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Louisville Metro Urban Heat Island
Minimum Temperatures August 4th, 2010

As a kid growing up in Louisville, Kentucky
| became fascinated by the changeable weather| i
the region. Living through numerous winter storms
severe weatheevents, and even a wind storm =
caused by the remnants of a hurricane, | becal
used tohaving extemes right in my own backyard. -
In 2005 myfather installed a Davis Vantage Pro2
weather station in our front yard to record an
transmit observations to the Caen Weather
Observer ProgramWhen viewing our temperature

Temperature Contours
[ R 8
]

readings and comparing them to thdficaal
readings at Louisvill
noticed that ours were almost always coolel.
Around this time many local meteorologists at TV
stations in the city began commenting on #asne
thing among weather stations in different parts of
thecity compared to the airport

Background

The reason for the sudden uptick in
comment about these warnteanusual
observations was

weather observation location had been moved from
the National Weather Service office suburban
South Louisville to Louisville International Airport
(KSDF) in January 200§National Weather Service
Louisville, KY 2010) The switch to thd.ouisville
ASOS at the airport put the official observations
back where they were before a mawethe faecast
office in 1995. Since the airport is closer to the city
center and in an area of denser urban development
and concrete, it is affected by what is referred to as
the uban heat island dfect. According to The
Ameri can Met eor ol ogyi aal
Meteorology (1994), the difference in temperature
between urban and rural locations in large cities can
be 1 to 2 degrees Celsius (about 2 to 4 degrees
Fahrenheit) during the daytimand 12 degrees
Celsius (about 22 degrees Fahrenheit) at night.
While Louisville, only a mediunsize city of
741,096(Business Firs2011), may not exhibas

S
(Pme 2010 Image generated by NWS Louisvjlle

This map i= of actual reported values, but should be considerad an

ol atior
estlmaﬂon only. 24 hour lovwtemperatures lh“uugh this morning
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much variation this observable phenomenon
explains why the temperatures recorded at KSDF
are warmethan quite a bit of the rest die cityof
Louisville inside Jefferson County, KiPine 2010).
Knowing that the urban heat islandfeet
Adi stortso temperature r
this mean that these temperatures are inaccurate?

b e ¢ a u sNo, but @bseivingvténiperaguées in an érdaithatihasl

an enhanced area of concrete, asphalt, and other
marnrmade low albedo surfaces brings into question
the appropriateness of having these observations
represent the entire citiouisville encompasses the
entirety of Jeffersoil€ounty, Kentucky and the area
inside the citythat experiences the most inflated
heat island temperaturewhich includes KSDF, is
fairly small It is understandable that the
observations taken at the airport may represent
Downtown Louisvilleand other dense urban areas
well, but these inflated temperatures do fatly
regresent tleetcity @ssa wha@é. o s s ar

ResearchMethodology

Previous research in multiple cities by Gallo
and Owen (1999) shows that weatlobservation
stations in urbanareas do indeed show higher
minimum, maxmum, and average temperatures
thanrural onesdue to the urban heat islandrban



stations also have a lower daily temperature range
than ones in rural areas amwling to previous
research cdd by Gallo and Owen
This research seeks to quantify the antou
by which the official temperature observations at
the Louisville International Airport (KSDF) ASOS
site are warmer than thiest of the city. Since there
are a limited number of alternate observation sites
within the city limits, this will obviously ba rough
estimate that will make somewhat tangible the
degree by whi ch t he
skewed. The observation sites that are used to
compar e KSDFOG6s temper at
Citizen Weather Observation Program stations,
Loui svi |l Indiélg airipa ASOS site, and
observations taken at the National Weather Service
Weather Forecast Office in  Louisville.

' Locations of LOUiSVI|| eathratio incu in rsea
Even though there a quite a few more
personal and residential weather observation
stations in the city of Louisvilléhat have theidata
online thanwhat is represented here, the criteria for
which stations could be included in this research is
strict. These criteria are 1lhd stations must be
registered with the Citizen Weather Observation
Programfor MADIS (Meteorological Assimilatin
Data Ingest System) data quality checking, 2) the
stations must also report to the Weather

il W Y
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2009 and ©Otober 2010.
The daily high and low temperature data
from these sites was then collected for January,
April, July, and October of 2009 dr2010. These
months were chosdrecause they are evenly spaced
and represent data in all four seasons. More recent
dat for 2011 was not used because the data from
KSDF and WFO Louisville is not yet available for
the entirety of that yearyet as of this writing.Even

though the aboveriteria were met for the three

a i rCpizem Weather Qbdes/aionVPeogratations thata r e

are used in thisesearchthere are still some holes
in their data.oThis iis particuladyetrue with C\&WG238
in West Louisville, which has data missing for the
entire month of Owber 2010 and partial data for
July 2010,January 2010, and January 2009. These
holes, possibly caused by computer issues, power

i1 outages, or other barriers to reporting to the internet,

are tolerable because the quality of the data that is
present is verygood according to MADIS and

cursorycompari son. Taksdatp al
out of this research does not alter the results much

' either, so it was allowed to remain in an attempt to

have as many areas in the cityepresented as

;';; possible.

