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Abstract 
Over the past decade, geographic scientists have devoted significant energy to the problem ofhuman-climate interaction, 
particularly to the potential long-term impact on climate of human activities. Studies focused on macro-climatic 
processes at the global scale have attracted widespread attention from governmental and international organizations, 
leading environmental groups, and -- increasingly -- an educated public. One field ofclimatology that can help scientists 
understand the interaction of the local climate and anthropogenetic environmental conditions and processes is the field 
of synoptic climatology. By defmition, the field of synoptic climatology examines the relationship between the surface 
environment of a region and atmospheric circulation. As much of the heat generated within surface environments is 
increasingly anthropogenetic in nature, synoptic climatology is clearly one facet of the study of human-climate 
interactions. The purpose of the present study is to compare and contrast objective and subjective clustering techniques 
using temporal data for the Minneapolis/St. Paul "heat island."The most important question which will be addressed 
here is the following: do objective and subjective clustering techniques produce different outcomes when ana1yzing the 
same environmental problem given that the temporal (time) and spatial (space) parameters remain the same? 

Introduction 

Atmospheric circulation strongly influences many 
of the processes associated with environmental 
problems. For example, ozone levels decrease when 
storms pass, but rise again on sunny days. Water levels 
in rivers rise and fall depending upon preceding 
weather systems. The urban heat island phenomenon is 
often more strongly developed during episodes ofhigh 
pressure, and tends to be weaker when low-pressure 
systems exist. One field of climatology that can help 
scientists understand how atmospheric circulation 
influences environment processes IS synoptic 
climatology. By defmition, the field of synoptic clima
tology examines the relationship between the surface 
environment of a region and atmospheric circulation. 
Many geographers fmd interest in the field of synoptic 
climatology because it includes the concepts of time, 
space, and region, three of the underlying themes in 
geography. 

Climate classification is the most important 
segment of a synoptic climatological study. By 
definition, climate classification is the process of 
simplifying atmospheric circulation. Each individual 
moment in time has its own respective circulation 
pattern. By classifying these patterns into a smaller 
amount of similar weather types, atmospheric 
circulation can be used as a tool in environmental 
anaJysis. Climate classification is important because it 
simplifies, brings order, and gives structure to an 

otherwise complex climate system, while offering huge 
amounts of climatic information on atmospheric 
circulation using simple circulation patterns. 
Classification of weather types is also central to 
synoptic climatology because it allows the researcher 
to relate the atmosphere to the environment with 
greater ease. 

Currently, two different climate classification 
schemes exist. Subjective classifications group indivi
dual moments based on a relationship between objects. 
This scheme uses daily weather maps as the "indivi
duals," and the pressure centers and pressure position 
as the objects . Each individual is compared to other 
individuals in order to fmd a relationship between the 
objects. Once a relationship is found, a synoptic wea
ther type is formed. Unfortunately, this classification 
scheme is difficult to reproduce. Each investigator will 
interpret a weather map differently. Also, it is a time
consuming process and often many of the individuals 
are atypical, meaning they do not fit into standard map 
patterns (YarnaI1993). 

Objective classifications group individuals based 
on similar properties. This scheme uses daily weather 
variables as the individuals, and statistical techniques 
to fmd similarities between each of the individual 
properties. Once similarities are found, a synoptic 
weather type is formed. Objective classification 
techniques attempt to create reproducible synoptic 
categories while reducing time and labor spent on the 
classification process. Since objective procedures are 
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controlled by the computer, results should always be 
the same. Also, the computer speeds up the 
classification procedure. Most important, objective 
procedures attempt to be objective. This means that 
outside influences such as personal bias are not 
involved in the classification scheme. Still, the 
researcher makes many different subjective decisions 
in this "objective" procedure. Thus, an inherently 
"objective" technique is still controlled by many 
subjective decisions (Yarnal 1993). 

The purpose ofthe present study is to compare and 
contrast objective and subjective clustering techniques 
using temporal data. Temporal data is used to examine 
a situation at one location over a given period of time. 
Both subjective and objective approaches have proved 
beneficial in many different synoptic climatology 
studies. Since clustering techniques between the two 
differ, the question of comparability often arises: do 
objective and subjective clustering techniques produce 
different outcomes when analyzing the same 
environmental problem given that the temporal (time) 
and spatial (space) parameters remain the same? 

To address this question, this study will attempt to 
relate atmospheric circulation patterns to the 
environmental problem known as the urban hea t island 
phenomenon. By definition, the urban heat island 
phenomenon is an environmental phenomenon in 
which daily temperatures at urban weather stations are 
often greater than daily temperatures at surrounding 
rural stations. These variations include differences 
between both maximum and minimum daily 
temperatures. Research has shown that these variations 
in temperature are a result of human induced changes 
in the landscape, such as the amount of building 
materials used in a given area and population. An 
attempt will be made here to determine if maximum 
and minimum daily temperatures between rural and 
urban locations vary with different types of 
atmospheric circulation, while evaluating the efficiency 
of subjective and objective classification methods in 
studying the urban heat island phenomenon. 

