Next‐Generation Integrated Modeling of
Water Availability in the Delaware River
Basin and Beyond
Ward Sanford and Wes Zell
Integrated Modeling and Prediction Division
Water Mission Area, USGS, Reston, Virginia
Presented at the Integrated Collaborative on
Environmental Modeling and Monitoring (ICEMM)
at the USGS in Reston, Virginia March 17‐18, 2020
USGS policy statement: This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science.
The information is provided on the condition that neither the U. S. Geological Survey nor the U. S. Government shall be held liable for any damages resulting
1 from
the authorized or unauthorized use of the information.

Outline of Talk
• Modeling Water Availability at the CONUS scale
• A new steady‐state CONUS groundwater model
• Transient modeling for drought forecasting at the
regional scale and beyond
• Moving to fully coupled hydrologic terrain modeling
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Motivation for a Next Generation Modeling
• Water availability challenges involve droughts‐‐which require
forecasting low streamflows and groundwater levels
• Low flows in streams are controlled by subsurface aquifer properties,
not runoff channeling—so robust groundwater flow is needed
• All model are wrong, but some are more useful than others. Many
USGS models are accurate enough to be useful. It requires calibration.
• Land cover and ecosystem modelers need regional shallow water
conditions to predict system changes
• CONUS scale models allow wall‐to‐wall coverage and quick start‐up
conditions for regional‐scale models
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Why the timing is right for a CONUS‐
extent shallow groundwater model
• Computational Resources are now up to the
challenge for sub‐km spatial scale discretization
• New matrix solvers are available to better handle
the nonlinear water‐table simulation
• New Python and Jupyter Scripting languages allow
for automated large‐scale data mining and
automated model construction and calibration
• New types of observations are available for regional
and national scale model calibration
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PHASE I ‐‐ A Steady State Water Table Map
•
•
•
•
•
•
•
•
•
•
•

MODFLOW‐6 model
250‐m resolution
125 million cells
75 subdomains
Transmissivity—1 layer
Reitz’ Recharge map
48,541 water levels
325,000 stream segs
DEM, NHD+, NWI
USGS Surficial Geology
MODPATH, tracers

HUC‐4 map of the CONUS
Our MODFLOW subdomains = 3 to 4 HUC‐4s
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Average annual recharge based on water balance,
remotely sensed ET, and climate and land cover
regressions that include soil and rock properties

(Reitz et al. 2017, Journal of the American Water Resources Association)
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Estimated Soil Water Content

Using Mean Recharge
with Soil Physics Equation:
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PHASE II—A Transient Model
• 1. Monthly time steps for groundwater allow for feasible upscaling
• 2. Adding runoff and streamflow routing allows for the total hydrologic cycle
• 3. More types of parameters and observations results in better calibration
•
•
•
•
•
•
•
•
•

Observation Types and New Parameters:
Water levels in wells

Transmissivity for steady state water table
Transient seasonal water levels  Storage coefficients for the water table
Local base flow conditions 
Locally calibrated ET conditions
Specific Conductance in streams  Riparian ET
Local ET Remote Sensing

Irrigation fluxes and Crop Coefficients
Stable isotopes of water
 Preferential versus Diffuse Recharge
SNODAS snow water equivalent  Snowpack accumulation, melting, and runoff
GRACE satellite storage changes  Seasonal recharge distribution
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The Delaware River Basin as a Pilot
1. USGS Next‐Generation Water Observing
System (NGWOS): DRB is the first in a
series of ten watersheds across the country
for enhanced observations
2. Includes three major reservoirs that supply
New York City with ~500 cubic feet/second
3. Mandated to maintain a mimimum flow at
a specific gage on the Delaware River
4. Local water managers are concerned with
how the system would handle a recurrence
of the 1960’s—drought of record
5. Is the first pilot sub‐domain model for the
transient National Groundwater Model
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Which components of the hydrologic cycle are being
quantified in the transient model simulation?
2. Snowpack
5. Evapotranspiration
6. Diffuse
slow recharge

1. Precipitation

9. Water use extractions
4. Preferential
fast recharge

3. Surface Runoff
10. Riparian evapotranspiration

7. Monthly change in storage
8. Lateral groundwater flow controlled by
by gravity and the subsurface properties

12. Total Stream Flow

11. Groundwater
discharge as
base flow
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Types of Inputs and Observations
•
•
•
•
•
•
•

Precipitation from PRISM Climate data
ET from SSEBop USGS Remote Sensing
SNODAS data for snow
Monthly flows at 125 stream gages
Monthly water levels in 100 wells
Water volume and release data from major reservoirs
Stable Isotopes of precipitation, surface and
groundwater
• NASA’s GRACE satellite monthly water storage
anomalies
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Precipitation and Temperatures from PRISM Climate Data
Monthly Precipitation, Mean Temperature,
DewPoint Temperature from 2003‐2015
for calibration purposes
Historical data for all three back to 1895
800‐m spatial resolution
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SNODAS data from the Conterminous United States
Storage of SWE tracked month to month 2003‐2015
Regression for forecasts SWE = f(T,P):
T>0 swe loss of 40 cm/month
T<0 fraction of precipitation converted to snow
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Evapotranspiration
Monthly values for
CONUS based on Reitz et
al. (2017)
Forecast ET = f (P*, T, LC)
Irrigated Areas
USGS MIRAD dataset
ET calculated based on
crop types and coefficients
and the Cropland Data Layer
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Quick‐Flow Surface Runoff Component
Reitz and Sanford (2019) Journal of Hydrology
Surface Runoff = f (P, Slope, Ksoil, Slope, Month, Geology)
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Monthly water levels in wells and flows and stream gages 2003‐2015
150 water
wells

125 stream
gages
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Stable Isotopes of Water 2H, 18O
Independent data to help constrain seasonal distribution of recharge
with Martha Scholl USGS, Isotope Hydrologist
Deuterium in
Delaware River at
Trenton
0

Recharge weighted precipitation
is less than the mean river value unless
Additional recharge occurs in summer..

‐10
‐20
‐30
‐40
‐50
‐60
‐70
‐80
‐90
‐100
0

5
Deuterium

10

15

Precip Deuterium

18

NASA’s GRACE Satellite Data 2003‐2015
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Forecasting for the

st
21

century

• Regression equations a function of temperature and
precipitation and terrain, not remote sensing or
current data—e.g. SNODAS and SSEBop ET
• Climate change projection scenarios from the IPCC
• Integrate simulations with land‐cover change and
population growth
• A test‐pilot project for the USGS EARTHMAP program
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FORE‐SCE landcover forecasting of spatial and temporal landcover
based on population and economic drivers
Terry Sohl—EROS Data Center, Sioux Falls, SD
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Summary and Future Work
• A CONUS‐extent Shallow Groundwater Model has
been developed for steady state conditions
• The Delaware River Basin is being used to develop a
transient model with new and improved calibration
methods on new types of data
• Automation of the model development process will
allow the other HUC component models in to be
developed in days rather than years.
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