In regard to repesenting the entire city, it is

= worth noting that the five locations chosen in this
' study do
| representatioin the northeastern and miowestern

leave rather large areal

gaps
sections ofLouisville. This is because thesre no
stations in these areas thatanthe quality criteria
set f or t hiaksoworth s:@irgrtiatha I
hypothetical station in the northwestern section of
the city could exhibit the same heat island issue that
KSDF does because of the very high density of
urban development theréhe satellite map with the
stations chosen for this research on ldfe shows
very clearly where the highest urban depet@nt is
and hencewhere the highest urban heat island
issues ee by the finding the concentratedgray

Underground website so that reliable observation colored area that stretches from south of KSDF to
records can be obtained in a .CSV format and 3) the northwestern sections of Louisville on the Ohio
stations must have been in service between January River. Most of the city inside Jefferson County is a
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greener hue with patches of grey urban the National Weather Service in Louisville, KSDF

development mixed in. has an average 1.2F higher high temperature and

a 2.03 °F higher low temperatureGraphical

monthly comparisons othis data are available
When omparinghigh and lowtemperatures below. The raw data from this study is available in

at KSDF for the aforementioned months with an the next few pages of this repo#ll temperatures

average of these same numbers from the chosen and differences in the proceeding data are in

weatherreporting stations in the city, KSDF shows degrees Fahrenheit.

an average 0.74F higher high temperature and an

average 2.50F higher low temperaturéVhen only

comparing KSDRo the old official reporting site at
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KSDF
High

38.

KSDF
High

2337

52

61
67
63

61
71
56
50

75
78
65
63
53

72
87
87
88
86
76
78
78

68.27

WFO LOU
Low High
43 18 42
49 33 48
55 32 53
61 35 59
36 27 34
41 33 40
41 31 39
34 22 32
47 20 46
51 32 49
33 30 32
40 28 38
42 15 38
40 15 39
15 4 15
18 -1 17
39 9 37
38 29 35
29 18 28
28 13 25
35 13 34
53 26 52
61 33 59
34 22 32
24 15 24
28 20 27
32 24 30
33 22 31
29 22 27
30 19 28
42 11 37
10 2161 AvgWFO 36.39
Avg Diff 171
WFO LOU

Low High Low

41 64

44 75

45 57

37 63

49 75

36 51

35 46

35 60

36 66

50 62

44 58

39 59

47 69

45 53

43 48

47 62

41 73

48 76

55 61

49 61

43 51

40 66

45 71

62 85

70 85

62 85

69 83

63 71

64 77

64 77

4827 AvgWFO 6633

Avg Diff 193

KLOU
Low High
16
30
30
34
25
31
30
19
18
30
28
27
15
13
3
-3
7
27
17
12
10
25
31
20
13
19
22
19
19
16
7
19.68
194
KLOU
High
38 64
43 76
40 60
33 64
47 76
35 53
33 48
32 60
36 67
48 63
42 60
37 61
45 71
43 55
42 50
45 64
41 74
44 77
53 64
47 62
41 53
35 68
44 72
61 87
66 86
63 86
63 84
59 75
61 78
62 77
4597
230

43

56
61
36
41
41
33

Low

Low

40
42
43
36
50
35
35
33
36

5888

45

46
42
47
55
50
43
36
43
63
70
60
68

PR

CW3169
High Low
19 44
29 48
28 56
36 61
27 36
33 42
31 41
22 33
20 45
32 50
30 32
29 40
16 40
16 20
4 18
b § 18
10 38
29 37
18 28
15 25
13 34
25 53
32 60
21 33
15 25
20 28
24 32
21 32
21 28
15 29
8 36
Cw3169
High Low

65

75

59

64

76

54

46

59

66

62

59

59

69

55

49

62

74

77

61

62

52

66

71

86

86

86

84

72

78

76

SRR

29
37
36

27

8§88
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Ccwo0238
High Low
12
25
24
36
27
32
31
18
15
28
29 37
24 43
23 41
18 41
4 21
-4 25
2 42
29 38
19 34
8 34
4 40
15 58
26 64
14 42
10 26
21 30
24 32
21 32
21 29
7 33
0 38
cwo238
High Low
67
76
59
65
76
56
48
62
63
62
62
72
57
50
65
77
79
64
63
53
69
73
87
87
88
85
75
79
77

