1.
Project Title:
Next Generation Large Basin Runoff Model

2.
Principal Investigator:
Thomas E. Croley II (65%)

3.
Co-Investigators:


4.
Project Type:
Continuing

5.
Project Category:
A (Applied, Service-Oriented, Highly Relevant Research)


E (Technology Development and Information Synthesis)

6.
Project Start Date:
1 January 2004

Project End Date:
31 December 2004

7.
Project Effort Related to GLERL Science Themes:


Physical Environment Prediction
80%


Ecological Prediction
20%


Aquatic Invasive Species
0%


Great Lakes Observing Systems
0%

8.
Executive Summary of Rationale:

Improvements to GLERL’s Large Basin Runoff Model, now possible with broadened data availability, allow better forecasts by GLERL and its customer agencies and better estimates of climate change and climate variability impacts in the hydrological cycle.  While the model serves the needs of the long-range forecaster or the climate analyst, it now must address the smaller time and space scales of concern to the ecological forecaster, particularly relevant for assessing runoff impacts (and impacts associated with runoff such as chemical transport) on lake environments.  A distributed-parameter model of watershed hydrology would enable understanding of the effects of land use, land cover, agricultural and urban management practices, urbanization, and many other variables affecting hydrology on the quantity and quality of watershed runoff and hence on the nature of the waters entering a Great Lake.

GLERL will expand its distributed-parameter LBRM structure by adding surface and subsurface lateral flows to and from adjacent cell moisture storages in a watershed.  GLERL will acquire and reduce databases for the Maumee and Sandusky watersheds and test the model on the Kalamazoo, Maumee, and Sandusky watersheds, developing its capability to simulate outflows into Lake Erie and to model the effects of land use and climate change.  This will augment GLERL’s predictive power in ecosystem forecasting with immediate relevance to two other efforts: the GLERL Lake Erie Integrated Effort (internal) and a NOAA COP proposed study of Yellow Perch Recruitment in Lake Erie as Influenced by Maumee and Sandusky River Outflows (external).

9.
Proposed Work:

Recent Work.  Last year GLERL continued development of databases for support of its distributed-parameter Large Basin Runoff Model (LBRM) over watersheds within the Great Lakes Basin.  Data for the Kalamazoo (examples are shown in Figure 1) and Maumee River basins were acquired and reduced and model applications were made for the Kalamazoo basin.  However, there were problems with the Maumee digital elevation model (DEM) data obtained from the USGS.  Surface slope calculation revealed several artifacts in the DEM data that invalidated it and derived quantities of slope and surface roughness.  Computer coding of the model was completed for adding surface flow from one cell to another and routing of all surface flows to the watershed outlet.  Calibration software was adapted to the distributed-parameter LBRM and used in the applications made to the Kalamazoo river basin.  Several model modifications were investigated, including complementary and independent evapotranspiration—potential evapotranspiration and trial model structure and calibration schemes.  Software was developed for depicting spatial distributions of database observations (soils, land use, permeability, elevation, slopes, and so forth) and can be used also for depicting spatial distributions of model outputs (upper and lower soil zone moisture, groundwater and surface zone moisture, internal flows, and so forth).
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Figure 1.  Kalamazoo Basin Elevation (m) and Upper Soil Zone Permeability (in/hr).

 

Brief Description of Proposed Work.  This project will continue building and testing a two-dimensional rainfall-runoff model based on GLERL’s current lumped-parameter LBRM for application to Great Lakes watersheds.  Specific items for this year are as follows.  Add flows from the upper and lower soil and groundwater zones to adjacent cell upper and lower soil and groundwater zones, respectively, that are downstream of each cell.  Likewise, add flows to the upper and lower soil and groundwater zones from adjacent cell upper and lower soil and groundwater zones, respectively, that are upstream of each cell.  Change the model structure to reflect these flows in and out of each model moisture storage.  Derive corrector equations that can be applied to the unmodified model moisture storage totals at any time to derive flows and storages under the modified structure.  Code and apply these corrector equations within the existing model code.  Also, add flow routing for all these model moisture zones to the existing channel routing in the model.  Add relevant parameters to the model parameter set and calibration procedures.  Evaluate these model structure experiments through model applications and calibrations on test watersheds: the Kalamazoo, the Maumee, and the Sandusky.

