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Cross-Sectional-Competence B: Data and Modeling Platform
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Cluster 3: Exploratory modeling

Cluster 4: Data integration

and visualization
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Cross-Sectional-Competence B: Data and Modeling Platform o
Developing Continuous Work Flows ‘
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Benchmarking
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Cross-Sectional-Competence B: Data and Modeling Platform >N
Benchmarking Initiatives — Status-quo

Process-(PDE)-based Conceptual models
DMIP
Complexity MOPEX
PILPS 1&2
 HYDROCOIN DMIP 1&I11 (NOAA)
DECOVALEX V BALTEX I&lI
GSWP 1&2
CO2BENCH LDAS (NASA)
* HM-INTERCOMP
. Scale
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7) hydrobench - Mozilla Firefox
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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 canriver discharge described with : TEODOOR p

spatially distributed hydrological models? |
 How important is hydraulic non- ' ‘ ,

equilibrium to induce preferential flow in R0 ] et R e ]

different soils ? W e «

0 & TEM,

 How we can quantify instream turnover R - WA,

and structure-functions in aquatic
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Cross-Sectional-Competence B: Data and Modeling Platform >N
Data Integration for Benchmark Set-Up

* Import fcts.

Data
validation

Model
preparation

* | Opentieotys Data Exploess - 5 203LE/TI/KK] - Firstflooe e e
Bl ool  Windowy  Settnge

Neuwegersieben
Widferstodter Quels
Homhsusen B2 2

. O

Haberstacdh BL36
Gronngen BrSo
Hadermroleben Bela
Deesdorf 813
Sprng Groningen
Etgensieben Bi7a

Wederegein Brda
fzendodt

Bigre

Unebury
Exctendor Guty
Erbsollen

Sintedt, Plan B¢ 32

Geore . | FEM Condit

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

WRR Editors’ Choice Award 2011 A

. ] .. . . RESEARCH
Luis Samaniego, Rohini Kumar, and Sabine Attinger,

“Multiscale parameter regionalization of a grid-based Z o T
hydrologic model at the mesoscale” —"' |
(doi:10.1029/2008WR007327). —

- -a&-%i;:z:':;' IWAS (=
Integrated Water Farth Seiences
Resources Management
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— J:.‘#._ro.undwater and socio-economic

3 v*””‘;‘wma;}“-—m—?\ conditions (22) # weLmnoir

CENTRE FOR
ENVIRONMENTAL
RESEARCH - UFZ

Page 10



http://europa.agu.org/?view=article&uri=/journals/wr/wr1005/2008WR007327/2008WR007327.xml&t=2008WR007327

Cross-Sectional-Competence B: Data and Modeling Platform
High Performance Computing: HSL , Terrestrial Systems

"

OpenMP MPI OpenMP#MPI
(shared) (distributed) (hybrid)

Tatad

Nrvewhiy

S mirkohdet wot,
Daleer

Treediy
-

* Roots: OpenMP
* Soil: MPI

mwber of cores

Small machines

12 CPUs Domain
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Cross-Sectional-Competence B: Data and Modeling Platform >N
Data Visualization: TESSIN ViSLab IIII
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Geological model of Schleswig-Holstein, mobile VISLab facility available
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Cross-Sectional-Competence B: Data and Modeling Platform
Fine

ﬁ HELMHOLTZ

CENTRE FOR
ENVIRONMENTAL
RESEARCH - UFZ




Cross-Sectional-Competence B: Data and Modeling Platform

-
Work Flow Example IIII

3D Boundary
Representation

Geological /—>

Interpretation

===

N ¥
T \/\ 3D-Model
R

Tetrahedral
Grid for

Simulation

Visualization of the
Simqlation Results

Numerical
Simulation

Visualization in k

a Virtual Environment Figure: Zehner, B., 2011
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Physics-based Conceptual models

Coniplexity * DMIP
(Distributed Model
Intercomparison Proj
HYDROCOIN
* MOPEX
DECQVALEX
(Model Parameter
HM-INTERCOMP
Estimation Experimel
GEOBENCH
CO2BENCH

Scale
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Cross-Sectional-Competences & Clusters .

