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Overall Project Outcome and Results 
 
Just as weather flows across the surface of the earth, so does climate—only much more slowly. 
Understanding the flow of climate is of particular importance in Minnesota because Minnesota 
encloses the junction of the three great ecosystems of North America—western prairie, northern 
needle-leaf forests, and eastern broad-leaf forests.  Conditions here are particularly sensitive to 
local changes, and therefore can also be indicators for the nation as a whole.   
 
We applied new methods for understanding this flow of climate, in terms of direction and speed, 
to actual historical Minnesota weather data. Utilizing established data on both average 
temperature and total precipitation, we found the lines along which precipitation and 
temperature do not change and where those lines intersect across Minnesota's landscape.  
Tracking the advancement of an intersection over time, artifacts of historic importance on 
climate are identifiable, such as the beginning and end of the dust bowl era.  For the present 
and future, the data show climate in recent years moving northward at a few miles per year.   
 
Results have two major implications, first, as a new confirmation of rate of climate shifts from 
projections based on global circulation models, and second, as a fine-scale mapping of climate 
migration in Minnesota.  In addition to the average migration, we found differences between 
longitudinal and lateral migration and differences within Minnesota’s ecoregions.  
 
This report outlines the significance of climate migration on habitat for trees, tree pests and 
diseases, and insects in Minnesota.  The project has spawned future research to apply the 
implications of climate flow, such as how it relates to degree days and other agricultural 
parameters for the bioenergy industry. 
 
A public product of this project is the Climate Tracker, found on the project website, 
http://www.cbs.umn.edu/climatetracker.  Climate Tracker allows citizens to follow the flow of 
climate at any point in Minnesota over the past century—where it has been and where it is 
going. 
 
 
 
 
 

http://www.forestry.umn.edu/people/facstaff/reich/�
http://www.cbs.umn.edu/climatetracker�


  

Project Results Use and Dissemination  
 
This was a two-year project. Its first year involved data assembly, algorithm validation, analysis, 
and preparation of preliminary maps and tables. In its second year, results were correlated with 
ecological, hydrological, physical, and social aspects. Included in the second year are a final 
report, public presentations, and web dissemination, which can be found at 
http://www.cbs.umn.edu/climatetracker.  This website is designed to be user-friendly, useful, 
and interesting to both scientists and the general public.  The interactive Climate Tracker 
application was developed as a novel way to dynamically view a century of data at a glance, 
while the brief video introduction presents information in a broader context and allows visitors to 
the website to meet some of the project researchers.    
  
 
Future publications in scientific journals are expected to result from this project. Impacts of 
shifting climate on crops important to Minnesota's economy are being explored through 
collaborations with the Department of Agronomy and Plant Genetics at the University of 
Minnesota. A collaboration with the University of Minnesota's Department of Forest Resources 
is considering the interaction of climate and tree growth, tree ranges, and tree pests. A methods 
paper is underway documenting the methodology used in this project and comparing the 
resulting climate velocities with those found using Global Circulation Models. 
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Environment and Natural Resources Trust Fund 2009 Work Program 
Final Report  

 
Date of Report:  October 31, 2011 
Final Report 
Date of Work Program Approval:  June 16, 2009 
Project Completion Date:  June 30, 2011 
 
I.   PROJECT TITLE:   Projecting Environmental Trajectories for Energy-Water-Habitat 

Planning 
 
Project Manager:  Peter Reich 
Affiliation: University of Minnesota  
Mailing Address:  200f Green Hall 
City / State / Zip: Saint Paul, MN 55018 
Telephone Number:   (612) 624-4270 
E-mail Address:   preich@umn.edu 
FAX Number:   (612) 624-4270 
Web Site Address:   http://www.forestry.umn.edu/people/facstaff/reich/ 
 
Location: Saint Paul 
 
Total Trust Fund Project Budget: Trust Fund Appropriation $  180,000 
 Minus Amount Spent:  $  174,039                      
 Equal Balance:   $  5,961*       
                 
* See budget notes at end of section IV. 
 
Legal Citation: M.L. 2009, Chp. 143, Sec. 2, Subd. 7b 
 
Appropriation Language:   
$180,000 is from the trust fund to the Board of Regents of the University of Minnesota to 
combine detailed climatic records of Minnesota with present and past ecosystem boundaries 
to forecast future fine-scale flow of climate across the state impacting human activities and 
natural resources. 
 
Amendment Approved [5/2/2011]: 
II. and III. FINAL PROJECT SUMMARY: 
 
Just as weather flows across the surface of the earth, so does climate—only much more 
slowly. Understanding the flow of climate is of particular importance in Minnesota because 
Minnesota encloses the junction of the three great ecosystems of North America—western 
prairie, northern needle-leaf forests, and eastern broad-leaf forests.  Conditions here are 
particularly sensitive to local changes, and therefore can also be indicators for the nation as a 
whole.   
 
We applied new methods for understanding this flow of climate, in terms of direction and 
speed, to actual historical Minnesota weather data. Utilizing established data on both average 
temperature and total precipitation, we found the lines along which precipitation and 
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temperature do not change and where those lines intersect across Minnesota's landscape. 
Tracking the advancement of an intersection over time, artifacts of historic importance on 
climate are identifiable, such as the beginning and end of the dust bowl era.  For the present 
and future, the data show climate in recent years moving northward at a few miles per year.   
 
Results have two major implications, first, as a new confirmation of rate of climate shifts from 
projections based on global circulation models, and second, as a fine-scale mapping of 
climate migration in Minnesota.  In addition to the average migration, we found differences 
between longitudinal versus lateral migration and within Minnesota’s ecoregions.  
 
This report discusses the significance of climate migration on habitats for species of trees, 
tree pests and diseases, and insects in Minnesota.  The project has spawned future research 
to look at the implications of climate flow on the burgeoning bioenergy industry, as it relates to 
growing degree days and other agricultural parameters.  Results obtained as part of this 
project are outlined here and are being developed in detail for peer-reviewed publication. 
 
A public product of this project is an engaging Climate Tracker tool, found on the project 
website, http://www.cbs.umn.edu/climatetracker.  Climate Tracker allows citizens to follow the 
flow of climate at any point in Minnesota over the past century.      
 
 
IV.  OUTLINE OF PROJECT RESULTS:   
 
Result 1:  Data and software assembly, computer runs.   
 
Description:  
 
We used the millions of observations that are combined in established databases of century-
long climatological records, available across Minnesota and the bordering regions. From this 
vast collection we constructed mathematical representations that abstracted the prevailing 
conditions, interpolating to any point on the ground and at any time within the range of the 
data.  We then used the mathematical representations to determine how regional conditions 
across Minnesota changed on a fine grid during the 20th century, and then made best 
estimates of how they are expected to change in the foreseeable future. We paid special 
attention to areas that could be sensitive to change, such as the historical prairie-forest 
border.  
 
Amendment Approved 5/2/2011: 
Summary Budget Information for Result 1: Trust Fund Budget: $ 86,054 
  Amount Spent: $ 86,054 
  Balance:  $          0 
 
 
Deliverable Completion 

Date 
Budget 

1. Data assembly, unification, database construction          11/30/2009             
 

$43,000 

2. Software adaptation and automation of pilot programs       1/30/2010 $27,000 
3. Computer runs and production of working maps and 
tables         

6/30/2010 $16,054 
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Result Completion Date: 06/30/2010 
 
 
Final Report Summary:  
 
Assembly of daily data 
 
The U.S. Historical Climatology Network (USHCN) is a group of 1219 stations, 33 in 
Minnesota, spread across the 48 contiguous states drawn from the U.S. Cooperative 
Observer Network. The USHCN was developed as a collaboration between NOAA's National 
Climatic Data Center (NCDC) and the Department of Energy's Carbon Dioxide Information 
Analysis Center (CDIAC). The stations produce an accurate and modern data set of daily 
values for maximum and minimum temperatures, precipitation, snowfall, and snow depth.  
Monthly values are available for maximum, minimum, and average temperature and total 
monthly precipitation. 

 

The project was designed at the outset using USHCN daily data, and arrays were created and 
formatted to organize the voluminous data for rapid retrieval. Careful data auditing showed, 
however, a tradeoff between minimum number of data-days and number of months that met 
minimum requirements (Figure 1).  In addition, the daily data contained no adjustments for 
biases resulting from historical changes in instrumentation and observing practices. Ongoing 
work at NCDC is now developing adjustments for daily maximum and minimum temperatures 
(Menne et al., 2011), and we look forward to a daily derived product in the future. 

 

The USHCN Version 2 serial monthly data release used in this study is the most recent 
update to the USHCN datasets. Version 2 data were produced using a new set of quality 
control and homogeneity assessment algorithms. Two papers (Menne and Williams, 2009 and 
Menne et al., 2009) provide an overall description of the adjustment methods as well as an 
assessment of the Version 2 maximum and minimum temperature trends. The USHCN V2 
website provides a brief summary of the processing steps at 
http://cdiac.ornl.gov/epubs/ndp/ushcn/monthly_doc.html. 
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Figure 1. Daily data presented a tradeoff between minimum number of data days required for 
analysis and number of months that meet that requirement.  

 

 

 
Figure 2. The amount of missing data as a function of time. Excessive missing data early in 
the record made fitting the daily data difficult. Monthly data did not have this problem. 

 

Assembly and automation of monthly data 
 
After acquiring data on total precipitation, maximum, minimum, and average temperature for 
all of Minnesota’s USHCN weather stations, they were audited and formatted for processing. 
The numerical surface-fitting algorithms of the pilot programs were automated to run without 
manual assistance. In addition, the data preparation algorithms were coded in a standard 
format that can be publicly distributed and they were adapted to the expanded conditions of 
the present project. 

 

Production of working maps and tables 
 
Trial computer runs and prototype maps were constructed for testing the data and the 
programs.  Software memory allocation and other technical methods used in the pilot program 
were streamlined to forms that are universally accessible. This is to facilitate distribution of the 
program and allow others to adapt the programs to new situations. Scaling of latitude and 
longitude and the generation of geographic Lambert Conical Orthographic projections were 
incorporated into the climate tracking component of the software.  

 

Feedback to climate agencies 
 
An incidental benefit of this project was feedback we were able to provide to the climate 
agencies and other groups who collect and maintain the climate data. Such feedback will 
reduce problems for other researchers and may considered part of the project's 
documentation and legacy. Feedback is detailed below. 
 
An inconsistency between the USHCNv2 Monthly Data's documentation and file names was 
identified. The inconsistency prevented reliable matching between USHCN climate stations 
and their data; the USHCN welcomed this feedback and corrected this problem. 
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The USHCNv2 Monthly Data's documentation concerning the calculation of annual means 
was found to be ambiguous; it was unclear whether annual means were calculated as a 
separate product or as the mean of a given year's monthly means. The USHCN has resolved 
this ambiguity in their documentation. 
 
A less important problem was the location information for the USHCN stations. The USHCN 
releases GPS coordinates for the stations in decimal degrees to three digits of accuracy and 
does not document the geodesic reference of the coordinates. Minnesota's climate station 
near the town of Ada, for instance, is located at 47.299N, 96.516W. At this level of accuracy, it 
is possible to locate the station to within 250-350 feet. Our results are robust against such 
small inaccuracies in siting, but this lack of precision could confound algorithms designed to 
automatically unbias station data. We provided this information to the USHCN for their 
consideration. 
  
Canada's Climate Services' National Climate Data and Information Archive provides Canadian 
Daily Climate Data (CDCD) in a compressed binary format along with a DOS program to 
extract the data. This program is not well-suited to mass analysis of climate data, requiring the 
individual extraction of each station's data. Upon request, Climate Services provided the 
format of the binary files. The file they provided had been written in 1993 and contained 
multiple errors and omissions which had gone uncorrected. The CDCD data is divided into 
climate regions, though no map of these is available in any public archive. Upon request, 
Climate Services provided a low-quality map and later a high-quality map to address this. An 
updated set of documentation including this map and resolving the errors and omissions in the 
original documentation has been produced. This was provided to Climate Services and they 
will add it to their formal documentation. The information will also be made publicly available 
on this project's website. 
 
Environment Canada, provides a set of monthly climate data for approximately 200 
temperature stations and 400 precipitation stations. The documentation for that dataset, the 
Adjusted and Homogenized Canadian Climate Data (AHCCD), does not specify the units for 
the data, which is broken up into many different files. In the case of precipitation data, this 
prevents automated processing of the data. In the case of temperature data, there is 
ambiguity that introduces uncertainty in processing. A request for clarification was made in 
late July 2011, and changes are expected to the AHCCD documentation as a result. 
 
The OpenLayers project, which we use in this project to display results interactively, is 
developing a JavaScript framework for dynamic display of GIS data on websites. Version 
2.11, Release Candidate 1 (2.11RC1) was used extensively in developing the analysis tools 
for the later stages of this project, along with the project's website. To reduce visual clutter, the 
climate stations are grouped by proximity when they are displayed on the map; however, it is 
sometimes necessary to break these groups apart. OpenLayers did not provide a way of 
doing this, so a module was developed as part of this project. It is being evaluated by the 
OpenLayers group for inclusion in Version 2.12 of their product. 
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Result 2:  Analysis, documentation, and publication. 
 
Description:  
Beginning concomitantly with Result 1, but emphasized after and following from the previous 
result, we used the working maps and tables to provide information relevant to, and as 
feasible evaluated, (1) delineation of areas having future potential for renewable bioenergy 
production, (2) ranges of locally threatened or endangered species, (3) the movement and 
velocity of climate near particularly vulnerable ecoregions, such as the prairie-forest border in 
Minnesota, (4) areas of increased dangers of fire and climate-related movement of pests and 
diseases of trees, both native and exotic, (5) artifacts of major historical shifts in climate in 
Minnesota.  
 
Amendment Approved: 5/2/2011: 
Summary Budget Information for Result 2: Trust Fund Budget   $ 93,946 
  Amount Spent: $ 87,985 
  Balance                       $   5,961* 
* See budget notes at end of section IV. 
                       
 
 
Deliverable Completion 

Date 
Budget 

1. Correlation with ecological, physical, and local 
conditions           

11/30/2010             
  

$42,000 

2. Web-based time-lapse video files of results across 
Minnesota       

1/30/2011 $11,000 

3. Analysis and reporting          6/30/2011 $40,946 
 
Result Completion Date: 06/30/2011 
 
Final Report Summary:  
 
Stages of analysis 
 
(1) Daily data were collected by the United States Historical Climate Network (USHCN) and 
processed into smoothed monthly data. This step was performed by the USHCN. However, 
when we were pursuing the use of daily data, we were required to perform such a step, so it is 
relevant here. 
 
(2) The monthly data was extracted from the USHCN files in which it was packaged. 
 
(3) A subset of stations, regions, and/or months was selected and 30-year averages, 
stabilities, growth rates, and other relevant properties were calculated. 
 
(4) Mathematical climatic surfaces were fit to these results. 
 
(5) A set of geographic relevant points on the intersection of the climate surfaces were 
chosen, mapped to the surfaces, then tracked over time. 
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(6) Properties of the movement of the points (velocity of a point's entire track, velocity of a 
portion of its track, indicators of goodness-of-fit) were calculated. 
 
(7) The surfaces and/or tracked points were overlaid on maps of the geopolitical terrain they 
traversed. 
 
Each of the above steps was distinct in its requirements and different tools were therefore 
developed for each, using a programming language suitable for each step. Details on the 
programs, languages, and alternatives for each step are documented below, as a record and 
as an aid for those who would adapt these methods to other regions of the world. 
 
(1) Generation of monthly data. USHCN daily data, initially hoped to provide valuable insights 
into discrete, extreme weather events proved untenable to work with for reasons stated earlier 
in this report. Programs and code for this step were developed by other parties in conjunction 
with the USHCN. Information on the USHCN generation of monthly data is available on the 
USHCNv2 Monthly Data website. 
 
(2) Unpacking of monthly data. Throughout the project, the code for this process was written 
in the programming language C or C++. C compiles to computer code which, appropriately 
written, is extremely fast and efficient. It also allows excellent management of computer 
memory. Both of these properties were important, given that the USHCN daily data consumes 
1.6GB and that intermediate processing steps require an additional 2-3GB of main memory 
(RAM). While we ultimately did not employ the daily data, we do not rule out its use in future 
projects we or others conduct. C is a widely-used and well-understood language. Therefore, 
when we began work with the monthly data, code was again developed in C. Code to unpack 
Canada's daily climate data was also developed. This code base is accessible from other 
programs via function calls and represents a unified module for accessing the climate data of 
the majority of North America's land mass. The source code is available on this project’s 
website. 
 
(3) Calculation of averages. The code developed for this step was small, specific to the 
processing needs of this project, and therefore has a lower probability of reuse. Nonetheless, 
it is also available on the website. 
 
(4), (5) Fitting of Surfaces/Tracking of Points. Commonalities in these two steps allowed the 
same language for both and many functions could be shared. The prototype code was 
developing using William Waite's Stage2 general purpose macro processor to produce 
Mathematica analysis scripts, the results of which were again passed through Stage2 to 
develop output suitable for mapping. This required some manual intervention and human 
judgment. The actual code for surface fitting and intersections was prototyped in Matlab and 
programmed in Python for speed and generality. The Stage2 pre- and post-processing steps 
were folded in Step 3 (calculation of averages) and the manual steps were automated to 
remove the need for human intervention. 
 
(6) Calculation of track properties. The track was represented by a series of GPS locations, 
one per year. Great circle distances between each sequential pair of points in the track were 
calculated in Javascript (see below) to reduce communication times. From these, the overall 
velocity and directional components of velocities of any subset of the track were calculated. 
 
(7) Map overlay. Finally, we instituted procedures to make the map overlay step as intuitive, 
useful, accessible, and powerful as feasible, and available by web access. For those wishing 
to adapt our work to other applications, the technical details are as follows: A client-side 
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AJAX/Javascript/OpenLayers web application was developed to run with a 
Unix/Apache/PHP/SQL server stack. On the client-side, the web interface uses the open-
source OpenLayers framework to display geopolitical maps of the areas of interest. We 
supplied the USHCN station information and the locations of all the stations. Specific 
instances of these were selected and climate surfaces fit (see above) to the selected stations 
using BASH scripts to run steps 2-4. The researcher may then select any point on the map, 
thereby initiating another AJAX request to launch a BASH script which runs step 5.The server 
returns the GPS points of the track. Step 6 is then performed on the client side using 
Javascript and the OpenLayers framework. Finally, the tracks were displayed using the 
Openlayers framework and made interactive through Javascript controls on the page. The 
resulting graphical interface allowed researchers full access to the analysis products of this 
project while being simple enough for anyone to use. 
 
Artifacts of a moving climate 
 
Parameters were expanded to explore other relevant aspects of a moving climate within 
participants’ areas of expertise, such as forestry, forest pests, agriculture, wildlife, and 
biomass energy production, especially along ecosystem intersections.  Participants targeted 
perceptible artifacts of climate change trends in related fields, such as the historical velocity of 
climate movement.  
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Figure 3A-F. Climate tracks for eight Minnesota cities.  
 
A) Continuous, reliable weather station data, including monthly precipitation and temperature 
averages, began in Minnesota shortly after 1900 and is now curated by the USHCN.  In this 
figure 30-year climate averages are tracked, originating from eight Minnesota cities 
representing some of the diverse environments throughout the state. A lateral movement is a 
change in precipitation (i.e. an eastern movement indicates dry, prairie rainfall patterns 
moving into a forest environment), and a north or southward movement indicates climatic 
temperature changes, where northward movement is warming and southward is cooling. 
 
B)  For four decades, from 1900 to 1939, the climate in all eight cities marched to the east at 
an average rate of 4-5 miles per year.  The five southern cities had a small northward 
component.  For example, Fairmont was moving northward at 1.30 miles per year during this 
period. The three northern cities had a southward component to their trajectories or tracks, 
averaging between 0.5 and 1.21 miles per year.  Interestingly, the eastern extent of all eight 
climate tracks was reached in synchrony in 1939. In 1940, the tracks double back on 
themselves, indicating higher precipitation.  The Dust Bowl in Minnesota lasted from 1933 
through 1940 (Albertson and Weaver, 1944), then ended abruptly when precipitation resumed.  
These eight climate tracks clearly mirror the progress and sudden end to the climatic dust 
bowl conditions.  
 
C.) The next decade, from 1940-1950, the climate of southern Minnesota tended to “hover” 
close to the eastern extent of its track, but in northern Minnesota the climate had already 
begun its retreat westward. In fact, by 1950 the Thief River Falls climate track had already 
achieved the entire western movement that it would regain immediately following dust bowl 
conditions. This suggests that northern Minnesota experienced climatic relief from the Dust 
Bowl earlier and more steadily than southern Minnesota. 
 
D.) Two decades later, by 1970, the westward-retreating climate in southern Minnesota had 
caught up with the western movement of northern Minnesota. In terms of precipitation, most 
climate tracks ended near their original pre-1930s location.  However, the temperature 
component had shifted somewhat northward. From 1900-1970, the northward velocity for all 
cities was between 0.5 and 1 miles per year. 
  
E) A second period of climatic “hovering” with relative stability was 1970 to 1985.  This is 
visible on the eight cities’ tracks by the tight “knots” where the climate had little net movement 
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in any direction. An isolated, short-term burst from northwest to northeastward around 1988 
corresponds to a damaging drought suffered in Minnesota and across the Midwest that year.  
 
F.) In 2010, the climate tracks were heading almost due north. The east and west components 
were negligible, except for the tracks originating in Thief River Falls moving 1.3 miles per year 
eastward, and Brainerd, which abruptly added a 3.18 miles per year eastward component in 
2009. The reason for this is not yet clear.  
 
