  Instrumenta6on	
  of	
  the	
  lysimeters:	
  

A	
  change	
  in	
  present	
  climate	
  condi6ons	
  was	
  induced	
  by	
  reloca6on	
  of	
  the	
  lysimeters	
  mostly	
  from	
  
humid	
   to	
   dryer	
   condi6ons	
   and	
   from	
   colder	
   to	
   warmer	
   temperatures.	
   This	
   reloca6on	
   was	
  
performed	
   according	
   to	
   the	
   expected	
   climate	
   changes.	
   The	
   lysimeters	
   were	
   transported	
   from	
  
their	
  place	
  of	
  origin	
  to	
  Selhausen	
  (atlan6c	
  climate)	
  and	
  Bad	
  Lauchstaedt	
  (con6nental	
  climate).	
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Water	
  balance	
  equa6on	
  with	
  parameters	
  measurable	
  via	
  instrumented	
  lysimeters:	
  
ΔS	
  =	
  P	
  +	
  C	
  –	
  D	
  –	
  ETa	
  –	
  T	
  

ΔS	
   =	
   change	
   in	
   soil	
  water	
  content,	
  P	
   =	
   total	
  precipita6on,	
  C	
   =	
  dew/hoar,	
  D	
   =	
  drained/leached	
  
water,	
  ETa	
  =	
  actual	
  evapora6on,	
  T	
  =	
  transpira6on	
  (plants)	
  

Climate	
  Feedback	
  Concept	
  

Fig.	
  1:	
  Sec6onal	
  drawing	
  of	
  a	
  lysimeter	
  and	
  a	
  service	
  pit	
  of	
  a	
  SoilCan	
  hexagon	
  including	
  the	
  	
  
	
  different	
  measuring	
  and	
  sampling	
  devices	
  (le9)	
  and	
  the	
  hexagonal	
  design	
  (right).	
  

Fig.	
  2:	
  Sec6onal	
  drawing	
  of	
  a	
  lysimeter	
  
with	
   controlled	
   lower	
   boundary.	
  
Suc6on	
   rake/cups,	
   bidirec6onal	
  
pump,	
   reference	
   tensiometer	
  
inside	
   the	
   lysimeter	
   and	
   outside	
  
in	
  the	
  the	
  natural	
  field	
  site.	
  

Conclusion	
  

Fig.	
   3:	
   The	
   different	
   lysimeter	
   loca6ons	
   with	
   the	
   temperature-­‐	
   and	
   rainfall	
   gradients	
   within	
   and	
  
between	
  the	
  four	
  TERENO	
  observatories	
  comple6ng	
  the	
  climate-­‐feedback-­‐concept	
  (le9)	
  and	
  
the	
  lysimeter	
  transport	
  (right).	
  

Principle:	
  
“Space	
  for	
  Time”	
  

High	
  Data	
  Quality	
  

To	
   determine	
   the	
   water	
   balance	
   in	
   the	
   lysimeters	
   and	
   to	
   validate	
   their	
   func6onality,	
   a	
   tracer	
  
experiment	
   was	
   started	
   in	
   January	
   2014.	
   To	
   90	
   lysimeters	
   of	
   the	
   network,	
   about	
   25	
   g	
   of	
  
potassium	
  bromide	
  were	
   applied	
   simultaneously.	
  During	
   the	
   ini6al	
   period	
   (first	
   three	
  months),	
  
water	
  samples	
  were	
  taken	
  once	
  a	
  week	
  and	
  and	
  therea9er	
  at	
  two-­‐week	
  intervals.	
  
The	
  tracer	
  experiment	
  is	
  on-­‐going	
  (Groh,	
  J.,	
  et	
  al.	
  :	
  Numerical	
  study	
  of	
  different	
  bopom	
  boundary	
  
condi6ons	
  on	
  the	
  water	
  flow	
  in	
  lysimeters,	
  Vadose	
  Zone	
  Journal.	
  in	
  prep.).	
  

