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A Comparison of 30-yr Climatic Temperature
Normals for the Southeastern United States
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Thirty-year climatic normals are an integral part

of climate and climate assessment, but they are

typically not used to address issues of climatic

change. For ∞≠∂ stations within the southeastern

United States, I analyze spatial parameters of

the two most recent ≥≠-yr temperature normals

(∞Ω∏∞–∞ΩΩ≠, ∞Ωπ∞–≤≠≠≠) to illustrate the util-

ity of ≥≠-yr normals for an assessment of climatic

change. My comparison of the two normal periods

shows that the Southeast as a whole has experi-

enced a small (≠.∞≠\C) but significant increase

in average temperature. However, of the seven

physiographic provinces examined, only the lower

Coastal Plain has experienced a significant in-

crease in temperature. My analysis of urban

versus rural sites produced mixed results on the

potential impacts of urbanization and the asso-

ciated heat island effects on the observed changes

in temperature. While some long-term analyses of

the thermal climate of the Southeast have shown

the region to be cooling, my results suggest that

the thermal climate of the southeastern United

States since ∞Ω∏∞ is stable or slightly warming.

key words: climatic normals, temperature,

southeastern U.S., climate change

introduction

Thirty-year normals have been a main-
stay in climatology since the U.S. Weather
Bureau adopted them during the ∞Ω∑≠s in
response to World Meteorological Orga-

nization guidelines (Lamb and Changnon
∞Ω∫∞). The ≥≠-yr climatic normals are up-
dated each decade to reflect the most
recent period of record (e.g., current nor-
mals are calculated using data from ∞Ωπ∞–
≤≠≠≠) (NCDC ≤≠≠∂a). In turn, moving
averages associated with these periodic
updates can impact analyses and percep-
tions of climate through interpretations of
the deviations from normal. For example,
deviations from normal are a standard ele-
ment of the monthly NOAA publication
‘‘Climatological Data’’ (NOAA ≤≠≠≥) for
each state and they are incorporated into
forecasts provided by many media outlets
to help place the current day’s weather
into historical perspective. Most studies
use, at minimum, annual data to address
questions related to changing climatic con-
ditions (e.g., Karl et al. [∞ΩΩ∏] use various
annual indices, Knappenberger, Michaels,
and Davis [≤≠≠∞] use daily data). While
≥≠-yr normals are useful both for instruc-
tive purposes (e.g., maps showing regional
conditions) and for practical purposes
(e.g., they are often incorporated into load
forecasting models used by the electric
power generation industry [Meentemeyer
and Soulé ∞Ω∫Ω; Meentemeyer, Soulé, and
Bland ∞ΩΩ≠]), they are generally not used
to directly test changing climatic condi-
tions. The purpose of this study is to show
how ≥≠-yr climatic normals can be used to
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assess changes in climate within the ther-
mal regime of the southeastern United
States. I use the two most recent ≥≠-yr nor-
mal periods (∞Ω∏∞–∞ΩΩ≠, ∞Ωπ∞–≤≠≠≠) to:
(∞) determine if thermal conditions have
remained stable through time, (≤) exam-
ine the spatial pattern of any observed
changes, and (≥) assess the possible role
that site selection (i.e., urban versus less
urban/rural) plays in the determination of
significant changes in climate.

The southeastern United States is
somewhat anomalous in climate change
research as most analyses show this area
did not warm significantly during the
twentieth century (e.g., Karl et al. ∞ΩΩ∏;
Greenland ≤≠≠∞; NCDC ≤≠≠∂b). For ex-
ample, while linear trends showed as
much as ≥\C of warming for much of the
United States, temperatures in the South-
east largely exhibited cooling trends of ∞–
≤\C for the period ∞Ω≠≠–∞ΩΩ∂ (Karl et al.
∞ΩΩ∏). Over a shorter time period (∞Ω∂∫–
∞ΩΩ∂), Saxena and Yu (∞ΩΩ∫) also found
downward trending temperatures in the
Southeast. Analyzing temperature data
from a small sample of sites (n = ∑) across
the Southeast, Greenland (≤≠≠∞) found
no long-term (i.e., ∞Ω≠≠–∞ΩΩπ) trends in
temperature, but rather a non-monotonic
pattern with warming until mid-century,
followed by cooling to about ∞Ωπ∑ and
then warming through ∞ΩΩΩ. Knappen-
berger, Michaels, and Davis (≤≠≠∞) also
found changing trends through time in
the Southeast, with warming from ∞Ω∞≠
to ∞Ω≥Ω, cooling from ∞Ω∂≠ to ∞Ω∏Ω, and
then a mixed pattern from ∞Ωπ≠ to ∞ΩΩπ,
with warming during the coldest and
warmest days of the year, but cooling dur-
ing periods of intermediate temperatures.
Easterling (≤≠≠≤, ∞≥≥∞) analyzed various
measures of cooling and found no signifi-