Notes: 1.) These tracks can be recreated on the website by loading all 33 Minnesota stations along with 
stations near MN borders, for a total of approximately 66 stations. See 
www.cbs.umn.edu/climatetracker for detailed instructions. 2.) The track originating in Rochester (light 
green) is included to illustrate results of choosing an area near the edge of the selected stations. To 
create a good fit, choose stations that are evenly distributed around the area of interest, including 
stations in neighboring states and Canada. 
 

 
 

Figure 4a. Northward components of climate trajectory for eight MN cities are plotted for the 
time ranges indicated. The cities, mapped in Figure 3A, decrease in range of trajectories, and 
increase in overall speed over time. 

     



Projecting Environmental Trajectories for Energy-Water-Habitat Planning 
 

11 
 

 
 

Figure 4b. Northward components of climate trajectory for eight MN cities are plotted for the 
time ranges indicated. Tracks that were initially moving southward (Thief River Falls, Brainerd, 
and Detroit Lakes) were decidedly moving northward by the 2000-2010 period. 

 
 
Loarie et al. (2009) calculated climate velocity---the rate at which a given climate would move 
across the landscape annually during the present century---under a business-as-usual 
greenhouse gas emission scenario (IPCC A1B). Although the global mean velocity was 
projected to be 0.26 miles per year (0.42 km/yr), faster velocities of 0.6-4.0 miles per year 
were projected in flat areas of continental interiors such as Minnesota. Galatowitsch et al. 
(2009) estimated climate migration rates of 3.0-3.9 miles per year from SSW to NNE for each 
of eight ecoregions of Minnesota between 1970-1999 (midpoint, 1985) and 2060-2069 
(midpoint, 2065). These indirect estimates for velocity of climate migration through the middle 
to late 21st century are in accord with the observed rates of northward climate migration in 
recent years from this project, of approximately 3 miles per year.  Thus, this project provides 
independent confirmation of conclusions based on more abstract global circulation models. 
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Figure 5: The general form of observations of biome boundaries. Environmental 
variables, such as precipitation and temperature, vary smoothly over distance, but 
vegetation, such as percent tree cover, shows a much sharper transition 

 
Other authors (e.g. Danz, 2011; Fagan et al., 2003) have observed sharp changes in 
vegetation across smooth transitions in climate variables. An example of such observations is 
depicted in Figure 5. If we combine this observable fact about the world with the mathematics 
of the Climate Tracker, an interesting result emerges. The slope of a climate surface along a 
climate track is given in units such as “degrees per meter per year” or “inches of rainfall per 
meter per year.” Since climate track segments are each a year long, each segment is 
associated with a value in “degrees per meter” or “inches of rainfall per meter.” Multiplying the 
reciprocal of this figure (“meters per degree”, “meters per inches of rainfall”) by the derivative 
of the vegetation function (“% vegetation per meter”) gives an output in “% vegetation per 
degree” or “% vegetation per inch of rainfall.” 
 

 
Figure 6. Williams et al. (2009) used fossilized pollen to determine the position of the 
prairie forest border for the last 11,000 years. This excerpt of their figure shows the 
boundary’s mobility over time. 
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Figure 7.  A schematic illustrating how a slight westward climate movement followed by 
northern movement can actually move the initial prairie forest border (solid line) 
eastward (dotted line).    

 
Qualitatively, vegetation changes across space are steepest at boundaries, so the effects of 
fluctuations in climate will manifest themselves strongest and foremost there. In the past, 
boundaries occurred predominantly at the edges of ecosystems, but, since the effects are 
general, strong climate forcing should occur at any boundary. As Minnesota’s landscape has 
become fragmented in the past century, this forcing applies to much of the state. On a large 
scale, the present trend in Minnesota is to push the prairie-forest boundary slightly to the west 
as the state’s climate tracks move west, and to push its southern boundary strongly to the 
north in accordance with the trends in the climate tracks. However, because the prairie-forest 
border slants northwest to southeast, the net effect is that the border is moving to the east 
(Fig. 7).  
 
Implications for state and national parks and other protected places 
 
Minnesota's climate is moving northward at approximately several miles per year. Many 
individual species, especially plants, migrate much more slowly. However, invasive pests 
move faster. A worst case scenario for a species is that climate will shift its habitat faster than 
it can keep up while simultaneously introducing large numbers of predators. Sandel et al. 
(2011) state that “low-velocity areas are essential refuges for Earth’s many small-ranged 
species.” We consider possible outcomes for selected species below, but, for now, take a 
more general view. 
 
Changing climatic parameters alone are rarely responsible for a species’s extinction; rather, it 
is the impact of these changes on a species’s environment. 
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Figure 8. Climate tracks overlaid on federal lands in Minnesota and surrounding states 
 

Overlaying climate tracks on federal lands in Minnesota and its surrounding states shows that 
residence times for a particular climate point within any given parcel of protected land are 
brief. None of the presently protected lands in effected areas of Minnesota would have been 
sufficiently large to contain the precipitation variation of the Dust Bowl. Fortunately, this 
fluctuation was not long lived. No single parcel of protected land has proven large enough to 
contain recent variations. 
 

 
Figure 9. Generalized past and future climate paths in Minnesota 

 
However, the serendipitous alignment of some protected lands, such as Paul Bunyan State 
Forest, Itasca State Park, the Red Lake region, and protected areas in Canada by the 
Northwest Angle form a “conservation parkway” along which climate pressures may push 
ecosystems. The Superior National Forest, Boundary Waters Canoe area, and Quetico 
Provincial Park form another such parkway. Other protected lands, such as the Dakota 
Tallgrass Prairie do not lie in such parkways and do not have other safe refuges to relocate to. 
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While individual species with low tolerance for climate change may conceivable be identified 
and transported to or replanted in new locations, this introduces them to new and subtly 
different environments with unknown ramifications. Ensuring clear paths for ecosystem 
movement helps maintain existing interspecial relations and may provide the most cost-
effective method for preserving large numbers of species in the face of change. 
 
Existing protected lands under state and federal schemes have served as a foundation for 
previous conservation efforts, yet they were not designed to conserve against all possible 
pressures. While our protected areas are fixed in space, the climates which give rise to the 
forests, grasslands, and species being protected are mobile.  
 
Idle agricultural lands, patch forests, and marginal wetlands can all play roles as intermediate 
locations for ecosystems transitioning from one protected area to another. In other locations, 
they may be the only locations to which an ecosystem can move. 
 
Species disperse at different rates and some may require special attention, others are of 
special interest. These are discussed below. 

 
Implications for species movement 
 
Climate velocities of several miles per year are considerably faster than rates of tree migration 
during the deglaciation of North America, which ranged from 0.06-0.25 miles per year for a 
variety of tree species (Davis 1981). Although some species that are capable of more rapid 
migration, such as aspen, were not mapped by Davis (1981), many species common to 
Minnesota today, such as jack, red and white pine, spruce, fir, oak, hickory and maple were 
analyzed by Davis (1981) and fall within the range above, and are unlikely to be able to 
migrate fast enough on their own to keep up with their optimum climate. 
 
On the other hand, pests and diseases of trees, both native and exotic, can spread at least as 
fast as the climate. Dutch elm disease, chestnut blight, butternut canker, emerald ash borer, 
balsam woolly adelgid and hemlock woolly adelgid, for example, have moved much longer 
distances, having covered 300-1000 miles or more in one to several decades. Rates of spread 
of 12-20 miles per year occur for exotic fungal diseases such as Dutch elm disease and 
chestnut blight (Evans and Finkral 2010).  Athough rates of spread for insect pests of trees 
are somewhat slower (5-8 miles per year for adelgids and emerald ash borer), many insects 
actually move substantially faster than that due to long-distance jumps caused by human 
movement of infested wood or nursery stock (Evans and Gregoire 2007, Liebhold and Tobin 
2008).   
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Figure 10. The climate track for Nerstrand-Big Woods State Park is shown from 1900-2010, 
with the years 1980-2010 indicated in black.  This state park contains some of the only 
remaining native wildflower, Minnesota dwarf trout lily.  

 
Dwarf trout lily 
 

The Minnesota dwarf trout Lily (Erythronium propullans) is a federally 
endangered wildflower found nowhere else on earth other than maple-
basswood forests in three counties in southeastern Minnesota (Rice, 
Goodhue, and Steele Counties; Sather 1990).  The Minnesota dwarf 
trout lily may face the same problem as other rare native species with 
small isolated populations: namely that in a rapidly changing climate, it 
could be impossible for the species to migrate across a fragmented 
landscape at a rate necessary to keep up with its preferred climate. 
Climate Tracker shows that the climate of Nerstrand Bigwoods State 
Park, one of the locations where Minnesota dwarf trout lily grows, is 
moving north at an average of 2.70 miles per year between 1980 and 
2010 (Fig. 10).  This is faster than most native wildflowers can migrate 
(Cain et al., 1998), making the Minnesota dwarf trout lily a potential 

flagship species for how climate change will impact a large number of other rare native plants 
growing in fragmented habitats.   
 
Canada Lynx 
 
The Canada lynx is a large cat that is dependent on northern forests, including conifer forests, 
and young mixed birch, aspen and conifer forests and shrublands. In addition, deep snow 
cover for several months each year is necessary to support its principal prey species, 
snowshoe hare (McCann and Moen 2011). Northeastern Minnesota contains one of five 
critical habitat units in the 48 states for Canada lynx, which is federally listed as threatened in 
the contiguous U.S.  (http://www.fws.gov/mountain-prairie/species/mammals/lynx/). The 
historic range of the Minnesota lynx includes the northern tier of counties, therefore the 
species could move out of the state within several decades if the climate continues migrating 
north for the last 30 years, as Climate Tracker has demonstrated.   
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Western Prairie fringed orchid 
 
Western prairie fringed orchid (Platanthera praeclara) is a federally 
threatened plant that grows in medium to wet prairies and meadows 
(http://www.fws.gov/midwest/ endangered/plants/prairief.html). The 
species is threatened because of conversion of most prairies to 
farmland throughout its range. This is one species that may benefit 
from an eastward movement of the prairie-forest border in Minnesota, 
as Climate Tracker shows occurred during the mid 1900s, and may 
occur in the future. This is because large areas of public wildland that 
are unlikely to be converted to agriculture, and which may convert 
from forest to grassland with a changing climate, exist just to the east 
of its current range in northwestern Minnesota. 
 
Mesophication of oak forests (SE, E and central MN)  
 
A phenomenon known to foresters as ‘Mesophication’ has occurred from the 1950s through 
the 1990s in Minnesota and elsewhere across the lake states and northeastern U.S., during 
which the maples have steadily invaded oak forests. Oaks (e.g. northern red oak and white 
oak in Minnesota) grow best on well drained sandy soils, but may invade silty (i.e. mesic) soils 
during periods of dry climate, whereas maples (e.g. sugar maple and red maple) grow best on 
silty soils but may invade oak forests on sandier soils during periods of wet climate. Although 
consumption of oak seedlings by deer have helped maple, as has a lack of fire, a wetter 
summer climate likely underlies this maple expansion (McEwan et al., 2011), and this is 
shown by the westward expansion of climate in Minnesota in Climate Tracker during the mid 
1900s (Fig. 3D).  
 
Forest to grassland transitions 
 
The northward and eastward track of climate in Minnesota in recent years, if it continues as 
expected, will present standing forests with environments typical of prairies. Forests can 
survive in such environments, but events such as wildfire or insect invasions can induce 
damage from which forests will have difficulty regenerating. Therefore, some places in 
Minnesota that are presently wooded can be expected to give way to more open grasslands. 
 
A transition from forest to grassland ecology has multiple implications for the people of 
Minnesota, and for tourists visiting Minnesota, both positive and negative. For example, forest-
based economies can adapt economically by harvesting grasslands rather than woodlands for 
bioenergy. Ongoing research sponsored by the Environment and Natural Resources Trust 
Fund and other sources has indicated harvesting to be an alternative that can encourage 
wildlife diversity and a sustainable ecosystem (Jungers et al., 2010). This research, on 
established prairie in the north-west, west-central and south-west regions of 
Minnesota, is also examining the economic, nutrient, and yield potentials for perennial grass 
biofuels, and the present project thus has relevance to that. 
 
Prairie-forest border 
 
In Minnesota, the prairie-forest border extends from the northwest along a curved path toward 
the southeast. Along the way is the triple point, where conditions conducive to northern 
needle-leaf trees give way to broad-leaf trees. This border has been characteristic of 
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Minnesota for thousands of years. But what is happening to it now, and what may happen in 
the foreseeable future? 
 
The climate track over recent decades has a northward component and a slight lateral 
component. The westward component represents the wetter climate of eastern Minnesota 
moving slowly west, and the northward component represents warmer climate of southern 
Minnesota moving slowly north. 
 
The slight lateral component is more pronounced in southern Minnesota and barely 
perceptible in the north (see Fig. 3). This means that the climatic conditions of the prairie-
forest border are moving north and at the same time rotating to the east. In other words, the 
prairie-forest border is shifting to become more north-south than it has been. If these trends 
continue, northern parts of Minnesota will be more susceptible to changes than the south. This 
is notable since the north is favored for weekend retreats by Minnesota residents and out of 
state tourists alike. Fortunately, the northeast triangle, with its canoe-country lakes and forest, 
will be the latest to be affected, affording the most time for amelioration of global conditions 
that might be influencing environmental trajectories. 
 
Overall location of the boundary between the original grasslands and forests in Minnesota was 
determined by climate, especially the balance between rainfall and evaporation and use of 
water by the vegetation—when this balance is positive (more rain than evaporation), forest is 
favored, and when it is negative, grassland is favored. Other factors such as sandiness of the 
soil, nearness to water bodies and topography fine tune the location of the prairie-forest 
border, creating the small twists and turns that occur at the township level (Danz et al., 2011).  
Climate Tracker shows that the climate favoring prairies moved east during the early 1900s, 
but then receded west during the mid 1900s (Fig. 3). 
 
Implications for agriculture 
 
The Climate Tracker suggests possible trends, so there is much future potential for 
collaborations with agriculture. Long term agricultural records of crops and yields by the USDA 
in many case are far more complete and accurate than records of non-commercial natural 
ecosystems. Therefore, agricultural archives form a good basis for comparisons with Climate 
Tracker models.  
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Figure 11. Growing-degree day tracks in Minnesota, with precipitation as 
the second climate variable 

 
Growing-degree days are a widely used metric of an area’s potential agricultural productivity. 
Days with an average temperature below 50°F are said to have no growing-degrees. At 51°F, 
one growing-degree is accumulated; at 52°F, two growing-degrees are accumulated. At 86°F 
this trend stops and no more growing-degrees are gained for higher temperatures. Put 
another way, there is a temperature below which a given plant will not grow appreciably, and a 
temperature above which it will not grow any faster. 
 
Substituting growing-degree days for temperature in the Climate Tracker yields an interesting 
result. Though temperatures in the state continue to rise, and climate tracks continue to move 
northward, growing-degree tracks in the north part of the state stalled in 1966 and have 
hovered since then. The south part of the state has seen continued movement, but larger as a 
result of changes in precipitation. Though the northern part of the state continues to warm, 
and to do so more quickly than the south of the state, the effects of fluctuating climate will be 
felt most strongly in the state’s southwest. 
 
Implications for bioenergy 
 
 

 

 
Figure 12. Grassland bioenergy potential now (left) and if growing conditions shift 60 miles northward 
(right). The broad bioenergy hotspot presently south of Fergus Falls remains within Minnesota, but the 
one presently near Thief River Falls moves largely out of the state. An area in the south-central that is 
not ideal for grassland bioenergy expands and moves north. The hotspot appearing in the Arrowhead 
Region is partly an artifact of the processing, to be refined as the paper describing these results is 
completed. Results are obtained, for each point of the landscape, from USDA databases, by (1) 
calculating the number of acres of former cropland in the neighborhood of each point that could be 
applied to grassland bioenergy, (2) multiplying by the yield per acre of production grasslands nearby 
(left) and 60 miles to the south (right, representing climate velocity of 3 miles per year for 20 years), (3) 
summing available energy production within a 50-mile radius of each point. 
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Implications for infrastructure 

        
Figure 13. Climate tracks for cooling-degree days are depicted on the left while 
climate tracks for heating-degree days are depicted on the right. 

 
While a full analysis of the impacts of climate on infrastructure was not part of the scope of 
this project, we include a partial analysis here. If only yearly average temperatures are 
considered, the Dust Bowl cannot be said to have had a large effect on the state’s 
temperatures. Cooling- and heating-degree days tells another story. 
 
Cooling-degree days are the difference between the average daily temperature and 65°F, 
neglecting those days cooler than 65°F. They accumulate over a year. Similarly, heating-
degree days are the difference between 65°F and the average daily temperature, neglecting 
those days warmer than 65°F. Put another way, cooling-degree days can be thought of often 
and how strongly one’s air-conditioning must be turned on, whereas heating-degree days 
represent how often and how strongly one’s home heating must be turned on. 
 
During the Dust Bowl, the need of both heating and cooling increased, which indicates years 
having both more days which are warm and more days which are cooler, or, overall, more 
days which are farther from being 65°F. As the Dust Bowl’s eastward excursion ended in 
1940, heating-degree days leveled off throughout most of the state. Heating infrastructure 
needs, then, have remained largely constant for the past seventy years. 
 
Cooling-degree days are different, where cooling needs have remained essentially unchanged 
in southern Minnesota for the past seventy years, while northern Minnesota, and especially 
northeastern Minnesota, has an increased need for cooling. 
 
Despite these trends, the impact of heating- and cooling-degree day fluctuations over time is 
not as easily assessed. Changing building codes, better forms of insulation, the introduction of 
central air, and double-paned windows have all played a part in determining the social and 
economic impacts of these changes. While projecting future infrastructure needs is outside the 
scope of this project, it is an example of how Climate Tracker may be useful outside of the 
biosciences. 
 
Reporting to the public and scientific community 
 
A project website presents the final products of the project to the public (see Appendix A). All 
data sources are listed and explained. All of the code and tools developed for the project are 
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being made available for public download and analysis. Project contributors and biographies 
are listed. Funding sources are credited for their contributions. As publications resulting from 
the project become available, they will be added to the site and explained in accessible terms. 
The project's methodology is explained pictorially on the website, with examples drawn from 
actual Minnesota data. Appendix B contains this information, intended as an easy-to-
understand explanation of the methods used in this project. 
 
The site also includes access to the application developed during the project to facilitate 
extraction of climate data. Website visitors are able to select regions they find relevant and 
ask, for any point, where its climate conditions have been and are going. It provides citizen 
access to the data, devices, and developments of this project, making the information 
available to all. 
   
In addition to the website, the project has been described in presentations by investigators 
and participating students, including:  
 

● Clarence Lehman, University of Minnesota Open House. Environmental issues booth, 
25,000 people in attendance. October 4, 2009.  

● Clarence Lehman, Fertile, MN. October 22, 2009.  
● Clarence Lehman, Glacier Lake State Park, MN. October 29, 2009.  
● Clarence Lehman, Talcot Lake Wildlife Management Area, MN. November 19, 2009.  
● Esther Widiasih, The Comparison of Different Projections for Environmental 

Trajectories Global Circulation Models vs. Surface Fitting Models. Mathematics of 
Climate Change Seminar. May 5, 2010.  

● Clarence Lehman, keynote presentation at Tallgrass Prairie for Biofuel Conference, 
Guelph University, Ridgetown, Canada. May 25, 2010.  

● Clarence Lehman, CIG Wildlife and Biofuels Demo. October 19, 2010.  
● Richard Barnes, University of Minnesota Student Sustainability Symposium. October 

28, 2011. 
 
 
 
Anticipated publications 
 
This project has uncovered new principles that deserve publication in the general literature of 
environmental science. Future papers are anticipated to cover (1) the methods developed to 
obtain the results described in this report, for those who want to extend these results to other 
areas of the globe. (2) Comparison of rates and directions of change between the new 
methods applied here and the projections from existing, more complex global circulation 
models. (3) Comparison of trajectories and speeds among climate, Minnesota’s flora, and 
disruptive elements such as insect pests, pathogens, and fire. (4) Similarities and contrasts 
with conclusions from the USDA Forest Service Climate Change Tree Atlas. (5) Projections of 
agricultural concerns, including prospects for locations of 90 versus 100-day corn. 
 
Budget notes 
 
The project was completed under budget, since one anticipated item was not necessary and 
two were funded from other sources. In particular: (1) Special papers and inks for preparing 
maps and other results were not needed, since web development resources have  advanced 
enough over three years that maps can be produced interactively for specific purposes, for 
$861.00 saved. (2) For in-state travel, dissemination to the public was able to be funded 
through a federal USDA Conservation Innovation Grant, as described above, and travel to 
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understand the weather data was able to be accomplished by electronic communication, for 
$1600.00 saved. (3) Some funds that we expected to apply to a project video to make the 
results more accessible to citizens had to be done concurrently with the preparation of this 
report, hence after the project funding period. That video, available on the project website, 
was funded by the University of Minnesota, for $3500.00 saved. A total of $5961.00 is being 
returned to the state.  
 
