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Introduction 
The policy impact of this project has been immediate, significant, and perhaps even 

profound. Our project influenced the final shape of landmark legislation signed into law 
February 28 that establishes a comprehensive framework for the management of water 
resources in the state of Michigan. Moreover, findings and results from our project will 
provide policy-relevant scientific research and new tools to inform the implementation of 
state water policy, including making future policy recommendations by July 1, 2007 specified 
in P.A. 34 (2006) for the sustainability of state groundwater use, development of 
sustainability indicators to evaluate sustainability of state groundwater use, determining 
whether certification requirements are needed for groundwater withdrawals to assure 
conformance with Annex 2001, determining whether conservation programs should include 
mitigation of adverse impacts of water withdrawals on state waters and water-dependent 
natural resources, and other critical areas.  Equally important, this state legislation puts 
Michigan in accordance with the provisions of the Great Lakes Charter Annex 2001 so that 
the innovations in our development of state water resource decision-making and related tools 
will potentially have application across the Great Lakes Basin. Many of our Advisory Team 
members contributed to the passage of this legislation and will be involved in the 
implementation of this new comprehensive water policy framework. Our Advisory Team 
provided an excellent conduit through which the knowledge and development of our project 
has informed the legislative process and will inform the policy making process in the future.   

IWR and its partners are expected to participate in the design of a water withdrawal 
assessment tool as specified by the P.A. 34 (2006) that will incorporate state-of-the-art and 
real-time scientific research to guide and assist the permitting of large-capacity water 
withdrawals.  This assessment tool must be designed to evaluate the impacts of water 
withdrawals on nearby streams and/or aquatic-dependent natural systems and whether a 
proposed withdrawal may cause an adverse impact on state waters or aquatic-dependent 
resources. We envision a major role for our Project Team, in cooperation with other 
researchers and stakeholders, to develop this assessment tool by using the results from the 
preliminary development of computer sub-models developed for this project.  
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In addition to a significant role in developing the assessment tool, we anticipate a 
major role in using the results of our project for application in a new water use conflict 
resolution process.   Those seeking permits for large quantity withdrawals are encouraged by 
the new legislation to establish a Water User Committee for that permit to evaluate current 
water resources, water uses, and trends in water use in the watershed and assist in long-term 
water resource planning in the watershed. Water User Committees will include all water 
withdrawal registrants, water withdrawal permit holders, and local government officials in the 
watershed. Solutions to water use conflicts developed by these committees could include 
water conservation offset credit as pioneered by this project. While this committee process is 
not required, it will certainly behoove any permit seeker to follow this process in light of 
Michigan’s recent history with time-consuming court cases and formidable public opposition 
to large water withdrawals.  

The new legislation also calls for the state Department of Environmental Quality 
(DEQ) to use “clear and convincing scientific evidence” in determining whether adverse 
resource impacts “are, or are likely, to occur from one or more large-quantity withdrawals in 
the watershed.” The DEQ will be responsible for notifying the watershed Water Users 
Committee or meeting with water use registrants and water withdrawal permit holders to 
attempt facilitation of an agreement for using voluntary measures to prevent adverse resource 
impacts.  

We anticipate that the findings regarding our voluntary, water conservation offset 
credit approach may be directly applied to create a science-supported scheme that 
accommodates all water users and avoids costly, time-consuming legal conflicts and divisive 
dissatisfaction in the community. By integrating our data into a readily-usable and web-
accessible system for Water User Committees, timely and valuable information will be 
delivered to those who need it most. Future opportunities appear abundant for assisting the 
local watershed conflict resolution process and for creating viable options, including offsets 
and conservation credits, to prevent adverse resource impacts. These scenarios will be 
supported by science-based research supported by the GLPF. 