Literature Review 

In 1993, B. Yarnal published a book entitled 
Synoptic Climatology in Environmental Analysis. For 
the first time, basic principals for both subjective and 
objective techniques were laid down in writing. This 
book offered an introduction to the field of synoptic 
climatology, which included a history, theory behind 
the techniques, methodological issues and goals, 
questions, assumptions, and problems. It also divided 
manual classification techniques and statistically-based 
classification techniques into distinct sections, 

including history, methods, applications, and examples. 
Synoptic Climatology in Environmental Analysis 
continues to be the most important publication within 
the field of synoptic climatology. 

In 1991, Comire introduced a subjective synoptic 
classification scheme based on atmospheric circulation. 
The classification procedure used five investigators to 
classify ten years ofUnited States daily surface weather 
maps between 1978 and . 1987. Each investigator 
analyzed the data and then compared their results with 
the other four. Thus, the classification scheme was 
allowed to evolve through discussion. Next, two new 
analysts classified the weather maps. Their interpre
tations matched the original fmdings 75% of the time. 
The other 25% of the maps turned out to be cases 
which generated the most discussion from within the 
original group. 

This analysis produced eight typical synoptic 
weather patterns across the United States. The first four 
weather types closely followed the classic cyclone 
modeL This model follows a four stage atmospheric 
circulation pattern beginning with the passage ofa cold 
front, then pre-high conditions, followed by a back-of
high position, and fmally a low pressure system. The 
other four weather types were used when the classic 
model was inappropriate. Most of the maps which fell 
into the 25% category were classified into the 
"unclassical" models. Comire (1992), Comire and 
Yarnal (1991), and Comire (1994) have also used this 
subjective synoptic weather classification scheme in 
studies looking at ozone concentrations in 
Pennsylvania. Results have shown that ozone 
concentrations vary between synoptic weather types. 

Another generic subjective synoptic weather 
classification scheme was created by R. A. Muller in 
1977. This classification scheme was used in numerous 
studies including air quality, precipitation, water levels, 
and evaporation. Muller and Wax (1977) found a 
relationship between climate and local environmental 
processes when looking at freeze days in Louisiana 
during the winter season between 1971 and 1974. Daily 
precipitation also varied with synoptic weather type 
(Muller 1977). Muller and Jackson (1985) discovered 
that the changes in wind direction between each 
synoptic weather type brought about changes in air 
quality. McCabe and Muller (1987) examined the 
relationship between evaporation and atmospheric 
circulation in southern Louisiana. 

A third generic classification scheme was created 
by Lamb. This classification was based on atmospheric 
circulation over the British Isles. The original study 
used climatic data between 1861 and 1971. It produced 
seven basic synoptic weather types. Each simple type 
allowed for change, thus numerous hybrids of the 
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original types could be created. This provided the 
analysts with a tool which could be used according to 
their needs. The Lamb classification scheme is still in 
use today, and the synoptic weather types continue to 
be updated daily. Wilby (1992) used the Lamb weather 
types in an examination of river quantity and quality 
regimes in the East Midlands, UK. Another study 
looked at precipitation in relationship to circulation in 
Scotland using Lamb's weather types (Davies, Farmer, 
and Barthelmie, 1990). All three of these studies have 
found variations in the surface environment when 
related to atmospheric circulation. In 1986, Kalkstein 
and Corrigan created ten synoptic weather types using 
objective clustering techniques. They collected seven 
weather variables four times daily over a five year 
period during the winter season. This created a 28 by 
451 p-mode data matrix. After standardizing and 
converting the data into a correlation matrix, a 
statistical technique known as "principal components 
analysis" (PCA) was performed. This analysis yielded 
five principal components with an eigenvalue greater 
than one, explaining 78% of the variance within the 
data. Another statistical technique known as Ward's 
clustering technique was then applied to the component 
scores. A scree test was used to determine the break off 
point for the number of clusters which were retained. 
Air-mass characteristics for each weather type were 
determined by calculating the means for each cluster's 
28 weather variables. The ten objective weather types 
were used to analyze sulfur dioxide concentrations 
around Wilmington, Delaware. This study concluded 
that the PCA-clustering technique provided more 
information on the relationship between sulfur dioxide 
and climate then traditional correlation and multiple 
regression based statistical techniques. 

Other studies have used the same basic principles 
set forth by Kalkstein and Corrigan (1986). Kalkstein, 
Dunne, and Vose (1990) studied climate change in the 
North American Arctic. Davis and Kalkstein (1990a, 
1990b) created a spatial synoptic climatology which 
was used to examine atmospheric pollution concen
trations across the United States. Both of these studies 
showed that atmospheric circulation patterns had an 
important effect on the particular environments which 
were studied. 