8588

47
37
35

35

47

43

39
45
55
43
42
36
42
61

59

63
63

DW1289
High Low
43
49
54
60
34
40
40
33
48
50
31 33
28 40
16 41
15 40
4 15
L § 18
8 39
30 38
19 30
13 28
12 34
28 53
34 60
22 34
17 24
21 27
24 31
22 32
22 28
17 29
9 37
DW1289
High Low
65
75
59
65
76
53
46
61
68
63
60
60
72
56
50
54
75
78
64
62
52
68
73
87
87
87
85
75
79
78

38
39
45
34

36
35
34
35

5888

45
43
47
38

55
50
43
36
41
61

62
66
63
62
63

Hoke 4

AvgHigh Avglow Diff High Diff Low

43.00
48.25

16.00
28.25
27.50
35.00
26.50
32.00
30.75
19.75
17.75
30.25
29.40
26.80
17.00
15.20

3.80
-2.20

6.80
28.80
18.40
12.20
10.20
24.00
31.00
19.60
14.20
20.00
23.60
20.80
20.80
14.00

6.40

Average Difference

0.00
0.75
0.25
0.75
1.00
0.25
0.75
125
025
125
-0.60
-0.20
160
4.00
-2.20
-1.20
0.20
0.80
-1.00
0.20
-0.40
-0.80
040
-0.80
-0.60
0.00
0.20
1.00
0.80
0.40
420

0.40

Avg High Avglow  Diff High

65.00
75.40
58.80
64.20
75.80
53.40
46.80
60.40
67.00
62.60
59.80
60.20
70.60
55.20
49.40
63.40
74.60
77.40
62.80
62.00
52.20
67.40
72.00
86.40
86.20
86.40
84.20
73.60
78.20
77.00

37.60
39.60
41.80
33.60
45.00
35.80
34.40
32.00
34.00
49.40
42.80
38.00
46.40
44.80
43.00
46.00
38.40
43.60
54.40
47.80
4220
35.00
41.20
59.80
66.00
59.00
63.80
61.60
62.20
62.60

Average Difference

0.00
0.60
120
-0.20
0.20
-140
120
0.60
0.00
0.40
0.20
0.80
0.40
0.80
0.60
0.60
0.40
0.60
220
1.00
0.80
0.60
0.00
0.60
0.80
160
180
240
-0.20
1.00

0.65

2.00
475
450
0.00
0.50
1.00
0.25
225
225
175
0.60
120
-2.00
-0.20
0.20
120
220
0.20
-0.40
0.80
2.80
2.00
2.00
240
0.80
0.00
0.40
120
120
5.00
4.60

1.47

Diff Low
3.40
4.40
3.20
3.40
4.00
0.20
0.60
3.00
2.00
0.60
120
100
0.60
0.20
0.00
1.00
2.60
4.40
0.60
120
0.80
5.00
3.80
2.20
4.00
3.00
5.20
140
180
140

221



KSDF
July'09 High
1 73
2 71
3 80
4 73
5 74
6 84
7 86
8 86
S 87
10 89
11 84
12 86
13 85
14 85
15 82
16 85
17 78
18 70
19 73
20 80
21 81
22 73
23 81
24 83
25 84
26 84
27 85
28 82
29 82
30 84
31 83

Avg KSDF 81.06

Oct'09
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Avg KSDF

Low
62
65
62

65

3RER

70
75
71
67

70
74

ARG AR A A

222308 R

WFO LOU

High
72
70
80
71
71
83
86
83
86
87
83
85

85
79
70
74
80
82
70
82

85
84
84
86
79
82

83
84

65.77 Avg WFO 80.45

KSDF
High Low
68 435
69 58
66 53
64 48
71 47
66 53
65 48
62 45
67 55
61 47
62 42
67 46
62 53
53 44
51 46
47 43
52 40
56 33
63 36
70 43
68 44
69 50
73 58
59 43
64 38
69 40
55 47
60 54
68 47
81 54
54 42
63.29