 
Concluding remarks 
 
Projecting the climate tracks shows Minnesota's future as it might be, not as it shall be. Some 
changes are happening now and other short-term changes are probably unavoidable. But if 
the recent rate of the climate track continues at a few miles per year northward, it will take 
most of a century for all of Minnesota to have the climate of a prairie state, unconducive to 
northern forests. A century is only a single human lifetime, but it is a vast span in the course of 
modern civilization. There is still time to implement known methods of environmental 
improvement (e.g. Pacala and Socolow, 2004), enough of which will help restore equitable 
conditions of the past, and there is nearly a century of future innovations that could arise. We 
hope that studies such as ours will help clarify the environmental changes that may occur, and 
encourage new environmental efforts by showing that we may still have enough time to halt 
some of the possibly detrimental effects. 
 
Project goal summary 
 
In a multi-year, multi-faceted project like this, the basic goals and research questions can be 
lost in the discussion.  To summarize the status of the project objectives, here are the 
proposed, completed, discontinued, and exceeded aspects, followed by future outgrowths of 
the project. 
 
1. What we proposed to do, per the deliverables: 
 
▪ Assemble data in suitable format; construct a database 
▪ Adaptation and automation of pilot programs 
▪ Develop computer runs and production of working maps and tables 
▪ Correlation with ecological, physical, and local conditions 
▪ Develop web-based time-lapse video files of results across MN 
▪ Analysis and reporting, including: 
   ▪ Delineation of areas having future potential for renewable bioenergy production,  
   ▪ Ranges of locally threatened or endangered species,  
   ▪ The movement and velocity of climate near particularly vulnerable ecoregions, such as the 
prairie-forest border in Minnesota,  
   ▪ Areas of increased dangers of fire and climate-related movement of pests and diseases of 
trees, both native and exotic,  
   ▪ Artifacts of major historical shifts in climate in Minnesota.  
 
 
2. What, of that, we did: 
 
▪ Assemble data in suitable format; construct a database 
 Completed as of final report; see “Assembly of daily data.” 
 
▪ Adaptation and automation of pilot programs 
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 Completed as of final report; see “Production of working maps and tables.” 
 
▪ Develop computer runs and production of working maps and tables 
 Please see number 3, below, as work went beyond what was proposed. 
 
▪ Correlation with ecological, physical, and local conditions: 

Correlation with local conditions was enhanced once Climate Tracker matured to allow 
backwards tracking.  Now, it’s possible to easily see what area was experiencing a set 
of known climate conditions one to one hundred years ago. Correlation with ecological 
conditions is addressed in sections “Implications for species movements,” “Implications 
for bioenergy,” and “Implications for agriculture.”  Correlation with physical conditions 
is most obvious during the Dust Bowl years, and in less dramatic fashions, the 
droughts Minnesota suffered in 1977 and 1988. 
 

▪ Delineation of areas having future potential for renewable bioenergy production,  
An example of delineation of bioenergy potential production areas is shown in Figure 
12. This is based on analysis of USDA productivity and land availability.  The methods 
used to create that figure are being expanded to other bioenergy and other agricultural 
aspects, such as corn and other commodity crops. Please see point 5, below for 
discussion of the future pursuits on this topic. 

 
▪  Ranges of locally threatened or endangered species,  

The impact of climate velocity on Minnesota native and invasive species is discussed 
generally, along with several examples of specific species of interest in Minnesota; 
please see “Implications for species movement.” 

 
▪  The movement and velocity of climate near particularly vulnerable ecoregions, such as  the 
prairie-forest border in Minnesota,  

The final report addresses the vulnerability of the prairie-forest border. This addendum 
expands on this discussion by addressing the general mathematics of borders, which 
have implications for landscape fragmentation, and by discussing how climate tracks 
interact with protected lands; please see “Implications for state and national parks and 
other protected places” 

 
▪ Artifacts of major historical shifts in climate in Minnesota.  

The Dust Bowl years of 1933-1940 are the clearest artifacts of historical and historic 
climate identified by the Climate Tracker. Please see maps in Figure 3 - or use Climate 
Tracker to create new maps -  which breaks down portions of the climate tracks for 
eight Minnesotan cities. In the discussion, shifts in climate are pointed out as they are 
encountered. Additionally, the Dust Bowl is depicted within the context of growing-
degree days, an agriculturally-relevant metric of productivity. 

 
▪ Develop web-based time-lapse video files of results across MN 
  Please see number 3, as work went beyond what was proposed. 
 
3. What we did beyond what we proposed 
 
▪ Develop computer runs and production of working maps and tables, and 
▪ Develop web-based time-lapse video files of results across MN 

The Climate Tracker application was initially intended to be a tool built for the sole use 
of the researchers on this project.  However, the results were visually enlightening, so 
special effort was invested in making the Climate Tracker appropriate for public 
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evaluation and use.  The result is an accessible website, which includes project 
background information, an approachable description of the methods employed, and 
instructions on how to use the application. Since climate change is a much-discussed 
topic, efforts were made to remain transparent and open about who conducted the 
project. To this end, a short video was sponsored, produced, and distributed at the 
College of Biological Sciences to introduce two of the U of M contributors.  A short 
professional background of all contributors on the project can be found on the website 
as well. 

 
Improving on the idea of pre-selecting and pre-recording time-lapse videos, Climate 
Tracker users can select locations and time frames of interest, then watch an 
animation of the moving climate.  This has much greater interactive utility than a 
video. 
 
An expanded feature of Climate Tracker is warming and cooling degree days.  By 
changing an internal algorithm, Climate Tracker is able to track their movements, 
which have implications outside of the biosciences.  With further future funding, this 
feature and others could be integrated with the current climate tracks. 

 
4.  What we did not do of what was proposed 
 

As discussed under “Assembly of daily data,” the proposed idea of using daily weather 
data was infeasible, due to unexpectedly missing data and related problems of 
continuity and completeness. We successfully bypassed the problems by substituting  
monthly data, but at the cost of resolution in the projections and at the cost of time for 
other aspects of the project in Result 2.   

 
▪ Areas of increased dangers of fire and climate-related movement of pests and diseases of 
trees, both native and exotic 

We did not address fire and pests, and will not be pursuing this further for the current 
report.  Some analyses, such as emerald ash borer temperature tolerance, require 
data with more resolution, such as daily data. As previously discussed, we look 
forward to pursuing such topics using the methods we have developed, as daily data 
improves.  

 
5.  What we are doing in the future as outgrowth of this project 
 
▪  Delineation of areas having future potential for renewable bioenergy production 

Regular developments have been made to the Climate Tracker website to increase 
utility and approachability.  Recently, a choice of background map was added so the 
user could correlate climate trajectories with roads, rivers and lakes, or federal lands.  
Seasonal climate tracks showing the different behaviors of summer and winter 
temperature and precipitation over time may be added in the future. Another 
contribution is a means of depicting tracks based on growing-degree days. 
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V.  Total Trust Fund Project Budget:   
 
Personnel:  $174,039 represents the sum total of salary and benefits to project investigators 
including: C Lehman who provided software expertise to carry out the computer computations, 
data processing, and geographic mapping, and worked with the technical and student 
assistants;  E. Widiasih, S. Williams, R. Barnes, students involved in implementing the 
underlying mathematics for the climate projections, performing simulation, developing the 
website, map and report preparation; P Reich who managed the project, interacted with all 
participants in developing goals, interpreting data, and writing reports; L Frelich who 
contributed to the evaluation of plant community responses to climate velocity projections. 
  

Contracts:  $ none 
 

Equipment/Tools/Supplies:  $ none 
No supplies, such as specialized inks and papers for mapping, were necessary. Mapped 
results are published online, which facilitates better animations, updates, and interactivity, 
along with broader availability to Minnesotans. To support development of the website, maps, 
and animations, an amendment on 5/2/2011 allowed Result 1 equipment allowances to be 
transferred into Result 2 personnel costs. 
 

Acquisition, including easements: $ none 
 
Travel:  $ none  
No visits to climatological stations were necessary for data retrieval or interpretation.  Reviews 
with local climatologists, ecologists, and other experts were easily facilitated via phone and 
email, leaving anticipated travel funds unneeded.  Several in-state presentations were given 
on this and complementary climate change projects, with travel expenses covered by other 
funding sources, including a USDA Conservation Innovation Grant that was targeted for public 
presentation of environmental issues. 
 
  

Other:  $ none 
 
TOTAL TRUST FUND PROJECT BUDGET: $ 180,000 
 
Explanation of Capital Expenditures Greater Than $3,500:  No capital expenditure 
greater than $3,500 was necessary. 
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VI.   PROJECT STRATEGY:  

A. Project Partners:    
Peter Reich was project manager. In addition: (1) Clarence Lehman (Ecology) provided 
software expertise to carry out the computer processing, and worked with graduate assistants. 
(2) Richard McGehee (Mathematics) provided mathematical expertise, and also worked with 
graduate assistants.(3) Lee Frelich (Forest Ecology) lent his expertise on the plant 
communities of Minnesota and how they are responding to present-day change in their 
conditions. (4) Mark Seeley (Climatology) applied his expertise with long-term climatic trends 
in the region. (5) Donald Wyse (Agronomy)  contributed his expertise on agricultural systems. 
(6) We also employed undergraduate and graduate assistants. 

 

B. Project Impact and Long-term Strategy:   
This project had a broad scope, covering all four areas in the LCCMR 2009 Phase-2 Funding 
Priorities by providing tools and information important for planning the future of land, habitat, 
water, invasive species, and renewable bioenergy. In particular, the project provided tools and 
information on or relevant to the following issues, among others: (1) locations of lands suitable 
for future grassland, woodland, and potentially wetland bioenergy, (2) locations of lands 
suitable for food crops in the future, (3) conditions that affect invasive species, (4) future 
spatial boundaries of our state's ecosystems, (5) validation of other climate models, and (6) 
other various conditions involving human, animal, and ecosystem health.  

 
The project addressed the above topics and assessed their scope, but  focused in more detail 
on that subset of topics determined to be most relevant and feasible during the first phase of 
the effort. For all topics we assessed and described projected climatic features relevant to 
each specific issue, while evaluating qualitatively and wherever feasible quantitatively how 
projected climate features will influence the specific issues in focus. The project also aimed to 
increase awareness of the effects of global environmental change and thereby encourage 
actions that could ultimately help prevent or reverse some of its effects.  

 
Our goal was to provide tools and information for planners to adapt to environmental changes 
before they actually occur, including adaptive management of the next-generation bioenergy 
industry. For example, long-term variability in temperature and rainfall might favor certain 
mixed species over single species, and potentially favor grassland biofuels over woodland 
ones. The techniques apply to the entire state of Minnesota, but they can also be able to be 
adapted by all other contiguous states of the union to later form a nation-wide assessment 
and expansion of the topics considered here locally.  

 

C. Other Funds Proposed to be Spent during the Project Period:   

No other funds allocated.  

D. Spending History:  

Please see Attachment A for spending history. An amendment to spending was granted May 
5, 2011, allowing up to $8915 to be transferred from Result 1 to Result 2 salaries.  This 
allowed additional focus to be placed on analysis, modeling, and reporting findings to a 
broader community.   
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VII.   DISSEMINATION:   
 
This was a two-year project. Its first year involved data assembly, algorithm validation, 
analysis, and preparation of preliminary maps and tables. In its second year, results were 
correlated with ecological, hydrological, physical, and social aspects. Included in the second 
year are a final report, public presentations, and web dissemination, which can be found at 
http://www.cbs.umn.edu/climatetracker.  This website is designed to be user-friendly, useful, 
and interesting to both scientists and the general public.  The interactive Climate Tracker 
application was developed as a novel way to dynamically view a century of data, while the 
brief video introduction presents information in a broader context and allows visitors to the 
website to meet some of the project researchers.    
 
Future publications in scientific journals are expected to result from this project, as described 
in section IV.  
 
 
VIII.   REPORTING REQUIREMENTS:  Periodic work program progress reports 
will be submitted not later than 12/15/2009, 2/15/2010, 7/30/2010, 12/15/2010, and 
2/15/2011.  A final work program report and associated products will be 
submitted between June 30 and August 1, 2011 as requested by the LCCMR. 
 
IX.   RESEARCH PROJECTS:   
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Attachment A:  Final Budget Detail for 2009 Project

Project Title: Projecting Environmental Trajectories for Energy-Water-Habitat Planning

Project Manager Name: Peter Reich

Trust Fund Appropriation:  $ 180,000

2009 Trust Fund Budget
Result 1 Budget: Amount Spent 

(6/30/2011)
Balance 

(6/30/2011)
Result 2 Budget: Amount Spent 

(6/30/2011)
Balance 

(6/30/2011)
TOTAL 

BUDGET
TOTAL BALANCE

Data, software, 
computer runs

Analysis, 
documentation, 

publication
BUDGET ITEM

PERSONNEL: Academic wages and benefits 
(R1: Reich, 4% FTE; Lehman, 40% FTE; Frelich, 
4% FTE; graduate research analyst, 80% FTE; 
technical specialists, 8.3% FTE;     R2: Reich, 4% 
FTE; Lehman, 27% FTE; Frelich, 12% FTE; 
graduate research analyst, 80% FTE; technical 
specialists, 17% FTE;  )                        
**Ammendment approved 5/2/2011: $3,946 
transferred from Result 1 to Result 2

86,054 86,054 0 91,485 87,985 3,500 177,539 3,500

Supplies (specialized inks and papers for 
mapping)

0 0 0 861 0 861 861 861

Travel expenses in Minnesota (Reviews with 
local climatologists, agronomists, ecologists, plus  
any necessary visits to climatological stations, 
plus in-state presentations at public events and 
scientific symposia.) 

0 0 0 1,600 0 1,600 1,600 1,600

COLUMN TOTAL $86,054 $86,054 $0 $93,946 $87,985 $5,961 $180,000 5,961
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Appendix A – Introduction to the website 

 
Figure A1. The Climate Tracker website is an account of the project background, methods, and 
results. A brief video introduction features researchers describing the project in a broader context.   

 

 
Figure A2.  The interactive Climate Tracker lets visitors to the website select regions they find 
relevant and ask, for any point, where its climate has been and the direction it is going. It provides a 
way to see a century of climate data in motion at a glance. 
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Appendix B - Sketch of the 
principles employed 
The full details of processing are esoteric, but the 
basic principals are not. Here is a distillation of the 
process we intend to be suitable for a broad 
audience. 

A Meeting of Ecosystems 
Part of the allure of Minnesota and the Upper 
Midwest—its appeal to visitors and residents 
alike—lies in its diversity—in all the different kinds 
of plants and animals that make the area their 
home. 

Think for a moment of the whole of North America. 
The continent has many different ecosystems—
tundra in the far north, ancient old-growth in the 
Pacific Northwest, real deserts in the Southwest—
but there are three really large ecosystems: the 
northern forests of needle-leaved softwoods, the 
eastern forests of broadleaf hardwoods, and the 
central prairie grasslands—once amber waves of 
grain rolling westward to the Rockies. 

These three great ecosystems all join at a triple meeting point—what ecologists call a triple ecotone—
in central Minnesota. 

The interior of an ecosystem—for example at Red Lake, Ontario—will not soon see things changing 
beneath it. The places most sensitive to climate change are those at the boundaries of ecosystems. 
Minnesota is at the boundary of three, and that makes this area triply sensitive. So what is the fate of 
this triple meeting point? Where has it been and where will it go? 

 

Pinpointing the Meeting Spot 
The location of the triple ecotone is determined by several things, but a large part is climate. By 
identifying the climatic characteristics of a given place—its 30-year average precipitation and 
temperature—and by mathematically filling in smoothly between the member stations of the U.S. 
Historical Climate Network (USHCN), it is possible to track the climate over time by computer and see 
where a particular climatic spot is moving. 
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Pictorial Explanation 

  

The process begins by looking at data from all the 
weather stations. There are about 1200 of these in 
the U.S. and 33 in Minnesota. Some stations' 
records date back as far as 1850, but the majority 
of the data are for 1900 onwards. Data are kept in 
the form of monthly averages and totals. 

  

Each station keeps track of its average 
temperature every month. From these, we find 
yearly averages. 
 
For a given year, we average the previous 30 
years together; the result is the temperature of the 
station's climate for that year. 
 
Using these known values, we can mathematically 
calculate the temperature of any other point on the 
map. If you were to draw curves between the 
points that have the same temperatures, it might 
look like this. 

  

Each station also keeps track of its total 
precipitation for each month. From these, we find 
yearly totals. 
 
For a given year, we average the previous 30 
years together; the result is the precipitation of the 
station's climate for that year. 
 
Using these known values, we can mathematically 
calculate the precipitation of any other point on the 
map. If you were to draw curves between the 
points that have the same precipitation, it might 
look like this. 



  

Now, we can overlay the precipitation and 
temperature curves on top of each other and find 
their intersections. Each intersection defines a 
climatic point—a specific combination of 
temperature and rainfall more or less hospitable to 
any given ecosystem. 

  

Now, let's make a few of the temperature and 
precipitation lines disappear. 
 
The intersection of the remaining lines is a climatic 
point. It shows where a particular combination of 
temperature and precipitation (let's say 52°F and 
7" of rain) is in the year 1900. 

  

We can figure out where that same climatic point 
is in 1950. 
(This isn't real data, it's just an example.) 



  

Now, if we know where the climate was in both 
1900 and 1950, we can begin to track its 
movement… 

  

…by connecting the dots—in this case, climatic 
points. 

 



  

Of course, connecting the dots between 1900 
and 1950 doesn't say very much about where 
the climate has gone, so we connect each 
year's dot with the dot of the following year. 
 
Remember, this isn't real data: it's an 
example. 
 
The new path connects every year and 
doesn't look as nice, but tells a more 
interesting story. 
 
From 1900–1920, we see that the climate 
hovered in the same place. No two years' 
weather is the same, so the climate was 
always moving, but not very far: it was 
moving in circles. 
 
From 1920–1930, the climate moved north 
and west. Some years it moved a lot, other 
years a little. During some years, it even 
reversed direction, but the general trend was 
north and west. 
 
After a little more hovering and moving the 
climate arrived at its 1950 location. 
 
This means that the climate of 1900 has 
moved to a new location by 1950, displacing 
whatever climate was there before. 
 



  
Now, let's look at some real data; this is the story of one of Minnesota's climate points.  
 
Our data for the point, located in south-east Minnesota, begins in 1900. Thirty years later, we 
have enough data to calculate the point's climate. At this time, in 1930, the Dust Bowl was just 
beginning and the point moved steadily eastward as a result of this change in climate. By the 
time the Dust Bowl ended, the point had touched the Wisconsin border, north of Taylors Falls. 
Had it stayed there, Minnesota would eventually have had only prairies, not forests.  
 
But in just a single year it abruptly turned 180 degrees, retracing part of its path and beginning 
thirty-year northwestward journey toward the Dakota border, south of Fargo. Had it continued 
moving in this direction, Minnesota would eventually have had only forests and no prairies. 
But, instead, it stalled out and hovered in the middle of the state, southwest of Brainard.  
 
In the last twenty years it has again abruptly changed direction, turning 90 degrees north and 
heading in the direction of the pine stands of Itasca. 
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APPROPRIATION AMOUNT: $2,000,000 
 
Overall Project Outcome and Results 
 
The Energy Efficient Cities project was developed to demonstrate innovative residential energy 
efficiency program delivery to reduce energy use and environmental impact in at least 6,000 
homes through a community-wide partnership approach.  With strong and crucial support from 
local gas and electric utilities, city-specific programs were developed in a total of 8 cities: Apple 
Valley, Austin, Duluth, Minneapolis, Owatonna, Park Rapids, Rochester, and St. Paul. While 
each city developed a customized approach, each program was designed to provide a “one-
stop shop” comprehensive whole-house approach that makes taking energy efficiency actions 
as easy as possible for the homeowner, while maximizing participation and energy savings 
opportunities.  This comprehensive approach involved the following components shared by 
each program: 

• Community-based marketing strategies to recruit participants to workshops and for 
training participants to take low-cost energy actions; 

• Home energy visits that include installation of low-cost materials and identify other 
energy-saving opportunities; 

• Energy usage feedback reports to encourage individual energy-saving actions; 
• Follow-up assistance, including providing cost-share, for completion of major efficiency 

upgrades including insulation, air sealing and major mechanicals replacement; and 
• Training and quality control for insulation and air sealing contractors. 

 
The project exceeded its original goals for participation, with 8,243 people attending workshops, 
6,922 of those households completing a home energy visit, and 1,474 homes completing major 
energy efficiency upgrades. Over 36 contractors were trained in high performance installation 
techniques for insulation and air sealing jobs.  The upgrades completed under this program 
generated $4.8 million in work for Minnesota’s insulation and heating contractors.  The total 
energy savings from measures installed in these homes will result in an estimated $13.8 million 
dollars in energy savings for the homeowners over the life of the measures. The programs will 
be continued in at least 5 of the participating cities. 
 
 



  

Project Results Use and Dissemination  
 
Dissemination of information to homeowners was an integral part of the program. Our outreach 
activities for the program reached tens of thousands of Minnesotans, resulting in over 7,500 
households attending a workshop that was produced by the project. The workshops educated 
people on basic energy conservation concepts and strategies, such as how a home loses 
energy, low-cost or no-cost methods for reducing energy, and what the process is for doing 
major energy efficiency upgrades in your home. The “Home Energy Resource Minnesota” 
website was also designed for education and outreach on energy efficiency issues. In addition, 
each city program had an on-line presence for dissemination of information about the program. 
 
