
The Industrialization of Smaller Cities in Wisconsin 

and its Resulting Influence on Urban Heat 


Island Intensities 


Trent R. BJank and David J. Travis!, University ofWisconsin-Wbitewater 

Abstract 
The regular occurrence of an Urban Heat Island (UHI) in large cities is widely accepted and the causes are well understood . 
However, less is known about the magnitude of the UHI in smaller cities as well as the rate and causes of change of the UHI in these 
areas. This study examines how the changing industrial bases in eight smaller Wisconsin cities has affected the intensity of their 
UHI's over a 27 year period (1970-1996). The study uses data from four individual years (1970, 1980, 1990, 1996), in which two 
specific variables are utilized to represent change over the entire 27 year period. The number of manufacturing employees is used 
to represent a measure of industrialization and the diumal temperature range (DTR), the range between high and low temperature 
in each 24 hour period, is used to represent'UHI intensity for each city. Results indicate that a strong correlation exists between the 
rate of increase in the number of manufacturing employees and the rate of decrease in the DTR. This provides an opportunity to 
speculate on future changes conceming UHI's in small Wisconsin cities anticipating continued industrial growth. 

Introduction 

Although the study of urban climatology is a relatively 
young field, much is known about the causes of urban 
climate change. Myrup et ai, (1993) noted that a majority 
ofthe work in this field has been devoted to understanding 
the Urban Heat Island (UHI) phenomenon. The study 
detailed here furthers that knowledge by going beyond 
understanding an existing URI, and focusing on one 
possible explanation of how the intensity of UHI's can 
change over a number of years. 

UHI intensity, as defined by Oke (1973), is the 
difference between background rural and highest urban 
temperatures. The great majority of literature concerning 
the UHI effect is directed at under-standing the causes and 
intensity of the UHI in a particular town or city (e.g. 
Carnahan and Larson, 1990). Many studies have used this 
information to parameterize and rank the importance of 
several surface features that affect the URI, including 
"urban canyons," "rooftop emissions," and "paved 
concrete/asphalt," among others (Godowitch et ai, 1987; 
Asaeda et ai, 1996; Lu et ai, 1997). This information has 
been used to build explanatory models that focus on the 
magnitUde of the UHI or some particular aspect of the 
urban environment (Poreh, 1996; Voogt and Oke, 1997). 
Satellite imagery and other forms of remote sensing are 
also becoming increasingly important in the study ofURIs 
(Lee, 1993; Gallo et aI, 1993). 

A common finding among many of these studies is 
that the most important contributor to the URI is the 
"urban canyon", or "sky view factor." (Oke, 1981). This 
is the reduction in the amount of open sky created by 
corrunercial, manufacturing, or industrial structures. The 
greatest amount of sky congestion from these structures is 
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found near the center of most cities and/or in a dedicated 
industrial/manufacturing district. The reduced sky view 
causes a trapping of outgoing terrestrial radiation with the 
resultant effect on temperature being most dominant at 
night when solar radiation is not available. Hence, the 
urban heat island is primarily generated by the lack of 
cooling at night. 

The intensity of an URI is typically measured by 
comparing the urban temperatures to that of surrounding 
rural temperatures . This can be done by either taking 
direct measurements via the use of transects through the 
cities of interest (e.g. Oke, 1973), or by comparing the 
recorded temperature observations from weather stations 
located in urban areas to those of nearby rural sites (e.g. 
Karl et aI, 1988). Although these "direct" methods provide 
the most ideal method for estimating URI intensities, 
neither is suitable for determining changes in the intensity 
ofURIs over a long time period for relatively small cities. 
This is because most small cities do not typically have 
both an urban and a nearby rural weather-observing site 
that have continuously existed for at least thirty years. 

