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 Introduction 
 

Five major project activities during April-August 2005, will be briefly outlined in this 
introduction. Details of project progress by task will appear within the body of this report.  

First, at the close of the first Advisory Team meeting in February 2005, the “Team” 
indicated they would like more information on what other states/areas of the U.S. have done 
concerning groundwater policy with particular emphasis on trading and/or offsets. To facilitate 
this objective, the Policy/Credit Team led by Co-PI, Dr. Sandra Batie, invited two outside 
experts to present at the May 12, 2005, second Advisory Team meeting. The topics were about 
“offset” credit purchases and the state permitting process. Discussions regarding implications for 
project design followed each presentation.  In general this second meeting provided our Advisory 
and Project Teams with significant and comprehensive information and understanding of water 
use policy, and subsequent implementation and success achieved in other locations, particularly 
the eastern part of the United States. 

Second, largely as a result of the project’s extensive activities and interaction with 
various clientele during the months of June and July, Dr. Bartholic, Co-PI, was invited by 
Michigan Senator Patricia Birkholz to present a briefing to the Senate Natural Resources and 
Environmental Affairs Committee. Information on recent groundwater resources was presented 
along with many of the concepts evolving from our project. This was an excellent opportunity to 
share our findings/knowledge, and for us to consider questions of key legislators and decision 
makers. Subsequent to this presentation, Dr. Bartholic was invited to present additional briefings 
at each of five Committee hearings on water use policy needs held at varying locations 
throughout the State (four of the presentations were given by Dr. Bartholic and the fifth given by 
Steve Miller, a member of the Project Team). The hearings offered an opportunity to witness 
public input on potential water use policy and helped broaden our and public awareness of 
activities associated with this project. It is anticipated that our input will be utilized as new 
legislation is developed, one of the proposed outcomes of this project. 

Third, the Modeling Team has been working to verify and integrate their modeling efforts 
in the Augusta Creek in Kalamazoo County, Michigan. This is a critically important 
advancement. The research now under way in one location utilizing the entire surface, 
groundwater, and stream components of the system, will help assure that the models realistically 
depict the actual water flows’ complex terrain within a rapidly urbanizing watershed that 
includes a mix of natural and agricultural land uses. A Project Team site visit to the Augusta 
Creek is scheduled for September.  

Fourth, one of the most challenging components of this activity is our effort to define and 
map vulnerable groundwater areas in the state. Vulnerability relates to the impact of high 
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capacity wells on (a) other wells in the community, (b) groundwater dependent vegetation, and 
(c) decreased groundwater flow to nearby streams that might critically impact the ecosystem 
with the loss of key species such as trout. The Advisory Team brought forth a number of key 
suggestions and components we should consider. In particular, they encouraged us to look at 
groundwater dependent vegetation, its definition, distribution, and the possibility of 
incorporating this layer of information into the vulnerability mapping process. 

 With Advisory Team inputs and knowledge gained through discussions and feedback at 
the Senate hearings, we have initiated increased activity and accelerated the timetable on this 
topic. Further, the depth of investigation, layers involved, and the analysis tools need to be 
expanded beyond our original concepts and scope. In particular via the public hearings, we are 
finding that for water policy to be enacted it must be accomplished using a fair, transparent, and 
equitable approach, in a timely manner, at a reasonable cost, primarily from a permitting 
standpoint, and in such a way that citizens with either environmental or business backgrounds 
can be satisfied. It is this area that we discussed greatly enriching our understanding of the user 
assistance interface. If we can effectively integrate data, models, and transparency, the system 
(user assisted interface) can be used to assist in wise and rapid guidance relative to high capacity 
well permit requests that incorporate the implementation of offsets. 

