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1.  MoCvaCon	
  and	
  objecCves	
  
In	
  the	
  mountainous	
  regions	
  e.g.	
  The	
  TERrestrial	
  ENvironmental	
  Observatories	
   (TERENO)	
  pre-­‐alpine	
  region	
  (Fig.	
  2),	
  echohydrological	
  processes	
  exhibit	
  rapid	
  changes	
  within	
  short	
  distances	
  due	
  to	
  the	
  complex	
  orography	
  and	
  heterogeneity	
   in	
  topography,	
  soiltype,	
  
landuse,	
  climate	
  and	
  land-­‐atmosphere	
  interac7ons	
  (Fig.	
  3).	
  Energy	
  exchange	
  between	
  the	
  land	
  surface	
  and	
  the	
  atmosphere	
  is	
  one	
  of	
  the	
  most	
  important	
  processes	
  in	
  ecosystems.	
  Therefore,	
  the	
  aims	
  of	
  this	
  research	
  	
  are:	
  

§  to	
  quanCfy	
  the	
  elevaCon-­‐gradient	
  variability	
  of	
  the	
  water–	
  and	
  energy	
  budgets	
  using	
  the	
  hydrometeorological	
  data	
  analysis	
  (including	
  eddy	
  covariance	
  (EC)	
  measurements)	
  and	
  a	
  high-­‐resoluCon	
  hydrological	
  modeling	
  GEOtop,	
  
§  to	
  esCmate	
  the	
  dependence	
  structures	
  of	
  the	
  water–	
  and	
  energy	
  variables	
  using	
  the	
  empirical	
  Copulas	
  based	
  on	
  bivariate	
  distribuCon.	
  

4.	
  Outlook	
  	
  
i.  Automa7c	
   calibra7on	
   using	
   a	
   Parameter	
  

ESTima7on	
  PEST	
  
ii.  Sensi7vity	
  analysis	
  using	
  SENSAN	
  u7lity	
  of	
  PEST	
  
iii.  Uncertainty	
  and	
  confidence	
  intervals	
  analyses	
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2.	
  Methodology	
  

2.1.	
  The	
  GEOtop	
  model	
  
The	
   simula7on	
   of	
  water	
   and	
   energy	
   fluxes	
  was	
   done	
   by	
  GEOtop	
   2.0	
  model	
  
developed	
   by	
   Endrizzi	
   et	
   al.	
   (2014)	
   for	
   a	
   period	
   of	
   May	
   to	
   July	
   2013	
  
(calibra7on)	
  and	
  2015	
  (valida7on).	
  GEOtop	
  covers	
  all	
  aspects	
  of	
  hydrological	
  
modeling,	
   from	
   the	
   energy-­‐water	
   balance	
   to	
   snow	
   cover	
   and	
   snowmelt	
   as	
  
well	
  as	
  the	
  effect	
  of	
  vegeta7on	
  in	
  the	
  complex	
  terrain,	
  which	
  makes	
  it	
  feasible	
  
to	
   model	
   the	
   interac7ons	
   between	
   the	
   land-­‐atmosphere	
   and	
   hydrological	
  
processes	
  in	
  the	
  heterogeneous	
  regions	
  (Fig.	
  1).	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

3.	
  Results	
  
The	
  manually-­‐calibrated	
  GEOtop	
  outputs	
  for	
  the	
  water-­‐	
  and	
  energy	
  fluxes	
  as	
  well	
  as	
  the	
  empirical	
  Copulas-­‐
based	
  dependence	
  structures	
  of	
  the	
  hydrometeorological	
  variables	
  are	
  presented.	
  
	
  

3.1	
  Joint	
  simula8on	
  by	
  GEOtop	
  
Here,	
   the	
   GEOtop	
   model	
   is	
   being	
   applied	
   for	
   the	
  
simula7ons	
   in	
   RoY	
   and	
   Upper-­‐Ammer	
   catchments.	
   The	
  
observed	
   and	
   simulated:	
   discharges	
   (Fig.	
   4)	
   and	
   energy	
  
balance	
  components	
  (Fig.	
  5),	
  as	
  well	
  as	
  the	
  simulated	
  soil	
  
moisture	
  for	
  the	
  whole	
  basin	
  in	
  RoY	
  catchment	
  (Fig.	
  6)	
  are	
  
ploYed.	
  

3.2	
  Joint	
  behavior	
  by	
  Copulas	
  
The	
   joint	
   behavior	
   of	
   the	
   hydrometeorological	
  
variables	
  using	
  empirical	
  Copulas	
  for	
  the	
  Upper-­‐
Ammer	
  catchment	
  are	
  ploYed	
  in	
  Fig.	
  7.	
  	
