
Page 1 

TERENO Workshop:  
Data and Modeling Platform 

Benchmarking Initiatives 
Update of UFZ Activities 
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Cross-Sectional-Competence B: Data and Modeling Platform 

Topic 6 Concept 
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Cross-Sectional-Competence B: Data and Modeling Platform 

Developing Continuous Work Flows 



Page 4 

Benchmarking 



Page 5 

Cross-Sectional-Competence B: Data and Modeling Platform 

Benchmarking Initiatives – Status-quo 
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Process-(PDE)-based Conceptual models 

Complexity 

Scale 

• HYDROCOIN 

• DECOVALEX V 

• GEOBENCH 

• CO2BENCH 

• HM-INTERCOMP 

• … 

• DMIP 

• MOPEX 

• PILPS 1&2 

• DMIP I&II (NOAA) 

• BALTEX I&II  

• GSWP 1&2  

• LDAS (NASA) 

• … 
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Discussion Forum 
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Cross-Sectional-Competence B: Data and Modeling Platform 

Towards Real-World Benchmarks … 
• TEODOOR: Entry point to 

observatories, data and models 

• Development of real-world 
benchmarks based on the TERENO 
observatories 

• Technical issues: data explorer 

Scientific Questions (Bode): 
• How can we quantify fluxes through the 

hyporeic zone? (e.g. thermal signatures) 

• How can river discharge described with 
spatially distributed hydrological models? 

• How important is hydraulic non-
equilibrium to induce preferential flow in 
different soils ? 

• How we can quantify instream turnover 
and structure-functions in aquatic 
ecosystems? 
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Cross-Sectional-Competence B: Data and Modeling Platform 

Data Integration for Benchmark Set-Up 

• Import fcts. 

• Data 
validation 

• Model 
preparation 

Rink et al. (2011): Visual data integration. EES, 65(5) 
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UFZ News 
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Cross-Sectional-Competence B: Data and Modeling Platform 

Modeling Platform 

WRR Editors’ Choice Award 2011 

Luis Samaniego, Rohini Kumar, and Sabine Attinger, 
“Multiscale parameter regionalization of a grid-based 
hydrologic model at the mesoscale” 
(doi:10.1029/2008WR007327).  

Integrated Water 
Resources Management 
under different 
hydrological, climatic 
and socio-economic 
conditions (22) 

http://europa.agu.org/?view=article&uri=/journals/wr/wr1005/2008WR007327/2008WR007327.xml&t=2008WR007327
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Cross-Sectional-Competence B: Data and Modeling Platform 

High Performance Computing: HSL „Terrestrial Systems“ 

OpenMP 

(shared) 

MPI 

(distributed) 

OpenMP#MPI 

(hybrid) 

• Roots: OpenMP 
• Soil: MPI 

Domain  
Decomposition 

103 CPUs 

Small machines 
12 CPUs 

Kalbacher et al. (2011) VZJ 

Fischer, Watanabe et al. (2012) HIC 
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Cross-Sectional-Competence B: Data and Modeling Platform 

Data Visualization: TESSIN VISLab 

Geological model of Schleswig-Holstein, mobile VISLab facility available  
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Cross-Sectional-Competence B: Data and Modeling Platform 

Fine 
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Cross-Sectional-Competence B: Data and Modeling Platform 

Work Flow Example 
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Physics-based Conceptual models 

Complexity 

Scale 

• HYDROCOIN 

• DECOVALEX 

• HM-INTERCOMP 

• GEOBENCH 

• CO2BENCH 

• DMIP 

(Distributed Model 

Intercomparison Project) 

• MOPEX 

(Model Parameter 

Estimation Experiment) 
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Cross-Sectional-Competences & Clusters 

Poster Session (more details) 

• CSCs 
• Clusters 
• Linking  
   CSC#Cluster 
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Cross-Sectional-Competence B: Data and Modeling Platform 

Coupling Concepts 
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Cross-Sectional-Competence B: Data and Modeling Platform 

Coupling Concepts 
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TEODOOR Daten Portal 

Data Portal for access to data from all centres 
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TEODOOR 
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CT Modelling: development of coupled process models 

Soil-plant models that couple water flow and transport 

processes in soils and plants. 

 

 

 

 

 

 

 

 

 

Current work: Include feedbacks between root development 

and soil environmental conditions.  
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CT Modelling: development of coupled process models  

Models that couple heat, vapor and liquid water fluxes in 

soils with models that simulate remote sensing data (e.g. 

radiative transfer models for passive and active radar) 
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Particle Filter to estimate soil hydraulic parameters from SMOS 

 

 

Measuring a soil 
volume: 

 

Surface to 5 cm 
depth 

 

 

 

 

 Assimilation 

 

 

Top soil moisture  

measurements with 

microwave radiometry in  

L-Band (1 - 2,6 GHz) 

- groundbased (ELBARA) 

- airborne (PLMR, EMIRAD) 

- spaceborne (SMOS, ALOS) 
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Particle Filter to estimate soil hydraulic parameters from SMOS 
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Development of measurement operator for cosmic ray data 

Example: TERENO test site Wüstebach 
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Development of measurement operator for cosmic ray data 



         31. Januar 2012    Institut Agrosphäre (IBG-3)                Folie 7 

Particle Filter to estimate soil hydraulic parameters from SMOS 



)|( kk Yxp

)|( 1 kk Yxp 

)|( 11  kk xyp

)|( 11  kk Yxp

Likelihood at time 
1kt

Forecast Density 
   at time  

Posterior Density 
    at time  

1kt

kt

Posterior Density 
    at time  

1kt

K-1 K+2 

Model run 
New weighting  

of the particle 

Uniform weighting 

of the particle 
Resampling 
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Particle Filter to estimate soil hydraulic parameters from SMOS 

• 1-D physical finite elements model 

• Solves Richards equation numerically 

• Soil hydraulic properties are 

parameterised using the Mualem-van 

Genuchten model 

• 1 hour temporal resolution 

• Homogeneous soils (clay, loam, silt, 

loamy sand) 
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Development of measurement operator for cosmic ray data 

• Non-linear measurement operator to be used in sequential DA 

 

• This measurement operator determines link between neutron counts 

(NC) and soil moisture contents taking into account: 

• NC-contribution as function of distance to sensor 

• NC-contribution as function of depth (influence SM-content) 

• Air pressure and solar activity variations 

• Soil moisture heterogeneity within footprint 

• Measurement uncertainties 

 

• Daily assimilation (together with other data) in CLM for updating SM 
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