Fifth was a meeting held by Growing Water groups dealing with GIS cooperators held on 
July 20, 2005, in Toronto. This was an excellent opportunity for several GLPF supported 
projects to have enhanced coordination of the GIS and data integration components of these 
efforts across the basin. We found that our efforts are greatly complimentary to one another. 
There is now excellent potential for enhanced data linking and integration of tools and concepts 
for having a multiplier effect that could extend across the entire basin. In addition to integrating 
projects and compatibility on a large scale over the longer run, we made commitments to share 
data in the very near term to evaluate the usefulness of shared information, assess technical 
difficulties, and be in a position to assess some of the values of a more integrated systems 
approach (currently on a very limited basis). 

In summary, we feel that the period covered by this interim report provided effective 
outreach to the policy and decision-maker community in Michigan with influence across the 
region. In addition, we gained understanding of the complexity, players, and project timing 
changes to more effectively integrate Advisory Team inputs and general timing of State policy 
development. In conclusion, one outcome of the GLPF GIS coordinators meeting is the 
opportunity to take advantage of numerous synergistic relationships and a pathway initiated for 
that process to occur. 
 
 
Project Progress to Date by Task 
 
Task 1: Gathering Input for Development and Improvement 
 

Our goal in this task is to establish an Advisory Team composed of leaders from  
a wide set of interest areas related to water resources and policy development. Our plan is to 
gather information from the group for use in developing a Water Conservation “Offset” Credit 
purchase system to help policy makers manage water resources to meet the demands of water 
users and conservation groups, as well as improve ecological sustainability in Michigan and the 
Great Lakes Basin. We plan to have quarterly meetings over the lifetime of the project. 
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 Task Progress.  
 The fist Advisory Team meeting on February 28, 2005, stimulated a wide discussion and 
offered many perspectives among the Advisory Team members about the definition of 
“vulnerability area” for groundwater withdrawal and what natural resources need to be protected. 
Input from this meeting is being carefully utilized in Task 4 for drafting a vulnerability area for 
groundwater withdrawal to protect water dependent natural resources (details in Task 4).  

We held a second Advisory Team meeting on May 12, 2005, at the Kellogg Center (MSU 
campus). The meeting agenda (appendix) was developed by the Policy/Credit Team with an 
objective to stimulate discussion among the Advisory Team on water policy approaches and 
implications for project design. We had a total of 27 attendees consisting of the Advisory Team 
(12 out of 15), 12 Project Team members, and several attendees outside of the Project Team 
(summary of meeting is in Task 2). The presentation of two national experts, as well as meeting 
discussions, are captured on video and posted on our project website at 
http://www.iwr.msu.edu/research/projects.html. Several members of the Advisory Team have 
changed and we welcome the new members as follows: 

• Dr. Grenetta Thomassey (Policy Specialist) will represent the Tip of the Mitt 
Watershed Council;  

• Tom Middleton (NACD’s Great Lakes Committee Chair) will represent the 
National Association of Conservation Districts; and 

• Chris Grubb (Water Resources Coordinator) will represent the National Wildlife 
Federation 

Future Plans: 
We are working on scheduling the third Advisory Team meeting for some time in 

October. The Modeling Team is developing the meeting’s agenda. The primary objective of this 
meeting is to inform the Advisory Team members about the project’s progress, especially the 
progress of the Water Balance Analysis System (Task 3) by the Modeling team.  
 
Task 2: Developing a Water Conservation “Offset” Credit Purchase System 
 

The primary objective of this task is to define and demonstrate potential opportunities for 
improved environmental outcomes by using market-like purchases to achieve water quantity 
objectives for selected, critical watersheds. The ultimate outcomes will be a road map to help 
implement a Water Conservation “Offset” Credit Purchase system. 

Task Progress: 
The Policy Team, led by Dr. Sandra Batie, designed the agenda for the second Advisory 

Team meeting on May 12, 2005, by inviting two national experts on “offset” credit purchases 
and the state permitting process. The aim was to set the stage and to catalyze a facilitated 
conversation with the Advisory Team. The results will be used to refine the policy framework. 
The presentations are summarized as follows. 

