
 A collaborative approach to developing 
models for catchment-lake dynamics 

 

Christopher Duffy,  Penn State University 
Gopal Bhatt,  Penn State University 
Lele Shu,  Penn State University 

csdms

http://csdms.colorado.edu/wiki/Main_Page[1/22/13 5:12:41 AM]

Explore Earth's surface with community software Tweet

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...
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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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Workshop Outline 

1.  Overview of catchment modeling process 

2.  Accessing geospatial data from national data products 

3.  The model-data workflow 

4.  Research Opportunities in lake-catchment modeling 

•  Strategies for a fully coupled lake-catchment model 

•  Defining an experimental “Isoscape” for water and carbon  

•  The age of water and carbon in lake-catchment systems 

6. Discussion 



Essential Data  
For Water Catchment Modeling 

Consistent and accessible continental-scale 
geospatial data is a requirement for 

resolving the water cycle at scales relevant 
to national problems 

!

Critical for detection and attribution of 
change for climate, landuse  and ecosystem 

services for uncertainty assessment, 
decision making and policy!



2,268   USGS 
HUC 8 

watersheds        

103,444 USGS 
HUC 12 

watersheds         

The Catchment – River Basin  
A Basis For Model-Data Collaboration 



ETV: Essential Terrestrial Variables  
  

What they are and, 
Why they are important? 



Essential Terrestrial Variables:A Proposal  
 

•  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, 3D Architecture) 
•  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 and state servers ….many petabytes  



An Initial ETV Data Bundle for CONUS 



Need!workflow!here!

HydroTerre: A Prototype for  Data Access 



www.HydroTerre.psu.edu: Interface 



HydroTerre: A Prototype for  Model-Data Access 

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



What scale/resolution of  
ETV’s is important for  
Catchment research? 



 Multi-Scale Processes and Data Support 
CZO Scales 

!!!aaaaaaaa!!!!!mmm!



GCM!Grid!Box!

Catchment Models Must Resolve  
Upland Watershed Features  



Automating the Catchment  
Model-Data Workflow 

 



Service6oriented!architecture!for!data6model!workflows!consists!of!three!layers.!
The!first!layer!is!the!web!based!user!interface,!supported!by!a!data!Der!layer,!and!
a!workflow!service!layer.!!(under!development)!

HydroTerre Author!Lorne!Leonard!



HydroTerre: Extending the Prototype 

Figure!7:!Web!applicaDon!interface!to!select!HUC612s!within!the!CONUS.!The!user!can!
select!all!HUC612s!within!a!US!state!(a)!or!county!(b)!or!select!individual!HUC612s!(c)!
to!construct!a!selecDon!list!(d).!(under!development)!

Author!Lorne!Leonard!



Desktop Data-Model Workflow 

Gopal&Bha)&&
Lele&Shu&
!



PIHM GIS: Desktop Tools for collaboration 
Gopal!BhaS!author!



Role of the Conceptual Model  

!

Defining!the!model!purpose,!scale,!processes!&!data!resources!



February 4, 2014 Xuan: Ph.D. Dissertation Defense 20 
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m=0: canopy intercpetion/snow accumulation and meltm=1: overland !low
m=2: unsaturated zone
m=3: saturated zone

m=4: channelm=5: sub-channel



Fully coupled processes but with reduced physics (ASAP) 

 Qu and Duffy 2007.  Kumar, Bhatt, Duffy 2009 

NOAH Land  
Surface  
Model 



Semi-Discrete Finite Volume Formulation 



Advancing interdisciplinary studies of 
earth surface processes 

Chris Duffy, PI 07-13  
Sue Brantley 
Rudy Slingerland  
David Eissenstat 
Henry Lin 
Ken Davis 
Kamini Singha 
Laura Toran 
Pat Reed 
Karen Salvage 
Eric Kirby 
Tim White 
Kevin Dressler 
Doug Miller 
Brian Bills 
Beth Boyer 
Colin Duffy 
Chris Graham 
Jennifer Williams 

Example 1: 
The Susquehanna/Shale Hills 
Critical Zone Observatory 

 

Ray Fletcher 
Michelle Tuttle 
Paul Bierman 
Peter Lichtner 
Carl Steefel 
Rich April 
Ryan Mather 
David Harbor 
Larry McKay 
Teferi Tsegaye 
HernanSantos 
Evan Thomas 
Xuan Yu 
Yu Zhang 
Ryan Jones 
Beth Boyer 
 



~400x300m 





CZO Data ->lidar, Soil, Regolith,Veg 



Reconstructing the Hydrologic Site History: 
1979-Present from Reanalysis 

http://www.pihm.psu.edu/applications.html 
!



