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The Integrated Water Prediction (IWP) science program within By incorporating leading-edge software design principles in model
the U.S. Geological Survey (USGS) Water Resources Mission Area development, the program can provide timely predictions that can be used
(WMA) focuses on the development of advanced models for forecasting by a variety of stakeholders in their decision making.

water availability by simulating components of the water cycle and
water quality attributes such as temperature, water constituents, and the

The IWP team is currently spearheading efforts in three different

ecological conditions these attributes produce. The IWP science program areas:

also is developing the cyberinfrastructure required to implement national
and local-scale models to be used by water resource managers over the
decades ahead.

The IWP science program is developing a new approach to
hydrologic modeling that incorporates state-of-the-art Earth science
and provides the capability necessary to objectively evaluate models.

Understanding Multiscale Processes

A comprehensive view of the combined natural and human
elements of the water cycle is shown in figure 1. To better understand
the multiscale processes of the water cycle, the IWP science program
is developing and testing new and existing models to describe the
water budget and forecast different water cycle components under
various scenarios including changing climate, human population
growth, and land use changes. Another objective is to develop
integrated models for water quality, water use, and ecological
conditions.

Activity example.—USGS researchers are creating state-of-the-
art 7-day forecasts of water temperatures and flows in the Delaware
and Upper Colorado River Basins that incorporate real-time data
and data associated with reservoir operations. This capacity can
be expanded to new basins, or nationally, and generates useful
information for water managers who need to balance human needs
with thermal and flow regulations.
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Figure 1. Among other objectives, the Integrated Water Prediction
science program is developing models and the computational
infrastructure needed to characterize and predict multiple facets of
the water cycle (modified from Evenson and others, 2013).

» Understanding multiscale processes,
* Developing hydro-terrestrial Earth systems testbeds, and

» Enhancing WMA enterprise capacity.

Hydro-Terrestrial Earth Systems Testheds

Testbeds will be an integral component of the IWP science
program workflow (fig. 2). The USGS is creating the computational
testing environment required to accelerate and improve the process
of hydrologic model development by the water science community.
In collaboration with partners at the National Center for Atmospheric
Research, the USGS is formalizing a process to integrate the
modeling and computational capacity of multiple organizations
to identify the science and technological needs that can serve
the Nation’s hydrologic prediction capacity at national, regional,
drainage basin, and local scales into the future. This collaboration
provides the critical capacity of model benchmarking to ensure that
future model development is guided by the best available science.

Activity example—USGS scientists are integrating our
understanding of hydrology and climate, including the effects that
the hydrologic cycle and its processes have on Earth’s climate. This
collaborative effort will result in a new hydroclimate dataset that
spans 40 years into the past and 20 years into the future (a projection)
for the continental United States and will be useful to multiple
projects within and outside the USGS.
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Enhancing Enterprise Capacity

Enterprise capacity also forms a critical step in the IWP
workflow (fig. 2). Through the IWP science program, the USGS
will establish new architecture and standards required to perform
integrated hydrologic modeling. This effort focuses on the following
objectives: (1) cataloging and characterizing existing hydrological
modeling software; (2) evaluating the software design principles
of existing hydrologic models to identify factors that may hinder
development of more advanced models; and (3) fostering a
community approach to support the long-term implementation,
maintenance, and evolution of hydrologic models.

Activity example—USGS researchers working to support
enterprise capacity are focusing on development of the best practices
for connecting the hydrologic models that are used by the broader
modeling community. Initial efforts focused on existing USGS WMA
models such as MODFLOW (https://www.usgs.gov/mission-areas/
water-resources/science/modflow-and-related-programs) and can
expand to include new model development and models from the
broader hydrologic community. The recommendations developed can
lead to an ecosystem of modeling codes recognized as the state of the
science for estimating components of water availability that are linked
to one another.

2.The project selects, develops, or
modifies a set of promising modeling
codes to address this gap.

Model code 1 | , - - - -~ -~ -~
‘Modified 1
model code 1 |

Model code2 |

Model code 3

1. The modeling

gapisidentified : 'l

for a project.

3. Candidate modeling codes
are placed into the HyTEST
environment for evaluation.

HyTEST Environment

4.The best models identified in the
HyTEST environment are selected to
become part of the WMA Enterprise
Modeling Capacity.

Fed
oovernance

Model code 1 | -
Modified 1
‘model code 1
Model code2 | —————————
Model code 3

Model
benchmarking

WMA Enterprise Modeling Capacity

Model code 2

Set of other WMA Enterprise-level
modeling codes that are coupled,
where appropriate, to each other
and now also to model code 2.

Figure 2. Overview of the Integrated Water Prediction science
program workflow highlighting the roles of the hydro-terrestrial Earth
systems testhed (HyTEST) and enterprise capacity efforts.
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Developing and Implementing Integrated
Water Predictions

Development of the IWP modeling ecosystem is driven by
stakeholder needs at local to national scales. Early IWP modeling
efforts are expected to focus on WMA Integrated Water Science
basins including the Delaware, Upper Colorado, Illinois, and
Willamette River Basins (fig. 3; Van Metre and others, 2020;
www.usgs.gov/iws). Work in the Integrated Water Science basins can
inform the development of national scale models and is expected to
be completed in conjunction with other collaborators internal and
external to the USGS.

Figure 3. Major hydrologic regions of the continental United
States. The Delaware, Upper Colorado, and Illinois River Basins
were selected in 2019, 2020, and 2021, respectively, to serve as
Integrated Water Science Basins. The Willamette River Basin
was most recently selected for Integrated Water Science
implementation in 2022, and additional basins are planned to be
added each year through 2028.
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