Objective weather classification of "typing" tech
niques still leaves the researcher with many decisions, 
meaning in some ways it is still subjective. One 
important choice is which clustering technique to use. 
Kalkstein, Tan, and Skindlov (1987) examined the 
three most common clustering techniques used by 
synoptic climatologists. Their study found that the two 
best techniques for their data was Ward's and average 
linkage. Still, since each data matrix is different, 
different clustering techniques will produce different 

outcomes. Thus, each study should perform multiple 
clustering techniques in order to determine which 
works best for the individual study (Yamal, 1993). Key 
and Crane (1986) found that a PCA-cluster analysis 
technique produced better results than those which 
relied on correlation or sums of squares. The PCA 
technique classified all of the days, and the resulting 
clusters grouped better with atmospheric circulation 
types. 

T. R. Oke (1982) gave a complete review of the 
urban heat island phenomenon. He found that 
atmospheric variables such as wind speed, cloud cover, 
cloud type, and atmospheric stability all played a role 
in governing the urban heat island intensity. Oke also 
found that minimum daily urban-rural temperatures 
produced a greater urban heat island effect than 
maximum temperatures . He noticed that paved roads, 
high population, parking lots, and the geometry of 
buildings were controlling factors in the heat storage 
capacity of urban location. For such a study to work, it 
must be assumed that the surface environment under 
investigation is influenced by atmospheric circulation. 
Previous studies have shown that a strong relationship 
does exist between atmospheric circulation and the 
urban heat island phenomenon. D. J. Unwin (1980), 
using Lamb's classification scheme found that a re
lationship existed between the urban heat island 
phenomenon and atmospheric circulation. He examined 
maximum and minimum temperatures from one rural 
and one urban location. His study found that urban 
heating occurred most often during the night, spring, 
and autumn when anticyclonic condition persisted. 
Colder city conditions occurred most often during the 
late spring and early summer months when westerly 
winds and cyclonic conditions were most prevalent. 

Another assumption which must exist is the fact 
that the Minneapolis/St. Paul urban center produces an 
urban heat island phenomenon. P. E. Todhunter (1996) 
found that this region had a profound urban heat island 
effect. His study looked at eight environmental indices 
at 26 different stations throughout the Twin Cities 
metropolitan area during 1989. Todhunter found that 
the urban heat island phenomenon for this region 
followed the classic pattern of a periphery, then a 
temperature increase, and capped off with peak 
temperatures at the core. He also concluded that the 
magnitude of the urban heat island phenomenon was 
large enough to affect both physical and environmental 
systems in the Minneapolis/St. Paul region. 

Methodology 

Normally, subjective classification schemes are 
based on the middle latitude cyclone development 
model. This model follows a pattern consisting of 
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cyclonic conditions, proceeded by the passage of a 
cold front, then pre-high anticyclonic positions, back
of-high conditions, and fmally returning to cyclonic 
conditions. The middle latitude cyclone development 
model has been successfully used in many different 
subjective synoptic climatology studies across North 
America (Muller, 1977; Unwin, 1980; Heirdorn and 
Yap, 1986; Comire and Yarnal, 1992). 

In the present investigation, the weather types 
created by Comire and Yarnal (1992) are used in order 
to subjectively classify one year of daily surface 
weather maps recorded at 6:00 A.M. CST during 1989 
provided by the NOAA weekly for the Minneapolis/St. 
Paul region. The classification process involved 
manually studying the weather maps for elements such 
as pressure patterns, fronts, precipitation, and wind 
direction. Since the subjective classification is static, at 
6:00 A.M. CST, it only reflects the synoptic weather 
situation for one instant. To overcome this problem, 
daily surface weather maps for both the previous and 
following days were examined in order to determine 
which weather conditions were most dominant during 
each day (Muller, 1977). 

First, the weather maps were examined to see 
which days fit closely into the classic mid-latitude 
cyclone model. Days which fit into the classic mid
latitude cyclone model are generally easier to classify 
(Yamal, 1993). Next, the remaining surface weather 
maps were classified into the remaining four synoptic 
classes (lIN, HS, EL, and EH). These weather types 
worked well when surface fronts were unapparent and 
pressure gradients were weak (Comire, 1992). 

As with Comire and Yamal (1992) the classifi
cation procedure was performed again without paying 
attention to the original fmdings . Some of the new 
classifications differed from the original fmdings. 
Thus, a conflict in the classification procedure existed. 
To remove this conflict, weather maps which differed 
from the original fmdings of the study were re
examined, and the fmal synoptic classification was 
retained. 