Karl et ai, (1988) provides an alternative means of 
estimating changes in URI intensity that does not require 
a corresponding rural site. Their results suggest that the 
diurnal temperature range (DTR), or the difference 
between daytime maximum temperature and nighttime 
minimum temperature, is a reliable measure ofthe change 
in URI intensity and urbanization, in general. In fact, a 
substantial portion of the asymmetrical decrease in DTR 
that has occurred across the U.S. since the middle of the 
20th century has been attributed to the increase in the 
intensity of URIs in many areas (Karl et ai, 1993). 

The primary reason why DTR provides an 
appropriate alternative to estimating changes in URI 
intensity is because of the increase in nighttime minima in 
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most cities (Karl et aI, 1988). However, decreases in 
daytime maxima may also contribute to the overall 
decrease ofthe DTR. Although the reasons for this are not 
well understood, it is possible that other urban influences 
such as particulates, increased cloudiness, and smog, all of 
which are capable of reducing the amount of incoming 
solar radiation, might produce this "cooling" effect. A 
weak daytime "cool" island has even been suggested 
(Oke, 1982). As a general guide, the smaller the DTR 
becomes, the greater the corresponding URI intensity 
(Karl et aI, 1988). 

Using DTR as its primary measure, this study will 
attempt to determine if a relationship exists between the 
rates of increased industrialization and the intensity of 
UHIs. Since the URI can be influenced by many factors, 
and the number of factors increases with city size, we 
choose to study only small cities in Wisconsin, all of 
approximately the same size. It is assumed that the 
contribution of industrialization towards the creation of a 
stronger URI is likely to be greatest for relatively small 
cities previously having little industry. Although previous 
studies have shown a correlation between city size and the 
intensity of the URI (e.g. Oke, 1973), no specific study 
has attempted to focus exclusively on the role of 
industrialization in changing the intensity of URIs. 

Analytical Methods 

a. City Selection. 
As a means to focus on small Wisconsin urban 

centers, the decision was made to restrict the study to 
those cities with populations of less than 25,000. It was 
also necessary to identify a minimum population size. 

This decision was based on two considerations. First, 
establishing a minimum city size ensured that the selected 
cities are likely to have a small but measurable heat island 
at the beginning of the study period. This allowed an 
estimate of change. Oke (1973) and Myrup et aI, (1993) 
agree that an overwhelming majority of cities with 
populations of at least 1,000 are likely to produce a 
measurable URI. Secondly, and ofgreater importance, we 
needed to ensure that each selected city had a weather 
observation site that had been in existence, and not 
relocated, throughout the entire study period (1970-1996). 
A preliminary check of Wisconsin's Climatological Data 
(1970-1996) indicated that most cities with populations of 
at least 10,000 contain a weather observation site that 
records daily maximum, minimum and precipitation 
totals. Hence, we selected 10,000 as our minimum cut-off 
point. 

During the last official U.S. Census in 1990, 38 
Wisconsin cities fell within the specified population range 
of I 0,000 to 25,000 (Figure 1). Ofthese 38 cities, 10 were 
found to also have a National Climatic Data Center 
(NCDC) climate recording station with a continuous 
location and record of observation throughout the study 
period. Of these 10 cities, two were located on the shores 
of Lake Michigan (Marinette and Two Rivers). Since 
mesoscale circulations (e.g. lake breezes) and increased 
moisture can be produced by the lake, both of which can 
have substantial influences on diurnal temperature 
variations, these two cities were eliminated from the 
sample. The remaining eight cities provide the basis for 
our analysis (Figure 2). 

h. Estimation ofIndustrialization and DTR Change 
The use of the three census years (1970, 1980, 1990) 

in this study was deemed necessary to attain accurate 
historical statistics relating to industrialization. The final 
year ofobservation, 1996, was selected as the most recent 
year that complete data was available. It was determined 
that over the course of the 27-year study period, the most 
consistent measure of industrialization for each city was 
their reported number of manufacturing employees. For 
the three census years, this data was obtained from the 
U.S. Census supplement: General Social and Economic 
Characteristics - Wisconsin (United States Census 
Bureau, 1970-1990). For the year 1996, the data was 
obtained from the Wisconsin Manufacturers Register 
(Manufacturers' News, Inc. 1998). Every attempt was 
made to obtain data for 1996 that was identical in the 
method of its collection to the data of the census years. 
However, different methods ofdata collection for the two 
different sources may have led to some minor 
inconsistencies. 

