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Model highlight

XBeach Applied to Coral Reef
XBeach is a coastal morpho-dynamics
model that predicts sediment
transport and morphology under the
influence of wave dynamics. Xbeach is
designed to model coastal changes
under the influence of storms and
hurricanes and helps assess coastal
protection measures. Dr. van
Dongeren, one of the core model
developers, successfully applied

XBeach to investigate longwave dynamics at a remote fringing coral
reef in West-Australia. The simulations showed that on the reef
platform 50% of the bed shear stresses originates from infragravity
waves. More...

Nominate a model

Science in the spotlight

River Drainage Patterns Reveal
Tectonic Deformation
Landscape evolution modeling
suggests that river drainage patterns
along the New Zealand Alps reflect
ongoing shear and rotation.
Experiments show that rivers along
the steep and rainy westflank of the
New Zealand Alps rapidly erode and
self-organize to remain
perpendicularly oriented to the

mountain range axis. In contrast, longer rivers along the eastflank
tend to passively rotate with the shearing. If drainage patterns
indeed ‘fingerprint’ the crustal strain, modeling could help to identify
seismic hazard zones. More...

Nominate a science spotlight

CSDMS stats

Domain Contribution

Terrestrial 2013 January 4: LandLab

Coastal 2013 January 4: LandLab

Marine 2013 January 4: LandLab

Hydrology 2013 January 4: LandLab

Carbonate 2013 January 4: LandLab

Climate 2012 September 24: WRF

Total downloads since Nov. 2008: 10002
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CZO Testbeds for Science and Science-
Based Approach to Water & Ecosystem 

Services 
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International Critical Zone Observatories : 
Virtual Science Sharing on a Global Scale 
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No. CZO Location
Lead

Monitoring
Country

Website

1 Adirondack
Mountains

South-
western
Adirondacks

USA ---

2 AGRHYS Brittany France http://www.inra.fr/ore_agrhys_eng/

3 AMMA-CATCH

S-N
ecoclimatic
gradient in
West Africa

West Africa http://www.amma-catch.org

4 Damma Glacier Canton Uri,
Switzerland Switzerland http://www.cces.ethz.ch/projects/clench

/BigLink

5 Bonanza Creek
LTER Alaska USA

http://www.uoguelph.ca/Apex/APEX
/Home.html
www.carbon.wr.usgs.gov

6
Boulder Creek
Critical Zone
Observatory

Colorado
Front Range,
Rocky
Mountains

USA http://czo.colorado.edu/
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Adirondack Mountains,
USA

AGRHYS, France

AMMA-CATCH, Niger
etc

Damma Glacier,
Switzerland

Bonanza Creek LTER,
USA

Boulder Creek, USA

Calhoun LTSE, USA

Central Great Plains,
USA
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USA

Clear Creek, USA
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France
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CZO’s  -> Big Data & Big Simulation  

Scaling	
  up	
  CZO	
  SimulaDons	
  &	
  Data:	
  Framework	
  for	
  Earth	
  CasDng	
  	
  

Cyberinfrastructure	
  for	
  Virtual	
  Data	
  and	
  Models	
  

Reanalysis	
  -­‐	
  ReconstrucDon	
  and	
  the	
  Role	
  of	
  Environmental	
  Observatories	
  

The	
  EssenDal	
  Terrestrial	
  Variables	
  -­‐	
  NaDonal	
  Products?	
  	
  

Some Issues & Questions 

PlaTorm	
  for	
  communicaDng	
  science	
  and	
  science-­‐based	
  decision	
  making?	
  



2,268   USGS 
HUC 8 

watersheds        

103,444 USGS 
HUC 12 

watersheds         

The Watershed – River Basin  
Basis For Model-Data Sharing 



Importance of CZO’s for  Scaling Up Processes/Models 
CZO Scales 
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What are the Essential Terrestrial Variables? 