CZO Reanalysis:  
Shale Hills Storm Library 
1979-2011 
 

Reconstructing the CZO Storm Library: 1979-2010 



Example 2 
Wetland Vulnerability to Climate Change 

Team 
Chris Duffy 
Xuan Yu 
Gopal Bhatt 
Ray Najaar 
Michael Nassry 
Denice Wardrop 

Watersheds (7) 
Muddy Creek 
Kettle Creek 
Shaver’s Creek 
Young Womans Creek 
East Mahantango Creek 
Little Juniata River 
Lackawanna River Ecoregions (4) 

Ridge and Valley 
Piedmont 
Unglaciated Plateau 
Glaciated Plateau 

20-Year Climate Scenarios (2) 
Historical: 1979 - 1998 
Future: 2046 - 2065 









Workflow 

Use relative gwl change to measure wetland 
vulnerability 

Set up models using HydroTerre data 

Calibrate catchments on historic data (1979-1998)  
   

Run IPCC future climate scenario (2046-2065)    
   

HydroGeoMorphic (HGM) classification of wetlands 
•  Riverine 
•  Slope   
•  Depression 

     



Forcing
NLDASII

Topography
GDEM

Landcover
NLCD

Soil
SSURGO

Wetland Responses

Landuse Change
 Scenarios

Temporal Constraint
USGS streamflow

Spatial Constraint
NWI maps

Distributed Hydrologic Modeling
PIHM

Catchment
Reanalysis

Calibration

Climate Change 
Scenarios

Catchment6Wetland!
Response!



Historical -  IPCC Precip-Temp 



Historical vs  IPCC Simulations 

1979-1998 

2046-2065 

Evapotranspiration 

Recharge 
2046-2065 

1979-1998 
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(a) KC

(b) YWC

(c) LJR

(d) SC

(e) EMC

(f ) MC

(g) LR

“Constrain” Model on Streamflow & NWI Wetlands 



FDC Young Woman’s Creek 

Future:!
peak!flows!6!increase!!
low!flows!6!lower!



FDC Shaver Creek 

Future:!
peak!flows!6!increase!!
low!flows!6!increase!slightly!



FDC Lackawanna  

Future:!
peak!flows!increase!!
low!flows!increase!



2046-2065 Scenario for Depth to Water Table 



Simulated-Observed Wetlands 

Working!definiDon:!wetland!is!defined!as!having!a!water!table!within!30!cm!of!the!surface!!!



Upland catchments  
are the most impacted landscape 
Based on depth to groundwater 
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TINs 
Triangular Irregular 
Network 

Detailed View of Shaver Creek Catchment 

Shaver’s Creek 
163 km2 

Total TINs: 1986 
NWI TINs: 335 
Avg. TIN: 20 
acres 



Groundwater Change 

Wetter 
Drier 

Categorical 
Summary 

Interpolated 
Gradient 



Modeling Wetland Extent 

Interpolated 
Wetland 
Probability Modeled 

Wetland 
Extent 



Seasonal GW Change Scenario Shavers Creek 

Drier 
 
Stable 
 
Wetter 

Winter 

Annual   

Spring Summer 

Fall 



Shaver’s Creek Wetland Results 

 PIHM Wetlands (HGM) Drier Wetter 
 PIHM-Depression 27% 73% 
    
 PIHM-Slope 25% 75% 
    
 PIHM-Riverine 19% 81% 

 Watershed Overview Drier Wetter 
 Entire Watershed 33% 67% 
    
 NWI Wetlands 20% 80% 
    
 PIHM Wetlands 25% 75% 

Largest Gains: 
Riverine Floodplains 

Largest Losses: 
Isolated Depressions 



Drier 
 
Stable 
 
Wetter 

Seasonal GW Change Scenario: Muddy Creek 

Winter Spring Summer 

Fall 

Annual 



7 Catchment Results 

NWI Wetlands PIHM Depression 
Drier Wetter Drier Wetter Ecoregion 

Lackawanna River 74% 26% 71% 29% Glaciated Plateau 

Young Womans Creek 62% 38% 63% 37% Unglaciated Plateau 
        

Kettle Creek 47% 53% 62% 38% Unglaciated Plateau 

East Mahantango Creek 40% 60% 50% 50% Ridge and Valley 
        

Shaver’s Creek 20% 80% 27% 73% Ridge and Valley 
        

Little Juniata River 71% 29% 64% 36% Ridge and Valley 
        

Muddy Creek 35% 65% 35% 65% Piedmont 



Workshop Outline 

1.  Overview of catchment modeling process 

2.  Accessing geospatial data from national data products 

3.  The model-data workflow 

4.  Research Opportunities in lake-catchment modeling 

•  Strategies for a fully coupled lake-catchment model 

•  Defining an experimental “Isoscape” for water and carbon  

•  The age of water and carbon in lake-catchment systems 

6. Discussion 