Fig.	
   4:	
   	
   Flowchart	
   of	
   the	
   basic	
   data	
   processing	
   scheme	
   (from	
   Hannes,	
   M.	
   et	
   al.	
   (2014):	
   High	
  
resolu6on	
   es6ma6on	
   of	
   the	
   water	
   balance	
   components	
   from	
   high-­‐precision	
   lysimeters.	
  
Hydrology	
  and	
  Earth	
  System	
  Sciences	
  submiped).	
  

Various	
  factors	
  may	
  affect	
  the	
  different	
  measuring	
  devices	
  and	
  create	
  incorrect	
  results,	
  e.g.	
  wind,	
  
temperature,	
  mass	
  changes	
  induced	
  by	
  animals,	
  sampling	
  of	
  the	
  seepage	
  reservoir,	
  malfunc6ons,	
  
etc..	
  For	
   that	
  reason,	
   it	
   is	
  necessary	
  to	
  establish	
  a	
  filtering	
  procedure	
   for	
   the	
  measured	
  data	
  to	
  
assess	
  the	
  water	
  and	
  maper	
  fluxes	
  with	
  high	
  accuracy.	
  	
  

Fig.	
  5:	
  	
  Lysimeters	
  at	
  their	
  place	
  of	
  origin	
  (Wüstebach,	
  Eifel)	
  and	
  translocated	
  to	
  Selhausen.	
  

Exemplary	
  Results	
  

Fig.	
  7:	
  Comparison	
  of	
  DOC-­‐concentra6ons	
  in	
  soil	
  solu6ons	
  (le9)	
  and	
  leachates	
  (right)	
  at	
  Rollesbroich	
  
lysimeter	
  sta6on,	
  Wüstebach	
  lysimeter	
  sta6on	
  and	
  at	
  Selhausen	
  lysimeter	
  sta6on.	
  

For	
  the	
  observa6on	
  period	
  (2010-­‐2013):	
  	
  
Wüstebach 	
  8.0	
  °C	
  (range	
  -­‐12.9	
  to	
  25.9	
  °C)	
  
Selhausen 	
  10.9	
  °C	
  (range	
  -­‐8.3	
  to	
  28.8	
  °C)	
  

Long-­‐term	
  mean	
  value	
  of	
  air	
  temperature	
  
(calculated	
  for	
  1979-­‐1999):	
  
Wüstebach 	
  7.5	
  °C	
  
Selhausen 	
  10.0	
  °C	
  

Fig.	
  8:	
  ETa,	
  leachate	
  and	
  rainfall	
  of	
  Wüstebach	
  lysimeters	
  at	
  Wüstebach	
  lysimeter	
  sta6on	
  (le9)	
  and	
  
at	
  Selhausen	
  lysimeter	
  sta6on	
  (right)	
  (from	
  Gebler,	
  S.,	
  et	
  al.	
  (2014):	
  Actual	
  evapotranspira6on	
  and	
  
precipita6on	
  measured	
  by	
  lysimeters:	
  A	
  comparison	
  with	
  eddy	
  covariance	
  and	
  6pping	
  bucket.	
  
Hydrology	
  and	
  Earth	
  System	
  Sciences	
  (submiped).	
  

•  The	
  measurement	
  of	
  a	
  precise	
  water	
  balance	
  is	
  enabled	
  taking	
  into	
  account	
  the	
  most	
  
important	
  terms	
  of	
  the	
  water	
  balance	
  equa6on.	
  

•  Trends	
  for	
  a	
  more	
  rapid	
  carbon	
  turnover	
  of	
  the	
  soil	
  organic	
  maper	
  were	
  observed	
  in	
  the	
  
warmer	
  and	
  drier	
  loca6ons.	
  

•  Problems	
  arose	
  in	
  controlling	
  the	
  lower	
  boundary	
  condi6ons	
  of	
  the	
  lysimeters	
  due	
  to	
  
widely	
  varying	
  groundwater	
  levels	
  between	
  origin	
  and	
  new	
  loca6on.	
  