This project will also continue data acquisition and modeling of Great Lakes watersheds with the developing two-dimensional LBRM begun last year.  Specific items for this year are as follows.  Acquire and reduce databases for the Maumee (reacquisition of better data) and Sandusky watersheds (new acquisition) at 1 km2 resolution of elevation (from available USGS 30-m digital elevation models), slope, flow direction, soil parameters (from the USDA State Soil Geographic Database including, texture, upper and lower soil zone thickness, water holding capacity, and permeability), land use/cover, and surface/channel flow roughness.  Obtain meteorology for the areas and reduce it to grid values for use in the model (done for the Maumee) and assemble flow data at selected flow points from the USGS, all for a daily time step; explore availability of hourly meteorology.  Also explore availability of data for water quality loadings, water temperatures, sediment load, and radar observations of precipitation.  Identify flow regulation points within the watersheds and associated policies for use in the model.  Finally (and concurrently) apply the models (existing lumped-parameter LBRM, existing distributed-parameter LBRM, and developing distributed-parameter LBRM) by calibrating parameters for the Maumee and Sandusky data sets.

10.
Scientific Rationale:

Large-scale watershed models are required to estimate basin runoff to the Great Lakes and other large-basin applications for use in long-term routing determinations, water resource operation decisions, operational hydrology studies, and long-term forecasting.  Data availability over large areas, large-basin applicability, computation requirements, and model application costs often preclude the use of detailed watershed models, designed for small scales, for large-scale applications.  The current LBRM is used at GLERL in its forecasting and simulation packages.  The former is the Great Lakes Advanced Hydrologic Prediction System, used daily to make extended probabilistic forecasts of many hydrological variables, including lake levels, at GLERL and at several US and Canadian agencies concerned with operational decision making.  The latter is used at GLERL in their climate change impact assessments and management evaluations.

GLERL’s Large Basin Runoff Model was originally designed as a lumped-parameter application for large watersheds.  It uses only the hydrometeorological data that were widely available in the 1980’s (daily precipitation and minimum and maximum air temperature).  Now, data availability has broadened somewhat and allows several model improvements.  These improvements will allow better forecasts by GLERL and its customer agencies and better estimates of climate change and climate variability impacts in the hydrological cycle.  While the model serves the needs of the long-range forecaster in water resource supply considerations (typically weekly or monthly fluctuations extending for 1—12 months over areas larger than 1000 km2) or the climate analyst interested in hydrological impacts (seasonal fluctuations over 30—50 years), it does not address the smaller time and space scales of concern to the ecological forecaster (daily or shorter fluctuations over areas from 1—1000 km2).  Such time and space scales are particularly relevant for assessing runoff impacts (and impacts associated with runoff such as chemical transport) on lake environments.  A distributed-parameter model of watershed hydrology would enable understanding of the effects of land use, land cover, agricultural and urban management practices, urbanization, and many other variables affecting hydrology on the quantity and quality of watershed runoff and hence on the nature of the waters entering a Great Lake.  While such models have been developed and are being developed elsewhere, the existence of GLERL’s lumped-parameter LBRM and its application (calibration) for all watersheds of the Great Lakes basin enables the development of a related distributed-parameter model benefiting from this earlier experience.  Recent research at GLERL reveals that lumped-parameter model calibrations provide starting values for distributed-parameter calibrations.  Also, while some of the model concepts were replaced in application to the small scale, as opposed to the large scale, many were scaled appropriately to both allow their use and to take advantage of the earlier calibrations.