The bottom line shows a unique convergence of our Great Lakes Protection Fund 
project with the implementation of recently-enacted state legislation and with the next phase 
of state policy making. As prescribed in recent legislation, a set of policy recommendations 
addressing the sustainability of groundwater will be submitted by the Groundwater 
Conservation Advisory Council (GCAC) July 1, 2007 and the GCAC process needs to be 
informed by hard science and knowledge of state water resources and watershed management. 
In addition, the Groundwater Conservation Advisory Council is responsible for guiding the 
overall implementation of the legislative mandates for related water policy development as 
well designing the water withdrawal assessment tool. As some members of our project 
Advisory Committee serve on the Groundwater Conservation Advisory Council, a robust 
linkage provides an important mechanism for the Institute’s role in developing the assessment 
tool and assisting in conflict resolution processes.   
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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 to assist in gathering 

information for use in developing a Water Conservation “Offset” Credit purchase system to 
manage water resources in order to meet the demands of water users and conservation groups, 
as well as improve ecological sustainability in Michigan and the Great Lakes Basin. The 
Advisory Team is to be composed of leaders from a wide set of interest areas related to water 
resources and policy development, and it is our plan to have quarterly meetings over the 
lifetime of the project. 

The Advisory Team meeting during this phase was on Feb 13, 2006, at the Kellogg 
Center, MSU Campus in East Lansing. We had 31 attendees (11 Advisory Team members; 15 
Project Team members; 4 guests; 1 GLPF Staff).  We appreciated having David Rankin, 
Program Director of the Great Lakes Protection Fund attend our meeting. The meeting topics 
were centered on the development of an Assessment Tool for Ground Water Permitting 
(ATGWP).  This assessment tool integrates our project components.  We also demonstrated a 
mitigation offset scenario using ground water model simulation. 

Jon Bartholic and Sandra Batie, Co-Principal Investigators reviewed the project goals 
and specific objectives and overall progress during the past year. Dr. Batie emphasized the 
three major project components (Modeling component or Water Balance Analysis System; 
Water Conservation Offset Credit System; and User Assistance Interface) and introduced the 
meeting’s goals.  She emphasized project progress and water policy issues, and she discussed 
the Assessment Tool for assisting in the groundwater permitting process as well as how our 
project components fit within this tool.  A demonstration of the impacts of management 
scenarios on base flow in the Augusta Creek using the ground water model was included in 
this discussion.  

David Rankin, Program Director of the Great Lakes Protection Fund, spoke about 
projects under “Growing Water” funding. The fund is interested in creating a system that 
helps develop a market for water transactions between interested parties (i.e., private-private) 
based on the increased value of water for an improvement to the Great Lakes Ecosystem. The 
fund would like to see how a model of conservation credit exchanges/transactions and how 
success would be perceived.   

Bill Rustem, President of Public Sector Consultants and advisor to the project, talked 
about five current State of Michigan senate water bills which just passed House vote on Feb 9 
and are now waiting for the governor to sign (expected in two weeks). Bill mentioned that our 
project outcomes are relevant to these bills. There will be a need to define the language of 
these laws and input from scientists is important.   

Jeremiah Asher, GIS Specialist, lead project team discussion about a diagram of the 
Assessment Tool for Ground Water Permitting (ATGWP) and showed how the project 
components fit in the framework.  He also demonstrated how the ATGWP would work and 
discussed each component with the Advisory Team.  

The Modeling Team, lead by Drs. Li and Hassan Abbas, discussed the work 
completed (groundwater modeling). They noted the baseline conditions and model setting for 
the Augusta Creek that included general hydrogeology, subsurface geology and static water 
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level of the area. Based on these baseline conditions, a groundwater model for Augusta Creek 
was discussed; a 2-layer model for Augusta Creek was explained showing the interaction of 
various surface and groundwater components; and a calibrated version of the model was 
presented and discussed for various management options. The model calibration was based on 
the stream flow measurements taken during August and October of 2005 at various locations 
in the creek. Hassan presented several modeling simulation results showing the impact of 
various management options (e.g., introduction of a high capacity well upstream vs. 
downstream or shallow well vs. deep well; or change in land use and management practices --
from corn to broom grass or corn to medium density development). The options included 
land-use changes that would affect the recharge rates, and installation of high capacity 
extraction wells within the sub-model area. All slide presentations for this meeting can be 
found at the project website at http://www.iwr.msu.edu/research/projects.html

The meeting went well. Several issues were discussed that related to the development 
of the Assessment Tool (i.e., watershed vulnerability; model results and decision-making 
information; model boundaries; levels of uncertainty; site specifications still needed; 
cumulative withdrawal impacts from existing and new water users on ground water level, 
streams, and lakes; assessment tools and models as a screening tool; stream classification and 
criteria for a Save Minimum Standard (SMS) for protecting trout; as well as the  effectiveness 
of mitigation offsets and measurement).  