cant ‘‘changes in either the number of frost
days or changes in the front-free season’’
over the period ∞Ω∂∫–∞ΩΩΩ in the South-
east. Recent analyses by the National Cli-
matic Data Center (NCDC) (NCDC ≤≠≠∂b)
show a warming trend over the ∞Ω∏∞–
≤≠≠≠ period, but a cooling trend over the
full period of record (∞∫Ω∑–≤≠≠≥). Thus,
while there appears to be a consensus that
warming has not occurred in the south-
eastern United States over the last century,
over shorter periods the results are mixed
and inconclusive.

data and methods

I obtained temperature measurements
directly from the Southeast Regional Cli-
mate Center’s (SERCC) website (SERCC
≤≠≠∂) for ∞≠∂ stations across six states.
These data are from the NCDC’s data
set ‘‘CLIM∫∞: Climatography of the U.S.’’
(NCDC ≤≠≠∂a). I obtained two measure-
ments directly, the ∞Ω∏∞–∞ΩΩ≠ and the
∞Ωπ∞–≤≠≠≠ Annual Temperature Normals.
The ≥≠-yr temperature normals have been
subjected to extensive quality control
by the NCDC (NCDC ≤≠≠∂a), including
adjustments for missing data and other ‘‘in-
homogeneities’’ (NCDC ≤≠≠∂b, ≤), al-
though not all adjustments were made to
cooperative weather station records for the
∞Ω∏∞–∞ΩΩ≠ normals. Despite the adjust-
ments, a close examination of the station
metadata revealed that many stations with
≥≠-yr temperature normals contained
large amounts of missing data and/or had
been physically moved. In order to mini-
mize potential biases, I employed stringent
site-selection criteria. For a site to be in-
cluded in this study it had to: (∞) have re-
corded temperature continuously from
∞Ω∏∞–≤≠≠≠, (≤) have no more than one
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month of missing data during the ∞Ω∏∞–
≤≠≠≠ period, and (≥) have moved no more
than ≤∑ m vertically and no more than ∑
min (latitude or longitude) horizontally. In
selecting stations I gave no consideration
to potential urbanization effects. Any sta-
tion that met my criteria was selected. All
data were reported in degrees Fahrenheit
and converted to degrees Celsius.

I created all maps using the geographic
information system (GIS) ArcMap ∫.≥
(ESRI ≤≠≠∂). For the ≥≠-yr normal maps
(e.g., the ∞Ωπ∞–≤≠≠≠ mean temperature),
I interpolated raster layers using the In-
verse Distance Weighted method. The ras-
ter layers for each variable were reclas-
sified using equal intervals based on the
range and converted to polygons for a
shaded isoline map. I created a graduated
cylinder map using natural breaks to show
the difference in temperature between
the current and prior ≥≠-yr normal peri-
ods (i.e., ∞Ωπ∞–≤≠≠≠ minus ∞Ω∏∞–∞ΩΩ≠
normals).

I used the non-parametric Wilcoxon
Matched Pairs test (McGrew and Monroe
≤≠≠≠) with a null hypothesis of no sig-
nificant difference in average tempera-
tures between the ≥≠-yr normal periods
and a .≠∑ level of significance. I did this by
physiographic province and for all sites
combined. I used the physiographic prov-
ince boundaries delimited by Miller and
Robinson (∞ΩΩ∑). I also tabulated the per-
centage of stations recording an increase
in temperature for the compared periods.