Today’s data availability allows several model improvements and GLERL last year modified their macro scale model to the micro scale in a two dimensional representation.  First, GLERL reviewed their LBRM and described changes in several process sub models, which were originally specifically designed for large areas, such as classical potential evapotranspiration concepts.  They changed the model structure so that the LBRM could be used on an individual cell at the micro scale within a watershed, by allowing upstream/downstream flows from/to adjacent cell surface storage (channel system).  (Originally, the LBRM upper and lower soil and groundwater zones flow into channel storage only within the same cell.)  They organized watershed cells and surficial flow routing and implemented the model on the computer.  They analyzed spatial scaling of model parameters to enable an (initial) application to the micro scale with parameters available from the macro scale and modified existing calibration software to improve their values; they used spatial fields of observed watershed characteristics to vary each parameter areally.  They also detailed model calibration, application, and experimentation on the Kalamazoo River watershed.  Hydrological modeling for CY2004 consists of two major efforts as part of the Lake Erie Integrated Program: Model Structure Experiments and Maumee and Sandusky Watershed Models.
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Model Structure Experiments.  The distributed-parameter model is now ready for related further development in its internal structure that should sharpen its ability to mimic natural surface and subsurface flows in Great Lakes watersheds.  As just mentioned, last year GLERL changed model structure; they did this by modifying the LBRM continuity equations to allow upstream surface inflow when the model is applied to a single cell within a watershed.  They found the modifications in terms of corrector equations to be applied to the original equation solution; see Figure 2.  Now, they will expand the model structure further to enable other cell-to-cell flows, as illustrated by Figure 3.  GLERL will add flows from/to the upper and lower soil and groundwater zones to/from adjacent-cell upper and lower soil and groundwater zones, respectively, that are downstream/upstream of each cell.  Also, they will add flow routing for all zones to the existing channel routing in the model.  These model structure experiments will be evaluated through model applications and calibrations on the Kalamazoo, Maumee, and Sandusky watersheds.
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Maumee and Sandusky Watershed Models.  GLERL’s continuing model structure experiments, just mentioned, will enable model improvements relevant to modeling of two watersheds draining into Lake Erie: the Maumee River and Sandusky River watersheds.  This has relevance to two other efforts: the GLERL Lake Erie Integrated Effort (internal) and a NOAA COP proposed study of Yellow Perch Recruitment in Lake Erie as Influenced by Muskingum and Sandusky River Outflows (external).  In this phase of the research, GLERL will acquire and reduce databases for the Maumee and Sandusky watersheds at 1 km2 resolution of elevation (from available USGS 30-m digital elevation models), slope, flow direction, soil parameters (from the USDA State Soil Geographic Database including, texture, upper and lower soil zone thickness, water holding capacity, and permeability), land use/cover, and surface/channel flow roughness.  They will also obtain meteorology for the areas and reduce it to grid values for use in the model and assemble flow data at selected flow points from the USGS, all for a daily time step; they will explore availability of hourly meteorology.  They will also explore availability of data for water quality loadings, water temperatures, sediment load, and radar observations of precipitation.  They will identify flow regulation points within the watersheds and associated policies for use in the model.  Finally (and concurrently) they will apply the models (existing lumped-parameter LBRM, existing distributed-parameter LBRM, and new distributed-parameter LBRM developing in effort 1) by calibrating parameters for the Maumee and Sandusky data sets.

Prediction/Simulation Capability.  Through the development of distributed-parameter watershed runoff models for the Maumee and Sandusky rivers, GLERL will develop its capability to simulate outflows into Lake Erie.  GLERL will model the effects of land use on flow rates and use its models to assess climate change scenarios from both long-term climate outlooks and experimental global climate models.

Future.  GLERL plans to add conservative tracers to the distributed-parameter LBRM to enable tracking of pollutants/nutrients from the watershed surface into the lake.

11.
Governmental/Societal Relevance:

In addition to this projects relevance to ecosystem forecasting (described below) and hence to GLERL, small-time-and-space-scale distributed-parameter runoff models also would enable improved forecasts of Great Lakes basin riverine flooding, as well as improve existing US and Canadian probabilistic Great Lakes water level outlooks.  Interested parties include both Federal governments and National Weather Service River Forecast Centers.  The proposed model developments would also benefit climate change impact studies by extending the level of detail possible in assessing impacts over selected areas.  This has potential in the upcoming International Joint Commission study of Lake Superior Regulation.  The distributed-parameter runoff model will be of interest to ongoing Environment Canada Great Lakes—Ottawa River —St. Lawrence River distributed modeling and GLERL’s own Great Lakes Advanced Hydrologic Prediction System.

This project addresses NOAA’s goal to “Protect, Restore, and Manage Use of Ocean and Coastal Resources through Ecosystem Management Approaches,” relevant to the objective to “Protect Restore and Manage use of coastal, ocean and Great Lakes resources.”  In particular it addresses the strategy to “Assess and Predict” as measured by the “increased number and accuracy of models to understand and predict the interactions of species and their environment.”  Two milestones were recently identified for the fourth quarters of FY04 and FY05.  The first is to “modify GLERL’s distributed-parameter large basin runoff model to allow subsurface routing between watershed unit areas of surface runoff (between adjacent upper soil zones), interflow (between adjacent lower soil zones), and groundwater (between adjacent groundwater zones) on the Maumee River watershed for use in modeling effects of land use, flow rates, climate change, and nutrient loading on yellow perch recruitment in Western Lake Erie.”  The second is to “calibrate GLERL’s distributed-parameter large basin runoff model to the Maumee River watershed meteorology, hydrology, and land use data sets for use in modeling effects of land use, flow rates, climate change, and nutrient loading on yellow perch recruitment in Western Lake Erie.”