In addition to outreach targeted to homeowners as part of program activities, efforts were made 
to communicate to utilities, cities and other potential program sponsors of energy efficiency 
programs the Energy Efficient Cities program results, and increase uptake of similar residential 
programs. A presentation was given in August 2010 at the American Council for an Energy-
Efficient Economy’s (ACEEE) Summer Study on Buildings in Pacific Grove, California. Based on 
interest at that conference, another webinar presentation on the program was given as part of a 
series sponsored by the U.S. Department of Energy and attended by over 500 participants. A 
second webinar presentation was conducted for a national network of local government officials 
organized by the Institute for Sustainable Communities. A presentation was also conducted for 
the Clean Energy Teams (CERTs) conference in February 2011.  Both Minneapolis’s and St. 
Paul’s programs were featured in a national study of retrofit programs by Lawrence Berkeley 
National Lab entitled “Driving Demand for Home Energy Improvements.” As a result of the initial 
program success, programs in Minneapolis, Duluth, Owatonna, Rochester and Austin will 
continue beyond the grant period, funded by utilities and other sources. 
 
Finally, a report was completed to document the project and communicate lessons learned to 
utilities and other potential program sponsors. The report will be disseminated to Minnesota 
utilities, and presentations will be scheduled with interested parties. A presentation has been 
scheduled for October in Owatonna for the Midwest chapter of the Association of Energy 
Service Professionals. 
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Environment and Natural Resources Trust Fund  
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Date of Report:  August 31, 2011  
Final Report 
Date of Work Program Approval: June 24, 2009 
Project Completion Date:  June 30, 2011 
 
I.   PROJECT TITLE:  Energy Efficient Cities  
 
Project Manager:   Carl Nelson 
Affiliation:    Center for Energy and Environment   
Mailing Address:   212 3rd Avenue North, Suite 560 
City / State / Zip:  Minneapolis, MN  55401 
Telephone Number:   612-335-5871 
E-mail Address:    cnelson@mncee.org 
FAX Number:   612-335-5888  
Web Site Address:   www.mncee.org 
 
Location:     Minneapolis, St. Paul, Apple Valley, Owatonna, Austin,  
     Rochester, Duluth, Park Rapids. 
 
Total Trust Fund Project Budget: Trust Fund Appropriation $ 2,000,000 
  Minus Amount Spent: $ 1,745,651 
  Equals Balance:  $ 254,349 
 
 
 
Legal Citation: ML 2009, Chap. 143, Sec. 2, Subd.7c 
 
Appropriation Language:   
$2,000,000 is from the trust fund to the commissioner of commerce for an 
agreement with the Center for Energy and Environment for demonstration of 
innovative residential energy efficiency delivery and financing strategies, training, 
installation, evaluation, and recommendations for a utility residential energy 
conservation program. 
 
II. and III.   FINAL PROJECT SUMMARY: 
 
The Energy Efficient Cities project was developed to demonstrate innovative 
residential energy efficiency program delivery to reduce energy use and 
environmental impact in at least 6,000 homes through a community-wide partnership 
approach.  With strong and crucial support from local gas and electric utilities, city-
specific programs were developed in a total of 8 cities: Apple Valley, Austin, Duluth, 
Minneapolis, Owatonna, Park Rapids, Rochester, and St. Paul. While each city 
developed a customized approach, each program was designed to provide a “one-
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stop shop” comprehensive whole-house approach that makes taking energy 
efficiency actions as easy as possible for the homeowner, while maximizing 
participation and energy savings opportunities.  This comprehensive approach 
involved the following components shared by each program: 

• Community-based marketing strategies to recruit participants to workshops 
and for training participants to take low-cost energy actions; 

• Home energy visits that include installation of low-cost materials and identify 
other energy-saving opportunities; 

• Energy usage feedback reports to encourage individual energy-saving 
actions; 

• Follow-up assistance, including providing cost-share, for completion of major 
efficiency upgrades including insulation, air sealing and major mechanicals 
replacement; and 

• Training and quality control for insulation and air sealing contractors. 
 
The project exceeded its original goals for participation, with 8,243 people attending 
workshops, 6,922 of those households completing a home energy visit, and 1,474 
homes completing major energy efficiency upgrades. Over 36 contractors were 
trained in high performance installation techniques for insulation and air sealing jobs.  
The upgrades completed under this program generated $4.8 million in work for 
Minnesota’s insulation and heating contractors.  The total energy savings from 
measures installed in these homes will result in an estimated $13.8 million dollars in 
energy savings for the homeowners over the life of the measures. The programs will 
be continued in at least 5 of the participating cities. 
 
IV.  OUTLINE OF PROJECT RESULTS:   
 
 
Result 1:   Design and develop 8 or more city-specific residential energy-
efficiency programs. 
 
Description:  
 
City-specific residential energy-efficiency programs will be designed in the following 
cities: Minneapolis, St. Paul, Apple Valley, Rochester, Owatonna, Rochester, Duluth 
and Park Rapids. Other cities may be added later as resources allow. The programs 
will be designed to be comprehensive, emphasize ease of use for participants, and 
be oriented towards achieving cost-effective energy savings. Program design will be 
informed by successful past programs (such as Operation Insulation) as well as 
emerging research and new technology opportunities.    

 
These programs will be designed in consultation with local cities and utilities. It is 
expected that utilities will provide significant cost-share in implementing these 
programs, in order to help them achieve their state-required energy conservation 
goals. Although the program would be tailored to each city, we expect that the 
program design would have the following components: 
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1) Recruitment of participants through workshops or other events 
Homeowners would be recruited for the program through community energy 
workshops, or other community-based recruitment techniques to encourage 
efficiency actions as “keeping up with the neighbors” and a healthy sense of 
competition for improving energy efficiency. These recruitment techniques would 
involve significant partnerships with local community organizations. A variety of 
studies have shown that through the use of this “foot-in-the-door” technique 
individuals who agree to small requests are much more likely to agree to larger 
requests later. Combined with a public commitment by residents and long-term 
feedback, this will set the foundation for lasting and effective behavior change, 
as well as increasing the likelihood of households making larger investments in 
efficiency retrofits that are a later part of the program. At the workshop, some 
low-cost energy-efficiency measures would be distributed, while others would be 
distributed at an in-home visit. 

 
2) In-home visit 
Based on an analysis of energy usage, participants would be pre-screened 
using a “triage” approach and sorted into large energy users and small energy 
users; more time would be concentrated on households with high energy usage. 
With this information, an in-home visit would be scheduled with an energy 
specialist, where the low-cost measures would be installed and/or verified and 
additional homeowner education provided. This education would include no-cost 
recommendations such as lowering the hot water heater setback temperature if 
appropriate. If the home is a medium or high energy user, building diagnostics 
would be performed. 
 
Low-cost gas saving measures could include: setback thermostats (if needed), 
pipe insulation, gasket seals, recessed light inserts, attic door weather-stripping, 
door sweeps and other weather-stripping items, faucet aerators, low-flow 
showerheads and window insulation film. Low-cost electric-saving measures 
could include: CFLs (assortment of types), LED holiday lights (if participants 
traded in for old incandescent type) and outlet strips.   
 
If the home energy visit determined that either air sealing or insulation was 
required, the energy technician would write out the specifications for the 
necessary work, and provide the homeowner with an estimate of the work to be 
done by a third-party contractor. The program would work with qualified 
contractors to develop a standardized bidding system to ensure the bids would 
be as low-cost as possible to the homeowner, while ensuring they provided 
sufficient revenue to the contractors to keep them in the program. It is 
anticipated that participating contractors would be able to offer competitive 
pricing, as they would not need to invest in marketing their companies for work 
received through this program.  Homes with medium or high energy usage may 
be provided with a blower door test that would be used as diagnostics for air 
sealing and insulation work.  
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3) Contractor work 
Contractor work recommended by the in-home visit is expected to include air 
sealing, insulation and major mechanical (furnace, air conditioner, hot water 
heater) upgrades. Quality-control protocols would also be established for the 
program. After work was completed by the contractor, an energy technician 
would verify the work was completed according to specifications through 
infrared camera or other means. Contractors would be required to do call-backs 
for work not meeting quality standards. After a certain number of jobs are 
completed for a given contractor, not every job would be inspected, but random 
audits would still be performed. 

 
4) On-going home energy feedback and action messages to encourage 

energy savings through behavior change 
Research has demonstrated homeowners can reduce their energy bills if they 
are provided context for their energy use (how does it compare with their peers), 
given sustained feedback on how to reduce their energy use, and provided a 
clear benchmark for their progress in achieving energy savings. Further, this 
type of feedback can help create and reinforce social norms that energy 
efficiency is “the right thing to do.” Simple behavioral changes resulting from this 
type of feedback program can result in up to a 10 percent reduction in energy 
use, at zero cost to the homeowner, depending on the intensity of the feedback 
program. This project will develop such a feedback program by collecting energy 
data for those in the program, tracking their improvements over time, and 
developing a platform for processing and delivering feedback to users over time. 
 
5) Cost-share incentives and other resources for implementing 
In order to encourage participants to implement contractor work, information on 
financing and incentives would be provided to homeowners. 

 
The extent to which all of these components as described above are integrated into 
an individual city’s program will depend on interest and the extent to which it can be 
merged with utility objectives. It is anticipated that local utilities will want to tailor the 
in-home visit to their needs and specific programs. For example, Dakota Electric (in 
Apple Valley) has an air conditioner tune-up program for residents that could be 
promoted through the LCCMR program. In addition to CEE staff time, Neighborhood 
Energy Connection (NEC) would also dedicate staff time to assist with developing 
these programs, particularly with St. Paul.  
 
Summary Budget Information for Result 1: Trust Fund Budget: $ 64,100 
  Amount Spent: $ 63,869 
  Balance:  $ 231 
 
Deliverable Completion 

Date 
Budget 

1. Design residential energy-efficiency programs for 8 
cities  

3/30/2010 $64,100 
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Result Completion Date: 3/30/10 
 
Final Report Summary:   
 
City-specific programs were designed for Minneapolis, St. Paul, Apple Valley, 
Austin, Owatonna, Park Rapids, Rochester and Duluth. Each city had a unique 
program design as well as city-specific names and branding.  Below is a city-by-city 
description of the program design. 
 
Minneapolis 
 
Recruitment 
Minneapolis has strong neighborhood organizations that the City has financially 
supported over many years, many of which have the capacity and desire to help with 
local marketing efforts. Thus partnering with neighborhood groups was a prominent 
feature of the Minneapolis program design. Neighborhoods were selected for initial 
participation the program through a Request for Proposals (RFP) process. Selection 
of the neighborhoods was based on the leveraging opportunities that the 
neighborhoods offer to provide for helping market and recruit program participants 
within their neighborhood.  Primarily, this leveraging was expected to be the people-
power they can offer. Training was provided by CEE for neighborhood volunteers, 
who then go door-to-door to recruit participants for a workshop. Other marketing 
efforts, including promoting in neighborhood newsletters, support the door-to-door 
approach.  The program was planned to be offered only in the selected 
neighborhoods, with opportunity for new neighborhoods to join the program during 
the project period. This was designed to allow the program to get a high saturation 
rate through concentrated marketing in a given neighborhood.  Low-cost materials 
were given out at the workshop for those that sign up for the in-home visit. The 
name for the Energy Efficiency Cities program in Minneapolis is “Community Energy 
Services”. 
 
In-home visit 
Labor costs for the in-home visit were funded with leveraged non-Trust Fund dollars 
by the local gas utility (CenterPoint Energy) and electric utility (Xcel Energy). For 
Xcel’s contribution, Xcel funded the in-home visit as part of their new “Home Energy 
Squad” direct install program, also to be run by CEE in Minneapolis. The in-home 
visit includes direct install of materials, identification and encouragement of no-cost 
actions, as well as an assessment of major upgrade opportunities. A $20 or $30 co-
pay by participants helps pay for additional low-cost materials.  
 
Contractor work 
Minneapolis ensured high quality contractor work by requiring all air sealing and 
insulation contractors that are referred work through the in-home visit to sign a 
participation agreement with CEE. Contractors that sign this participation agreement 
were put on a participating contractor list given to homeowners in the program who 
need air sealing and/or insulation work (although the homeowner is ultimately free to 
select whomever they want – they are not bound by the list). The participation 
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agreement requires contractors to: 1) have basic training in air sealing & insulation; 
2) meet industry standards as set by CEE and outlined in a standards document; 3) 
agree to warranty their work for at least one year; 4) carry basic insurance; 5) report 
results of work to CEE; 6) agree to have their work checked periodically by CEE to 
ensure they are meeting standards. Contractors who do not abide by these rules will 
be taken off the participating contractor list. 
 
On-going home energy feedback and action messages 
CEE has worked with CenterPoint and Xcel on a system to periodically get the 
energy usage data of participating homeowners. With this data, CEE has developed 
two reports that will be used to provide feedback and facilitate action messages to 
participating homeowners. The “Home Energy Snapshot” was given to homeowners 
during the home visit, and compares their weather-normalized energy usage to other 
Minnesotans. It also calculates a target energy usage that the homeowner can strive 
to achieve. The “Home Energy Progress Report” was sent out as often as utility data 
was available, but not more often than every two months, to program participants 
after completion of the home visit. This will provide the homeowner with updates on 
how they are doing in achieving their targeted energy usage. 
 
Providing of cost-share incentives and other financing resources 
CEE offered loan financing to all program participants through the Minnesota 
Housing Finance Agency and other energy loan programs. In addition, CEE 
processed Energy Saver rebates for program participants. Energy Saver rebates 
was a stimulus-funded program through Minnesota Housing that offered a 35% 
rebate on qualified energy upgrades for participants that took out a Minnesota 
Housing loan. In addition, CenterPoint Energy started a new rebate program for 
insulation and air sealing in March 2010. The CenterPoint rebates provide 
homeowners with a 50% rebate of the total air sealing and insulation cost, up to 
$400 (later reduced to $350).  
 
St. Paul 
 
Recruitment 
Recruitment in St. Paul was be done by the Green Institute, and later Eureka 
Recycling, as the Metro CERTs coordinator, in coordination with Xcel Energy, 
Neighborhood Energy Connection (NEC) and other partners. Efforts initially focused 
on neighborhoods located adjacent to the planned Central Corridor Light Rail Transit 
project. This was done in conjunction with the “Energy Innovation Corridor”, a 
partnership effort of utilities, non-profits, local governments and businesses along 
the Central Corridor working to develop innovative energy projects in parallel with 
the light rail development. The Green Institute worked to organize and recruit 
homeowners for workshops in conjunction with St. Paul’s District Council 
neighborhood organizations. The Green Institute had homeowners sign a utility data 
release so that they could receive feedback reports. Low-cost materials were given 
out at the workshop for those that signed up for the in-home visit. The St. Paul 
program was called “Neighborhood Energy Services” or the workshop component, 
and the “Home Energy Squad” for the home visit portion. 
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In-home visit 
Xcel Energy, as the gas and electric utility in St. Paul, is funding NEC to conduct the 
home visits as part of their “Home Energy Squad” program. The Home Energy 
Squad program does not include a blower door test or other detailed diagnostic 
work. Thus Trust Fund dollars were provided to NEC to enhance the Home Energy 
Squad visits to do this diagnostic work, which is a necessary precursor to getting 
homeowners to do major efficiency upgrades. A $30 co-pay by homeowners helped 
pay for additional low-cost materials installation. 
 
Contractor work 
NEC provided participating homeowners with a list of qualified contractors.  
 
On-going home energy feedback and action messages 
CEE provided the Home Energy Snapshot and Progress Updates as in Minneapolis 
(see above). 
 
Providing of cost-share incentives and other financing resources 
NEC offered loan financing and Energy Saver rebates to all program participants 
needing upgrades through the Minnesota Housing and other energy loan programs. 
Xcel Energy has existing rebates for air sealing and insulation, as well as for furnace 
and hot water heater replacement. These rebates were promoted through the 
program.  
 
Apple Valley 
 
Recruitment 
Recruitment of participants to workshops was led by CEE with the City and other 
partners. The City of Apple Valley, with support from the Great Plains Institute, 
designed a city-wide energy-efficiency campaign called “be Apple Valley” (“be” 
stands for “better energy”).  The program was marketed to Apple Valley residents 
under the “be Apple Valley” Campaign. As in the other cities, low-cost materials 
were given out at the workshops. 
 
In-home visit 
CenterPoint Energy (gas utility) and Dakota Electric (electric utility) jointly funded the 
home-visit, which was delivered by CEE. The home visit was identical to the one in 
Minneapolis. 
 
Contractor work 
Contractor work will be coordinated as in Minneapolis (see above). 
 
On-going home energy feedback and action messages 
Feedback will be provided as in Minneapolis (see above). 



8 
 

Providing of cost-share incentives and other financing resources 
Financing resources were provided to Apple Valley residents as in Minneapolis (see 
above). In addition, Apple Valley has dedicated $50,000 in EECBG stimulus funding 
for a residential loan program that CEE administered as part of the program. 
 
Owatonna and Austin 
(These cities are combined, since Owatonna and Austin have coordinated closely on 
all aspects of the program development and implementation.) 
 
Recruitment 
CEE coordinated recruitment on a city-wide basis, in conjunction with the Cities and 
local partners. The program was branded under the utilities’ existing “Conserve and 
Save” residential program. Low-cost materials were given out at the workshops to 
those that sign up for the in-home visit. 
 
In-home visit 
Greg Ernst and Associates provided the in-home visit, called the “Conserve and 
Save House Call” and funded by Owatonna Public Utilities and Austin Utilities, with a 
$25 co-pay provided by the homeowner (it was $50 for those that don’t attend the 
workshop). Greg Ernst was previously the audit provider for both utilities, and since 
the utilities funded the in-home visit portion of the program, Greg Ernst continued to 
be used for this program. The visit included direct install of low-cost materials, 
recommendations on no-cost actions, and recommendations for major upgrades. A 
blower door test was conducted as part of the visit. 
 
Contractor work 
At the Conserve and Save House Call, the auditor provided the homeowner with a 
list of participating contractors. Contractors signed a participation agreement with 
CEE, similar to the one in Minneapolis (see above). Quality-control visits were 
conducted after the visit. 
 
On-going home energy feedback and action messages 
Austin and Owatonna contracted with O-POWER to provide city-wide home energy 
feedback reports with action messages. These reports went out to every city 
resident. Thus CEE did not provide additional reports. CEE and the cities 
coordinated with O-POWER to market the program through the homeowner reports. 
 
Providing of cost-share incentives and other financing resources 
CEE worked with local financing providers to provide homeowners with financing 
opportunities for both loan and Energy Saver rebates. Austin and Owatonna started 
a new air sealing and insulation rebate program in 2010, in conjunction with their 
Conserve and Save House Call. 
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Rochester 
 
Recruitment 
CEE led recruitment efforts in Rochester, in partnership with the city and utilities.  
The program partnered with “R-Neighbors,” a city-funded neighborhood resource 
group, to promote the program to Rochester neighborhoods.  Because utilities were 
working on setting up new audit and insulation rebate programs in conjunction with 
the workshops, the program did not start until the spring of 2010.  The program was 
named the “Neighborhood Energy Challenge.”  
 
In-home visit 
Greg Ernst and Associates conducted the in-home visit, with funding from the gas 
utility, Minnesota Energy Resources Corporation (MERC) and the electric utility, 
Rochester Public Utilities. The in-home visit included direct install of low-cost 
measures, identification and encouragement of no-cost actions, and 
recommendations for major upgrades. 
 
Contractor work 
Greg Ernst provided a list of participating contractors to the homeowner during the 
in-home visit. Contractor work will be coordinated by CEE (see Minneapolis and 
Austin/Owatonna description above). 
 
On-going home energy feedback and action messages 
MERC is also funding O-Power to conduct a large feedback program in Rochester, 
nearly identical to the Austin and Owatonna program. Thus CEE did not produce 
additional reports. 
 
Providing of cost-share incentives and other financing resources 
CEE provided homeowners with financing options and support. MERC started a new 
air sealing and insulation rebate program in 2010, which was promoted by CEE and 
Greg Ernst. 
 
Duluth 
 
Recruitment 
Duluth has a coalition of utilities, non-profits, and local government agencies called 
Duluth Energy Efficiency Initiative (DEEP) that worked to develop a comprehensive 
residential program. Common Ground, a Duluth non-profit, led recruitment efforts in 
Duluth. They were selected in the summer of 2009 to operate the financing program 
for which the City of Duluth received $1.5 million in stimulus funding. This contract 
was not completed until late in 2010. Further, DEEP worked on an agreement with 
the electric (MN Power) and natural gas (Comfort Systems) utilities that was not 
completed until late 2010.  Thus Duluth got a late start to their program.  Although 
workshops were held and people signed up for home visits, the home visits were not 
available until late 2010. Common Ground coordinated a “Green Canvass” (staffed 
by Americorp workers) to do recruitment for the workshops.  The Green Canvass 
went door-to-door to sign people up for the workshops. 
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In-home visit 
The in-home visit was co-funded by Minnesota Power (the electric utility) and 
Comfort Systems (the municipally-owned gas utility), and run by contractors selected 
by the two utilities. It included direct install of low-cost materials as well as 
recommendations for major upgrades. The Duluth process includes screening for 
homes that have high energy usage, and targeting those homes for more in-depth 
home performance visits. 
 
Contractor work 
Common Ground planned insulation contractor trainings in order to ensure high 
quality contractor work. 
 
On-going home energy feedback and action messages 
The DEEP group, with leadership from Minnesota Power, developed a Home Energy 
Yardstick report that provides homeowners with a context for their energy bill. This is 
provided to homeowners at or before they have the in-home visit.  
 
Providing of cost-share incentives and other financing resources 
Financing coordination for homeowners is provided by Common Ground. Comfort 
Systems (the gas utility) does not currently have a rebate program for air sealing and 
insulation. 
 