  

Fig.	
  7	
  Copula	
  density	
  of	
  variables	
  At	
  Upper-­‐Ammer	
  
(calibra7on	
  2013)	
  

Helmholtz	
  Research	
  School	
  on	
  Mechanisms	
  and	
  
	
  InteracCons	
  of	
  Climate	
  Change	
  in	
  
	
  Mountain	
  Regions	
  

References:	
  
[1]	
  Endrizzi	
  S.,	
  Gruber	
  S.,	
  Dall’Amico	
  M.,	
  Rigon	
  R.	
  (2014)	
  GEOtop	
  2.0:	
  simula7ng	
  the	
  combined	
  energy	
  and	
  water	
  balance	
  at	
  and	
  below	
  the	
  land	
  surface	
  accoun7ng	
  for	
  soil	
  freezing	
  and	
  terrain	
  effects.	
  GeoSci.	
  Model.	
  Dev.7(6):2831–2857.	
  	
  
[2]	
  Laux	
  P.,	
  Vogl	
  S.,	
  Qiu	
  W.,	
  Knoche	
  H.R.,	
  Kunstmann	
  H.	
  (2011)	
  Copula-­‐based	
  sta7s7cal	
  refinement	
  of	
  precipita7on	
  in	
  RCM	
  simula7ons	
  over	
  complex	
  terrain,	
  Hydrol.	
  Earth	
  Syst.	
  Sci.,	
  15,	
  2401–2419,	
  2011.	
  doi:10.5194/hess-­‐15-­‐2401-­‐2011.	
  
[3]	
  Mauder	
  M.,	
  and	
  Foken	
  T.	
  (2015)	
  Documenta7on	
  and	
  instruc7on	
  manual	
  of	
  the	
  eddy	
  covariance	
  sokware	
  package	
  TK3,	
  Arbeitsergebnisse,	
  Univ	
  Bayreuth,	
  Abt	
  Mikrometeorol,	
  Nr.	
  62,	
  Bayreuth,	
  Juli	
  2015.	
  

2.2.	
  The	
  empirical	
  Copulas	
  
To	
  es7mate	
   the	
  dependence	
   structure	
   (joint	
  probability	
  distribu7on)	
  of	
   the	
  
water–	
   and	
   energy	
   variables	
   the	
   empirical	
   Copulas,	
   which	
   is	
   based	
   on	
   a	
  
bivariate	
  distribu7on,	
  was	
  applied.	
  The	
  empirical	
  Copula	
  was	
  defined	
  e.g.	
   in	
  
Laux	
  et	
  al.	
  (2011):	
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Fig.	
  4	
  Discharge	
  (calibra7on	
  2013	
  and	
  
valida7on	
  2015)	
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Fig.	
  6	
  Distributed	
  soil	
  moisture	
  (calibra7on	
  2013)	
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Fig.	
  1	
  GEOtop	
  model	
  overview	
  

Joint	
  modeling	
  and	
  behavior	
  of	
  the	
  water-­‐	
  and	
  energy	
  fluxes	
  between	
  the	
  
atmosphere	
  and	
  the	
  land	
  surface	
  in	
  the	
  TERENO	
  prealpine	
  region	
  

2.1.1.	
  Input	
  data	
  
1)  StaCc	
  data:	
  

-­‐  DEM	
  
-­‐  River	
  network	
  
-­‐  Aspect	
  and	
  slope	
  
-­‐  Landuse	
  and	
  soil	
  type	
  maps.	
  

2)	
  Meteo	
  forcing	
  (hourly):	
  
-­‐  Precipita7on	
  
-­‐  Wind	
  speed	
  and	
  direc7on	
  
-­‐  Rela7ve	
  humidity	
  
-­‐  Air	
  temperature	
  
-­‐  Radia7on	
  components.	
  

2.1.2.	
  Calibra;on	
  and	
  valida;on	
  
A	
  manual	
   procedure	
  was	
   carried	
   out	
   to	
   calibrate	
   the	
  model’s	
   outputs.	
   The	
  
sensi7ve	
   model	
   parameters	
   to	
   the	
   water-­‐	
   and	
   energy	
   flux	
   outputs	
   were	
  
itera7vely	
   es7mated,	
   and	
   the	
   following	
   were	
   iden7fied	
   as	
   the	
   most	
  
significant	
  parameters:	
  
-­‐  soil	
  parameters	
  of	
  Kh	
  and	
  Kv	
  hydraulic	
  conduc7vi7es	
  and	
  water	
  content	
  (a)	
  as	
  

well	
  as	
  thermal	
  conduc7vity	
  	
  
-­‐  surface	
  water	
  flow	
  parameters	
  of	
  Cm	
  and	
  γ	
  and	
  the	
  channel	
  width	
  ra7o	
  (Wdx)	
  
-­‐  surface	
  parameter	
  of	
  canopy	
  frac7on	
  (cop)	
  and	
  emissivity.	
  

Furthermore,	
  a	
  mul7ple	
  performance	
  sta7s7cs	
  were	
  applied	
  for	
  valida7on.	
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  3	
  Soil	
  and	
  landuse	
  types	
  as	
  well	
  as	
  terrain	
  slope	
  in	
  the	
  TERENO	
  
prealpine	
  catchments	
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