The first speaker was Dr. William E. Cox, Professor of Civil and Environmental 
Engineering, Virginia Tech. Dr. Cox talked about the evolution in groundwater allocation legal 
systems and how such systems had their foundation in English law before transferring to the U.S. 
Dr. Cox also discussed the “Reasonable Use Doctrines” and replacement of the doctrines by 
“water use permitting” in many states. He provided examples of water use permit programs in 
several eastern states along with the characteristics of groundwater permitting and issues 
associated with groundwater permitting (e.g., validities of replacing water allocation law and 
applying controls in designated areas, criteria for permitting, consideration of 
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surface/groundwater interaction, transferability of permit, and validity of interstate export 
restrictions). The presentation also included case studies associated with restricting groundwater 
use and interstate export. 

The second speaker was Dr. Kurt Stephenson, Associate Professor of Agricultural and 
Applied Economics, Virginia Tech. Dr. Stephenson talked about application of market based 
principles to environmental protection, characteristics of well-functioning markets, and 
comparisons between conventional policy and market-based policy. Dr. Stephenson also 
provided examples and discussions of two trading programs, SO2 cap and allowance trading and 
Emission Reduction Credit programs (ERC) and discussed their market design and outcomes. 
The second part of his presentation was about credit offsets. Dr. Stephenson pointed out that 
credit offsets offer more opportunities for creating markets for conservation, more flexibility in 
terms of regulation, creating win situations for both regulated communities and the community at 
large, and getting more ecological “bang” per dollar. Dr. Stephenson also discussed his 
experience with a two-credit offsets program (point-no point offset trading and wetland 
mitigation banking). 

Future Plans: 
The results from the meeting will be used to further refine the plan of research pertaining 

to a Water Conservation Credit “Offset” policy. The Policy Team also plans to meet with Dr. 
Stephenson and Dr. Cox for a more detailed discussion as to the water allocation framework(s) 
that are appropriate to our project. The policy team is having a graduate student work on 
reviewing some potential existing water conservation credits models (i.e., wetland and water 
banking, trading models) and existing legal documents/agreements that provide incentive for a 
market to develop.  
 
Task 3: Developing a “Water Balance Analysis System”(WBA) 
 

The Water Balance Analysis System integrates three existing hydrological models that 
incorporate surface, groundwater, and stream aquatic ecosystem models with spatial data built 
into the User Assistance Interface System to allow a decision maker to create various 
management scenarios for water resources in Michigan and the Great Lakes Basin. The 
important phase of this task is calibration and verification of models.  

Task progress and Future plans:  
Work on the three sub-tasks is progressing well. The next steps will require more 

interaction between the scientists from each group to ensure integration of model results. The 
teams will meet regularly this fall. The progress and future plans of these 3 model developments 
are summarized as follows. 
 

Task 3.1 Surface Hydrology Model 
Augusta Creek Calibration / Validation - Data collection and initial modeling runs with 

SWAT for the simulation of discharge flow rates in the Augusta Creek watershed began in late 
spring of 2005. In the initial simulations, SWAT tended to overestimate the variability of daily 
discharge rates, suggesting a more complex drainage pattern in the basin than initially 
anticipated. Inclusion of poorly-drained sub-basins with temporary storage into the drainage 
basin surface parameterization scheme helped reduce this problem. In a recent effort to calibrate 
the SWAT simulation to the Augusta Creek basin, a readjustment of the basins drainage and 
runoff coefficients was carried out with a Shuffle Complex Evolution (SCE) nonlinear scheme to 
optimize model parameters with observed discharge data. This resulted in an improvement of the 
R2 value of 0.30 between simulated and observed flow rates before the optimization to an R2 



 5

value of 0.62 after the optimization. The overall mean absolute error for the simulated flow rates 
for the 1981-2000 developmental period, was 15 cubic feet/day, which should be sufficient to 
meet the needs and objectives of the project. An illustration of simulated and observed daily flow 
rates on the basin during 1990 is given in Figure 1. 
 Work is currently underway in the preparation of a simulated 30m resolution grid spatial 
data set containing groundwater recharge values for each hydrologic response unit (unique 
combinations of land cover and soil type) within the watershed for groundwater model 
simulations. 