This information is useful for the project’s development. We now have a better 
understanding of policy-relevant science based information that needs to be provided to water 
users and government agencies for their management decisions regarding the use of  
groundwater resources, and how the water conservation credit system may be an alternative in 
restoring and protecting ecological sensitivity in a critical watershed. 

Future Plans 

The next meeting with the Advisory Team (the fifth meeting) is scheduled in October 
2006. The meeting agenda will be developed.  Initial topic discussion may center on 
mitigation offsets & initial credits trading rules/modules. 

Task 2: Developing a Water Conservation “Offset” Credit 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 System. This task is reported by the 
Market-based Alternative Team. 

During the last couple months the Market-based Alternative Team met frequently to 
discuss several sub-tasks that needed to be completed within this phase. The following 
summarizes sub-tasks progress during this phase: 

(1) Develop a list of BMPs and mitigation offsets specifically for use in the case study 
of the Augusta Creek Demonstration Project 

The primary goal of this sub-task is to develop a set of potential actions to use for 
offsetting or mitigating the impacts of ground water withdrawal in the demonstration site and 
for statewide applications. The initial list of potential mitigation/offsets focused on those 
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which could potentially alleviate negative impacts of ground water withdrawal on temperature 
and flow for trout. We extended our initial list of mitigation /offsets (from the last progress 
report) to cover more issues related to urban growth development (i.e., urban storm water 
management and smart growth). These potential mitigation/offsets listed below have impacts 
on either stream flow, recharge and/or water temperature: 

◊ Supplemental flow (new water supply—outside the watershed) 

◊ Increased riparian shading (planting/restoring riparian trees along stream channel) 

◊ Stream bank fencing  

◊ Small dam removal 

◊ Restoring natural channel meandering 

◊ Urban storm water management within watershed (retention ponds; rain gardens; 
roof water harvesting; surface water injection, etc.) 

◊ Well pumping/impact (upstream-downstream; extended from stream; shallow and 
deep aquifers) 

◊ Irrigation practices (sprinkler; drip) 

◊ Land use/land covers (water/ponds; wetlands; forests/parks/woodlands; 
grasslands/pastures/rangelands; crop types; low/medium and high density 
development) 

◊ Agricultural management practices (crop rotation; tillage management; sowing 
season (fall, spring); residual management; irrigation management; filter strips 
(edge-of-field); and contour farming). 

The next step for this task is to develop a specific mitigation/offsets list for the 
Augusta Creek Demonstration Project. Our goal is to look at the feasibility of measuring these 
mitigation activities by using our models (SWAT, GW, and Ecological models). If any 
mitigations are beyond our model capacity measurement, we will provide suggestions of other 
models or research study support.  We are working closely with the Modeling Team. 

(2) Develop a hypothetical water withdrawal (use) case study to demonstrate the use 
of water conservation offsets credit in the vulnerable areas of the Augusta Creek   

The primary objective of this sub-task is to use our modeling capability and actual 
data (e.g., hydrologic and ecological models), and examine several hypothetical water use 
scenarios--while allowing trading alternatives such as purchasing/trading permit and 
mitigation/offsets activities to operate in this watershed.  We have discussed the possibility of 
building a case study. For example, if there is large golf course with a housing development in 
the Augusta Creek vulnerable areas, what would be the mitigation actions/practices for a high 
demand water use developer to use in order to offset the impact of ground water withdrawal 
on stream flow and/or temperature impact on trout survival?  The case study is being 
developed and we will work closely with the Modeling Teams (i.e., select the vulnerable areas 
within the Augusta Creek watershed, determine a base-line or a safe minimum standard 
(SMS) for trout, evaluate the potential mitigation/offsets). 
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(3) Review and analysis of the legal bases for groundwater regulation and legislation 
in Michigan and other riparian water law (Eastern) states. 