When the number of employees for each of the 8 
cities in each of the four selected years was obtained, 
statistical analysis began. Simple "differencing" was used 
to determine the amount of change from one study year to 
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Figure 2. Cities Included in the Study 
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the next (1970-1980, 1980-1990, and 1990-1996) for each 
city. The amount of change was then averaged for al\ 8 
cities resulting in the creation of three periods of change. 
Therefore, when this portion of the study was complete, 
an average change in industrialization for all cities had 
been calculated for the following three periods ofchange: 
1970-1980, 1980-1990, and 1990-1996. 

The estimate of change in UHI intensity was com
pleted in the same fashion. Historical data was obtained 
from the publication Climatological Data - Wisconsin 
(NCDC, 1970-1996) for the years 1970, 1980, 1990, and 
1996. A one-year average for diurnal temperature range 
(DTR) was calculated for each city, in each of the four 

study years. Following the DTR calculation simple 
differencing was again used to determine the amount of 
change from one study year to the next in each city. DTR 
was then averaged for all 8 cities in each of the four study 
years. Again, three periods ofchange resulted: 1970-1980, 
1980-1990, and 1990-1996. The results ofchange for each 
variable were then compared against one another to 
measure the strength of the relationship between 
industrialization and average DTR. 

Results and Discussion 

An inspection ofchange in number of manufacturing 
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Figure 3. Growth in Manufacturing by City, 1970-1996 
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employees for the eight selected Wisconsin cities indicates 
that a wide variation in both the size and magnitude of 
change occurred between 1970 and 1996 (Figure 3). Most 
cities demonstrated a marked change in the number of 
manufacturing employees, with West Bend and 
Marshfield having the greatest increase. Some cities (e.g. 
Beaver Dam) experienced little change in manufacturing 
or even saw a decrease (e.g., Wisconsin Rapids). Such a 
wide variation in the size and magnitude of these results 
indicated that the selected cities provided an appropriate 
range of conditions to assess possible impact of industrial 
activity on UHI intensity. 

A comparison between change in DTR and change in 
industrialization for all cities is presented by time-periods 
in Figure 4. The bar graph shows that in each of the three 

periods the number of manufacturing employees 
increased, with the greatest increase occurring during the 
most recent period (1990-1996). Statistics for the entire 
state of Wisconsin seem to support the trend that is seen 
in each of the individual cities. After a statewide decrease 
in the number of manufacturing employees during the 
1980's, increased industrialization occurred in smaller 
cities and helped to lead Wisconsin to a 7.6% increase in 
manufacturing employees over the last six years of the 
study (1990-1996) (Wisconsin Blue Book, 1971, 1981, 
1991, 1997). 

During these same periods DTR has generally 
decreased in magnitude with the greatest decrease also 
occurring during the 1990-1996 period. This supports the 
contention that increases in industrialization cause 
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Figure 4. Change in Manufacturing Employment and DTR, 1970-1996 
(Based on 24 Samples) 
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increases in UBI intensity, and suggests not just that the 
UBI intensity will continue to increase in these small 
towns as industrialization increases, but also that the rates 
of increase in UBI intensity may continue to grow as well. 
It is worthy to note that the magnitude of change for both 
variables during the 1990-1996 period was more than 
twice that occurring during each of the previous period, 
even though the length of this period was four years 
shorter than each of the previous periods. Hence, the rate 
of change currently occurring for both of these variables 
is unprecedented in the past 27 years. 

The results are also presented as a scatterplot in 
Figure 5. This graph shows the individual rates ofchange 
by city for each of the three periods. The "best fit" line 

demonstrates that a negative relationship exists between 
the change in the number ofmanufacturing employees and 
the change in the DTR. A Pearson correlation test 
confirms that the slope of the best fit line is statistically 
significant (R=0.50; P<0.05). Although this relationship 
is based on a limited number of samples (n=24), it does 
suggest that with the addition ofmore samples it might be 
possible to develop a predictive model that could estimate 
future changes to UHls in small cities by utilizing 
projected changes in industrialization. 