Development of Multi-dimensional Recharge Matrix - Work has only recently begun on 
this objective, which includes selection of soil types, model sensitivity analysis with differing 
hydrologic groups, selection of land cover types and management strategies within the state of 
Michigan. For the land cover parameterization, we are utilizing a special Landsat/TM-derived 
spatial inventory data set from the Michigan Department of Natural Resources based on 1997-
2001 conditions.   
 Hydrologic Sensitivity Analysis - Initial work has begun on this objective, which includes 
the assessment of long term climatological variability on recharge rates, and sensitivity of system 
to varying landscapes, management options, and cultural practices. Some interesting results of 
surface hydrology relative to surface cover type were obtained in an initial SWAT simulation 
with 6 different land cover types: continuous corn, mature oak forest, medium-density 
residential/urban, bluegrass sod, grass-based pasture (with 1 forage harvest), and alfalfa (with 2 
forage harvests). Daily climatic data from Coldwater, MI for the period 1902-2001 were used, 
with a Class D Parkhill silt loam soil used for all simulations. Annual hydrological components 
for the simulations averaged over the entire period are given in Figure 2. The mean annual 
precipitation for all simulations was 867mm. As expected, mean runoff was greatest and aquifer 
recharge was least with the residential surface. For the other vegetated surfaces, there tended to 
be a negative correlation between evapotranspiration and aquifer recharge, with the greatest 
recharge associated with the grass pasture surface (which has lower ET rates due to forage 
harvest and relatively earlier scenesence) and least with the bluegrass and forest covers. 
Collectively, the simulations suggest major discernible differences in hydrological balance and 
aquifer recharge rates for differing surface cover types, which will necessitate accurate surface 
parameterization in all subsequent surface modeling simulations. Work is currently underway to 
replicate this experiment at several other locations across the state including an analysis of 
temporal variability between the cover types. 

 
Task 3.2 Groundwater Model  
A 3D groundwater model - Based on the Groundwater Inventory and Mapping (GWIM) 

database and taking advantage of the GIS-enabled IGW (Interactive Groundwater) modeling 
system, we have constructed a preliminary 3D groundwater model to simulate the flow system 
and water budget in the Augusta Creek watershed. The model consists of two geological layers 
including the glacial drift and rock and can be used to predict steady and transient aquifer 
response and base flow to the streams in response to land use and water management decisions.  

Figure 3 shows a preliminary, simulated distribution of steady state head in the glacial 
drift (left) and rock (right) under natural conditions. The 2 layer model is constructed based on 
the following data from the MDEQ Groundwater Inventory and Mapping (GWIM) database and 
the National Hydrological Database (NHD)(Stream geometries and elevations (NHD);Lake 
geometries and elevations – GWIM; Watershed shape and area – GWIM; Static water levels 
(SWL) in drift & rock wells – GWIM; Specific capacities from drift wells – GWIM; Rock top 
elevations and land surface elevations – GWIM). 
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Figure 4 shows the data distribution and surface water features in the Augusta Creek 
watershed. Figure 5 shows preliminary maps of the SWL distribution created using Kriging. The 
SWL map for the drift (left) is based on data from 383 wells and the map for the rock (right) 
based on 44 wells. Note the data in the rock are mostly clustered in the southern part of the 
watershed, the northern distribution has to be extrapolated and may be less accurate. The SWL 
level maps show that the groundwater in the August Creek watershed moves in general from 
north to south. As expected, the flow in the drift is more complex than that in the rock due to the 
influence of more extreme heterogeneity and the surface water features.  