Avg Diff 061

WFO LOU

High
68
59
66
63
71
66
56
61
65

60
62
68
60
51

50
46
52
55
63
71
69
69
72
58
63
70
54

59
68
80
58

46.77 Avg WFO 63.03

Avg Diff 026

Low
61
62
58
63

61

63.84
194

Low

4584
0.94

KLOU

High
74
72
81
73
74
85
87
85

89
85

85

RBRBR

73
79
82
73
82

85
85
85
82

BEB

KLOU
High

a8

63
70

65
62
67
59
61

61
53
51
47
52
56
62
69
67
69
73
59
63

56
59
69
81
55

Low

65

65
65
59
62

70
71
74
72
65
65
70

a3a R

58
58

AR A A R

Low
45
57

BEE8LES

32
36
43
43

59
42
38
38

54
47
55
41

w3169
High

o o~
RN

ZIRIRBEIBBRRERIIS

3BBN

BRREBRE

B

Cw3169
High

Low
60
63
64
59
65
58
57
60
65
66
75
66
60
58
64
68
60
55
50
52
67
63
63
58
65
62
58
61
68
68
67

Low
39
46
45
43
38
45
43
42
55
42
38
42
51
43
46
43
33
26
28
34
36
42
58
37
31
33
40
53
41

43

CW0238
High
73
72
82
73
74
86
88
88
89
%
84
88
87
86
81
86
79
70
74
80
82
72
81
84
83
85
86
81
82
84
84

Cw0238
High
68
70
67
64
73
66
67
61
66
62
64
68
60
54
51
47
53
58
65
71
71
70
73
60
65
72
55
60
70
81
60

Low
63
63
60
65
66
61
62
66
67
69
73
71
63

68
74
65
59
55
57
59
65
67
63
66
66

66
69
70
68

Low
59
52
54
47
45
52
48
47
55
45
43
47
53
B
47
LR
41
32
34
42
42
48
58
42
37
38
46
54
49
60
47

DW1289
High
74
72
80
73
74
84
87
87
88
%0
85
86
86
86
82
86
78
70
74
80
82
72
82
85
84
85
86
82
81
85
84

DW1289
High
68
69
65
64
71
66
65
61
66
80
61
68
80
53
51
45
51
56
63
70
69
70
73
59
66
70
55
60
69
81
80

Low
62
63
59
65
65

62

67

74
71
63
63
67
74

59
56
56
58
65
67
63

66

23837

Low
45
52
54
47
43
50

47
55
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AvgHigh Avglow Diff High Diff Low

73.00
70.60
80.60
72.60
73.20
84.40
86.60
85.40
87.40
88.80
84.00
86.20
85.00
85.40
80.80
85.60
78.60
70.00
73.40
79.60
79.20
71.40
81.40
83.80
83.80
84.60
85.60
80.80
81.60
83.80
83.40

61.80
63.20
60.20
63.40
65.00
59.80
60.80
64.40
66.60
68.40
73.40
69.60
62.60
62.60
67.40
72.20
64.40
58.20
54.40
56.00
60.00
64.40
66.00
62.40
65.60
65.00
63.00
65.40
68.20
68.80
67.60

Average Difference

0.00
0.40
-0.60
0.40
0.80
-0.40
-0.60
0.60
-0.40
0.20
0.00
-0.20
0.00
-0.40
120
-0.60
-0.60
0.00
-0.40
0.40
180
160
-0.40
-0.80
0.20
-0.60
-0.60
120
0.40
0.20
-0.40

0.08

0.20
180
180
2.60
0.00
220
3.20
160
3.40
160
160
140
4.40
140
2.60
180
0.60
1.80
160
2.00
0.00
0.60
1.00
160
0.40
3.00
2.00
2.60
-0.20
-0.80
0.40

155

AvgHigh Avglow Diff High Diff Low

67.40
68.80
65.60
63.40
71.00
66.00
65.60
61.40
66.00
59.80
61.80
67.40
60.00
52.60
50.60
46.40
51.80
56.00
63.20
70.20
68.80
69.60
72.40
59.20
64.20
70.00
55.00
59.40
69.00
80.80
57.20

47.00
52.20
51.20
46.00
42.80
51.00
47.20
46.20

58.00
4120
35.80
37.40
4460
53.60
45.80
59.40
43.40

Average Difference

0.60
0.20
0.40
0.60
0.00
0.00
-0.60
0.60
1.00
120
0.20
-0.40
2.00
0.40
0.40
0.60
0.20
0.00
-0.20
-0.20
-0.80
-0.60
0.60
-0.20
-0.20
-1.00
0.00
0.60
-1.00
0.20
-3.20

0.05

2.00
5.80
180
2.00
420
2.00
0.80
2.80
0.20
220
160
0.60
1.00
0.60
0.00
-0.40
1.80
2.60
2.60
240
3.20
3.40
0.00
1.80
2.20
2.60
240
0.40
120
-5.40
-140

152
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