This task will provide a framework for guiding the development of a groundwater 
permit system that is important to the development of the water conservation offset credit 
system . A graduate research assistant at the Michigan State University College of Law, 
Catherine Archibald, has been working on this task since the beginning of 2006. There has 
been considerable progress-- including a review of case law and analysis and a review of law 
journals and legal treatises.  

 (4) Conducting a survey on states (Eastern) for what they have initiated regarding 
regulating water/ground water and lessons learned related to the protection of ecological 
functions and natural resources. 

 In addition to the review task above, the team is preparing a research survey on other 
states current riparian water laws, regulations, and experiences with groundwater permitting. 
The survey questionnaires have been designed and submitted for review and approval from 
the University Committee on Research Involving Human Subject (UCRIHS). The survey will 
be conducted via phone and focus on three main groups; representatives of state agencies 
responsible for regulations of water/groundwater, states’ university extension services and 
water resources institutes, and consulting firms. The phone survey is scheduled to start at the 
beginning of May, 2006. Two graduate research assistants (Mariah Branch and Catherine 
Archibald)are working on these efforts under the supervision of Drs. Michael Kaplowitz, 
Sandra Batie, and Saichon Seedang.. 

(5) Contacted renowned experts in the field for information that could assist in further 
refining our study framework.   

Dr. Bill Cox, Civil Engineering Professor at Virginia Tech, has agreed to provide a 
review of other states’ experiences on groundwater allocation systems and help design the 
principles of groundwater allocation that are appropriate within the vulnerable watershed. Dr. 
Kurt Stephenson, Agricultural Economist at Virginia Tech, will provide a review of the 
experiences of other states’ establishment of a water conservation offset credit system in a 
vulnerable watershed.  

Future Plans 

Our plan is to establish the SMS based on flow and temperature for trout, define a 
“cap” and then apply the market-based incentives approach in vulnerable areas of our selected 
watershed (Augusta Creek). We will examine several hypothetical water use scenarios and 
alternative mitigation/offsets. We will follow with an examination of potential mitigation 
practices if they are applicable to measuring, monitoring, and verifying the impacts on trout 
habitats. This activity will be accompanied by a review and analysis on legal background for 
Michigan and other states experience, survey data, and expert evaluations/suggestions for a 
groundwater permitting system design (from Drs. Cox and Stephenson) and will help us 
develop an appropriate permitting system framework for the vulnerable areas of Augusta 
Creek watershed and applications for Michigan. Finally, we will demonstrate the alternative 
modules for implementation of a water conservation offset credit system as our final product 
delivery for this project task. 
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Task 3: Developing a “Water Balance Analysis System” (WBA) 
The Water Balance Analysis System integrates results from surface water, 

groundwater and aquatic ecosystem models to allow decision makers to evaluate impacts of 
alterative water management decisions.   

Task 3.1 Surface Water Model 

 (1) Calibration of the Augusta Creek Watershed and Recharge Values 

One of the major tasks that we worked on this spring was the calibration of the 
Augusta Creek watershed using observed baseflow data taken during late summer and fall 
2005.  Last year was one of the driest years in the last 40 years and was reflected in the 
baseflow values.  We used the model, Soil and Water Assessment Tool (SWAT), to determine 
the recharge spatially across the watershed for the period of weather record from the 1960’s 
through 2005.  Recharge values provided by the model for 2005 were also some of the lowest 
during the period of record.  We provided the annual recharge for the year to the groundwater 
modeling team to use in the calibration process.  Through this process we have determined 
that the most efficient method of delivering recharge values is on a subwatershed basis.  This 
method has speed the process of determining recharge values from SWAT model and 
inputting them into the groundwater model.  

(2) Recharge Database Development for the State of Michigan 

The goal of the surface water modeling team was to develop a multi-dimensional 
spatial database of groundwater recharge values for the State of Michigan.  To accomplish 
this, the Soil and Water Assessment Tool (SWAT), a continuous, daily time-step model was 
used to model the long-term water balance and recharge across several parameters.  These 
variables include climatic zone, soil type, landuse class, and land management practice.    