Figure 6 shows the transmissivity distribution in the glacial drift estimated using Kriging 
based on 236 specific capacity measurements. There are no specific capacity data or aquifer 
thickness information for the rock layer. A preliminary conductivity value of 50 ft/day and a 
thickness of 100 m are assumed in the model. A constant recharge of 12 inches per year is 
assumed in this preliminary model. 

The next critical step is to calibrate the model to historical base flow data. Key 
parameters to be calibrated are hydraulic conductivity and leakage coefficients characterizing the 
surface and groundwater interaction. We will also incorporate spatially variable recharge 
distributions representing detailed land use patterns and soil conditions to be provided by the 
surface water modeling group.  

 
Task 3.3 Aquatic Ecosystem Model  
Stream Temperature and Flow Sampling – Six HOBO loggers have been installed since 

early June to record water temperature at 30-minute interval at six locations of Augusta Creek. 
These temperature loggers will remain in the stream until late September. Instantaneous stream 
flow discharges were measure in late August at six transects where the temperature loggers are 
located.    

Development of Statewide Stream Flow Models - We have selected USGS gauging sites 
that meet the criteria for flow model development, prepared flow exceedence data, and gathered 
landscape data associated with each gauging site. Multiple linear regression was used to develop 
predictive models of annual and August exceedence flows (5%, 10%, 25%, 50%, 75%, 90%, and 
95%). All flow models predict the natural log of the exceedence discharge in cubic meters per 
second. Model development began with a simple hydraulic geometry equation that included the 
catchment area, precipitation, and valley slope. Additional predictors were added to this base 
model in a stepwise fashion beginning with surficial geology summaries. When the base model 
with surficial geology had been developed, agricultural and urban land covers were added to all 
models because we were particularly interested in the influence of these predictors. Additional 
land cover predictors were then added using the procedure described above for surficial geology. 
These models were initially developed using the median flow and then checked against high and 
low flows for fit using the adjusted R2 after each predictor was added. These models explained 
between 72% and 98% of the variation in flows. The flow models were recently used to predict 
exceedence flows for all stream reaches in the state of Michigan, which completes the flow 
modeling task of this study. 

Stream Classification Based on Predicted Base-Flow Yield – Work is in progress to 
develop stream classification based on flow discharge per unit catchment area. All stream 
segments defined by confluence to confluence that appear on 1:100,000 National Hydrographic 
Data have been identified. Catchment boundaries associated with each segment were delineated. 
Landscape databases including surficial geology, soil, bedrock depth, bedrock geology, 
catchment slope, groundwater delivery potential, and climate factors associated with each 
segment were clipped for entire upstream catchment, network buffer, local catchment (areas 
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where surface water drains directly to the segment), and buffer at segment scale. These landscape 
data and segment associated predicted flow discharges are organized and ready for conducting 
stream segment classification. 

Stream Fish Flow-Thermal Classification – We have gathered fish community data for 
about 800 stream sites with length ranging from less than 100-m to greater than 1000-m. A water 
temperature model has been developed based on measured continuous water temperature from 
June to August and their associated landscape and climate data. July mean water temperature and 
flow discharge exceedence have been predicted for each site where the fish were sampled. These 
data are organized and are ready for classifying stream fish communities into thermal and flow-
yield classes. Preliminary trials have been conducted to choose the best statistical classification 
method.  

 
Task 4: Developing a “User Assistance Interface” (UAI) 
 

The goal of this task is to build a system that integrates the different components such as 
databases, models and credit purchase systems of the project and provides end users with an 
easy-to-use interface so they can access all necessary information and perform scenario analysis 
for water balance. A map of vulnerable groundwater areas in the state is also one of our products. 