Park Rapids 
 
Recruitment 
The recruitment effort and program in Park Rapids was an extension of the “Green 
Park Rapids” Initiative, which is a broad partnership effort to improve the energy 
efficiency of Park Rapids housing and commercial buildings. Initially the HRA 
(Housing Redevelopment Authority) of Park Rapids was contracted to do recruitment 
with support from CEE. After several workshops, the HRA and other Green Park 
Rapids partners decided to focus their residential efforts on a grant they received 
through stimulus funding to provide large rebates for electrical appliances. Thus after 
spring of 2010, Park Rapids dropped out of the Energy Efficient Cities program. 
 
In-home visit 
The in-home visits were jointly funded by MERC (gas utility) and Minnesota Power 
(electric utility). Greg Ernst and Associates conducted the visits, which were only 
available to residents who have attended the workshops. They included direct install 
of low-cost materials, identification and encouragement of no-cost actions, and 
recommendations for major upgrades. A blower door test will be included. 
Homeowners paid a $40 co-pay. 
 
Contractor work 
Greg Ernst provided homeowners with a list of local contractors.  
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On-going home energy feedback and action messages 
A Home Energy Yardstick report, identical to that used in Duluth, was planned to be 
used for Park Rapids, and given out to participants at the home visit.  However, as 
Park Rapids dropped out of the program, this was not completed. 
 
Providing of cost-share incentives and other financing resources 
CEE offered participating homeowners financing support.  
 
 
Result 2:  Coordinate, track and provide feedback on household energy usage. 
 
Description:  
 
Program participants will be provided information and feedback on their home 
energy consumption in order to encourage them to take actions to reduce their 
energy usage. 
 
Specifically, we would prepare home energy reports on a bi-monthly basis (or other 
interval depending on how often we receive the data from utility companies) 
containing the following information: 

• Homeowner’s energy usage in a standardized index, which we call the “flame 
index” for natural gas (Btus per square foot per heating degree day) and the 
“spark index” for electric (kilowatt-hours per square foot) 

• Energy usage of similar homes in the neighborhood or state 
• Benchmark energy use of an efficient home 
• Customized energy actions giving recommendations for how the homeowner 

can reduce energy usage through individual actions 
• Feedback on electricity and natural gas usage 

 
For cities that are already planning on regular delivery of feedback messages 
through their local utility (Owatonna, Austin and perhaps others), we will not provide 
separate mailings, but coordinate our efforts with theirs. 

 
A website will be created for this project using interactive media approaches to reach 
a wide audience, effectively communicate an energy efficiency message and turn 
this information into action and energy savings.  Interactive media approaches will 
include such tools such as instructional videos and step by step do-it-yourself 
instructions to allow residents to assess their needs and determine and implement 
energy savings actions.  Users will be able to input their energy use data to track the 
savings that they have achieved and get direct feedback on their usage with tips for 
improvement.  Since the project will be delivered over the Internet, it will reach and 
serve a statewide audience.  The site will be a comprehensive one-stop 
informational resource on home energy efficiency and resources (such as stimulus 
dollars) to achieve energy efficiency.  Resource links to utility residential audit and 
rebate programs as well as financing options and a supported online community to 
promote Minnesota home energy efficiency will be included. The website will allow 
users the ability to interact with others and experts in order to get feedback and 
advice and provide reviews and ratings on products, tips and actions. The website 
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will be produced by the Builders Association of Minnesota (BAM), anticipated to be 
as an enhancement to their existing successful website, home-smart.org. The other 
major costs are mailing costs and CEE staff time. 

 
As CEE will maintain a database of people enrolled in the program, and their 
actions, this will be provided as requested to LCCMR in summary form (with 
personal information removed) as we report on our results.  
 
Summary Budget Information for Result 2: Trust Fund Budget: $ 136,200, 
  Amount Spent: $ 118,320 
  Balance:  $ 17,880 
 
Deliverable Completion 

Date 
Budget 

1. Enter data, track, produce and send feedback 
assessments to 6,000 participants  

6/30/2011 $86,200 
 

2. Develop educational information, instructional 
videos and other web resources 

12/31/2009 $60,259 

 
Result Completion Date: 6/30/11 
 
Final Report Summary:   
 
Three cities (Austin, Owatonna and Rochester) provided feedback reports paid for 
by the electric and/or gas utility in their city.  One city (Duluth) developed their own 
feedback report (the “Home Energy Yardstick”) in conjunction with local utilities.  
CEE produced the reports and acquired the necessary data for Apple Valley, 
Minneapolis and St. Paul. Development of the feedback report was completed within 
the first quarter of the program.  However, the more challenging aspect was 
acquiring the necessary data (i.e., energy usage data from utilities) in an appropriate 
format in order to produce the report.  It was necessary to develop agreements with 
utilities, and obtain the necessary legal approval, in order to obtain access to utility 
data on behalf of program participants.  At first, utilities were only able to provide 
data in a scanned format that could not be imported directly into a database, so CEE 
had to hand-enter all of the data.  By the final two quarters of the project, CEE 
acquired the data in an electronic format that could be uploaded into the database 
that produced the reports.  Ultimately, reports were produced for all the program 
participants, with the exception of Park Rapids, where we did not have access to the 
utility data. 
 
Development of the website with the Builders Association of Minnesota was 
completed, and is available at: www.homeenergyresourcemn.org.  One of the 
primary features is the “Home Energy Explorer” which is an interactive tool to look at 
energy saving opportunities room-by-room.  There are also comprehensive 
resources on incentives and financing opportunities as well.  This offers a resource 
to homeowners state-wide, whether they are in a participating city or not.   
 

http://www.homeenergyresourcemn.org/�
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It should also be noted that nearly every city developed their own website for their 
city-specific program, for example, St. Paul’s is: 
www.cleanenergyresourceteams.org/regions/metro/NES; Duluth’s is: 
www.duluthenergy.org; Minneapolis’s is www.mnces.org; and Rochester’s is 
accessed from: www.rpu.org/your_home/. 
 
The project also conducted marketing to promote both the main website resource 
(homeenergyresourcemn.org) and the city-specific program websites.  The city-
specific website URLs are included on most of the marketing material produced for 
the programs.  The Builders Association of Minnesota sent out an email to 14,000 
contractors in Minnesota promoting Minnesota’s residential stimulus rebates, and 
providing links to those programs, which are listed on the website.  
 
 
Result 3:  Train insulation and air sealing contractors. 
 
Description:  
 
Currently there are only a handful of qualified insulation and air sealing contractors 
in Minnesota. In order to ramp up residential energy efficiency work, new contractors 
will need to be trained. Contractor training will be provided by highly experienced 
contractors (Conservations Services Group, Shelter Supply and others) in 
coordination with local technical schools.  These consultants will develop curriculum 
that incorporates comprehensive best practices for insulation and air sealing, and 
can be used as the basis for further training.  We will recruit contractors to attend the 
training, anticipated to be existing remodeling contractors looking for expanded 
business opportunities.   
 
We will coordinate our efforts closely with the Office of Energy Security, and 
anticipate that there may be stimulus dollars that would also be available for this 
training. If this turns out to be the case, we would request an amendment to 
reallocate a portion of the budget for training to other activities. 
 
Amendment Request (approved 2/3/2011): 
In addition, CEE will work with the Builders Association of Minnesota (BAM) to 
develop a curriculum and conduct trainings for training existing contractors in the 
remodeling industry to become involved in helping their customers to do insulation 
work.  BAM would consult with industry leaders in the remodeling industry prior to 
developing the curriculum.  Effectively engaging the remodeling industry in building 
energy efficiency work could significantly leverage the groundwork laid by the 
Energy Efficient Cities project, while creating new job opportunities for Minnesota’s 
remodeling industry.  Expanding the original scope of work to include this deliverable 
is able to be done at no budget impact to the project.  This is because the project 
was able to leverage efforts from the Project ReEnergize program that was funded 
after this workplan was written.  Project ReEnergize, implemented by the Builders 
Association of Minnesota with federal stimulus dollars, developed a curriculum for 
insulation contractors that CEE was able to use for this project (CEE provided input 

http://www.cleanenergyresourceteams.org/regions/metro/NES�
http://www.duluthenergy.org/�
http://www.mnces.org/�
http://www.rpu.org/your_home/�
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on this curriculum).  The curriculum development represented a large portion of the 
original budget.  In addition, Project ReEnergize conducted the training for many of 
the contractors in the Energy Efficient Cities project, so that CEE did not need to 
train as many contractors as otherwise would have been the case. 
 
Summary Budget Information for Result 3: Trust Fund Budget: $60,000 
  Amount Spent: $ 47,056 
  Balance:  $ 12,944 
 
 
Deliverable Completion 

Date 
Budget 

1. Train 10 contractors 12/1/2009 $5000 
2. Train an additional 15 contractors 10/1/2010 $5000 
3.  Develop curriculum and conduct at least 7 
trainings for existing remodeling contractors 

6/30/2011 $50,000 

 
Result Completion Date: 6/30/2011 
 
 
Final Report Summary:   
The Builders Association of Minnesota (BAM), under subcontract to CEE, conducted 
a training for the Owatonna and Austin programs in December 2009, which was 
attended by 19 local contractors. An identical training was held in Rochester in the 
fall of 2010 that was attended by 17 insulation contractors and 5 auditors. The 
training curriculum was identical to the BAM trainings for their Project Re-Energize 
program, and was conducted by Mike Wilson of Shelter Supply (recently acquired by 
Dakota Resource Group). The morning curriculum covered air sealing, including an 
extensive hands-on segment where contractors had to demonstrate their knowledge 
of air sealing techniques on props. The afternoon covered blower-door assisted air 
sealing, including a hands-on demonstration of how to conduct a blower door test. 
The training was required for air sealing and insulation contractors participating in 
Austin and Owatonna’s program. 
 
BAM also conducted a series of trainings for remodelers across the state focusing 
on training existing remodeling contractors becoming involved in helping their 
customers to do insulation work. A series of focus groups with existing remodelers 
were conducted to help define what the training needs were for curriculum 
development. A curriculum was then developed, focusing on the benefits of ice-dam 
prevention from air sealing. Over 250 contractors across the state attended 12 
trainings organized by BAM. 
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Result 4:  Implementation of energy efficiency programs. 
 
Description:  
 
Although program design will vary by city, we will work to achieve the following 
overall results in implementing the residential energy efficiency programs in each of 
the eight cities. 
 
Generate at least 6,000 participants in workshops and other community events 
We expect to organize between 50 and 100 workshops during the project period, 
depending on the turnout per workshop. That will be an average of one workshop 
every week to two weeks throughout the project period once we start organizing 
them. Community-based marketing efforts will be used to recruit people to 
workshops. Generally we will try to work with schools and other community centers 
for hosting the workshops. One important strategy is working with local 
neighborhood and community organizations and volunteers to organize the 
workshops. A volunteer training program will be developed for the volunteers 
working on the workshops.  
 
Tactics used to increase awareness of the program and get people to attend the 
workshops will vary according to the community, but are expected include the 
following: 

• Utilization of block leaders and other community leaders to recruit their 
neighbors 

• Presentations at community events 
• Door-to-door knocking 
• Postcard mailings 
• Door hangers 
• Neighborhood and community newsletters 

 
Volunteers will also be utilized in the production of the workshop as well, including 
providing food, signing people in, and setting up the room. 
 
In Minneapolis, St. Paul and Apple Valley, CEE will work with Metro CERTs 
(coordinated by The Green Institute) for recruiting participants for workshops. 
CERTs and CEE will split primary responsibility for organizing these workshops; for 
example, CERTs might organize turn-out for all the workshops in St. Paul, and assist 
with turn-out in other cities. For some of the Greater Minnesota cities, one or more 
contractor will be hired to assist with the workshop production.  
 
The Great Plains Institute (GPI) will work exclusively with program design and 
implementation in Apple Valley.  Apple Valley is one of four communities in the 
upper Midwest participating in a pilot to develop strategies for community-wide 
energy efficiency initiatives. In order to leverage this opportunity to maximum 
advantage for this project, GPI will help develop and integrate these efforts (which 
focus on all sectors of energy use, including business and institutional) with this 
LCCMR project, which focuses just on the residential sector. Activities include 
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facilitating a community-wide planning process, stakeholder recruitment and 
facilitation, and development and implementation of a community energy efficiency 
plan. LCCMR-funded activities will focus on the residential component of this 
community-wide plan. It is anticipated that these efforts will help deepen community 
engagement on energy-efficiency issues in general, and result in a more 
concentrated turn-out of Apple Valley residents to workshop events.  
 
Assist 6,000 participants in the direct installation of low-cost measures through in-
home visits 
At the workshop, participants receive free energy-efficiency materials to install in 
their home, such as CFLs, set-back thermostats, LED night lights, power strips and 
pipe wrap.  CEE has learned from past experience that providing education and free 
materials does not automatically insure that the materials will be used and energy 
savings will be achieved.  Providing a home visit to the participants in their home is a 
critical component to a successful workshop centered program.  This follow-up home 
visit (funded with matching utility funding) allows the homeowner to ask specific 
questions about their home, identifies insulation and other needs, provides additional 
hands on education on how to use the materials and gives the energy technician the 
opportunity to reenergize the homeowner’s interest in energy conservation.  Low 
cost insulation and air sealing work would be referred to a specially trained 
contractor.  Participants in need of high efficiency furnaces would be referred for 
financing. The in-home visits would be coordinated with, or incorporated into, 
existing and planned utility programs. For example, Xcel Energy and CenterPoint 
Energy both plan on implementing an in-home visit program called “Quick-Fix” 
starting in January, 2010. 
 
In St. Paul, NEC would implement the in-home visits, utilizing their existing energy 
auditor staff. In Minneapolis and Apple Valley, CEE would implement the in-home 
visits. In other cities, local contractors, with utility cost-share funding, would 
implement the in-home visits. 
 
Ensure 1,600 homes receive insulation, air sealing and other major energy 
improvements 
If major weatherization work is needed, the homeowners will receive a blower door 
test, analysis and bid with a referral to a qualified insulation contractor.  This 
diagnostic work would be provided by NEC in St. Paul, CEE in Minneapolis and 
Apple Valley, and existing auditor contractors in other cities. We estimate contractor 
work would be recommended in about half of the homes that receive in-home visits, 
and of these, 1,600 would act on the recommendations to conduct major insulation, 
air sealing, or furnace or hot water heater installations.   
 
In addition to the initial cities, if budget and resources allow, CEE may also extend 
the program into other cities. 
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Summary Budget Information for Result 4: Trust Fund Budget: $ 1,253,700
  Amount Spent: $ 1,058,247 
  Balance:  $ 195,453 
 
 
Deliverable Completion 

Date 
Budget 

1. Recruit, educate and enroll at least 6,000 
participants in workshops and other community events 

6/30/2011 $ 563,850 

2. Conduct 6,000 in-home visits including installation 
of low cost measures  

6/30/2011 $ 689,850 

3. Ensure that 1600 homes receive insulation, air 
sealing and other major energy improvements 

6/30/2011 (included in 
#2 above) 

 
Result Completion Date: 6/30/11 
 
Final Report Summary:   
 
The following table shows results from the program activities that were outlined 
above.  These results are further discussed below. 
 

City
Workshop 
Attendees

Home Visits 
Completed

Households 
Completing 
Upgrades

Number of 
Upgrades 

Completed

Apple Valley 796 780 147 151
Austin 224 184 64 83
Duluth 789 177 15 15
Minneapolis 4,139 3,886 948 1,063
Owatonna 204 180 43 47
Park Rapids 14 6 0 0
Rochester 302 216 78 110
St. Paul 1,775 1,493 179 221
Total 8,243 6,922 1,474 1,690

Energy Efficient Cities Results Through June 2011

 
 
 
Goal: Generate at least 6,000 participants in workshops and other community events 
 
The Energy-Efficient Cities exceeded the goal for total workshop participants by over 
2,000 participants. In total 8,243 people attended the workshops (some households 
had more than one person in attendance, but typically only one member of the 
household would sign in at the workshop). The number and size of the workshops 
varied, with generally more workshops being done in the larger cities, and less, but 
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larger, workshops being done in the smaller cities. The larger cities, like St. Paul, 
Minneapolis and Rochester, generally marketed the workshops by neighborhood, 
while the smaller cities marketed them across the city. The workshops completed 
included: 

• 91 workshops in Minneapolis 
• 51 workshops in St. Paul 
• 10 workshops in Apple Valley 
• 4 workshops in Owatonna 
• 4 workshops in Austin 
• 9 workshops in Rochester 
• 31 workshops in Duluth 
• 3 workshops in Park Rapids 

In addition, Duluth piloted an “on-line workshop,” which several hundred additional 
participants utilized. 
 
Goal: Assist 6,000 participants in the direct installation of low-cost measures through 
in-home visits 
 
All of the programs resulted in installation of low-cost items as part of the home visit, 
as well as diagnostic work, such as a blower door test, to make recommendations 
for major efficiency upgrades. In total, 6,922 home visits were completed, exceeding 
the goal by nearly 1,000 home visits.  
 
In most cases, there was a very high percentage of people attending the workshops 
that took the next step of completing the home visit (for some cities, over 95% of 
workshop attendees completed a home visit). The case of Duluth requires special 
explanation, as Duluth had many more people attend the workshop than followed 
through with completing the home visit. This was largely because the home visit 
portion of the program was not available in Duluth until late 2010, due to contractual 
negotiations with the utilities and DEEP on finalizing the administrative details of the 
home visits. Consequently, the home visits were not available at the time of the 
workshops, and all but 5 home visits were completed in the first months of 2011. As 
the Duluth program is now ongoing, it is expected that many of the workshop 
participants will in the future receive a home visit.  Also, some workshop participants 
in other cities (including Minneapolis and St. Paul) were scheduled to have a home 
visit, but the home visit was not completed until after the end of the project period 
(6/30/2011). 
 
Goal: Ensure 1,600 homes receive insulation, air sealing and other major energy 
improvements 
 
As of the end of the project period, 1,474 homes participating in Energy Efficient 
Cities completed upgrades to their homes; about 15% of these homes completed 
more than one upgrade (e.g., insulation work and furnace replacement), resulting in 
a total of 1,690 upgrades in these homes. These upgrades were facilitated by follow-
up work and assistance to participating homeowners who had upgrade 
recommendations, including phone calls, letters and email. These upgrades 
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generated $4.8 million in work for insulation and heating contractors. In total, 
measures installed by the programs (including low-cost measures) resulted in an 
estimated $13.8 million of energy bill savings over the lifetime of the installed 
measures. 
 
Although the project fell 126 homes short of its goal of 1,600 homes, it is expected 
that in time additional upgrades will be completed beyond the end of the project 
period by homes that participated in Energy Efficient Cities. This is because there is 
a lag period between when the home visit is completed and when the homeowner 
completes the upgrade which is typically 2-6 months, but can be 12 months or more. 
Thus, it can be expected that a year after the end of the project period, more homes 
will have completed upgrades, coming closer to or exceeding the original goal of 
1,600 homes. 
 
In order to assure the quality of the work completed, CEE developed quality 
assurance protocols for contractors to follow. The basis of these protocols is air 
sealing and insulation installation standards. The starting point for these standards is 
based on CEE’s experience in overseeing air sealing and insulation over 8,000 
homes through the Metropolitan Airport Commission’s Sound Insulation Program. 
The standards set expectations for what insulation contractors will be expected to 
accomplish in their scopes of work for individual houses.  Based on building science 
principles, the standards provide a framework to ensure that the work is done right 
the first time, avoiding issues like ice dams, missed opportunities for energy savings, 
and moisture problems. CEE has also developed a protocol for testing the homes 
post-retrofit to ensure good indoor air quality (i.e., adequate ventilation and no 
combustion safety issues from tightening up the home). Participating contractors are 
required to conduct these tests. These standards were provided to all cities in the 
program, and were adopted by a majority of the Energy Efficient Cities programs 
(Minneapolis, Apple Valley, Rochester, Austin, Owatonna and Rochester). 
 
In November 2010, Minneapolis was selected as one of ten communities, and the 
only city in the Upper Midwest, for piloting the U.S. Department of Energy’s Home 
Energy Score tool.  CEE ran the pilot for 154 homes participating in the Energy 
Efficient Cities program (called Community Energy Services in Minneapolis).  The 
Home Energy Score rates a home based on its existing energy usage, and indicates 
how the rating could be improved through retrofitting the home. CEE entered this 
pilot in order to test other methods of persuading homeowners to complete 
upgrades. A separate report (funded through the Department of Energy) will be 
completed for this pilot in the fall of 2011. 
 
The project was able to accomplish Result 4 with nearly $200,000 less expenditures 
than originally planned. In fact, a majority of the budgeted money that was not spend 
for the Energy Efficient Cities project was from Result 4. This was largely due to the 
fact that additional cost-share was provided through utility programs and other 
sources. Minneapolis, St. Paul and Duluth received stimulus funding from the state 
for outreach activities. CEE also received additional stimulus funding through a City 
of Minneapolis Energy Efficiency and Conservation Block Grant (EECBG) in July 
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2010. No LCCMR funding was spent on homes recruited through this funding. In 
addition, less funding was needed for insulation diagnostics, as most of this was 
provided through utility funding.  
 
Result 5:  Provide cost-share for installing energy-efficiency measures. 
 
Description:  
 
Trust Fund dollars would be used to provide cost-share for homeowners to act on 
the in-home visit recommendations requiring contractor work (result 4). This 
contractor work will include air sealing, insulation and major mechanical 
replacement. 