Climate Data - We have developed long term climatic databases for use in SWAT 
model to represent different climate zones in Michigan.  We have daily rainfall, maximum 
and minimum temperature, and solar radiation for the period from approximately 1902 – 2004 
from Coldwater, Essexville, Big Rapids, East Jordan, and Chatham.  Figure1 shows the 
locations of the weather files we are using. 

Soils - Michigan is home to hundreds of individually classified soil types ranging in 
texture from sandy to clayey, each with varying hydraulic properties that affect infiltration, 
runoff, and percolation.  To simplify the hydrologic characteristics of given soil, each soil has 
been classified by the USDA-NRCS into one of four hydrologic soil groups (HSG) designated 
A, B, C, or D.  Soils are grouped primarily by their infiltration capacity, with “A” soils being 
sandy or sandy loam with low runoff potential, while “D” soils are clayey with much less 
infiltration capacity and high runoff potential.  In the SWAT model we have simulated the 
recharge from our different land uses across a range of over 200 individual soil types grouped 
by their hydrologic soil group.  The SWAT model has a comprehensive database of soil 
hydraulic properties.  We are using this to simulate the effects of climate and land use, and 
management practices over all of the several hundred soils in the state.  After our initial runs 
we are compiling the recharge results for a given climate, land use and management 
combination across soil type. 

Land use - There are multiple land use classes for the state of Michigan.  A change in 
land use class is definitely a sensitive parameter with respect to groundwater recharge and this 

7 



is the most likely variable to be changed when determining groundwater recharge offset 
credits.  In this project, we used land use data classes derived from 30 meter LandSat Satellite 
Thematic Mapper Imagery taken between 1997 and 2001.  These image data were assembled 
and classified into 30 individual land use classes by the Michigan Department of Natural 
Resources, Forest, Mineral and Fire Management Division.  Using these land use 
classifications as a guide we developed SWAT scenarios for the majority of the classes.  For 
vaguely described land use classes such as “Row Crop Agriculture” we subdivided this 
category into a number of additional classes based on row crops grown within the state (i.e. 
corn, soybean, wheat, etc.).  Additionally, different cropping management practices were 
simulated within each crop type to determine the impact of such practices as residue 
management / tillage, conservation practices, and cover crops.  In all, we are developing 
SWAT scenarios for about 20 of the most common land use classes and estimating recharge 
values across the different climatic regions and soil types.  A number of the land use classes 
such as agriculture that have different crops and management options are being further 
subdivided and simulated within the model.  We are currently fine-tuning a number of 
cropping management scenarios such as “cover crops” that have been shown to have in 
impact on recharge.  We have also been working on incorporating an urban management 
practice for “Low Impact Development” into the SWAT model. 

BMPs to Increase Recharge - We has been working with the Market-based Alternative 
Team to evaluate several best management and conservation practices aimed at increasing 
recharge and for their suitability to be modeled within the SWAT model (golf course water 
management, constructed wetlands, urban BMPs).  

Tasks 3.2 Groundwater Model  
Since January 2006, we have focused our efforts on identifying and analyzing a stretch 

in the Augusta Creek watershed which could be potentially sensitive to land-use change. In 
terms of groundwater model, the change in baseflow in response to change in land-use and 
groundwater extraction is a measure of sensitivity of an area to the land-use change. We 
searched for a stream arc which was large enough to be a ‘significant stream’ in the area, yet 
small enough to be sensitive to groundwater extractions and land-use change within its 
capture zone. Only one such stream arc was identified in area 007 of the study area. This area 
was selected for detailed analysis. The location of this stream arc is shown in Figure 4.  