Objective classification procedures use statistical 
methods in order to classify climatic data. This study 
used a two-part eigenvector-based classification 
scheme borrowed from Kalkstein and Corrigan (1986) . 
The eigenvector-based scheme uses principal 
components analysis (PCA), followed by a clustering 
technique. Many other synoptic studies have success
fully used this statistical technique in synoptic analysis 
(Kalkstein and Corrigan, 1986; Kalkstein et al. 1987; 
Todhunter, 1989; Davis and Walker, 1992). 

Following the example set forth by Kalkstein and 
Corrigan in 1986, one year of temporal data encom
passing 365 days during 1989 from the Minneapolis/St. 
Paul airport weather station (WFSO AP, MN) were 

used in this study. The seven variables under 
investigation were temperature (F), dew-point 
temperature (F), cloud cover (%), station pressure 
(mb), visibility (km), and the u- and v- components of 
the wind derived from the original wind speed and 
directional flow data. 

Kalkstein and Corrigan (1986) found that these 
variables gave the most realistic portrait ofatmospheric 
circulation at the surface. Data observation times were 
at 1 :00 A.M., 7:00 A.M., 1 :00 P.M., and 7:00 P.M. 
The data was obtained from NCDC CD-ROM Samson 
data files. This created a data matrix consisting of 28 
variables and 365 observations (10,220 objects). 

Since the data matrix used more than one form of 
measurement and had multiple variables, the data had 
to be standardized and correlated. Standardization and 
correlation are statistical techniques which convert 
dissimilar data into similar numerical values. By stand
ardizing and correlating the data, each variable was 
weighed equally in the analysis . The standardization 
technique this study chose was the standard z-score 
computation. Correlation of the data matrix was 
performed by the Statistical Application Software 6.11 
for Windows (SAS). 

Next, the data matrix underwent principal com
ponents analysis (PCA) in order to reduce the data 
matrix. A scree test was used in order to determine 
which resulting eigenvalues would be retained. The 
first five eigenvalues were retained, creating a new data 
matrix consisting of five eigenvalues and 365 days 
(1825 objects). The new data matriX consisting of the 
resultant factor scores underwent a cluster analysis. 
The clustering procedure this study chose was Ward's 
minimum-variance method. This decision was based on 
the study by Kalkstein et al. (1987) which compared a 
variety of clustering techniques. At some point 
optimum clustering was reached. After this point, 
clusters which were unrelated begin to be forced 
together. A scree test was performed on the R squared 
measure, which compared the sum of squared variation 
within the clusters to total variation plotted out against 
the number of clusters, in order to determine the 
number of clusters retained. The scree test retained 
eight individual clusters. 

The last part of the objective and subjective 
clustering procedure ~as to produce a climatic profile 
ofeach cluster. A climatic profile helps to characterize 
each of the variables within a cluster, and is the last 
step in the data simplification process. Since many 
different observations make up each cluster, variance 
exists. This variance is removed by fmding averages 
for surface air temperature, surface dew-point tempera
ture, surface station pressure, cloud cover, and 
visibility. Finding these averages also removes days 
which may be outliers within each cluster. A verages for 
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1:00 A.M., 7:00 A.M., 1:00 P.M., and 7:00 P.M. 
weather observations were used for the objective 
clusters. The subjective cluster averages were derived 
from readings taken at 7:00 A.M. · All data were 
obtained from NCDC Sampson CD-ROM. 

Atmospheric circulation was related to the urban 
heat island phenomenon following the procedure set 
forth by D. J. Unwin (1980). Daily minimum and 
maximum temperatures for 1989 were obtained for the 
rural Buffalo, MN and urban St. Paul, MN weather 
stations. Downtown St. Paul is located almost directly 
in the center of the city at an elevation of 295 m. 
Buffalo is located more than 30 miles outside the urban 
epicenter to the northwest at an elevation of 305 m. P. 
E. Todhunter (1989) found that a plume of heat spread 
toward the southeast from the downtown. Thus, 
Buffalo proved an excellent selection because its air 
temperature is not affected by the plume. Maximum 
and minimum daily temperatures were obtained at 5:00 
P.M. CST at both air temperature sites. 

The first step in the examination of the urban heat 
island data is to place each day into its respective 
objective and subjective weather types. Next, cluster 
averages for both daily minimum and daily maximum 
surface air temperatures for Buffalo and St. Paul are 
calculated. The mean difference between the urban and 
rural maximum and minimum surface air temperatures 
is found for each weather type. By calculating 
differences it is possible to see which synoptic weather 
types generate the greatest discrepancy between urban 
and rural maximum and minimum daily temperatures. 
Along with mean differences, standard deviations were 
also calculated for each weather type. Standard 
deviations show if the differences between maximum 
and minimum urban and rural air temperatures are 
affected by the atmospheric characteristics of the 
weather type or due to variance within the data set. 