These results suggest that continued growth in the 
industrialization of Wisconsin's small cities may lead to 
the development ofsignificant heat islands during the 21 51 

century. Since it is reasonable to assume that industrial 
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Figure 5. Change in Manufacturing Employment Venus DTR 

Based on 24 Samples 
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growth will continue in the cities where it is already 
occurring, it may be worthy to point out some of the 
impacts of these changes if they are allowed to occur. The 
most obvious impact is likely to be on the heating and 
cooling costs for those citizens that reside within the city 
boundaries. The positive side to this is that during winter 
months it may cost less to heat homes that are located 
within these cities. However, this is at least partially 
offset by the added cost of cooling these same homes 
during the summer months. In addition, many Wisconsin 
citizens do not have central air conditioning, especially in 
small towns such as those selected for this study. The 
increased URI combined with the current wanning of the 
global climate, and possible enhancement ofthis wanning 
due to anthropogenic influences, may make air 
conditioning a necessity in these areas in the near future. 
The enhancement of urban heating by URIs is already 
becoming a health threat in some large cities during 
particularly wann periods (e.g. Changnon, 1996). 

An additional consideration is related to the problem 

of identifying anthropogenically-induced global wanning. 
An URI bias within the global climate record has been 
well-documented (Karl et ai, 1993; Epperson et ai, 1995). 
However, mechanisms to control for this problem have 
primarily been centered around climate data recorded 
within or near relatively large urban areas whose UHls are 
often well documented and assumed to be relatively 
constant. For cities the size of those selected for this 
study (10,000-25,000 population) an URI bias is often 
assumed to be negligible. Clearly, if these trends are to 
continue, this assumption will be false . Not only will this 
create additional cities whose climate records have to be 
scrutinized carefully but it will add the complication of 
trying to filter out these biases from cities whose UH1 
intensities are rapidly increasing. 

Summary 

The results of this study have demonstrated 
preliminary evidence that a statistical relationship exists 
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between the rate ofirrcreasing industrialization and the rate McNab, A.L., and K.P. Gallo. 1995. "Estimating 
ofDTR decrease for eight small cities in Wisconsin. With 
a larger database and additional supporting evidence this 
could be valuable infonnation for city planners anticipating 
substantial increases in rates ofindustrialization for certain 
small cities in Wisconsin. The results have implications on 
the costs of heating and cooling as well as urban climate in 
general within smaller cities. The next logical step to this 
research would be to expand 
trying to filter out these biases from cities whose URI 
intensities are rapidly increasing. 

Summary 

The results of this study have demonstrated 
preliminary evidence that a statistical relationship exists 
between the rate of increasing industrialization and the 
rate ofDTR decrease for eight small cities in Wisconsin. 
With a larger database and additional supporting 
evidence this could be valuable infonnation for city 
planners anticipating substantial increases in rates of 
industrialization for certain small cities in Wisconsin. 
The results have implications on the costs ofheating and 
cooling as well as urban climate in general within 
smaller cities. 

The next logical step to this research would be to 
expand the number of cities and attempt a more direct 
method of estimating rates of industrialization. Cities 
from Minnesota, Iowa, and Illinois could be selected 
since the climate and topography of those states is 
generally similar to that of Wisconsin. In addition, the 
morphology ofmost small Midwestern cities is generally 
the same (patterson, 1989). 

A more direct measurement of industrialization 
would provide the basis for a more robust argument that 
industry and URI's are associated. For instance, one 
could analyze large-scale land use maps or aerial photos 
for different time periods and quantify changes in 
industrial acreage through time. It would also be 
beneficial to incorporate some estimate of the height of 
industrial buildings since sky-view blockage is 
considered to be the most important contribution to the 
URI (Oke, 1981). 
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