Poster Session (more details)

Cross-Sectional-Competences A
+Observatories and Modeling" _——

Concepts and Work Flows

+~Modeling Concepts and Tools for Topic 3*

o TOPIC 6: Cross-Sectional Competences
~Modeling Concepts and Tools for Topic 3"

TERENO Data Integration

e O Ss Data agh

o\
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TERENO Modeling Platform

* CSCs

* Clusters

* Linking
CSC#Cluster
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Cross-Sectional-Competence B: Data and Modeling Platform >N
Coupling Concepts IIII

Heat transport

Thermodynamics
cp—— =—V(-KVT+> hsFs)+q \ .
ot 7 A - Mechanics :
\ Deformation
b - V& —pg=0
T\ |
; , \_\ [ V(o (S"P + 8T — BrATT) + pg = 0
) Hydraulics /| \ |
Fluid flow D
9 ) Chemistry
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Cross-Sectional-Competence B: Data and Modeling Platform A‘

Coupling Concepts

Compartment Approach
H3 Problem

Diffusive wave surface flow

cH

?, at"+7q°’=q.§-’f 0<¢, <1
v I+1_ 7
qQ” =- ([{_. Vh?
S J
Richards flow in soil a

5z

PELI
ot

q" = —k,.KV(‘P - :)
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Groundwater flow in aquifer
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T=RENO

TERRESTRIAL ENVIRONMENTAL OBSERVATORIES

Ubersicht &
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TERRESTRIAL ENVIRONMENTAL OBSERVATORIES

J JULICH

UNGEZENTRUM

CT Modelling: development of coupled process models

Soil-plant models that couple water flow and transport
processes in soils and plants.

‘x Y
Solute Exclusion

2 Y
Passive Uptake

XN
Active Uptake

Current work: Include feedbacks between root development
and soil environmental conditions.

31. Januar 2012

Institut Agrosphare (IBG-3)
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T=RENO #) j0LICH

TERRESTRIAL ENVIRONMENTAL OBSERVATORIES FORSCHUNGEZENTRUM

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)

Comparison of the TBH [K]
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TERRESTRIAL ENVIRONMENTAL OBSERVATORIES UNGEZENTRUN

Particle Filter to estimate soil hydraulic parameters from SMOS

Measuring a soll

volume:
-~ Top soil moisture
Surface to 5 cm Horizons o A , :
depth _— 0 . measurements with
g ' microwave radiometry in
| { L-Band (1 - 2,6 GHz)
B - groundbased (ELBARA)
| ~ - airborne (PLMR, EMIRAD)
o —= 10 - spaceborne (SMOS, ALOS)
— Assimilation J =) 4
4 | o W
31. Januar 2012 ;' | = : _ " / Folie 3
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TERRESTRIAL ENVIRONMENTAL OBSERVATORIES
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Particle Filter to estimate soil hydraulic parameters from SMOS

Farticle Filtering Result: Saoil Surface [0 cm)
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TERRESTRIAL ENVIRONMENTAL OBSERVATORIES FORSCHUNGEZENTRUM

Development of measurement operator for cosmic ray data

= r"‘ll"[' 'l"""'" ° Example: TERENO test site Wiistebach

Legend
ScilNet nodes o footprint without data gap

(=}
® SoilNetnodes o footprint with data gap
=~ SciNetnodes
® cRs
ST w— Vistebach
b BT ntersaction COSMOS calibmtion point
distance
0-50m
- 50-100m
B 100-300m
{ D test sie A

\

vol. SWE [%]

precipitation [mm h?]
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A A
) 7\
i 4
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FORSCHUNGSZENITRUM
TERRESTRIAL ENVIRONMENTAL OBSERVATORIES FORSCHUNGEZENTRUN

Development of measurement operator for cosmic ray data

Cne “ersion - 6 hour averaged data

+  Cosmic Ray
+  Soillet
05+ 1

01r E

D 1 1 1 1 1 1 1 1 1
17.05. 27.05. 0B.06. 16.08. 26.06. 05.07. 16.07. 26.07. 05.08. 15.08. 25.08.

10 T o
L
i | L [

L ] 0

0 NE
F E
H §
- =
$ »

\T'M
= ©  p—
=H
< .
3.1 m|ain 17Aa11 7511 51 16611 & w71
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Particle Filter to estimate soil hydraulic parameters from SMOS

Forecast Density
at time tk+1

p(Xk+1 | Yk )

Posterior Density
Posterior Density at time tk+1

at time

k
— p(Xk+ |Yk+)
p (X [Y,) / - v S

p(yk+1 | Xk+1) ®

a

<

> —

Likelihood at time tk+1

Uniform weighting New weighting
of the particle ™ R of the particle

3 Resampling

31. Januar 2012 Institut Agrosphare (IBG-3) Folie 7
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FORSCHUNGSZENIRUM
TERRESTRIAL ENVIRONMENTAL OBSERVATORIES FORSCHUNGEZENTRUN

Particle Filter to estimate soil hydraulic parameters from SMOS

« 1-D physical finite elements model
- Solves Richards equation numerically

« Soll hydraulic properties are
parameterised using the Mualem-van
Genuchten model

« 1 hour temporal resolution

«  Homogeneous soils (clay, loam, silt,
loamy sand)

31. Januar 2012 Institut Agrosphare (IBG-3) Folie 8
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UNGEZENTRUM

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

- Dalily assimilation (together with other data) in CLM for updating SM

31. Januar 2012 Institut Agrosphare (IBG-3) Folie 9
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