Results And Discussion 

The subjective classification scheme used in this 
study produced eight distinct weather types. Figure 1 
shows typical United states surface weather maps 
associated with each weather type, while Table 1 
displays the means of the Minneapolis/St. Paul weather 
data associated with each type at 6:00 A.M. for the year 
1989. Cyclonic conditions (RC) were dominated by 
cloudy skies, the lowest pressure, the lowest visibility, 
the highest wind speeds, high relative humidity, and 
southeasterly winds. These conditions are typical of 
low pressure storm systems producing rain or other 
forms of precipitation. 

Cold front passage (CF) showed a dramatic drop in 
both temperature and dew point temperature. Still, 

relative humidity remained high and preCIpitation 
continued. Cloud cover also remained high but 
decreased somewhat from the RC conditions. Pressure 
began to rise, visibility increased, and wind direction 
shifted from the southeast to the west. This directly 
relates to stage two of the classic cyclone model. Pre
high (PH) conditions showed a further drop in 
temperature, dew point temperature, and visibility. 
Relative humidity also decreased, showing that the 
atmospheric circulation was beginning to bring dry 
cool air from the northwest. Visibility continued to 
increase and pressure continued to rise. This relates to 
the normal pre-high conditions which bring clearing 
skies, cooling temperatures, and rising pressure. 

Back-of-high (BH) conditions brought the clearest 
skies and the greatest visibility. Pressure began to 
decrease, and temperatures increased as the low 
pressure system moved closer. Easterly wind directions 
were typical of a location on the western side of an 
anticyclonic high pressure cell. Elongated (EL) low 
conditions were directly representative of RC 
conditions. Cloud cover was high, while pressure and 
visibility were low. Relative humidity was also high, 
leading to a chance of some form of precipitation. EL 
was generally dominated by multiple surface troughs or 
depressions. 

Extended high (EH) conditions reflected weather 
conditions found with both PH and BH. Cloud cover 
was low, temperatures were cooler than found with EL, 
and relative humidity was low. Visibility remained 
high, a direct result of the clear skies. EH also pro
vided the highest station pressure. Wind speeds were 
extremely low and multiple ridges or anticyclones were 
dominant of a large area. High pressure to the south 
(HS) and low pressure to the north produced 
northeasterly winds, partly cloudy skies, and the 
coldest temperatures. Besides temperature, no climatic 
elements dominated this weather type. It is capable of 
producing numerous weather conditions. High pressure 
to the north (HN) and low pressure to the south also 
produced weather conditions much like those found 
with HS conditions. Cloud cover remained partly 
cloudy, visibility was average, and relative humidity 
was low. The only major difference was that HN 
produced a greater temperature than HS. 

The subjective classification procedure classified 
96% of the 365 daily surface weather maps for the 
Minneapolis/St. Paul region. Four percent of the maps 
were either unclassifIable or missing. High pressure, 
PH and BH, accounted for the greatest percentage of 
the classified days, 22.5% and 20.0% respectively. HN 
also dominated the classification process, accounting 
for 11.8% of the days, and EH accounted for 8.2%. 
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Table 1. Daily Averages ofSubjective Weather Types 

WEATHER TYPE CLOUD COVER TEMPERATURE DEW POINT TEMPERATURE PRESSURE 

PERCENT FAHRENHEIT FAHRENHEIT mb 
BH 27.5 44.1 34.7 989.0 

CF 61.8 43.0 36.1 982.7 

EH 29.0 38.8 31.5 990.0 

EL 77.1 45.9 982.839.2 

HN 65.9 41.0 32.9 987.5 

44.0HS 34.5 26.6 984.0 

RC 49.2 36.1 27.9 989.0 

PH 79.0 47.1 40.6 981.1 

This is not surprising because the position of the 
Minneapolis/St. Paul region is often dominated by 
strong, slow moving polar highs during most of the year. 

The classic mid-latitude cyclone model accounted 
for 61.7% of the total days classified. RC at 8.8% was 
often followed by CF at 10.4%. Then, slower moving 
high pressure systems followed, with PH at 22.5% and 
BH at 20.0%. These results show that the classic rnid
latitude scheme works well for classification in the 
upper Midwest. 

HS and EL occurred rarely, accounting for only 
7.4% and 5.8% of the events respectively. This region 
is generally not dominated by low pressure depressions 
or strong troughs. On the other hand, EH and HN 
produced 11.8% and 8.2% of the non traditional 
classified days. This shows the strong ridges are often 
found over the region, and directly corresponds to the 
dominance of high pressure atmospheric circulation. 

In terms of monthly distribution of each weather 
type, RC dominated circulation during the spring and 
summer months, while accounting for few events during 
the fall and winter. PH, BH, HN, and EH circulation 
patterns were maintained throughout the year. CF 
patterns closely followed RC conditions. HS and EL 
weather types occurred infrequently throughout the year. 
This again shows that high pressure systems dominate 
the region throughout the year. 