12.
Relevance to Ecosystem Forecasting:

This project is especially relevant to GLERL’s emphasis on Ecosystem Forecasting.  A continuous-time distributed-parameter rainfall-runoff model will complement many investigations.  A two-dimensional runoff model defined at appropriate time scales could be used to estimate flow and (later) conservative-pollutant loadings to a lake.  When coupled with lake circulation, biology, and chemical models, impacts of land-use change or basin developments could be assessed in terms of impacts on a lake environment to which the watershed drains.  With its Maumee and Sandusky River focus for this next year, this project forms part of GLERL’s internal Lake Erie integrated effort and an external proposal to NOAA’s COP concerning Yellow Perch recruitment in Lake Erie as influenced by Maumee and Sandusky River Outflows.

13.
Project Linkages:

This project links with several internal GLERL projects and activities, with two proposed external projects, and one external collaborative effort with Western Michigan University.  The LBRM is fundamental to GLERL’s Advanced Hydrologic Prediction System, used both in daily forecasting of many watershed and lake hydrologic variables (including lake levels) and in long-term simulations of climate change and water resources management.  The current project, “Water Resources Decision Support,” continues maintenance of the AHPS as well as involves other uses of the LBRM (recent forecast evaluation studies and climate change studies took place for the International Joint Commission’s Lake Ontario—St. Lawrence Regulation Study under this project and the associated project on “Great Lakes Climate Change Hydrologic Impact Assessment”).  With its Maumee and Sandusky River focus for this next year, this project forms part of GLERL’s internal Lake Erie integrated effort and an external proposal to NOAA’s COP concerning Yellow Perch recruitment in Lake Erie as influenced by Maumee and Sandusky River Outflows.  Also it has relevance to an NSF project proposal, Understanding Sensitivity of Great Lakes Water Levels to Climatic Forcing: Closed Lake Status 8.4-6.8KA (9400-7700 CAL).  Finally, this project collaborates with Dr. Chansheng He at Western Michigan University in Kalamazoo, utilizing their geographical information system and expertise, as we jointly explore Michigan and Ohio watersheds.

14.
Project Timeline


31 January 2004
Determine mathematics of additional lateral flows between adjacent cell moisture storages.



Reacquire and reduce Maumee watershed databases.



Submit article on Recruitment of Alewives in Lake Michigan


28 February 2004
Code appropriate corrector equations into LBRM.


31 March 2004
Add flow routing for all moisture zones to LBRM.



Acquire and reduce Sandusky watershed databases.



Obtain meteorology and reduce to grid values.



Build display-mapping software for model output and interactive flow network visualization.



Assemble flow data for Maumee and Sandusky watershed internal sites (sub watershed database extraction, map preparation, meteorology grids).


30 April 2004
Add relevant parameters to parameter calibration.



Identify regulation within watersheds.


30 September 2004
Evaluate model structure experiments through applications.


31 December 2004
Apply LBRM to the Maumee and Sandusky data sets.



Explore availability of hourly meteorology, water quality loadings, water temperatures, sediment load, and radar observations of precipitation.



Submit article on interacting surface and groundwater storages.

15.
Total Budget Request:
$8500

Funds are requested for travel for one person to an unspecified scientific conference ($1500), for data purchase in support of database development for new watersheds ($2000), and for a Summer Intern ($5000).

16.
Support Staff Request
Timothy S. Hunter [Programmer, 3 months (25%)].  Duties include writing code for display mapping of 2D model output and interactive watershed flow network visualization.  He will assemble flow data for the Maumee and Sandusky watershed internal sites and prepare sub watershed databases, maps, and gridded meteorology with the flow network visualization software from meteorology and Maumee and Sandusky databases he receives from Western Michigan University and reduces.  Mr. Hunter will also identify regulation within the watersheds, explore availability of hourly meteorology, water quality loadings, water temperatures, sediment load, and radar observations of precipitation.  Mr. Hunter has unique experience with the 1D and 2D models and their calibration, use, and GUIs for the model.  He performed work last year, similar to some aspects of the above work, for the Kalamazoo River watershed.
Summer Intern.  Duties include discretization of study watersheds and operation of the geographical information system in cooperation with Dr. Chansheng He at Western Michigan University to analyze soil, digital elevation, and land cover databases.

17.
Remaining Funds:
$0

18.
Banked funds to be used on this project:
$0

19.
External (i.e. non-base) Funds to be used on this project:
$0

20.
Projected ship time:
None

21.
Special MIL Resources:
None

22.
Special Computer Resources:
None

23.
Other Specialized Resources:
None

24.
New Equipment Requested:
None

This project will not involve the use of radioactive/hazardous materials.

This project will not generate hazardous waste.




Figure 2.  Unmodified and Modified LBRM Tank Cascade Schematics.





Figure 3.  LBRM with Groundwater Inflow (left) and Upper and Lower Soil Zone Inflows (right).
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