 
In conjunction with loans provided by other sources such as the Minnesota Housing 
Finance Agency, these cost-share incentives would be tailored to each city to cover 
project costs. We would also work with local utilities to complement and enhance 
existing rebate programs. In general, we would strive to have LCCMR cost-share, 
combined with other incentives, pay for 30-50 percent of the costs to the homeowner 
for air sealing (total cost of around $800) and 20-25 percent of the cost of insulation 
(total cost of around $4,000).  In total, this would require funding of about $900,000 
in cost-share. We assume half would be provided by utilities and stimulus dollars, 
and half by this program. 
 
Specifically, stimulus funding to the MHFA is expected to be able to supplement 
cost-share incentives to homeowners provided by this LCCMR project. The stimulus 
funding will include loans, and may include cost-share incentives as well, although 
this has not yet been determined. As more details about this program are made 
available, CEE will work with LCCMR staff to further refine our budget for cost-share.  
 
 
Summary Budget Information for Result 5: Trust Fund Budget: $475,000 
  Amount Spent: $ 450,934 
  Balance:  $ 24,066 
 
 
Deliverable Completion 

Date 
Budget 

1. Provide cost-share for installing energy-efficiency 
measures in 1,600 households 

6/30/2011 $475,000 

 
Result Completion Date: 6/30/11 
 
Amendment request (approved 6/17/11): 
An amendment is being requested to shift $25,000 from Result 2 to Result 5, in 
order to provide more participants the opportunity to receive cost-share.  We have 
had a greater demand for these funds than we anticipated, and the request is to 
meet that demand.  Note that the level of cost-share per participant will not be 
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increased, and that other non-LCCMR utility-funded rebates will still provide a 
portion of this cost-share, as described above. 
 
Final Report Summary:   
 
CEE developed the program guidelines, and started implementation, for providing 
cost-share for major upgrades completed as part of the Energy Efficiency Cities 
program in May 2010. It was decided that offering the same package to each city 
would be most fair, and the cleanest to administer. Cost-share was available to 
homeowners who had gone through the program (completed the home visit), and 
have received recommendations for major upgrades. These customers were eligible 
for Trust Fund dollars to pay a portion of their upgrade costs in the following 
amounts: 

• $250 for installing a natural gas forced air furnace with 95% or greater 
efficiency 

• $250 for installing a boiler with 85% or greater efficiency 
• 50% of the total project cost, up to $400, for air sealing, or air sealing and 

insulation, or wall insulation.  
 
The total amounts ($250 for furnace/boiler and $400 for insulation/air sealing) were 
set to roughly equal utility rebates (although the rebate levels are slightly different in 
each city), so that Trust Fund cost-share would be about equally matched with utility 
rebates. Although the cost-share was available anytime after May 2010, the vast 
majority of applications for cost-share were received in the final four months of the 
project. Participants were responsive to marketing that conveyed a sense of urgency 
of an impending deadline, after which the money would not be available. In the final 
weeks of the project, based on the volume of request being received, CEE 
requested a transfer of $25,000 from Result 2 (these funds were not needed for 
Result 2 as they were dedicated to postage for the feedback reports, when most 
were actually send via email). In the end, however, although the entire original 
budget was spent, less than $1,000 was spent of the $25,000 transferred from 
Result 2. In total, 1,162 homeowners received cost-share from Trust Fund dollars 
(some of these homes did both insulation and heating system upgrades). 
 
 
 
Result 6:  Conduct project evaluation and make recommendations for ongoing 
utility programs. 
 
Description:  
 
A major objective of this proposal is to transform the delivery of residential energy 
efficiency programs, so that they can be massively scaled up to reach significantly 
more (an order of magnitude more) homes than will be served by this project.  Thus 
we would evaluate the success of the program in achieving cost-effective energy 
efficiency services, and recommend enhancements and improvements for ongoing 
utility programs.   
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Summary Budget Information for Result 6: Trust Fund Budget: $11,000 
  Amount Spent: $ 7,225 
  Balance:  $ 3,775 
 
 
 
Deliverable Completion 

Date 
Budget 

1. Evaluation of program including number of 
participants, measures installed, cost and savings, and 
recommendations for future programs 

6/30/2011 $11,000 

 
Result Completion Date: 6/30/11 
 
Final Report Summary:   
 
A separate report was produced for this result. 
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Figure 1: Anticipated program delivery workflow and relationship to project 
results 
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Figure 2: Anticipated project timeline 
 

 
 
Figure 3: Summary of participation / funding commitments of partners 
 

 Minneapolis St. Paul Apple Valley Austin, 
Owatonna, 
Rochester 

Duluth Other Cities 

Participation / 
Tracking 

LCCMR LCCMR LCCMR LCCMR LCCMR LCCMR 

Data Analysis 
and Feedback 

LCCMR CenterPoint, 
LCCMR  

LCCMR Triad (utilities of 
Austin, Owatonna 
& Rochester), 
LCCMR 

LCCMR LCCMR 

Home visit/ 
Materials 

CenterPoint 
Energy, 
LCCMR 

Xcel Energy, 
LCCMR 

CenterPoint 
Energy, 
Dakota 
Electric, 
LCCMR 

Triad, LCCMR Minnesota 
Power, 
Comfort 
Systems, 
stimulus 

local utilities, 
LCCMR 

Cost-share for 
insulation /  
air sealing / 
mechanical 
upgrades 

Xcel, 
stimulus, 
LCCMR 

CenterPoint, 
stimulus, 
LCCMR  

CenterPoint,  
stimulus, 
LCCMR  

Triad,  stimulus, 
LCCMR 

MN Power, 
Comfort 
Systems, 
stimulus  

Local utility, 
LCCMR, 
stimulus 
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V.  TOTAL TRUST FUND PROJECT BUDGET:   
 
Personnel:  $ 681,000 

CEE has about 60 staff, of which about 1/6th

 

 will be assigned for some portion 
of time to this project. In implementing the majority of project activities for the 
LCCMR project, these staff will utilize expertise in project management, 
program design, recruitment and organizing of workshops, data input and 
tracking, field experience with home visits and technical analysis.  

Contracts:  $ 500,000  
$100,000 to CERTs for assistance recruiting and organizing workshops 
$85,000 to other Greater Minnesota contractors for assistance recruiting and 
 organizing workshops 
$150,000 to NEC and others for insulation diagnostics, post-Installation 
 inspection and home visits 
$25,000 to Great Plains Institute for assistance with Apple Valley 
 implementation 
$30,000 to NEC for program design in implementation assistance 
$50,000 to BAM for website development 
$60,000 to Conservation Services Group, Shelter Supply, and other 
 contractors for developing and producing air sealing and insulation 
 contractor trainings 

 
Other direct project costs:  $ 80,000  

$50,000 for workshop production costs including promotion and direct costs 
 of producing the workshops (food, venue rental, etc.) 
$30,000 $5,000 for production and delivery of the feedback forms  
 

Travel (within Minnesota): $ 39,000 
 Estimated based on an average of about two visits/month to each 
 participating city. 
 
Low-cost energy-efficiency materials:  $ 250,000 
 Low-cost energy-efficiency materials for 6,000 homeowners will include items 
 such as compact florescent light bulbs, weather stripping, outlet gasket seals, 
 recessed lighting inserts, low-flow showerheads, facet aerators, hot water 
 pipe insulation, outlet strips, and programmable thermostats.   

 
Cost-share for energy-efficiency: $475,000 

Cost-share to be provided for homeowners who pay for contractor work for air 
sealing, insulation and major mechanical replacement. 

 
TOTAL TRUST FUND PROJECT BUDGET: $ 2,000,000 
 
Explanation of Capital Expenditures Greater Than $3,500:  None. 
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VI.   PROJECT STRATEGY:  
A. Project Partners:    
Cities: Saint Paul, Minneapolis, Apple Valley, Rochester, Owatonna, Austin, Duluth, 
Park Rapids 
Utilities: Rochester Public Utilities, Owatonna Public Utilities, Austin Public Utilities, 
Minnesota Energy Resources (Rochester’s gas utility), Comfort Systems (Duluth gas 
utility), Xcel Energy, Great River Energy, Dakota Electric, Minnesota Power 
State agencies: Minnesota Office of Energy Security, Minnesota Pollution Control 
Agency 
Contractors:  
Builders Association of Minnesota (BAM)  

BAM has extensive knowledge of building energy efficiency, and has 
developed the successful home-smart.org website. 

Neighborhood Energy Connection (NEC)  
The NEC is a St. Paul-based non-profit with extensive experience in 
residential energy efficiency. They will assist with developing the program 
design, and will implement in St. Paul. 

Clean Energy Resource Teams (CERTs)  
In the Metro CERTs, efforts for this project will be coordinated by Diana 
McKeown through The Green Institute.  

Great Plains Institute (GPI) 
The Great Plains Institute is a 501(c)(3) nonprofit organization that brings 
together key public and private leaders from across the northern plains to 
accelerate the transition to a renewable and low-carbon energy system by 
mid-century. GPI’s core competency is facilitation and collaboration with a 
diverse group of creative, intelligent individuals to achieve consensus on 
policy and technology recommendations for businesses and government. 

Conservation Services Group (CSG), Shelter Supply and other contractors  
CSG and Shelter Supply have decades of experience in training energy 
efficiency contractors, in Minnesota as well as other states. 

Common Ground Construction 
Common Ground is the implementing organization of the Duluth Energy-
Efficiency Program (DEEP), and conducted  

 
B. Project Impact and Long-term Strategy:   
 
Estimated direct impacts include the following:  

• served 6,933 households  
• reduce energy costs $1,000,000/year in those homes 
• reduce CO2 26,000,000 lbs.  
• create 30 new full-time jobs 

 
In addition, it is our intent to transform how residential energy services are delivered, 
so that after we complete this project, these benefits would continue and increase by 
approximately an order of magnitude. After initial funding by LCCMR, we would 
anticipate that these programs will be funded by utilities in the long term. Duluth, 
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Minneapolis, Rochester, Austin and Owatonna have made commitments to keep 
funding their programs. 
 
This pilot project will demonstrate strategies that can be incorporated into utility 
residential Conservation Improvement (CIP) programs for the next decade. In order 
to meet the legislatively mandated 1.5 percent per year savings goal within the 
residential sector, over the next decade hundreds of thousands of homes will need 
to enter in a program such as we will be implementing.  Thus we would anticipate 
that this LCCMR project could catalyze the implementation of much larger utility 
programs that would enroll 50,000 or more homes per year over a 10 year span, 
creating hundreds of jobs and significantly reducing CO2 emissions in the residential 
sector. 
 
C. Other Funds Proposed to be Spent during the Project Period:   
 
The following lists estimated funding leveraged by this project: 

CEE in-kind    $330,000   
Other utilities:  $2,000,000 
Stimulus funding (Duluth): $1,500,000 

TOTAL:  $5,430,000 
Stimulus loan financing: $1,600,000 

 
D. Spending History:  
 
CEE has spent over $100,000 of its own funding planning for this project prior to 
June 30, 2009. Activities conducted with this funding include: 

• Conducting program pilot in fall of 2008 in select neighborhoods in 
Minneapolis and Oakdale; 

• Providing in-home visits and free materials for the pilot; 
• Discussions and planning with project partners; 
• Developing a training curriculum and conducting a “train the trainer” session 

so training can be conducted during the project period. 
 
VII.   DISSEMINATION:   
 
Our program will involve significant outreach efforts inherent in the program design, 
including a website developed for the project. Outreach efforts will include 
presentations at workshops and working through community partners to turn out 
people to the workshops. Program results will be captured through the final report 
which will be sent to key stakeholders. In August 2010 CEE presented the program 
at a conference of the American Council for an Energy Efficient Economy (ACEEE).  
In December 2010 CEE presented the program at a webinar sponsored by the U.S. 
Department of Energy. 
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VIII.   REPORTING REQUIREMENTS:   
 
Periodic work program progress reports will be submitted on the following dates: 
January 31, 2010; July 31, 2010; and January 31, 2011. 
 
A final work program report and associated products will be submitted by August 31, 
2011. 
 
 
IX.   RESEARCH PROJECTS:   
 
 None. 
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Attachment A:  Final Budget Detail for 2009 Project
 

Project Title: Energy Efficient Cities 

Project Manager Name: Carl Nelson

Progress Report: July 15, 2011
Reporting budget results as of: 6/30/11

Trust Fund Appropriation:  $ 2,000,000

2009 Trust Fund Budget
Result 1 
Budget:

Amount 
Spent: 

(6/30/11)

Balance: 
(6/30/11)

Revised 
Result 2 
Budget:

Amount 
Spent: 

(6/30/11)

Balance: 
(6/30/11)

Result 3 
Budget:

Amount 
Spent: 

(6/30/11)

Balance: 
(6/30/11)

Result 4 
Budget:

Amount 
Spent: 

(6/30/11)

Balance: 
(6/30/11)

Revised 
Result 5 
Budget:

Amount 
Spent: 

(6/30/11)

Balance: 
(6/30/11)

Result 6 
Budget:

Amount 
Spent: 

(6/30/11)

Balance: 
(6/30/11)

TOTAL 
BUDGET

TOTAL 
BALANCE

PERSONNEL: wages and benefits
Project Manager (Carl Nelson - 60% FTE) 22,000 11,669 2,399 77,100 55,262 11,000 7,225
Participation Coordinator (Erica Graber-Mitchell - 60% FTE) 1,556 87,500 27,785
Community Organizers (100% FTE) 3,960 99,900 73,382
Logistics Coordinator (Judy Thommes - 30% FTE) 54,300 56,638
Project Assistant (John Kracum - 100% FTE) 62,600 31,431 15,700 7,618
Project Assistant (Beth Bennett - 90% FTE) 254 75,300 29,082
In-home Visit Coordinator & other field staff (Bob Mello - 20% FTE) 28,105 31,900 155,159
Administrative support (10% FTE) 29,714 8,100 37,305
Workshop Coordinator (Neely Crane-Smith - 70% FTE) 1,629 73,700 18,168
Project Engineer & technical support (Lester Shen - 25% FTE) 37,100 13,623 18,600 3,872 6,200 69,134

SUBTOTAL PERSONNEL: 59,100 58,912 188 81,200 69,299 11,901 529,700 529,534 166 11,000 7,225 3,775 681,000 16,030

CONTRACTS                                                                   
Organizing Assistance - CERTs 100,000 81,133 18,867 100,000 18,867
Insulation diagnostics, post installation inspection, home visits (NEC 
& other contractors)

150,000 88,637 61,363 150,000 61,363

Organizing Assistance - Additional local contractors 85,000 74,250 10,750 85,000 10,750
Apple Valley assistance (Great Plains Institute) 25,000 20,504 4,496 25,000 4,496
Program design & implementation assistance (NEC) 5,000 4,957 43 25,000 25,000 0 30,000 43

Insulation and air sealing contractor training (Conservation Services 
Group, Shelter Supply, Builders Association of MN and others)

60,000 47,056 12,944 60,000 12,944

Website development (Builders Association of MN) 50,000 49,000 1,000 50,000 1,000
SUBTOTAL CONTRACTS: 5,000 4,957 43 50,000 49,000 1,000 60,000 47,056 12,944 385,000 289,524 95,476 500,000 109,463

TRAVEL IN MINNESOTA 39,000 5,041 33,959 39,000 33,959

OTHER DIRECT PROJECT COSTS
Workshop production costs (materials & promotion) 50,000 35,649 14,351 50,000 14,351
Production and delivery of feedback materials 5,000 21 4,979 5,000 4,979
SUBTOTAL OTHER DIRECT COSTS: 5,000 21 4,979 50,000 35,649 14,351 55,000 19,330

SUPPLIES (low-cost energy-efficiency materials for homeowners) 250,000 198,499 51,501 250,000 51,501

COST-SHARE FOR EFFICIENCY INVESTMENTS 475,000 450,934 24,066 475,000 24,066

COLUMN TOTAL $64,100 $63,869 $231 $136,200 $118,320 $17,880 $60,000 $47,056 $12,944 $1,253,700 $1,058,247 $195,453 $475,000 $450,934 $24,066 $11,000 $7,225 $3,775 $2,000,000 $254,349

 

RESULT 2: Coordinate, track and 
provide feedback on energy use

RESULT 1: Design and develop 8 
city-specific programs

RESULT 4:  Implement energy 
efficiency programs

RESULT 6:  Recommendations for 
ongoing utility programs.

RESULT 3: Train insulation and air 
sealing contractors
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Funding for this project was provided by the Minnesota Environment and Natural Resources Trust Fund as 
recommended by the Legislative-Citizen Commission on Minnesota Resources (LCCMR). The Trust Fund  
is a permanent fund constitutionally established by the citizens of Minnesota to assist in the protection, 
conservation, preservation, and enhancement of the state’s air, water, land, fish, wildlife, and other natural 
resources. Currently 40% of net Minnesota State Lottery proceeds are dedicated to building the Trust Fund 
and ensuring future benefits for Minnesota’s environment and natural resources.
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The project exceeded its original goals for participation, with 6,922 households  

completing a home energy visit and 1,474 of those households completing major  

energy upgrades, which generated $4.8 million in contractor work and saved  

homeowners $13.8 million on their energy bills.



Introduction to Energy Efficient Cities

The Energy Efficient Cities project was developed to demonstrate the delivery of innovative  

residential energy-efficiency programs to reduce energy use and environmental impact in at 

least 6,000 homes through a community-wide partnership approach, with initial seed funding 

from Minnesota’s Environment and Natural 

Resources Trust Fund. With strong and crucial 
support from local gas and electric 
utilities, city-specific programs were 
developed in eight cities: Apple Valley, 
Austin, Duluth, Minneapolis, Owatonna, 
Park Rapids, Rochester, and St. Paul. 
While each city developed a customized approach, 

all of the programs were designed to provide a 

“one-stop shop” whole-house approach that would 

make it as easy as possible for homeowners to take 

energy-efficiency actions, while maximizing 

participation and energy savings. This 

comprehensive approach involved the  

following components in every program: 

	 •	 Community-based marketing strategies to recruit participants to workshops, for 

             training participants to take low-cost energy actions and to serve as an entry into the program;

	 •	 Home energy visits that include installation of low-cost materials, identify other  

		  energy-saving opportunities, and provide a customized energy action plan;

	 •	 Energy usage feedback reports to encourage individual energy-saving actions;

	 •	 Follow-up assistance, including providing cost-share for completion of major efficiency  

		  upgrades including insulation, air sealing and major mechanicals replacement; and

	 •	 Training and quality assurance for insulation and air sealing contractors. 

The project exceeded its original goals for participation, with 8,243 people attending 

workshops, 6,922 of those households completing a home energy visit, and 1,474 homes 

completing major energy-efficiency upgrades. Quality-assurance protocols were developed to 

provide confidence to the homeowner that their upgrade was being done right, as well as to 

ensure promised energy savings would be realized. Thirty-six contractors were trained in high-

performance installation techniques for insulation and air sealing jobs. The upgrades completed 

under this program generated $4.8 million in work for Minnesota’s insulation and heating 

contractors. The estimated total energy savings from measures installed in these homes is 

$13.8 million for the homeowners over the life of the measures. The programs will be continued 

in at least five of the participating cities. 

This report provides a summary of the project, as well as lessons learned for implementing  

similar programs.
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Why Was Energy Efficient Cities Started?

Minnesota has a long-standing commitment to improving the energy efficiency of its homes 

and businesses. In 2007, the legislature reinforced this commitment by requiring both natural 

gas and electric utilities to increase their efforts to help their customers save energy, sufficient 

to reduce energy use 1.5% per year from what it otherwise would have been. While utilities 

have a long history of successfully implementing programs to help customers save energy, the 

residential sector has been a particularly hard sector to serve, especially for natural gas 

savings. Achieving significant natural gas savings in the residential sector requires deeper 

efforts like insulation and heating system upgrades (so-called “whole-house” programs1). Major 

upgrades, such as insulation and air sealing, typically require some kind of home visit to assist 

with the diagnosis of the problems and design of the upgrades. However, traditional audit 

programs (the predominate program offering in Minnesota), 

which simply provide information to help guide consumer  

action, often do not achieve results on their own. It has long 

been recognized that providing information is, in itself,  

insufficient for motivating participant action. New approaches 

are needed to unleash the potential for energy efficiency  

in homes.  

The Center for Energy and Environment (CEE) set out to design 

an approach that could address energy efficiency in the 

residential sector, and jump-start these efforts throughout the 

state. CEE was awarded a grant from the Minnesota 

Environment and Natural Resources Trust Fund in 2009 to pilot 

residential energy-efficiency programs in eight cities throughout Minnesota. 