The objective classification scheme used in this 
study produced eight distinct weather types. Table 2 
displays the means of the Minneapolis/St. Paul weather 
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data associated with each type. Cluster one was 
dominated by strong northwesterly winds, while low 
pressure created partly swmy skies on average for the 
day. This weather type followed a pattern of low 
pressure, and cloudy skies in the morning, with a 
gradual increase in pressure throughout the day causing 
skies to clear and relative hwnidity to drop. Visibility 
is also improved as the day progressed. This weather 
type is most representative of a cold front passage. 
Morning conditions may have included precipitation, 
followed by a clearing of skies and a decrease in air 
temperature. 

Cluster two was dominated by high cloud cover, 
low pressure, low visibility, and strong northeasterly 
winds. The averages ofall variables generally remained 
the same throughout the day. Dew point temperatures 
were normally close to the air temperatures, thus giving 
rise to some form of precipitation. This circulation 
pattern most likely places the Minneapolis/St. Paul 
region on the front end ofa strong low pressure system. 

Cluster three gave rise to clear skies, cold 
temperatures, high pressure, and good visibility. Once 
again all variables remained constant throughout the 
day. One difference was the slight shift in wind from 
the west to the southwest. Most likely this was caused 
by a location on the western side of a high pressure 
system. 

Cluster four was representative of a circulation 
pattern which placed the Minneapolis/St. Paul region 
on the back side of a high in the morning and the front 



Table 2. Daily Averages ofObjective Weather Types 

WEATHER TYPE 

1 

CLOUD COVER 
% 

50.8 

TEMPERATURE 
FAHRENHEIT 

23.2 

DEW POINT TEMPERATURE 
FAHRENHEIT 

14.72 

PRESSURE 
mb 

984.3 

2 

3 

92 .5 

35.0 

39.4 

9.4 

33.4 

0.1 

981.4 

995.3 

4 86.0 12.1 3.4 1001.3 

5 85 .0 31.5 23.2 985.1 

6 57.0 52.7 40.8 983.7 

7 19.5 60.4 43.5 987.9 

8 67.3 68.2 56.3 986.4 

+++++++++++++++++ 


Table 3. Mean Temperature Differences, Subjective 

WEATHER TYPE 

RC 

MAxIMUM 

DIFFERENCE 

FAHRENHEIT 

0.8 

STANDARD 

DEVIATION 

1.9 

MINIMUM 

DIFFERENCE 

FAHRENHEIT 

2.4 

STANDARD 
DEVIATION 

2.4 

DAYS 
CLASSIFIED 
% 

8.9 

CF 0.6 2.6 3.0 2.9 10.6 

PH 1.2 2.4 2.7 2.3 22.7 

BH 0.8 2.2 2.9 2.7 20.1 

HS 1.2 2.4 2.4 2.2 7.5 

HN 1.2 2.2 2.9 2.4 11.9 

EL 0.4 3.0 3.9 2.1 5.9 

EH 1.0 3.1 3.1 2.3 8.3 

N/A 2.7 2.7 2.2 2.2 4.1 

Year 1.0 2.4 2.8 2.4 100.0 
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Table 4. Mean Temperature Differences, Objective 

WEATHER 

TYPE 

MAxIMUM 

DIFFERENCE 

FAHRENHEIT 

STANDARD 

DEVIATION 

MINIMUM 

DIFFERENCE 

FAHRENHEIT 

STANDARD 

DEVIATION 

DAYS 

CLASSIFIED 

'>fa 
1 0.2 2.1 2.4 3.3 5.2 

2 0.9 2.7 2.8 3.0 11.2 

3 2.1 2.4 4.3 2.0 12.6 

4 2.2 3.1 3.0 l.8 4.4 

5 1.7 l.8 3.0 2.3 10.1 

6 1.1 2.5 2.4 2.4 23.3 

7 0.7 l.9 2.3 2.2 17.5 

8 -0.3 17.4 2.3 l.8 15.1 

Year 1.0 2.4 2.8 2.4 100.0 

side of a low in the afternoon. This is obvious by the 
decrease in pressure throughout the day, and the 
decrease in visibility while an increase in cloud cover. 
Still, relative humidity remained constant, so this 
cluster most likely did not produce large amounts of 
precipitation. 

Cluster five also produced low pressure and high 
cloud cover, yet visibility remained high. Also, the 
northwesterly winds were strong. Most likely visibility 
continued to remain high even with low pressure and a 
large amount of cloud cover because the ceiling level 
was high and there was little or no precipitation. This 
is supported by the large difference between the 
temperature and dew point. TIuoughout the day, 
pressure rose slightly, while cloud cover decreased. 
Cluster five is probably located toward the back end of 
a low pressure system. 