The potential effects of urbanization
on atmospheric temperatures (i.e., urban
heat islands) have long been known (e.g.,
Oke ∞Ωπ≥), with some suggesting dra-
matic influences on the climatic record
due to urbanization (e.g., Kalnay and Cai
≤≠≠≥). I examined the potential effects of

urbanization on temperature change sev-
eral ways. I identified all stations that
were within ∞∑ km of any city with a ≤≠≠≠
population of greater than ∞≠≠,≠≠≠ and:
(∞) compared the change in ≥≠-yr normal
temperatures of these stations to those
with populations under ∞≠≠,≠≠≠ using a
Mann Whitney test (McGrew and Monroe
≤≠≠≠); (≤) compared the ≥≠-yr normal pe-
riods for the greater than ∞≠≠,≠≠≠ and less
than ∞≠≠,≠≠≠ population subsets using a
Wilcoxon Matched Pairs test (McGrew and
Monroe ≤≠≠≠); and (≥) tabulated the per-
centage of stations recording an increase
in temperature for the compared periods. I
also matched each study site with popula-
tion data (∞ΩΩΩ) from the county it resides
in and then used simple correlation to as-
sess the strength of the relationship be-
tween population and the change in mean
temperature between ≥≠-yr normal peri-
ods. The population data are from the U.S.
Census Bureau and were accessed through
ArcMap ∫.≥ files (ESRI ≤≠≠∂).

results and discussion

There is high degree of spatial covari-
ance across the six state study region, with
a simple correlation of .ΩΩ≤ (p [ .≠≠≠, n =
∞≠∂) between the two ≥≠-yr normal peri-
ods. Thus, only the most recent ≥≠-yr pe-
riod is shown (Fig. ∞). The spatial pattern
matches climatic expectations (Soulé
∞ΩΩ∫), with the coldest temperatures in
the Appalachian Mountains of North Car-
olina and Virginia, and the warmest tem-
peratures in south Florida.

The statistical comparison of climatic
temperature normals for the two ≥≠-yr pe-
riods by physiographic province shows
that only the lower Coastal Plain has expe-
rienced a significant change in tempera-
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Figure ∞. Mean annual temperature (\C) based on the ≥≠-yr normal period ∞Ωπ∞–≤≠≠≠. The locations

of reporting stations used in this study are depicted with symbols matching them to physiographic

regions identified by Miller and Robinson (∞ΩΩ∑).

ture (Table ∞). While the majority of sta-
tions within each physiographic province
have registered increases in temperature
and the change is statistically significant
for all sites combined (n = ∞≠∂), the aver-
age increase was only ≠.∞\ C.

For the ≥≠-yr mean comparisons (Fig.
≤, Table ∞), there is some degree of spa-
tial continuity in the observed patterns
of cooling and warming. For example,
all of the Coastal Plain stations in North
Carolina register warmer temperatures in
the most recent ≥≠-yr period, and all Flor-

ida stations except Miami Beach (temper-
ature decrease of ≠.≠∏\C) had increases.
Conversely, spatial continuity is absent
throughout much of the Piedmont and
Blue Ridge Mountains, where adjacent
stations often show opposite trends. Ex-
cept for the Cumberland and Limestone
Plateau physiographic province, the gen-
eral spatial pattern shows fewer stations
with warming as distance increases from
the coast (Table ∞).

The mean change in temperature (i.e.,
∞Ωπ∞–≤≠≠≠ minus ∞Ω∏∞–∞ΩΩ≠ normals)
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Table ∞. Comparison of ≥≠-yr Normals by Physiographic Province and for all Sites Combined.

≥≠-yr Normals

Physiographic Province

Number

of

Stations

∞Ω∏∞–

∞ΩΩ≠

Mean

(\C)