Participating Cities and Partners

Eight cities from across Minnesota participated in the Energy Efficient Cities project: Apple 

Valley, Austin, Duluth, Minneapolis, Owatonna, Park Rapids, Rochester and St. Paul. Park 

Rapids participated in the program for only a few months before the city decided to focus 

instead on another energy-efficiency initiative it had received stimulus funding for. Each city had 

a broad range of partners that helped make the program possible, summarized below. Utilities 

from each of the cities were strong supporters and critical to the programs’ success, typically 

funding the home energy visit portion of the program. Cities and community and neighborhood 

groups were essential to helping garner participation. Program implementers were also different 

for each city. CEE implemented the programs in Minneapolis and Apple Valley in their entirety; 

implemented everything except the home energy visit in Austin, Owatonna and Rochester;  

and conducted the workshops in Park Rapids. In St. Paul, the Metro Clean Energy Resource 

Traditional audit 
programs, which 
simply provide 
information to help 
guide consumer  
action, often do not 
achieve results on 
their own.
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Teams (CERTs) did most of the recruitment and workshops, while the Neighborhood Energy 

Connection conducted the home visits and follow-up work as well as a portion of the  

recruitment and workshops. Duluth had a large coalition of organizations that resulted in the 

formation of the Duluth Energy Efficiency Program, which was implemented by Common 

Ground, a local nonprofit. 
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City
Utilities

Program 
Implementers Other Partners

Apple Valley
be. (better energy) 
Apple Valley

Dakota Electric
Association (electric)
CenterPoint Energy (gas)

CEE (everything)

CEE (recruitment, workshops, 
follow-up, quality control)
Greg Ernst and Associates
(home energy visit)

CEE (recruitment, workshops, 
follow-up, quality control)
Greg Ernst and Associates
(home energy visit)

CEE (recruitment, workshops, 
follow-up, quality control)
Greg Ernst and Associates
(home energy visit)

Neighborhood Energy Connection 
(home energy visits, some 
recruitment, some workshops, 
follow-up)
Metro CERTs (recruitment
and workshops)

HRA of Park Rapids (recruitment)
CEE (workshops)
Greg Ernst and Associates
(home energy visit)

Common Ground
(everything)

CEE (everything)

City of Apple Valley
Metro CERTs 
Great Plains Institute
Great River Energy

Owatonna Public Utilities 

City of Duluth 

City of Minneapolis
Over 50 neighborhood groups

Austin Utlities

City of Park Rapids
Green Park Rapids coalition

City of Rochester
R-Neighbors

City of St. Paul 
District Councils

Austin
Conserve & 
Save House Call

Duluth 
Duluth Energy 
Efficiency Program
(DEEP)

Minneapolis
Community Energy 
Services & Home 
Energy Squad

Owatonna
Conserve & Save
House Call

Park Rapids
Green Park Rapids

Rochester
Neighborhood Energy
Challenge

St. Paul
Neighborhood Energy
Service & Home
Energy Squad

Austin Utilities
(electric and gas)

Minnesota Power (electric)
Comfort Systems (gas)

Minnesota Power (electric)
MInnesota Energy
Resources (gas)

Rochester Public 
Utlities (electric)
MInnesota Energy
Resources (gas)

Xcel Energy (electric)
CenterPoint Energy (gas)

Xcel Energy
(electric and gas)

Owatonna Public Utilities
(electric and gas)

Program Name

Figure 1: Summary of Energy Efficient Cities Program Partners



Challenges for Residential Energy-Efficiency Programs

The benefits of investing in energy-efficiency measures, such as adequate attic and wall 

insulation, are well documented and can result in a positive economic return for the 

homeowner. Yet research indicates that homeowners consistently under-invest in energy-saving 

opportunities. Before starting the project, CEE identified the following challenges that would 

need to be addressed in developing a successful residential approach.2  

•	 Information barriers. It might seem surprising that so few consumers take the sensible 
step of investing in all conservation opportunities with a payback of 10 years or less, but 
they can’t take advantage of those opportunities if they don’t know about them. Giving 
homeowners information about conservation opportunities is essential, but care must be 
taken in how that information is presented. Research shows that presenting too many 
choices can actually increase the likelihood that someone won’t choose at all.   

•	 Individual consumer behavior plays a large role in household energy consumption.  
It is well established that consumption in identical homes, even those designed to be  
energy-efficient, can easily differ by a factor of two or more depending on the behavior  
of the inhabitants. Recent utility studies have established that addressing energy-related 

	 behaviors can result in significant reductions in energy consumption.    

•	 Logistical barriers and short homeowner attention span. Even if homeowners know what 
action to take, they may not take that action unless it is made very convenient for them.  
Research has shown that homeowners are willing to spend only a limited amount of time  
dealing with their home’s energy issues. Programs must reduce confusion, provide easy 
steps to action, and deal with logistical barriers such as finding qualified contractors.

•	 Factors other than economics are primary in consumer decision-making. Even if a  
measure can be demonstrated to be a good economic investment, other factors determine 
homeowner priorities. A kitchen remodel is undeniably a more exciting project to most  
homeowners than installing insulation. Programs should include persuasion based on 

	 non-economic factors, such as creating peer pressure to do the right thing.

•	 Financial barriers. Homeowners often do not have access to capital to make needed  
improvements. It should be noted that in CEE’s experience with financing more than $100 
million in energy improvements, the importance of this issue is often overstated, but is 
nonetheless important for program designers to address. 

•	 High transaction costs relative to energy savings. Compared to the commercial  
or industrial sector, the magnitude of the available energy savings per customer is  
relatively small. Thus, residential programs that involve a home visit must achieve high  
efficiencies in program delivery to minimize transaction costs. Minimizing the number of 
visits to the home (and maximizing the energy savings per visit) is necessary to achieve 
program cost-effectiveness. To maximize energy savings per customer, each visit must 
focus on all fuel types present, as well as multiple modes of savings, including direct  
installation, major retrofits and behavioral changes. 
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Really happy with the program and happy it was in Apple 

Valley. That’s not something that you really expect in 

a suburb. I was really proud I could participate in it. I 

wanted to do my part to help you guys out with any other 

research with hopes that we can expand the program to 

other areas and cities.
-Energy Efficient Cities Program Participant



Components of the Energy Efficient Cities Program
Informed by the challenges of serving the residential sector as outlined above, Energy  

Efficient Cities aimed to create a “one-stop shop” comprehensive approach to make taking  

energy-efficiency actions as easy as possible for the homeowner, while maximizing  

participation and energy-savings opportunities. CEE developed five basic program  

components, discussed  below. The intent of this program design was for each of the  

components to build upon the others to create an integrated whole, creating a “conveyor  

belt to energy savings.”  

Community-based marketing strategies including workshops

The Energy Efficient Cities program implementers worked closely with communities on 

outreach and marketing, for several reasons. First, the programs were able to leverage the 

interest by cities and community and neighborhood groups in helping their residents save 

money and energy in their homes. Many cities and neighborhood groups are actively seeking 

ways to engage their residents in these issues, and the programs provided an outlet for  

that interest. 

Equally important, community-based strategies can provide an additional motivation for 

homeowners to take action, from taking the first step by enrolling in the program to investing 

in major upgrades. Insights from behavioral psychologists have shown that people are more 

strongly influenced by social norms  than by economic drivers such as saving money (even 

though people may say, and believe, that they care more about saving money than they do 

about what their neighbors think). Showing that a behavior such as insulating your home is a 

social norm creates a powerful motivator for people to adopt that behavior. Community-based 

strategies can be important in establishing energy efficiency as a social norm, helping to 

 increase program participation and the number of actions by program participants. This can 

be particularly true if community leaders are publicly involved with the program.  

Energy Efficient Cities used community workshops to reinforce the social norm that energy

efficiency is the right thing to do as well as to create a feeling of involvement by the whole  

community, helping to push individual participants to action. All of the Energy Efficient  

Cities programs used community workshops as a recruitment technique. It was found that 

when homeowners could schedule a home energy visit right at the workshop, more home-

owners took that next step. This method also has the benefit of having homeowners make a 

public commitment to energy efficiency in front of their neighbors. Behavioral psychologists 

have found that public commitments are an effective strategy in driving people to take further 

actions, in this case making it more likely that homeowners would make investments in major 

energy-efficiency upgrades down the road.
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The workshops also served to prepare the homeowner for the home visit, including setting 

expectations that doing major upgrades is an important part of a home’s energy efficiency. 

The workshop content was informative, but also engaging for homeowners.

Partnering with neighborhood and other community groups, where such organizations 

existed, was a successful approach for many cities. Minneapolis has more than 80 

neighborhood groups, more than two-thirds of which actively worked with CEE on promoting 

the program. This varied from helping market the program through community newsletters and 

email lists to recruiting volunteers for door-knocking efforts.

Many of the other cities also employed volunteer door-knockers to sign people up for the 

workshops. Minneapolis and St. Paul held volunteer trainings for door-knockers, and hosted 

door-knocking volunteer events. In Duluth, a “green canvass” talked to more than 2,000 

households in their door-knocking efforts.

Home energy visits

The home energy visits provided an opportunity for the homeowner to get personalized  

assistance and recommendations from energy-efficiency experts. Most cities referred to the 

home energy visits as “energy audits.” This term, however, conjures images of the IRS and tax 

accounting for many people, making it sound like an unpleasant chore. For this reason, the  

Energy Efficient Cities project and programs in Minneapolis and Apple Valley used the term 

“home energy visit.” 

Procedurally, the home energy visit involved diagnostics to determine the need for insulation 

and air sealing, typically a blower door test. The heating systems were checked to see if they 

needed to be upgraded, as well as for safety. To maximize energy savings potential, low-cost 

materials were installed during the home visit. The exact product mix varied by city, but  

included compact fluorescent light bulbs, low-flow showerheads, low-flow faucet aerators,  

programmable thermostats, hot water heater insulation blankets and pipe wrap, refrigerator 

thermometers and weather-stripping. At the end of the visit, homeowners were presented with 

any recommendations for major upgrades like insulation, air sealing and heating system  

replacement. As mentioned above, research has shown that presenting too many options  

tends to overwhelm people, resulting in no option being selected at all. Because of this, an 

effort was made in most cities to focus the recommendations on the top two or three most 

important ones.
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The home visit was great! It was great to learn about all the 

specific improvements that were being made and how to  

implement some changes myself. The staff was great about  

answering questions and involving me in the process.

-Energy Efficient Cities Program Participant



Energy use feedback reports

One barrier to people taking energy-efficiency actions is a lack of context for their energy bills. 

They generally don’t know if their energy use is relatively high or low compared to other homes. 

Providing feedback on homeowners’ energy bills can be a step toward their taking actions to

reduce their energy use. Many studies have shown that well-designed “feedback reports” can 

result in people taking small actions to save energy, such as turning down their thermostats in 

the winter, and make it more likely that they will take larger actions, like buying a new furnace. 

Feedback reports were an integral part of Energy Efficient Cities. The reports require the 

participation of gas and electric utilities to acquire the necessary data, and typically require the 

homeowner to sign a waiver to release the data to a third party like CEE, who then provides it 

to the homeowner. The data acquisition process was not easy, and was fairly resource-intensive.

Different cities had different approaches to these reports. Duluth used a tool designed by the 

U.S. Environmental Protection Agency called the “Home Energy Yardstick,” which combined 

natural gas and electric energy use to give a single score. Minneapolis, St. Paul and Apple Valley 

used a separate score for electric use (the “Spark Index”) and natural gas usage (the “Flame 

Index”). Austin, Owatonna and Rochester, separately from Energy Efficient Cities, contracted 

with a large national provider of feedback reports (O-POWER). Those cities also worked with 

O-POWER to help market the program through their feedback reports. 

Having a score that provided context for homeowners helped to engage them in conversations 

about their energy use. Most homeowners found the reports extremely useful. The feedback 

reports were also very useful in encouraging further actions after the home visit. Homeowners 

are frequently not ready (financially or otherwise) to immediately do the upgrade work, and it 

may take many months before they engage a contractor to do the work. The feedback reports 

provided a reminder to the homeowner of their intention to complete that work.

Having a score that provided  
context for homeowners helped  

to engage them in conversations 
about their energy use.

YOUR HOME’S FLAME INDEX

Your Home Energy Use for 2007-2008
Longfellow Residential
3200 32nd Avenue South

Flame Index 
(Btu/sq.ft. - HDD/year)

Spark Index 
(KWh/year/sq.ft.)

Based on
floor area of:
1,512 sq.ft. 

A good value for the Flame Index is 5 or less. A good value for the Spark Index is 4 or less.

Monthly Natural Gas Use Monthly Electricity Use
Usage from

08/07 to 09/08

You

MN
Average

Your
Target

Annual Fuel Cost
You MN Average

(for 1,512 sq.ft.) Your Target Savings
Opportunity

Natural Gas $1,767 $763 $1,414 $353

Electricity $605 $643 $449 $156

Total $2,372 $1,406 $1,862 $510

(Reference #29)

YOUR HOME’S SPARK INDEX



Follow-up assistance to support implementation of recommendations

After the home visit, homeowners received assistance in following through on the home visit 

recommendations. This included answering questions about how to select a contractor and 

what should be included in the scope of the work, assistance with various government and  

utility incentives, and help with financing if it was needed. With the variety of programs  

available (including, in Minneapolis, neighborhood-specific financing programs), it can be hard 

for homeowners to keep track of what they may qualify for, and how they should proceed to 

maintain eligibility. For example, Duluth homeowners could be eligible for a city-run 4.9% loan 

program, Minnesota Housing Finance Agency loans available through at least four local  

lenders, several income-eligible loan programs, rebates from the gas and electric utilities, and 

a rebate through the DEEP program. A specific rebate was also available from Energy Efficient 

Cities for all cities, for up to $400 for insulation and up to $250 for heating systems. Often just a 

simple call to check in with the homeowner helped to keep projects moving along. 

In addition to assistance by phone, program implementers created websites and sent  

emails and letters to homeowners to remind them of rebate offers and any upcoming  

deadlines for these rebates. As mentioned above, an energy usage feedback report sent out a 

couple times after the home visit can also serve to trigger action by the homeowner to  

implement recommendations.

We greatly appreciated the follow-up call after the  

visit because that is where we were beginning to  

have more questions.

-Energy Efficient Cities Program Participant



Training and quality assurance for contractors

Energy Efficient Cities incorporated contractor training and quality assurance into the program 

design for two purposes. The first reason was to ensure that the maximum potential energy 

savings would be realized. Energy savings from insulation in particular is highly dependent 

upon the quality of the installation. Secondly, program implementers believed that providing 

homeowners with an assurance that contractor work would be done well and solve their energy 

problems would make it easier for them to make the decision to invest in upgrades.

Generally, there are few issues with installations of heating 

systems. However, the quality of work done by insulation 

contractors for existing homes is highly variable. Many 

contractors are not trained in proper techniques, particu-

larly in sealing air leaks prior to installing insulation. And yet properly sealing air leaks is one of 

the most critical aspects of insulation work. Air leaks can result in an equal or greater heat loss 

than through insufficient insulation. Failing to properly seal air leaks can also result in moisture, 

mold and wood decay issues. This is caused by moisture in the warm, moist air condensing 

on cool attic spaces in the winter months. In addition, air leaks are a primary cause of ice dam 

issues, created  when warm air reaches the roof deck and melts the snow on the roof. Adding 

more insulation without sealing air leaks can magnify these moisture issues.

Besides installation issues, contractors must be aware of and ready to deal with indoor air 

quality issues that may result from their work. Tightening up a home in some situations can 

result in the potential for combustion gases to leak into the home from combustion appliances 

(like most older natural gas water heaters) that are not power-vented. Tighter homes may also 

need mechanical ventilation for supplemental fresh air, and contractors should be ready to help 

homeowners address this need.

Because the difference between a well-done installation and a badly done installation is not 

visible to the homeowner, there is little market incentive for a contractor to do the job well, 

particularly when shortcuts can result in the work being done less expensively. Thus many 

homeowners experience a wide variation in bids from contractors, because one contractor may 

be doing more detailed work, while another may be taking shortcuts such as not fully sealing all 

attic bypasses. Even if homeowners are aware that improper insulation work can cause indoor 

air quality problems, they may not know the right questions to ask to make sure a contractor 

will properly deal with this issue. All of these issues create confusion for homeowners, which 

makes it less likely that they will go forward with doing the work. 

To solve this dilemma, Energy Efficient Cities created a quality-assurance process, which was 

adopted in its entirety by a majority of the programs. The basis of the quality-assurance  

process is insulation and air sealing standards and a quality-control process to ensure the  

Air leaks are a primary 
cause of ice dam issues.
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standards were followed. The standards were developed by CEE, largely based on CEE’s  

experience overseeing the insulation and/or air sealing of more than 8,000 homes through the 

Metropolitan Airport Commission’s Sound Insulation Program. 

The quality-assurance process is under continuous improvement.  The current process is  
different than originally chosen, as initial testing of contractor work showed more quality  
issues that was deemed acceptable. Additional training and more one-on-one contact  
between contractors and CEE’s experienced staff were added to improve results. The current 
process involves the following steps:

1.	 Contractor completes required trainings and/or certifications (including on indoor air 
quality issues like ventilation and combustion safety), becomes familiar with the in-
sulation and air sealing techniques and standards, and confirms they have required 
equipment, including a blower door and proper insulation equipment. Contractor also 
confirms they can properly fill out post-installation report that includes indoor air quality 
testing as part of program requirements; 

2.	 Contractor is placed on a list of participating contractors that is provided to  
program participants;

3.	 Contractor is entered into the program on a probationary basis. Program quality control 
staff perform on-site “proctoring,” or confirmation that the contractor is meeting the  
standards;

4.	 Contractor notifies the program administrator as they finish jobs for homeowners, and 
quality control staff conduct audits on at least 10% of the completed jobs. If deficiencies 
are found during the quality control audits, contractor corrects deficiencies.  
Contractors that consistently fail quality control audits are dropped from the program.

Training for contractors involved in Energy Efficient Cities was held to support the quality-

assurance process (step 1 above), focusing on air sealing techniques. Toward the end of the 

project period, the national Building Performance Institute (BPI) developed a certification for 

insulation installers. A majority of the Energy Efficient Cities programs will be requiring this  

certification for participating contractors in the future (Duluth already requires contractors to 

hold another BPI certification for building envelope professionals).



Results

The Energy Efficient Cities project ran for two years, from July 2009 through June 2011. Since the 

program design and partner relationships had to be created before implementing the individual city 

programs, most programs didn’t start until late 2009 or early 2010, meaning that the results 

presented here were accomplished in an average of about 18 months. 

In total, 8,243 participants attended workshops, resulting in 6,922 home visits. Of the households 

that had a home visit, 1,474 (21%) completed a major energy-efficiency upgrade, and about 15% of 

those completed more than one upgrade (resulting in a total of 1,690 upgrades). The breakdown of 

these results by city is shown below. Of the total major upgrades, 1,348 (80%) were insulation and 

air sealing jobs, while 342 (20%) were heating system (furnace and boiler) upgrades. These  

upgrades generated $4.8 million in work for insulation and heating contractors.3 

A comprehensive assessment of energy savings from each program was not available at the time 

this report was written. Our estimates are based on savings claimed in calendar year 2010 by 

utilities from the three cities with the largest participation (Minneapolis, St. Paul and Apple Valley), 

and extrapolated to the remaining program participants.4 This calculation resulted in the following 

estimates of energy savings5  for the 6,922 households participating in the programs: 

•	 76,120 million BTUs of annual energy savings 

•	 1,148,000 million BTUs of total savings over the lifetime of the installed measures  
(35 million kWh of electric savings and 10.2 million therms of gas savings)

•	 $13.8 million in energy bill savings over the lifetime of the installed measures

Apple Valley

Austin

Duluth

Minneapolis

Owatonna

Park Rapids

Rochester

St. Paul

TOTAL

796

224

789

4,139

204

14

302

1,775

8,243

780

184

177

3,886

180

6

216

1,493

6,922

147

64

15

948

43

0

78

179

1,474

151

83

15

1,063

47

0

110

221

1,690

City
Workshop
attendees

Home Visits
Completed

Households
Completing
Upgrades

Number of 
Upgrades

Completed
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Figure 2: Energy Efficient Cities Project Results



The graph below provides a breakdown of energy savings for low-cost and major upgrades, 

and compares the immediate impact of annual energy savings compared to the long-term  

impact over the lifetime of the installed measures. As seen below, low-cost measures can provide 

large energy savings because they can be installed in every house. However, even though  

insulation and air sealing were installed in less than one-fifth of participating homes, these 

measures provide a much larger portion  of total lifetime energy savings because insulation 

lasts longer than low-cost measures. And for the homes that installed insulation and air  

sealing, 80% of lifetime energy savings was attributable to insulation and air sealing. Heating 

system upgrades resulted in a smaller portion of energy savings, mainly because only 5% of  

participants installed heating systems. Thus the percentage of homes that actually follow 

through with insulation upgrades is critically important to the long-term energy savings the 

program will achieve. 

 

The above savings estimates do not include savings attributable to the program from behavioral 

changes that participants may make to decrease their energy usage. Although these savings 

were encouraged by the programs, they are hard to measure without large (more than 10,000 

sample size) populations and utility bill information for each participant as well as a control 

group. Past studies have shown from zero to 12% savings per household from behavioral 

programs.6 However, in order to sustain those savings year after year, research suggests that a 

continued effort (sending feedback reports for at least several years) is necessary.

52,100

20,400

3,600

573,400

509,600

65,000

Low-cost measures

Insulation and air sealing

Heating systems

Annual Energy Savings Lifetime Energy Savings

(MMBTU) (MMBTU)

Low-Cost and Major Upgrades: Annual vs. Lifetime Energy Savings
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Figure 3: Low-Cost and Major Upgrades: Annual vs. Lifetime Energy Savings



Insights for Future Program Development

Overall, the Energy Efficient Cities project demonstrated that comprehensive energy-efficiency 

programs can achieve high participation and energy savings. The experience of many energy-

efficiency program administrators is that it can take several years for a successful program  

design to mature and reach its full potential for cost-effective energy savings. Toward that end, 

the following reflections and insights are offered for the future development of current Energy 

Efficient Cities programs and those with similar aspirations.

Community-based marketing combined with traditional marketing can be an  
effective approach

Engaging local partners, such as cities and community groups, can be an effective method to 

market a residential energy-efficiency program. In order for it to be a fruitful partnership, the 

program must have something meaningful to offer all parties that will make it worth their time 

and effort. For the Energy Efficient Cities program, this was the case. In addition to being  

popular with participants (based on survey results), the programs helped to improve the local 

housing stock through home improvement investments and created local jobs for contractors. 