Cluster six was dominated by low pressure. The 
daily averages of this cluster did not show much 
variation, but strong variations could be found in the 
four hour intervals with cloud cover and pressure. This 
cluster showed a dramatic rise in cloud cover 
throughout the day, while pressure continued to 
decrease. Minneapolis/St. Paul would most likely be 
-positioned on the front end of a low pressure system .. 

Cluster seven represented clear skies, with bigher 
pressure than the two previous clusters. Visibility was 

high and the large difference between air temperature 
and dew point temperature showed that the air was 
warm but dry. This cluster also produced the lowest 
average wind speeds. This is obviously a circulation 
pattern dominated by weak pressure gradients and light 
variable winds. 

Cluster eight showed the movement from low to 
high pressure throughout the day. Skies were cloudy in 
the morning, while clearing in the evening. Visibility 
also increased as higher pressure encroached. Most 
likely this pattern produced precipitation throughout 
the morning, and then proceeded to produce partly 
cloudy skies in the afternoon. Since temperature 
increased as pressure got higher, the high pressure 
system was probably weaker than the low pressure 
system. 

The objective classification procedure classified 
99.6% of the original data matrix taken from 1989 for 
the Minneapolis/St. Paul region. Data was missing for 
one day, so it was removed from the data matrix. The 
objective results also showed that high pressure 
dominated the days that were classified. Clusters three, 
four, six, and seven, which represented high pressure 
conditions or movements toward high pressure 
conditions, accounted for 58% of the total days 
classifled. Cluster seven comprised the largest share of 
this group with 23.3% of all days classified. Cluster 
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two and eight, most commonly associated with low 
pressure conditions, occurred 26.3% of the time. The 
remaining clusters played a small role in the overall 
classification process. Most likely these weather types 
were transitional stages between high and low 
circulation patterns. 

Data for the monthly distribution of each weather 
type showed that clusters one, three, and five occurred 
most often during the winter months. Cluster two also 
peaked during the winter months, but continued to 
maintain a presence during the spring. Cluster four 
occurred most commonly in the spring time. Cluster 
eight had a maximum peak during the summer and 
disappeared in the winter. The remaining two weather 
types were prevalent year-round but had maximum 
appearance in the summer. 

In Table 3, the mean maximum and minimum 
temperature differences between St. Paul and Buffalo, 
MN for each weather type identified in the subjective 
classification is listed. Table 4 shows the mean 
maximum and minimum temperature differences for 
each objective weather type identified . An examination 
of the overall database demonstrates the presence ofan 
urban heat island phenomenon for the Minneapolis/St. 
Paul urban center. On average, maximum and 
minimum temperatures for 1989 in Buffalo were 54.6 
and 31.7 F respectively. St. Paul posted an annual 
averagemaximumof55.6 F and an annual minimum of 
34.5 F. Thus, maximum temperatures on average 
were I F warmer in St. Paul and minimum 
temperatures were 2.8 F warmer. Standard deviations 
between the average difference between maximum and 
minimum temperatures were 2.44 and 2.4 F 
respectively. Previous studies have shown that the 
urban heat island phenomenon is more strongly 
demonstrated in minimum temperatures (Oke, 1982). 
The main reason for this is the ability of urban centers 
to store and slowly release heat during nighttime 
cooling. This theory is reflected by the average annual 
fmdings. 

Using the subjective weather types, EL conditions 
produced the largest difference in minimum daily 
temperatures, on average 3.9 F warmer, but only 
accounted for 5.9% of the total occurrences. The next 
highest differences in minimum temperatures were 
directly associated with high pressure circulation 
(anticyclonic types). EH, CF, BH, and HN produced 
on average a 3.1 F difference and accounted for 51.2% 
of the total occurrences. Excluding EL conditions, low 
pressure circulation (cyclonic types) produced 
minimum daily differences lower than the armual 
difference. RC and HS conditions only showed a 2.4 
F difference in minimum urban and rural temperatures. 
On average, the maximum differences in minimum 

urban and rural temperatures are most likely to occur 
when a high pressure atmospheric circulation pattern is 
dominant. 

The objective weather types also showed that 
atmospheric circulation patterns associated with high 
pressure systems produced larger differences between 
urban and rural temperatures. Cluster three and cluster 
four had minimum temperature differences of 4.3 and 
3.0 F respectively. Cluster five, which showed a 
movement from high to low pressure, thus representing 
a cold front passage, also produced a 3 F difference in 
minimum temperature. Cluster one, seven, and eight 
produced on average only a 2.3 F difference in the 
minimum temperature. This is lower than the annual 
average by 0.3 F, but is expected since those clusters 
are associated with low pressure and cyclonic rotation. 
Atmospheric movement from high to low pressure also 
brought about a lower minimum temperature difference 
of2.4 F. 