The problem we faced in our detailed analysis was that there had been no long term 
stream-gauging data for this arc. However, a ‘snapshot’ data at various locations of this arc 
was found for the months of August and October 2005. Within our main model of Augusta 
Creek, a sub-model around this stream arc was created and calibrated to match the ‘observed’ 
flow rates of 2005. This calibrated groundwater model was presented in the Advisory Team 
meeting held on February 13, 2006. The calibrated model showed that this stream arc was 
insensitive to large groundwater extractions and land-use change in the stream capture zones. 
This result pointed to an initial conclusion that Augusta Creek watershed might not be a 
potential area to study impacts of land-use change on stream flow and fish population. The 
consequence of this issue is that the Market-based Alternative Team cannot proceed without 
knowing the impacts which could be assessed against some mitigation/offset options. 

A list of critical questions was formulated to be discussed during the meeting on 
February 24, 2006. Members from the Market-based Alternative Team were also invited to 
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attend this meeting. Following questions regarding Augusta Creek watershed were thoroughly 
discussed: 

1. Where do we find trout in the Augusta Creek? 

2. What is the temperature in these stretches where we find trout? 

3. How much does the temperature have to be increased in these stretches before the 
fishes would be affected? 

4. How much does the baseflow have to be reduced to cause such a temperature 
increase? 

5. What will be the corresponding pumpage that will produce such a baseflow 
reduction? 

6. How can we offset this baseflow reduction? 

◊ by changing well location, how effective is it?; 

◊ by drilling deeper, how effective is it?; or, 

◊ by increasing recharge, how much do we have to increase it to offset the 
baseflow reduction? 

7. Which of these three approaches is most effective? 

8. What does the option of recharge increase mean in terms of land use 
change/management? Is it practical to achieve this increase when only a (small) 
portion of the increase can be captured? 

Members of modeling team provided useful inputs to answer these questions. At the 
end of the meeting, all participants were shown a short demonstration of groundwater 
modeling process in the Groundwater Modeling and Visualization Lab. During the meeting 
we were informed that the year 2005, in which the baseflow measurements for area 007 were 
taken, was one of the driest years with mean annual rainfall approximately 40% of the long 
term average. This meant that the groundwater model presented on February 13, 2006 
meeting was calibrated against very dry conditions. Our team then revised the estimate of 
baseflow by adopting ‘total water balance approach’ and recalibrated the model against the 
revised estimate.  

We organized another meeting on March 24, 2006 (Figure 5), and invited all members 
of Project Team. During this meeting, feedback and discussion continued on the questions 
discussed in our last meeting. We also presented the recalibrated groundwater model based on 
revised estimate of baseflow. The underline assumptions and rationale for revised estimate 
were explained in detail during the meeting. The recalibrated model showed the sensitivity of 
baseflow fluctuations with change in land-use and large water extractions in area 007. The 
predicted change in stream flow provided crucial input to ecological modeling team and 
indicated that area 007 was sensitive to land management practices.  

Task 3.3 Aquatic Ecosystem Model 
During this reporting period, we have developed additional models to quantify the 

impacts of stream base flow changes on trout.  The initial model developed during the last 
reporting period, linking water yield, drainage area, water temperature, and trout, is useful for 
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visualizing how changes in base flow impacts trout distribution and abundance and for 
making prediction on trout occurrence.  However, this model is not sensitive to base flow 
change for stream reaches with large catchment areas and cannot be used to quantify the 
temperature change resulted from flow change when such a change may not have substantial 
impact on trout but may have impacts on other biological communities.  The additional work 
developed during this reporting period was to explore the possibility of dividing the single 
model developed during the previous reporting period into a series of three consecutive 
models.  The first model is intended to predict July mean water temperature based on base 
flow, and the second model will predict temperature flux, and the third model will predict 
trout abundances based on temperature flux and July mean temperatures.  It is our hope that 
these statistical models will incorporate additional parameters and can be used to 
quantitatively describe the temperature changes resulted from base flow changes from either 
ground water withdrawals or BMPs.  The single model and the three-stage models are 
illustrated in Figure 6. 

Prediction of Mean Temperature Changes –   Because water temperature is strongly 
influenced by water yield, we have attempted to predict the mean July temperature based on 
the water yield and other related variables. A linear regression model based on changes in 
yield within the 539 trout streams with available abundance data were used to examine the 
amount of temperature change expected due to changes in water yield. The model produced 
was not in satisfactory form to meet our objective.  We are continuing the process of 
improving the predictive capability of this model. 