By being associated with an effective service to their residents, local partners could benefit 

from the goodwill created by the programs. All of these factors were effective motivators for city 

and community groups to become involved in the programs.

In addition, community members were willing to volunteer time for program recruitment. While 

this requires strong volunteer management to use their time effectively (which can be staff-in-

tensive), having neighbors involved in the recruitment can reach people in ways that traditional 

marketing cannot. It can also increase the effectiveness of other more traditional marketing 

channels, such as direct mail.

Workshops were found to be a highly effective way to jumpstart participation in residential pro-

grams, as well as improve program results.  However, it is recognized that those willing to take 

time away from evening and weekend activities to attend a workshop represent only a segment 

of the population.  To reach deeper participation, future efforts will need to evolve to a program 

model that goes beyond workshops as a main recruitment method.



I was totally pleased with the whole experience from  
start to finish. It makes me want to do something with  
our older appliances in our house, or anything we can do to 
save energy which will save us money and the environment.
It was a good starting point, and now we’ll look for 
other ways to save energy.

-Energy Efficient Cities Program Participant



Combining low-cost measures with insulation measures can increase savings beyond that 
achieved by separate strategies

All of the programs involved the installation of some low-cost measures in the homes. While 

homeowners could in theory install some of these materials themselves more cost-effectively, 

the program significantly increased the penetration of efficient 

technologies beyond what homeowners would have done on 

their own. Time and again homeowners said they had done all 

they could, and yet additional opportunities to install low-cost 

measures were found. As shown by the savings numbers above, 

these direct install measures can result in high energy savings 

on their own. However, combining these direct install measures 

with an effective pathway for the homeowner to install major 

upgrades (in particular, insulation and air sealing) increases  the 

overall cost-effectiveness of the program, eliminates the need for 

multiple visits to the home, and maximizes all opportunities  for 

energy efficiency through a comprehensive approach.

Further cost reductions in program delivery are possible

While each of the Energy Efficient Cities programs was slightly different, it is estimated that the 

total cost of this pilot program was between $500 and $700 per participant that completed a 

home energy visit, including utility funding and rebates, other grant funding, and Environment 

and Natural Resources Trust Fund dollars. This results in a cost of energy saved of about 3.2 

cents/kWh for electricity and 33 cents/therm for natural gas. This is money well spent, as it is 

less than the cost of procuring new sources of electricity and natural gas. However, a good 

portion of this cost was start-up costs to get the programs up and running, and the rebates 

offered were generous (sometimes paying for more than half the cost of the upgrades). These 

rebates were helpful in motivating people to complete the upgrades, but as the programs 

become more mature and recognized for the quality they can deliver, the same completion rate 

should be achievable with smaller rebates.

Quality control and contractor training is important to achieving savings and  
homeowner confidence

In initial quality-assurance visits, CEE found that even some experienced insulation contractors 

were not properly completing jobs, particularly air sealing. Insufficient air sealing, as discussed 

above, not only results in less energy savings, but can create other problems for the  

homeowner. Incorporating quality assurance into the program design not only forestalls these 

problems, but serves as a major selling point for the program. 

Combining direct  
install measures with 
an effective pathway 

for the homeowner  
to install major  

upgrades increases 
the overall  

cost-effectiveness of 
the program. 
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Feedback reports can require significant resources when done on a small scale

Homeowners generally found it very useful to see their home’s energy usage compared to 

some benchmark, as was presented in various forms by the feedback reports of individual city 

programs. However, producing reports on a relatively small scale (that is, less than 10,000 per 

year) can be very resource-intensive per participant. The most useful report was the feedback 

report with utility bill data used at the time of the home energy visit, as this provided a focus for 

the discussion of energy usage between homeowners and program staff. However, while it is 

useful to have follow-up reports after the home energy visit, it may not be cost-effective to do 

this on a small scale for future programs. A better possibility might be to integrate information 

and messaging from the home energy visit with a larger-scale feedback program if it is being 

run by a utility already (such as the programs being run by feedback report company  

O-POWER in more than half of the Energy Efficient Cities territories). For example,  

homeowners who had a home energy visit could get a special version of a feedback report  

that would emphasize recommendations made during the home energy visit.

Motivating homeowners to complete upgrades is critical

Because such a high portion of lifetime energy savings come from the major upgrades, it is 

critical for a program to achieve a high “conversion rate” of participants that complete the 

recommended upgrades. Energy Efficient Cities programs were generally very successful at 

this, convincing 21% of participating homeowners to complete upgrades. The most successful 

programs achieved conversion rates above or well above this average: 24% (Minneapolis and 

Owatonna), 35% (Austin) and 36% (Rochester). The program design of Energy Efficient Cities 

lends itself to maximizing the number of households that complete upgrades. This includes an 

orientation toward homeowner engagement and persuasion from the very beginning of the  

program, an easy pathway for homeowners to find reliable contractors, and a process for  

following up with homeowners after the home energy visit. This hand-holding approach is  

necessary to keep homeowners engaged in the process.

CEE also experimented with using an asset-based energy label to help further persuade 

homeowners to complete upgrades. This type of label objectively rates the energy performance 

of a home’s building envelope and major energy-using systems independent of building  

occupant behavior. It is similar to the yellow “EnergyGuide” labels on appliances that tell you 

how much energy your new appliance will use compared to other appliances for a typical 

household. CEE was one of 10 participants in piloting the U.S. Department of Energy’s “Home 

Energy Score” label in 154 Minneapolis and Apple Valley homes. An energy label can provide a 

clear visualization of a home’s energy-efficiency deficiencies and a pathway to correcting those 

deficiencies, which can be useful in the effort to move the homeowner to action. CEE is  

currently developing a simplified energy asset label that may be useful for future programs.
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1 Nationally, many of these “whole-house” programs have been marketed under the name  
“Home Performance with ENERGY STAR,” which is a joint effort of the U.S. Department of Energy  
and Environmental Protection Agency. These agencies establish criteria for what constitutes Home  
Performance with ENERGY STAR (HPwES) and are thus allowed to use their brand; the Energy Efficient 
Cities program design could qualify under existing criteria to be a HPwES program. The HPwES program 
is currently under review for revisions by the U.S. Department of Energy. As each of the Energy Efficient 
Cities established a local “brand,” the HPwES designation was not deemed necessary, but could be 
added in the future if it was deemed that it could add value to the individual programs.

2	 Sources for these barriers include CEE’s own staff’s experience with implementing residential  
programs, as well as the following sources, among others:  

Darby, Sarah, 2006, The Effectiveness of Feedback on Energy Consumption: A review of the literature 
on metering, billing and direct displays, University of Oxford, Environmental Change Institute. 

Dougherty, Anne, et al., “Ethnographic Inquiry in Energy: Exploring Meaning-Making and Sociality in 
Language Use, Program Participation, and Behavioral Choice,” Proceedings, ACEEE 2010  
Summer Study on Energy Efficiency in Buildings, American Council of an Energy-Efficient 
Economy (ACEEE), Pacific Grove, California, August 15-20, 2010.

E Source Letter, 2010, MNCEE inquiry on effectiveness of residential audits regarding major  
upgrades. Boulder, CO: E Source, March 25. 

Karg, Richard, 1987, “The Soft Audit: A Human Approach to Energy Conservation,” Energy Auditor 
and Retrofitter, July/August.   

PA Consulting Group, 2010, Cape Light Compact: Residential Smart Energy Monitoring Pilot Final  
Report, Madison, WI: Cape Light Compact, March 31.

Schwartz, Barry, 2004, The Paradox of Choice: Why More is Less, New York: Harper Perennial.  

3	 CEE tracked actual contractor costs where the data was available, which was for about 89% of the 
total reported upgrades (mostly from the paid invoices after the work was completed); the cost of the 
remainder of the upgrades was assumed to average the same amount as the known costs. About 1% of 
the upgrades were self-installed by homeowners; these do-it-yourself jobs were not included in the total 
contractor work estimate.

4	 It should be noted that the programs in these three cities had fairly aggressive installation of low-cost 
measures; for example, the average number of CFLs installed in Minneapolis was about 13 per household.
  
5	 Savings from low-cost measures were calculated for an average participant based on claimed savings 
as filed by CenterPoint Energy and Xcel Energy in their CIP Status Reports for 2010, and then  
extrapolated to all 6,922 participants. Savings from insulation and air sealing per participant were based 
on Xcel Energy’s average claimed savings of 15.1 dekatherms per house as filed in their 2010 CIP Status 
Report (note: Xcel’s value was used instead of CenterPoint Energy’s deemed savings calculation,  
because Xcel’s calculation is more representative of the actual existing R-values in homes in the  
programs, while CenterPoint Energy’s calculations assume existing R-values of R-30, which was rarely 
the case in the homes treated in the programs). Furnace and boiler savings were calculated based on an 
average of Xcel Energy’s and CenterPoint Energy’s claimed savings in their 2010 Status Reports. 

6	 See, for example:  Ehrhardt-Martinez, Karen, et al., 2010, Advanced Metering Initiatives and Residential 
Feedback Programs: A Meta-Review for Household Electricity-Saving Opportunities, American Council 
for an Energy-Efficient Economy, Washington, D.C.
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Overall I found the experience very educational, 
informative, and helpful. I’m very glad I did it. The 
home visit was great, even the advice was great!   
I really had a positive experience overall.

-Energy Efficient Cities Program Participant
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AFFILIATION: MN DNR 
MAILING ADDRESS: 500 Lafayette Road 
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FUNDING SOURCE: Environment and Natural Resources Trust Fund 
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APPROPRIATION AMOUNT: $158,000 
 
Overall Project Outcome and Results 
 

This appropriation was used to provide continued contract management services to pass-through 
recipients of Environment and Natural Resources Trust Fund dollars. The DNR provided this fiduciary 
service to ensure funds were expended in compliance with session law, state statute, grants policies, and 
approved work plans. Contract management ensured oversight of reimbursement for project deliverables 
and met the requirements of the Department of Administration’s Grants Management procedures.  
 
Ensuring timely access to the funds through streamlined grant agreements and prompt processing of 
reimbursement requests was an overarching goal of DNR’s contract management.  Services provided 
under this appropriation included the following: 

• Contract Management Services 
o Prepare grant agreements and amendments. 
o Encumber/unencumber funds. 
o Execute Use of Funds agreements. 
o Communicate with LCCMR staff and pass-through grant recipients, informally and 

formally. 
o Continue to work on process improvements that improve efficiency and ease for grantee 

while ensuring fiscal integrity. 
o Contract management documentation, including file management. 

 
• Training and Communications  

o Train recipients on state grant requirements, including reporting procedures, proper 
documentation of expenses, and the Department of Administration’s grants management 
policies, to ensure grantees follow state law and grants management policies set forth by 
the state’s grant agreement. 

o Work with recipients to ensure grantees understand the state’s reimbursement 
procedures and requirements. 

o Provide ongoing technical assistance/guidance to recipients. 
 

•  Reimbursement Services  
o Review reimbursement requests to ensure claimed reimbursements include sufficient 

documentation and comply with state and session laws, LCCMR approved Work Plan 
and grants policies. 

o Arrange for prompt payment once grantee has submitted a completed reimbursement 
request and expenses have been deemed eligible for reimbursement. 

o Detailed accounting by pass-through appropriation for each recipient. 
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• Fiscal and Close-out Services 
o Financial reconciliation/reporting. 
o Contract management reporting (fund balance/expenditures). 
o Examine records of recipients. 
o Work with recipients to successfully close-out grants. 

 
 
Project Results Use and Dissemination  
 
This project’s grants specialists are in frequent contact with pass-through grant recipients.  The grants 
manager and DNR’s liaison communicate with LCCMR staff. In addition, grant agreement requirements 
are communicated through manuals, emails, and letters. 



 

Environment and Natural Resources Trust Fund (ENRTF) 
2009 Work Program Final Report  

 

 

Date of Status Update:   6/30/2012 

Final Report 

Date of Work Plan Approval:   9/27/2011 

Project Completion Date:   6/30/2012 Is this an amendment request?   NO   
 
 
Project Title:  Contract Administration 
 
Project Manager:  Kristel Lynch 

Affiliation: MN DNR 

Address: 500 Lafayette Rd, Box 10 

City: St Paul    State: MN    Zipcode: 55155 

Telephone Number: 651-259-5533 

Email Address: kristel.lynch@state.mn.us  

Web Address: http://www.dnr.state.mn.us 
 
Location: 

 Counties Impacted:  Statewide 

 Ecological Section Impacted:  Lake Agassiz Aspen Parklands (223N), Minnesota and 
Northeast Iowa Morainal (222M), North Central Glaciated Plains (251B), Northern 
Minnesota and Ontario Peatlands (212M), Northern Minnesota Drift and lake Plains 
(212N), Northern Superior Uplands (212L), Paleozoic Plateau (222L), Red River Valley 
(251A), Southern Superior Uplands (212J), Western Superior Uplands (212K) 

 
Total ENRTF Project Budget: ENRTF Appropriation $:  158,000 

 Amount Spent $:  158,000 

 Balance $:  0 
 
Legal Citation:  Laws 2009, chapter 143, section 2, subdivision 8, paragraph (a), Contract 
Management 
 
Appropriation Language:   
$158,000 is from the trust fund to the commissioner of natural resources for contract 
management for duties assigned in Laws 2007, chapter 30, section 2, and Laws 2008, chapter 
367, section 2, and for additional duties as assigned in this section. 
 
Amended by M.L. 2011, First Special Session, Chapter 2, Article 3, Section 2, Subd, 
18(a)(7) Carryforward 
The availability of the appropriation for the following projects is extended to June 30, 2012: 
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… 
(7) Laws 2009, chapter 143, section 2, subdivision 8, paragraph (a), Contract Management, 
 
 
I.  PROJECT TITLE: Contract Management 
 
II.  and III. FINAL PROJECT SUMMARY  

This appropriation was used to provide continued contract management services to pass-through recipients of 
Environment and Natural Resources Trust Fund dollars. The DNR provided this fiduciary service to ensure funds 
were expended in compliance with session law, state statute, grants policies, and approved work plans. Contract 
management ensured oversight of reimbursement for project deliverables and met the requirements of the 
Department of Administration’s Grants Management procedures.  
 
Ensuring timely access to the funds through streamlined grant agreements and prompt processing of 
reimbursement requests was an overarching goal of DNR’s contract management.  Services provided under this 
appropriation included the following: 

• Contract Management Services 
o Prepare grant agreements and amendments. 
o Encumber/unencumber funds. 
o Execute Use of Funds agreements. 
o Communicate with LCCMR staff and pass-through grant recipients, informally and formally. 
o Continue to work on process improvements that improve efficiency and ease for grantee while 

ensuring fiscal integrity. 
o Contract management documentation, including file management. 

 
• Training and Communications  

o Train recipients on state grant requirements, including reporting procedures, proper 
documentation of expenses, and the Department of Administration’s grants management policies, 
to ensure grantees follow state law and grants management policies set forth by the state’s grant 
agreement. 

o Work with recipients to ensure grantees understand the state’s reimbursement procedures and 
requirements. 

o Provide ongoing technical assistance/guidance to recipients. 
 

•  Reimbursement Services  
o Review reimbursement requests to ensure claimed reimbursements include sufficient 

documentation and comply with state and session laws, LCCMR approved Work Plan and grants 
policies. 

o Arrange for prompt payment once grantee has submitted a completed reimbursement request 
and expenses have been deemed eligible for reimbursement. 

o Detailed accounting by pass-through appropriation for each recipient. 
 

• Fiscal and Close-out Services 
o Financial reconciliation/reporting. 
o Contract management reporting (fund balance/expenditures). 
o Examine records of recipients. 
o Work with recipients to successfully close-out grants. 

 
 
IV.  OUTLINE OF PROJECT RESULTS   
 
ACTIVITY 1:  Manage the Environment and Natural Resources Trust Fund Pass-through Program 
Description:  
Activity 1:  Administer agreements for pass-through grant recipients. The DNR provided contract 
management services to pass-through grant recipients. This appropriation funds contract management 
services billed using a professional services rate of $60/hr.  The professional services hourly rate 
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includes salary and fringe for grants management staff, supervisory time, travel costs, supplies, agency 
directs, and related costs necessary to carry out the pass-through management functions. Multiple staff 
with a variety of grants, financial or responsibilities provide contract management services to ENRTF 
pass-through recipients. 
 
Contract management costs will be billed using a professional services rate of $60/hr up to the level 
that this appropriation supports.  The professional services hourly rate includes salary and fringe for 
grants management staff, supervisory time, travel costs, supplies, agency directs, and related costs 
necessary to carry out the pass-through management functions.   
 
 
Summary Budget Information for Activity 1: ENRTF Budget: $ 158,000 
 Amount Spent: $ 158,000 
 Balance: $  0 
 
Activity Completion Date: 
Outcome Completion 

Date 
Budget 

1. Administer Environment and Natural Resources Trust Fund 
Pass-through Program.  Activities include: grant agreements and 
amendments, grants training, technical support, reporting, 
auditing, payment reimbursement review and processing, and 
grant close-out.  Reporting for both the carry-forward and new 
funding will be reported jointly.    

June 30, 2012 $158,000* 

*Amount spent is not tracked by result; services are billed at an hourly rate of $60.   
 
 
Final Report Summary June 2012:  In order to streamline the agreement process, a contract template 
was designed and implemented for new pass-through grantees. In addition to the new contract 
template, staff revised the 2010 reimbursement manual and the DNR land acquisition procedures. The 
development of a training module for the reimbursement manual has begun along with an external 
grants unit website for pass-through recipients. 
 
The Grants Unit is now fully staffed.  Grant specialists were assigned pass-through recipients, providing 
the grantee one point of contact for their agreement.  The DNR continues to work through project 
closeout and processing reimbursement requests on existing agreements. 
 
 
V.  TOTAL TRUST FUND PROJECT BUDGET 
 
A. ENRTF Budget: 

Budget Category $ Amount Explanation 
Other: (Professional Services) $ 158,000 DNR provides contract management services at a 

rate of $60/hr. Staff working on ENRTF contract 
management document time worked by project 
codes built into the timesheets. Because DNR 
provides contract management services for other 
funds, project coding for ENRTF contract 
management is unique. Services unrelated to this 
appropriation are not charged to this project code. 

TOTAL ENRTF BUDGET: $ 158,000  
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Explanation of Use of Classified Staff:  This appropriation funds contract management services.  
This service may or may not be provided by staff in classified positions.  Multiple staff with a variety of 
grants, financial or responsibilities provide contract management services to ENRTF pass-through 
recipients. These funds are for professional services and are not used to fund a position. 
 
Explanation of Capital Expenditures Greater Than $3,500:  N/A 
 
Number of Full-time Equivalent (FTE) funded with this ENRTF appropriation: N/A  
 
Number of Full-time Equivalent (FTE) estimated to be funded through contracts with this ENRTF 
appropriation: N/A 
 
 
B. Other Funds: 

Source of Funds 
$ Amount 
Proposed 

$ Amount 
Spent Use of Other Funds 

State    
 $  $ 0  

TOTAL OTHER FUNDS: $  $ 0  
 
The DNR will continue to review the professional services rate to ensure there is no under/over-
recovery of funds for Contract Management Services. 
 
VI.  PROJECT STRATEGY  

A. Project Partners:   Grantees, LCCMR staff,  Office of Grants Management Staff, DNR staff, other 
agency and legislative staff. 
    

B. Project Impact and Long-term Strategy:  Centralized administration of Trust Fund pass-through 
appropriations to the commissioner of natural resources results in more efficient and consistant 
management of these grants and better communication among the recipients, LCCMR staff and DNR 
contract administrators and financial management staff. 

 

C. Spending History:  
Funding Source M.L. 2005 

or 
FY 2006-07 

M.L. 2007 
or 

FY 2008 

M.L. 2008 
or 

FY 2009 

M.L. 2009 
or  

FY 2010 

M.L. 2010 
or 

FY 2011 
Environment and Natural 
Resources Trust Fund 

$150,000 
Sec. 11, 
Subd. 3b 

$40,000 
Subd. 3b 

 $158,000 
Subd. 8a 

 

 
VII.  DISSEMINATION 
 
This project’s grants specialists are in frequent contact with pass-through grant recipients.  The grants 
manager and DNR’s liaison communicate with LCCMR staff. In addition, grant agreement requirements 
are communicated through manuals, emails, and letters. 
 
VIII.  REPORTING REQUIREMENTS 
 
A final report and associated products will be submitted between June 30 and August 15, 2012 as 
requested by the LCCMR. 
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IX.  RESEARCH PROJECTS  
 
N/A 
 



Attachment A: Final Budget Detail for 2009 Project

Project Title: Contract Management
Legal Citation:  M.L. 2009, Chp. 143, Sec. 2, Subd. 8(a)
M.L. 2011, 1st Special Session, Chp. 2, Art. 3, Sec. 2, Subd 18(a)(7) authorization to carry-forward $31,241 from M.L. 2009
Project Manager: Kristel Lynch, Grants Manager
Project Length and Completion Date: June 30, 2012
Date of Final Report: June 30, 2012

ENVIRONMENT AND NATURAL RESOURCES TRUST 
FUND BUDGET

Activity 1 
Budget Amount Spent Balance

TOTAL 
BUDGET

TOTAL
BALANCE

BUDGET ITEM
Other : DNR provides ENTRF pass-through appropriation 
administration as a professional service; services are 
billed at rate of $60/hr up to the level this appropriation 
supports   

158,000 158,000 0 158,000 0

COLUMN TOTAL $158,000 $158,000 $0 $158,000 $0

Contract Management Services