∞Ωπ∞–

≤≠≠≠

Mean

(\C) p-valuea

Percentage of

Stations with

Higher Mean

Temperatureb

Blue Ridge Mountains ∞∫ ∞≤.≤π ∞≤.≤≥ .π∏≠ ∑∑.∏

Cumberland & Limestone

Plateau

∑ ∞∑.≠∫ ∞∑.≤∏ .≠π∂ ∫≠.≠

Hilly Coastal Plain ∫ ∞π.∏∞ ∞π.∏∏ .∑≤∫ ∏≤.∑

Lower Coastal Plain ≤∏ ∞Ω.∑≥ ∞Ω.∫≤ .≠≠≠ ∫∂.∏

Middle Coastal Plain ∞∫ ∞∏.∏π ∞∏.π∫ .∞≠π π≤.≤

Piedmont ≤∂ ∞∑.≠π ∞∑.∞≥ .∂∞∑ ∑∫.≥

Ridge and Valley ∑ ∞∂.≠π ∞∂.≠∏ .π∞∑ ∏≠.≠

All Sites ∞≠∂ ∞∏.∞≥ ∞∏.≤≥ .≠≠≤ ∏∫.≥

a p-value for a Wilcoxon Matched Pairs test with a null hypothesis of no significant difference
between the ∞Ωπ∞–≤≠≠≠ and ∞Ω∏∞–∞ΩΩ≠ ≥≠-yr normal periods.
b percentage of stations with a higher mean temperature in the most recent ≥≠-yr normal period.

for the ≤≤ stations within ∞∑ km of a
city with a ≤≠≠≠ population greater than
∞≠≠,≠≠≠ (Fig. ≥) was ≠.∞∫\C, and for the
remaining ∫≤ stations it was ≠.≠Ω\C. The
Mann Whitney test for this comparison re-
veals there is no significant difference be-
tween the two groups (p = .∏∑≤). Both
subgroups had significant differences in
mean temperature between the two ≥≠-yr
normal periods (p = .≠≠∑ for the greater
than ∞≠≠,≠≠≠ population sites, p = .≠≥∞ for
the less than ∞≠≠,≠≠≠ population sites),
with ππ.≥% of the greater than ∞≠≠,≠≠≠
population subgroup stations and ∏∑.∫%
of the less than ∞≠≠,≠≠≠ population sta-
tions recording higher temperatures in the
∞Ωπ∞–≤≠≠≠ normal period relative to the
∞Ω∏∞–∞ΩΩ≠ period. The Pearson r-value
for the comparison between county popu-
lation and the mean change in temperature

was .∞∂ (p = .∞∏). With double the rela-
tive change in temperature between the
two ≥≠-yr normal periods, stations near
large urban areas are warming at a faster
rate relative to less urban and rural sta-
tions. However, both the urban and less
urban subgroups have experienced signifi-
cant increases in temperature, and these
changes are not significantly different (at
a = .≠∑) between the two groups. Further,
the county-scale comparison of population
change and temperature change shows
only a weak relationship between the two
measures.

conclusion

Although ≥≠-yr climatic normals have
been a mainstay of climatic record keep-
ing since the ∞Ω∑≠s, their direct usage in
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Figure ≤. Temperature difference (\C) between the ∞Ωπ∞–≤≠≠≠ normal period and the

∞Ω∏∞–∞ΩΩ≠ normal period (∞Ωπ∞–≤≠≠≠ minus ∞Ω∏∞–∞ΩΩ≠).

climate change research is limited by the
moving average approach used, whereby
the most recent averaging period contains
data from two of the three decades used in
the calculation of the prior normal. In this
study I have demonstrated that climatic
normals can be used as a vehicle to assess
climatic change. In contrast to some analy-
ses of long-term trends (i.e., ∑≠–∞≠≠ yr
trends) of temperature in the Southeast
which found cooling (e.g., Karl et al. ∞ΩΩ∏,
Saxena and Yu ∞ΩΩ∫), my results suggest

either a slight movement toward warming
or no change. Urbanization and the associ-
ated heat island effects may be contribut-
ing to the observed warming, but my re-
sults on this are mixed. As both ≥≠-yr
normal periods share the decades of the
∞Ωπ≠s and ∞Ω∫≠s, the movement toward
warmer conditions at the majority of sta-
tions may reflect recent (i.e., the ∞ΩΩ≠s)
changes in the thermal climate of the
Southeast. If the ≤≠≠≠s are as warm as the
∞ΩΩ≠s, the next ≥≠-yr normals (i.e., ∞Ω∫∞–
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Figure ≥. Cities with a ≤≠≠≠ population exceeding ∞≠≠,≠≠≠ and climatological stations falling

within a ∞∑ km radius of them.
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≤≠∞≠) will be adjusted upward, and the
long-term trends may begin to show that
the southeastern United States are no
longer an anomaly in the global patterns.
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