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An urban heat island (UHI) effect is identified in Reno, Nevada by analyzing regional temperature trends
calculated from seven long-term observation stations for the summer and winter seasons between 1950
and 2014. The UHI is maximized during summer (June—August) and characterized by asymmetric in-
creases in minimum (~1.1 °C/decade, p < 0.01) versus maximum temperature (~0.1 °C/decade, p < 0.01)
trends in excess of trends from regional climate stations. Comparisons of historical Reno temperatures
with an ensemble of 66 bias-corrected and downscaled global climate model (GCM) outputs spanning
1950—2014 demonstrates cold biases of 1.5—4.5 °C during summer with minimum temperature having
the largest bias. We show that a secondary bias correction step utilizing the statistical downscaling
method of quantile—quantile mapping (QQM) can reduce biases in future climate projections assuming
no changes to the UHL The QQM results in an additional total warming of ensemble mean temperatures
by ~3 °C for downscaled GCM output and ~4 °C for re-gridded 1° grid resolution GCM output for 2030
—2049 under the RCP8.5 emissions scenario. These temperature differences produce additional increases
in summer potential evapotranspiration of 10% compared to non-QQM bias-corrected GCM output. It was
shown that the QQM method represents a useful and computationally efficient method for bias
correction of temperature projections for cities where UHI effects exist. Planning and impacts studies of
urban water resources can benefit from these improved climate projections, particularly in regions where
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downscaled GCM output is unavailable.
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Emissions of greenhouse gases and changes associated with
land use and land cover change, i.e. growth of urban and agricul-
tural land uses, represent important global scale anthropogenic
perturbations to climate (Georgesu et al., 2014). Urbanization alters
the land surface thermal and aerodynamic characteristics and en-
hances sensible heat transfer to the boundary layer, an effect
known as the urban heat island (UHI; Oke, 1973). UHIs are generally
studied through station-based comparisons of urban and rural
temperatures (Oke, 1973). Using a combined observational and
modeling approach, Zhao et al. (2014) found that humid regions are
the most susceptible to UHI development because vegetative loss
reduces convective heat transfer efficiency. However, as approxi-
mately 40% of the world's population resides in subtropical semi-
arid or arid (dryland) areas and with increasing migrations to ur-
ban areas (United Nations, 2007), consideration of climate change
impacts and how UHI effects may intensify these impacts is
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necessary. Commonly recognized impacts include increased fre-
quencies of warm season hot spells, changes in the seasonal and
daily timing, frequency and severity of urban floods, air and water
pollution episodes, and strains on urban infrastructure (Major et al.,
2011). Multimodel ensembles of global climate models (GCMs)
forced by greenhouse gas emission scenarios project increases in
mean temperatures (Cayan et al., 2010) and more frequent occur-
rences of record high temperatures (Abatzoglou and Barbero, 2014)
across the western United States during the 21st century. Assessing
both regional climate change and UHI impacts on urban areas are of
great importance in order to develop sustainable urban policies
(Chow et al., 2012).

The Great Basin of the western United States (Fig. 1a) is North
America's largest dryland region. It is characterized by low ratios of
precipitation (P) to potential evapotranspiration (PET; P/PET < 0.65)
and mountainous basin and range topography. This study focuses
on the city of Reno, Nevada (39.5°N, 119°W, population 400,000 in
2010), which is located along the western edge of the Great Basin in
the rainshadow of the 3000 m high Sierra Nevada (Fig. 1b—c). The


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:benjamin.hatchett@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaridenv.2016.01.007&domain=pdf
www.sciencedirect.com/science/journal/01401963
http://www.elsevier.com/locate/jaridenv
http://dx.doi.org/10.1016/j.jaridenv.2016.01.007
http://dx.doi.org/10.1016/j.jaridenv.2016.01.007
http://dx.doi.org/10.1016/j.jaridenv.2016.01.007

| Aridity Index Elevation (m) 119.85° W 119.75° W 119.65° W

Hyperarid <1,000
Arid 1,500-2,000
Semiarid 2,000-2,500
Dry Subhumid >2,500
Humid — $\rReno COOP
1 Highway g Regional COOP
120.5° W 120.0°W 119.5° W 119.0° W

39.5°N

39.I0° N

d e
% 4
g2
O oo
L
(=] 4 Linear RCT: -0.1°C/decade
- | Linear Rleno: 0.1"|C/decadeI Linlear Renol-RCT: 0.0|5°C/decalde | | |
-6
e) 6 1 I I 1 1 1 1
4 Linear RCT: 0.2°C/decade Linear Reno-RCT: 0.4°C/decade
[= Linear Reno: 0.6°C/decade :
.E 2 *
125 <7
= -2
Q 4
_6 1 1 1 1 1 1 1 1 1 1 1 1
f) 6 I 1 1 1 1 1 1 1 1 1 1 1
5 T 7
g2
FOo } o DERC-PET LN A g e f s
ST ef S V'V
) abk Linear RCT: 0.2°C/decade B
- LinearI Reno: 0.:|3°C/decalde Lilnear Renlo-RCT: 0|.1 °C/decalde : : i : i
-6
g) 6 1 1 1 1 1 1 1 1 I 1
4 | Linear RCT: 0.3°C/decade Linear Reno-RCT: 1.1°C/decade 'M:‘
= Linear Reno: 1.4°C/decade ' — -
E_2
= &) 0 o —
5%
2 4
-6 1 1 1 1 1 1 1 1 1 1 1 1
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
Year
Range RCT Reno Reno-RCT
Mean RCT =— — — Linear Reno ====== Linear Reno-RCT
------ Linear RCT

Fig. 1. a) Aridity map (P/PET) of the Western United States and the Great Basin. b) Aridity and elevation map of the western Great Basin with the study area of Reno, Nevada and the
Cooperative Observational (COOP) weather stations used in the analysis. c) Aerial image and elevation contours of the Reno, Nevada urban area and location of major roads (black
lines), the Truckee River (blue line), and the location of the urban weather station (white star). d-g) Time series of winter and summer maximum and minimum temperature for the
mean of the seven regional weather stations (blue line) and the Reno station (black line) with the range of observations of the regional stations bounded by the grey fill and the
Reno trend (red line) upon removal of the regional climate trend (RCT). Dashed lines show long-term linear trends. (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)
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