The one cluster which produced results that did not 
fit into the overall scheme was cluster two. This cluster 
maintained minimum and maximum differences 
directly in line with the yearly averages even though it 
represented low pressure circulation. One explanation 
for this anomaly is the fact that cluster three had higher 
than average maximum and minimum standard 
deviations. Also, this cluster only accounted for 11.2% 
of the days examined, all of them occurring during the 
winter. 

The objective weather types produced interesting 
results when maximum temperatures were examined. 
Unlike with the subjective weather types, objective 
anticyclonic circulation patterns produced a greater 
difference in maximum temperatures. Clusters three, 
four, and five each showed maximum differences of 
2.1, 2.2, and 1.7 F respectively. On the other hand, 
cyclonic circulation patterns produced maximum 
differences lower than the yearly average . Cluster 
eight showed that maximum rural temperatures were 
higher than maximum urban temperatures by 0.3 F. 
Still this data had a standard deviation of 17.44 F, thus 
having a high amount of variability. Movement from 
high to low pressure such as shown by cluster six kept 
maximum temperatures in sync with the yearly 
averages. 

This shows that when using objective clustering 
techniques to analyze the urban heat island 
phenomenon, anticyclonic conditions produce higher 
average maximum and minimum urban temperatures, 
while cyclonic conditions decrease the differences. 
Movement from high to low pressure decreases 
minimum differences but keeps maximum differences 
the same. Movement from high to low pressure 
increases both differences. 
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Conclusions 

The purpose of this study was to compare and 
contrast objective and subjective clustering techniques 
using the Minneapolis/St. Paul urban heat island 
phenomenon as a common environmental baseline. 
Analysis of the urban heat island data showed that 
anticyclonic atmospheric conditions created a stronger 
urban heat island effect, while cyclonic conditions 
tended to weaken the phenomenon. 

The objective weather types produced interesting 
results when maximum temperature differences were 
examined. Unlike with subjective weather types, 
objective anticyclonic circulation patterns produced a 
greater difference in maximum temperatures than the 
yearly average. Clusters three, four, and five each 
showed maximum differences of 2.1,2.2, and 1.7 F 
respectively . On the other hand, cyclonic circulation 
produced maximum differences lower than the yearly 
average. Cluster eight showed that maximum rural 
temperatures were higher than urban temperatures by 
0.3 F. Still, this data had a standard deviation of 17 .44 
F, thus a high amount of variability existed. These 
results show that using objective clustering techniques 
to analyze the urban heat island phenomenon, 
anticyclonic conditions related to low pressure systems 
produce higher average maximum and minimum 
temperature differences, while cyclonic conditions 
related to high pressure systems decrease the effect. 
Also, movement from high to low pressure decreases 
minimum differences, but keeps maximum differences 
relatively the same. 

A comparison of the objective and subjective 
classification results showed that a difference existed 
between the two techniques. Both techniques showed 
similar figures with minimum temperature differences, 
but the objective weather types outperformed the 
subjective weather types when analyzing daily 
maximum temperature differences . Objective results 
directly corresponded to past studies (Unwin, 1980) 
which have shown that maximum and minimum 
temperature differences fluctuate depending upon 
cyclonic or anticyclonic atmospheric circulation. On 
the other hand, the subjective results showed little 
change in maximum differences compared to the 
differences found on the annual basis. t 	 One reason the subjective clustering technique did 
not show a difference in maximum temperatures is 
because circulation patterns were clustered using 6:00 
A.M. data, while maximum daily temperatures often do 
not occur until the afternoon. Thus, a lag effect of 
maximum temperatures may have been created. One 
way to overcome this problem is to analyze more daily 
surface weather maps. Still, this would take a long 

period of time and end up making research more 
difficult instead of simplifying it. 

It is obvious the objective procedure proved to 
work better when relating atmospheric circulation to 
the environment. Through use of the computer, 
creation of distinct weather types was faster, and more 
daily data was able to be analyzed. More of the 
possible bias a researcher had was also removed from 
the study. Still, many different statistical selections 
were made, making the objective method partly 
subjective. One way to remove this problem is to 
continue doing research which uses the same data set 
and performs steps differently. Then, weather types can 
be compared to see which statistical decisions produce 
the best overall results. 

With the use of a computer, the objective 
procedure also allows for the possibility ofupper level 
climatic data to be analyzed. Many of the forces which 
control surface circulation patterns can be found in the 
upper air flow patterns. 

In conclusion, this study shows that objective 
clustering techniques outperform subjective techniques 
when analyzing the urban heat island phenomenon. 
Yet, it still remains to be seen which technique holds 
the overall upper hand in synoptic environmental 
analysis. Different environmental studies may produce 
other results. Factors such as location and time may 
come into play. This study has laid the groundwork for 
objective and subjective clustering in the upper 
Midwest. Until now, most research using weather 
types has occurred in other locations. This guide can 
be used to create new weather types using larger data 
sets, and for future synoptic research. 
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