•  Atmospheric Forcing (precipitation, snow cover, wind, relative 
humidity, temperature,  net radiation, albedo, photosynthestic 
atmospheric radiation) 

•  Digital elevation models (30, 10, 3, 1m resolution)  
•  River/Stream discharge, stage, cross-section  
•  Soil (texture, C/N, organic, hydrologic & thermal properties) 
•  Groundwater (levels, extent, hydrogeologic properties) 
•  Land Cover (biomass/leaf area index, phenology,……. ) 
•  Land Use (human infrastructure, demography, ecosystem disturbance, 

property & political boundaries)  
•  Environmental Tracers- stable isotopes  
•  Water Use and Water Transfers 
•  Lake/Reservoir/Diversion (levels, extent, discharge, operating rules) 
•  …to be cont’d……..?? 

Most data reside on federal servers ….many terabytes  

Water-Energy-Solute-Vegetation 



Land Cover 

Soil Classes 

Elevations 

Irregular Mesh & 
Stream Network 

Register geospatial & geo-temporal fields 
 

Access to ETV’s 
 

Automate CZO Modeling Workflow 
 



Penn State Integrated Hydrologic Model (PIHM) 

PIHM  Qu and Duffy 2007.  Kumar, Bhatt, Duffy 2009 

NOAH Land  
Surface  
Model 



HydroTerre: A Prototype for  Model-Data Access 

Land Parcel Data;  NHD: Stream, Lake, HUC’;    USDA: Soils/Crops;  NLCD: LU_LC;   



	
  h3p://www.pihm.psu.edu/applicaDons.html	
  

CZO	
  Reanalsysis	
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  series:	
  1979-­‐Present	
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Damma	
  glacier	
  CZO	
  

Drainage area:         10.7 km2 
Elevation range:      1800–3600 
Precipitation:            2400 mm/yr 
Snow depth:             2-7 m 
Glacier extent:          5 km2 

Present retreat:        10 m/yr 
 
Geology: central:      Aar granite 
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Soil	
  profiles	
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  for	
  PIHM	
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Shale Hills CZO: 1979-2010 Watershed Reanalysis  





CZO Data ->lidar, Soil, Regolith,Veg 



CZO Reanalysis:  
Shale Hills Storm Library 
1979-2011 
 

Virtual	
  Watershed	
  Storm	
  Library	
  From	
  ”Downscaled”	
  Reanalysis	
  



Water Isotopes O18-D Network At Shale Hills CZO  
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Stable Isotope Experiment 2008-20012 
Shale Hills CZO 

! 2H !! 18O  
Precipitation 
 

Tree Xylem Water 

Stream 
	
  

Groundwater 
	
  

Soil Moisture 
	
  

> 6000 Samples 

LMWL 

Holmes, M.S 2011, Thomas MS. 2013 

Shale Hills  Isotope Network 



Multi-State 
Calibration For  
PIHM at the  

Shale Hills CZO  
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Predicted and Observed  O18-D Compositions 
At Shale Hills CZO  
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Simulated Average Age of Groundwater + Soil Water 
At Shale Hills CZO  
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Reanalysis Forced Dynamic Residence Time of Runoff  
from Shale Hills CZO  
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Scaling Up To HUC-12 Scale Catchment 



1986	
  TINs	
  

Nested Grid to resolve wetland 
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  Wetlands	
  Study:	
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Comparing predicted wetlands based  
on 30 cm depth rule with National Wetland  
Inventory (NWI) map 



Compare Historical & IPCC Forcing 

1979-1998 

2046-2065 

Precipitation 

Temperature 

2046-2065 

1979-1998 



Historical vs IPCC ET-Recharge  

1979-1998 

2046-2065 
Evapotranspiration 

Recharge 
2046-2065 

1979-1998 



Relative Frequency for Groundwater Age & Runoff Residence Time 
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Kei Yoshimura,  University of Tokyo, Japan 
(Yoshimura et al., 2010)  

Atmospheric Modeling of Stable 
Isotopes in Precipitation 

IsoRSM experiment over Chesapeake Bay Watershed 
 
10km Simulation covering 85.5W-71.3W/35.5N-46.2N 
 
Boundary Conditions: IsoGSM simulation based on 
NOAA Climate Reanalysis 
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Regional   10 km res. ! 18O in precipitation
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Simulated-Observed Seasonal Isotopes in Precip. 
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•  Scaling Concepts and 
Models From 
Observatories to Major 
River Basins 

HPC Model-Data Access & Scalability 



CZO’s  -> Big Data & Big Simulation  
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