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Abstract
Addressing data management and forecasting needs for
regional water management commonly requires coordination
between multiple state and federal agencies, and reconciliation
of discrepancies between disparate sources of information.
These requirements become all-the-more challenging when
water monitoring infrastructure is sparse, or when that
infrastructure design protocols follow (and differ across)
jurisdictional boundaries.
Here, we present novel
advancements in partnerships between federal government
representatives from the United States (US) and Canada that
have addressed many of these requirements specifically for the
Laurentian Great Lakes. The Great Lakes constitute the largest
collective surface of fresh unfrozen water on Earth (Lake
Superior alone is the largest lake by surface area), and the Great
Lakes basin is effectively bisected by the US-Canada border.
The suite of models and data sets needed to manage, forecast,
and understand intrinsic changes in the Great Lakes hydrologic
and climate system therefore depend critically on a range of
experts with diverse backgrounds ranging from coastal
engineering and meteorology, to ice climatology and
hydropower facilities management. Here, we present a subset
of partnerships within the Great Lakes basin that have evolved
over several decades to address these needs. We emphasize
how those partnerships have led to the development and
communication of information that directly targets the needs of
regional water management planning agencies on both sides of
the international border.

A Legacy Water Level Monitoring Network

Background – A Basin Divided

Blending Binational Precipitation Products
Reconciling
gaps
and
inconsistencies
in
hydrometeorological data and modeling platforms
that intersect international boundaries can be a
challenge. Across the Great Lakes – St. Lawrence
River basin, this challenge is particularly profound
because the United States – Canada border nearly
bisects the basin, and because the Great Lakes
constitute such a large proportion of the basin’s
area.
Filling these gaps has required the aggregation and
alignment of efforts from federal, state, and
provincial governments, as well as representatives
from the academic research community. This
presentation summarizes some of the key recent
and ongoing multi-agency and bi-national initiatives
addressing the needs for water management
information across Earth’s largest lake system.

Figure 1 - International river basins
of North America. Great Lakes - St.
Lawrence basin is outlined in red.
Figure 1 – International river basins of North America.
Great Lakes - St. Lawrence basin is outlined in red.

Table 1 – Lake and land surface area estimates for each of the Great Lakes basins.

Statistical Water Balance Modeling

Figure 2 – New binational blended precipitation product developed and hosted by the Midwest Regional Climate
Center (MRCC).

The Meteorological Service of Canada’s Canadian Precipitation
Analysis (CaPA) and National Weather Service Multisensor
Precipitation Estimate (MPE) data are two promising sources of
precipitation for long-term application to the Great Lakes. Through a
strong binational partnership, both MSC and NWS agreed to expand
the domain of their products over the surfaces of the lakes. The
Midwestern Regional Climate Center (MRCC) has subsequently led
the development of a new binational precipitation product that merges
CaPA and MPE data over the Great Lakes basin (Figure 2).

Summary of Binational Data Resources
Through a binational partnership between the
International Joint Commission and NOAA’s Great
Lakes
Environmental
Research
Laboratory
(GLERL), regional scientists developed a new
statistical water balance model for the entire Great
Lakes system. The model, referred to as the
L2SWBM (large lake statistical water balance
model), is encoded in a Bayesian framework to
infer historical components of the Great Lakes
water balance (see grey regions Figure 5).

Figure 3 – Great Lakes shore-line based water level monitoring stations. Some stations were deployed in the mid-1800s,
and are part of network providing the basis for a long and robust historical record.
Figure 5 – L2SWBM results for the Detroit River. Colored lines
represent reference legacy measurements and models. The
grey band represents the 95% credible interval of inferred flows
from the L2SWBM.

Basin-scale Hydrological Modeling and Forecasting
Regional hydrological model developers have
advanced the state-of-the-art in water supply
forecasting across the Great Lakes through the
development and testing of the GEM-Hydro and
WRF-Hydro systems.
Each initiative required
consideration of a suitable binational land surface
scheme (see, for example, figure 6). Both products
are being evaluated through the current phase of
the long-term GRIP (Great Lakes runoff
intercomparison) project, which focuses on Lake
Erie (previous phases focused on Lake Ontario and
Lake Michigan).
Figure 4 – Monthly (light blue) and annual average (dark blue) water levels of the Great
Lakes. Red line represents the historical long-term average
Figure 6 – New Great Lakes land surface representation developed by scientists at NCAR and
the University of Michigan to support expansion of the WRF-Hydro system across the entire
Great Lakes basin.
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