Prediction of Mean Daily Temperature Ranges – Because trout presence and 
abundance are not only determined by mean water temperature, but also determined by 
temperature variation, we have attempted to develop a model that can be used to predict daily 
temperature ranges.  A multiple linear regression model based on parameters of modeled 
temperature, watershed area, and stream segment slope regressed against 216 summarized 
measured temperature ranges was used to create a set of modeled mean daily temperature 
ranges. 

These modeled daily temperature ranges were not significantly different from the 
observed daily temperature ranges. Using this set of modeled temperature ranges, another 
regression was done to estimate the magnitude of the changes in temperature range due to 
expected changes in discharge within the 539 trout streams used in the previous section. We 
are continuing the process of improving the predictive capability of this model. 

Application of Modeled Discharge Changes – Using the provided 1.5 cfs decrease in 
discharge due to groundwater pumping provided from the surface and groundwater modeling 
teams, the changes in temperature and temperature range were modeled using the methods 
outlined above.  The changes in mean temperature and daily temperature ranges were added 
to the base modeled values.  Increases in mean daily temperature and daily temperature ranges 
were found to be slightly increased due to pumping. 

Relative magnitude of changes followed the expected trend, with Lepper Rd site’s 
values increasing the most, followed by the 44th St tributary, then the values at the USGS 
gage. 

Development of Fish- Thermal Classification – Using the modeled temperature 
changes, a first estimate of expected maximum trout abundance was created based on changes 
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in modeled temperature using linear regression. Inclusion of the temperature flux variable did 
not work as expected, and has been excluded at this time. In all areas, maximum expected 
trout abundance had decreased slightly, but not significantly based on the current power of the 
model. We are continuing to increase the predictive capability of this model. 

Future Plans 

The surface water modeling team will continue to fine-tune our management scenarios 
and then make the final production run of all of our land use classes, management practices, 
soils, and climate.  During this time we will also interact with the Market-based Alternative 
Team to aid in modeling of any case studies. The groundwater modeling team is refining the 
groundwater model to make it more robust for use in testing possible management scenario. 
To achieve this, the groundwater modeling team is brainstorming on various possible 
methods, data sources and statistical techniques which could be used to improve the base flow 
estimates in a sensitive subbasin of Augusta Creek. The aquatic ecosystem modeling team is 
working toward improving their models’ predictability with additional variables and statistical 
procedures. 

Task 4: Developing a “User Assistance Interface (UAI)” 
The User Assistance Interface team (UAI) has developed three components since the 

January progress report; 1) a process diagram for the Assessment Tool for Ground Water 
Permitting (ATGWP), 2)a GIS interface, and 3) water recharge input forms for credit offsets.  

In particular, the process diagram has had much attention from the Market-based 
Alternative and Modeling Teams. During the February 13th, 2006 Advisory Team meeting, 
the process diagram was displayed and referred to throughout segments of the presentation to 
show how each team’s work fits within the process. The process diagram is a crucial 
component of not only the UAI, but also the overall conceptual framework for how the 
conservation credit offsets may take place.  

The process diagram (Figure 7) illustrates the flow of information for the Assessment 
Tool for Ground Water Permitting. The steps are labeled numerically in orange boxes. Step 1, 
allows a permit applicant / credit buyer to screen watersheds for high risk areas (areas of 
potential adverse effects to trout population through highly connective base flow and ground 
water interactions). Step 2, the applicant uses the system to submit an application to the state 
agency for permit review. This application automatically collects information from a map 
including x, y coordinates and base layer information to send to the state agency. Step 3, 
shows the response options to the applicant. Step 4, illustrates the applicant requesting 
additional assessment from experts such as; consultants, universities, or other qualified 
modelers. The “experts” can recommend possible mitigation offsets such as, changes in land 
use practice and well location, dam removal, or credit trading/offsets. The permit applicant 
can use the system to get direct access to many of the available offsets. 

