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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



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,
’regwpera’r)ure, net radiation, albedo, photosynthestic atmospheric
radiation

Digital elevation models (30, 10, 3, Im 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)
..}1o be cont'd.......2?

Most data reside on federal and state servers ...many petabytes



An Initial ETV Data Bundle for CONUS

Category Variables Nat. Products | Reference Size/Resolution
Atmospheric precipitation, snow cover NLDAS I, Bailey, 2004 | 8km, hourly, 5 TB
Forcing wind speed/direction per year
relative humidity NAAR NARR, 2011
temperature
atmospheric radiation
albedo
photosynthetic radiation
Digital Terrain | DEM, DTM, Lidar NHD+ NHD, 2013 30m, 10TB
River/Stream Discharge, stage USGS Gauging USGS, 2011 100 GB
Soil class, hydrologic SSURGO SSURGO, 1TB
properties STATSGO 2011
STATSGO,
2011
 Groundwater Hydrogeological NHD, 2011
formations .-
Hydrogeological properties USGS, 2013
Water Levels
Surface Water | Lake/Reservoir Geometry | USGS USGS, 2013
Bodies Operating Rules US COE NHD, 2013
Volume/Area/Level US Bur Rec
Land Cover Leaf area index NLCD, MODIS MODIS, 2011, 30m, 5TB
human infrastructure NLDAS, 2011
surface roughness
Water Use Wells USGS USGS, 2013
diversions NHD, 2013**
municipal supply b
storm flow/sewer networks -
irrfigation o
drainage e
Approximately
185T8B




HydroTerre: A Prototype for Data Access

NED Elevation from USGS

Soils using SSURGO from

USDA

>
.

Soils from Statsgo from

USDA

NLDAS Climate Forcing
Variables from NASA

Geology based on Soils
from USDA

NHD HUC12 from USGS

i

NHD Streams from USGS
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Figure 1: HydroTerre Essential Terrestrial Variables data and data sources

-




www.HydroTerre.psu.edu: Interface
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What scale/resolution of
ETV's is important for
Catchment research?



Multi-Scale Processes and Data Support
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CaTchménT Models Must Resolve
Upland Watershed Fea’rures
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Automating the Catchment
Model-Data Workflow



HYdr'OTer'r'e Author Lorne Leonard

User
Figure 2a

~ e R

Data
ETV Metadata Model User
Tier Datasets repository reposstory Provenance
Figure 2¢c

REST & SOAF &
WSDL & DML

Workflow \
Services e— -
Figure 2d
Section 3 3

v v

Email link to results for desktop/personal use

Service-oriented architecture for data-model workflows consists of three layers.
The first layer is the web based user interface, supported by a data tier layer, and
a workflow service layer. (under development)



HydroTerre: Extending the Prototype

Author Lorne Leonard
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Figure 7: Web application interface to select HUC-12s within the CONUS. The user can
select all HUC-12s within a US state (a) or county (b) or select individual HUC-12s (c)
to construct a selection list (d). (under development)



Desktop Data-Model Workflow

(@) Gopal Bhatt

Lele Shu
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PIHM GIS: Desktop Tools for collaboration

Gopal Bhatt author
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Role of the Conceptual Model

Defining the model purpose, scale, processes & data resources
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Fully coupled processes but with reduced physics (ASAP)

transpiration
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Semi-Discrete Finite Volume Formulation

Goveming
Process Orniginal governing equations Semi-discrete form
equation/model
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Advancing interdisciplinary studies of

NétlonaICZD
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earth surface processes
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Example 1:
The Susquehanna/Shale Hills
Critical Zone Observatory
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The Shale Hills Critical Zone Observatory

15
Bedrock: Rose Hill Shale (K~10 ¢m/s)
Soil: (K~10cm/s)

~400x300m
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CZO Data ->lidar, Soil, Regolith,Veg
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Reconstructing the Hydrologic Site History:
1979-Present from Reanalysis
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Example 2

Wetland Vulnerability to Climate Change

Team

Chris Duffy
Xuan Yu

Gopal Bhatt

Ray Najaar
Michael Nassry
Denice Wardrop

Ecoregions (4)
Ridge and Valley
Piedmont
Unglaciated Plateau
Glaciated Plateau

Watersheds (7)

Muddy Creek o
Kettle Creek M
Shaver's Creek 200 o€

Young Womans Creek
East Mahantango Creek
Little Juniata River
Lackawanna River

20-Year Climate Scenarios (2)

Historical: 1979 - 1998
Future: 2046 - 2065
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(a) Kettle Creel®C)
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Conceptual Model for Appalachian Plateau
Galciated, Low-Plateau Section

Conceptual Model for Valley & Ridge,
Appalachian Mountain_Carbonate Valley Section A e

Conceptual Model for Piedmont, Upland Section
‘ ——




Workflow

Set up models using HydroTerre data

Calibrate catchments on historic data (1979-1998)

HydroGeoMorphic (HGM) classification of wetlands
* Riverine
 Slope
+ Depression

Run IPCC future climate scenario (2046-2065)

Use relative gw/ change to measure wetland
vulnerability



Soil Landcover
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Historical - IPCC Precip-Temp

Precipitation
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FDC Lackawanna
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2046-2065 Scenario for Depth to Water Table




Simulated-Observed Wetlands

Working definition: wetland is defined as having a water table within 30 cm of the surface
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Upland catchments
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Detailed View of Shaver Creek Catchment

Shaver's Creek
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Groundwater Change
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Seasonal GW Change Scenario Shavers Creek

ey
Annual pr. .




Shaver's Creek Wetland Results

Largest Losses:
Isolated Depressions

Largest Gains:
Riverine Floodplains

Watershed Overview Drier Wetter PIHM Wetlands (HGM) Drier Wetter
Entire Watershed 33% 67% PIHM-Depression 27% 73%
NWI Wetlands 20% 80% PIHM-Slope 25% 75%
PIHM Wetlands 25% 75% PIHM-Riverine 19% 81%




Seasonal GW Change Scenario: Muddy Creek

Summer




7 Catchment Results

Lackawanna River
Young Womans Creek
Kettle Creek

East Mahantango Creek
Shaver’s Creek

Little Juniata River

Muddy Creek

NWI Wetlands PIHM Depression
Drier Wetter Drier Wetter Ecoregion
74% 26% 71% 29% Glaciated Plateau
62% 38% 63% 37% Unglaciated Plateau
47% 53% 62% 38% Unglaciated Plateau
40% 60% 50% 50% Ridge and Valley
20% 80% 27% 73% Ridge and Valley
71% 29% 64% 36% Ridge and Valley
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



