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ABSTRACT

Urban heat island (UHI) analyses for the conterminous United States were performed using three
different forms of metadata: nightlights-derived metadata, map-based metadata, and gridded U.S. Census
Bureau population metadata. The results indicated that metadata do matter. Whether a UHI signal was
found depended on the metadata used. One of the reasons is that the UHI signal is very weak. For example,
population was able to explain at most only a few percent of the variance in temperature between stations.
The nightlights metadata tended to classify lower population stations as rural compared to map-based
metadata while the map-based metadata urban stations had, on average, higher populations than urban
nightlights. Analysis with gridded population metadata indicated that statistically significant urban heat
islands could be found even when quite urban stations were classified as rural, indicating that the primary
signal was coming from the relatively high population sites. If �30% of the highest population stations were
removed from the analysis, no statistically significant urban heat island was detected. The implications of
this work on U.S. climate change analyses is that, if the highest population stations are avoided (populations
above 30 000 within 6 km), the analysis should not be expected to be contaminated by UHIs. However,
comparison between U.S. Historical Climatology Network (HCN) time series from the full dataset and a
subset excluding the high population sites indicated that the UHI contamination from the high population
stations accounted for very little of the recent warming.

1. Introduction

Understanding urban heat island (UHI) contamina-
tion in the in situ climate record is a complex task be-
cause the results are impacted by a wide variety of fac-
tors not related to urbanization. For example, tempera-
ture observations are impacted by differing observing
times, different instrumentation, and different siting
practices, each of which may cause inhomogeneities in
space when comparing values from several different
stations in and around a town and discontinuities in
time when examining how the climate is changing
(Peterson et al. 1998). Metadata indicating which sta-
tions are rural and which are urban are useful, but the
manner of categorization varies broadly, with impor-
tant implications for researchers. Natural location ef-
fects confound the analyses even further as “unques-
tionably, many towns and cities are so located that,

even if we eliminated the man-made features, a micro-
climatic gradient would still exist between the city and
the airport” (Landsberg 1970). Local-scale impacts of
urban parks as well as the microscale environment
around a station significantly impact observed tempera-
tures (e.g., Spronken-Smith and Oke 1998; Gallo 2005).
This paper focuses on the impact of one of these fac-
tors, rural/urban classification metadata, to determine
the magnitude of the urban heat island signal using
different metadata.

2. Metadata

a. Nightlights-based rural/urban metadata

The urban heat island assessment in Peterson (2003)
used the rural/urban classification metadata developed
by Owen et al. (1998) using nightlights data from the
Defense Meteorological Satellite Program Operational
Linescan System. Their methodology classified 1 km2

grid boxes throughout the United States as urban, rural,
or suburban. Nightlights intensity thresholds for urban
and rural classifications were determined for the
United States based on Geographic Information Sys-
tem (GIS) assessments and correlation with housing
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