The process diagram (Figure 7) illustrates the flow of information for the Assessment 
Tool for Ground Water Permitting. The steps are labeled numerically in orange boxes. Step 1, 
allows a permit applicant / credit buyer to screen watersheds for high risk areas (areas of 
potential adverse effects to trout population through highly connective base flow and ground 
water interactions). Step 2, the applicant uses the system to submit an application to the state 
agency for permit review. This application automatically collects information from a map 
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including x, y coordinates and base layer information to send to the state agency. Step 3, 
shows the response options to the applicant. Step 4, illustrates the applicant requesting 
additional assessment from experts such as; consultants, universities, or other qualified 
modelers. The “experts” can recommend possible mitigation/offsets such as, changes in land 
use practice and well location, dam removal, or credit trading. The permit applicant can use 
the system to get direct access to many of the available offsets. 

The GIS (mapping) interface (Figure 8) has been developed and includes the entire 
core GIS functions needed to extract information from valuable data layers. These core GIS 
functions include, zooming to different scales, identifying map features, measuring distances, 
creating buffers, extracting and downloading data sets, and many others. The UAI team 
recently included the draft high risk map into the GIS, along with several other layers such as; 
road and stream network, trout streams, lakes, land use, and aerial photography. There are 
further discussions that need to take place regarding additional data layers to be included in 
the GIS interface and the final high risk map.      

Initial water recharge input forms for credit offsets have been created for the UAI. 
The Modeling Team (surface water modeling team) is working on developing a lookup 
database for ground water recharge based on land cover changes derived from the SWAT 
model. This lookup database will be incorporated into the water recharge input forms. 
Through drop down boxes and input forms, users can modify ground cover or land use 
practices and instantly determine changes in ground water recharge. A sample database from 
the surface modeling team was used to create a prototype interface (Figure 9) for this on-the-
fly ground water recharge model. The following illustration was shown during the February 
13th Advisory Team meeting and was fully functional for the sample database. 

Future Plans: 

The UAI team will work closely with the Modeling Team over the next couple months 
to determine the final GIS data layers to be included in the interface and finalize the risk map. 
In addition, we will coordinate with the modelers to produce lookup databases that can be 
incorporated into the user assistance interface. 

Task 5: Implementing a “Water Conservation “Offset” Credit Purchase 
System 

At this time, there has been no progress on this task.  

Problems Encountered and Solutions 
 The groundwater modeling team experienced difficulty using stream flow 

measurements that were made during dry periods to calibrate the model. The model was 
recalibrated to reflect additional information. The Aquatic Ecosystem Team models are still 
rather poor in accurately predicting changes. The team is working to improve the estimates. 

Lesson Learned by Collaborators 
The results and lessons learned from our project include the acquisition of detailed 

knowledge of relevant databases and related modeling development. This knowledge base 
provides an excellent platform for assisting critical decision-making on water withdrawals in 
Michigan and ultimately across the Great Lakes Basin. Our voluntary systems approach 
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provides an overall framework for use of wise, science-based systems throughout the Basin. 
The methodology of our systems approach includes: one, comprehensive evaluation of the 
types and configuration of data sources for accurate assessment of water resources; two, 
evaluation of the application of the modeling approaches to assess impacts of large quantity 
withdrawals; three, provide water conservation offset credit options to support innovative 
water management and avoid water use conflicts; and four, effective education and outreach 
to support the use of this approach and system for ultimate use across the entire Great Lakes 
Basin. Being data-rich from prior research and state water resource programs, Michigan 
became an ideal model for this approach and is well positioned to review and evaluate the 
data needs and modeling approaches of other states.   
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Fig.1. Locations of the weather files using in SWAT 
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Fig.2. Statewide land use/cover map 
 

 

 

 

 

 

 

 

 

 

 

 



Fig.3. Land cover map of Grand Rapids area. 
 

 

 

 

16 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.4. Stream arc in area 007 used for model calibration 
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Fig.5. Project team meeting, March 24, 2006 
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Fig.6. The single and the three-stage conceptual models 
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Fig.7. Process diagram-Assessment Tool for Ground Water Permitting 
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Fig. 8. GIS Mapping Interface 
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Fig. 9.       Example of the online interface for permit applicants to access ground water 
database, evaluate their impacts and review mitigation/offsets 
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