Task progress:  
The UAI team had a meeting with Mindy Selman of the World Resources Institute (WRI) 

on May 12 to discuss the general system architecture of the Nutrient Net, which can be applied to 
the credit purchase system in our project. The team also had a meeting with Edward Schools, 
Program Leader in Conservation & GIS and his team from the Michigan Natural Features 
Inventory (MNFI) to discuss data issues related to groundwater dependent vegetation. Also, we 
are gathering several data layers such as well logic data, Michigan stream designation data, 
wetland, etc. for possible incorporation into our vulnerability mapping process. We are 
producing a “draft” map of Michigan vulnerability areas using initial data layers (i.e., well 
density, DARCY groundwater movement model, ground water dependent vegetation and 
Michigan stream designation data) as a starting point to stimulate a discussion and gathering 
inputs to improve our mapping process. The well density layer is based on the Well Logic 
database from the Michigan Department of Environmental Quality. This layer can be used to 
locate areas of high groundwater demand. The DARCY groundwater movement model uses a 
terrain-based approach to predict groundwater delivery to streams and other surface water 
systems. The groundwater dependent vegetation layer of the MNFI identifies areas such as bogs 
and fens that have known contributions from groundwater. The Michigan stream designation 
data layer is from the Institute for Fisheries Research (IFR) of the MI Department of Natural 
Resources. This layer has attribute information on stream impairment and temperature. 
Assuming that coldwater streams are drawing at least some of their hydrology from cold 
groundwater, this layer could indicate what surface water features may be impaired by 
commercial withdrawal. 

Future plans:  
We will build a GIS interface based on data layers. We plan to present our “draft” 

vulnerability area at the next Advisory Team meeting for gathering inputs. We will also meet 
with the Modeling Team to further discuss how their results can be incorporated into the UAI 
system. Finally we will build the prototype system for further review and evaluation. 
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Task 5: Implementing a “ Water Conservation  “Offset” Credit Purchase System 
 

At this time, there has been no progress on this task. The actual start of this task will take 
place in the second year of the project. The Project and Advisory Teams will play an important 
role in the selection of a site for demonstrating the implementation of a conservation credit 
system. Quarterly meetings during the course of the project life between the Advisory and 
Project Team members will help complete this task in the final phase of the project. Initial 
discussion about this task has taken place during our Project and Advisory Team meetings. 

 
Problems Encountered and Solutions 

 
Our effort is to define and map state vulnerable groundwater areas by incorporating 

several data features (as suggested by the Advisory Team member) into the vulnerability 
mapping process. The GIS is an effective tool used for long-term data integration and will be 
used and expanded across the whole basin. Towards this end, we expanded our study team and 
scope by inviting GIS and NMFI experts to assist us in this process.   
 
Lesson Learned by Collaborators 
 
 It is always challenging for the collaborators to work with diverse groups. Moreover, 
recently it has become more challenging when key legislators and decision makers in Michigan 
are interested in our project findings for developing new legislation related to water policy. The 
collaborators need to incorporate such diverse information and produce a science based 
information system, and Water Balance Analysis and Conservation "Offset" Credit system that 
assists the development and implementation of state and regional water management policies. 
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Figure 1. Simulated vs. Observed flow (cfs) with the calibrated SWAT simulation 
for the Augusta Creek basin, 1 January- 31 December 1990. The coefficient of 
determination (R2) between simulated and observed flow in the figure is 0.649 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. SWAT-simulated annual hydrological components for 6 different land 
cover types averaged over the 1902-2001 period, Coldwater, MI. 
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Figure 3. Steady state model head in the drift (left) and rock (right). Max head (RED) = 281 
ft and Min head (BLUE) = 243 ft 
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Figure 4 – Surface water features and well distribution in the drift (left) and rock (right). 
The dots represent well locations. 
 



 12

  
 
 
 
 
 

 
 
 
Figure 5. Static water level distribution estimated using Kriging. Left: glacial drift: Max 
head = 280 ft and Min head = 240 ft. Right (rock): Max head = 290 ft, Min head = 240 ft. 
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Figure 6. – Transmissivity distribution in the glacial drift estimated from 236 specific 
capacity measurements. 
  


