DESIGNING URBAN PARKS THAT AMELIORATE THE EFFECTS OF
CLIMATE CHANGE

Robert Brown1, Jennifer Vanosz, Natasha Kenny1, Sanda Lenzholzer®
1University of Guelph, *Texas Tech University, 3 Wageningen University

1. Introduction

More than half of the people in the world now live in
urban areas and that proportion is increasing, inducing
urban growth both in size and in density (Seto et al
2011). Physical characteristics of cities such as little
vegetation, predominance of hard surfaces, and
anthropogenic heat sources all contribute to the
occurrence of the well-documented urban heat island
(UHI) (e.g. Oke 2003; Golden et al. 2006). This poses
challenges for urban residents, as the inadvertent
thermal environment causes discomfort, lower work
productivity (Daanen et al 2013) and health hazards in
certain circumstances, such as heat waves (Harlan et
al., 2006, Golden et al. 2008). Most of the growing cities
are situated in temperate and warm climate regions
(Képpen-Geiger zones Af, Bsh, Cfa, BWh, Dfa). In the
context of global climate change, projections of higher
summertime air temperatures will cause these problems
to worsen (McCarthy et al 2010). Therefore, the way
cities are built must respond to these challenges and
provide better thermal conditions for urban residents.

There are various options to provide cooling in
cities. The best documented are urban parks and green
spaces, which have the potential to provide thermally
comfortable environments and help to reduce
vulnerability to heat stress. These areas are known in
the literature as ‘park cool islands’ (PCls) (e.g. Oke
1987, Upmanis 1998, Chow et al. 2011; Declet-Barreto
et al.,, 2013). Studies have demonstrated that the air
temperatures in parks are typically lower than in the
surrounding urban environment (Spronken-Smith and
Oke 1998; Bowler et al 2010; Vanos et al. 2012a), and
the cool air can extend some distance into downwind
neighbourhoods (e.g. Yokohari et al 2001, Slater 2012).
Studies of PCls have focused primarily on air
temperature, yet human thermal sensation is affected by
other microclimatic aspects, such as solar and terrestrial
radiation and wind (e.g. Fanger 1970, Mayer and Hoppe
1987, Brown and Gillespie 1995, Parsons 2003).
However, results vary with respect to the local climate
and the methods used for assessment.

While air temperature and humidity can be modified
slightly by large areas of green space, wind and
radiation can be greatly modified through small-scale
design interventions and can have a substantial effect
on human thermal comfort (Shashua-Bar et al., 2011;
Lin, 2009; Ahmed, 2003; Brown and Gillespie 1995).
The parameters of wind and radiation vary widely in
different parts of the world; hence, we expect that
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park elements must not be a ‘one-size-fits-all’
schematic, but account for the spatiotemporal variability
of specific climate parameters. In order to design parks
that will have the greatest cooling effect on people
during hot summertime weather, a landscape architect
needs to know the relative impact of various design
interventions. Hence, design guidelines are needed to
create climatically sensitive park designs appropriate for
earth’s various climate zones. Further, evidence-based
and climate-responsive design of urban greenspaces is
increasingly important.

Accordingly, the goal of this study was to
investigate the effects of urban park characteristics on
people’s thermal comfort in different climate zones, both
now and in the future. The results will allow landscape
architects to design parks that mitigate negative effects
of overheated cities in the context of global climate
change. Our main research question was: in a range of
climate zones, and under various hot season weather
conditions (as well as future scenarios from the
International Panel on Climate Change (IPCC)), what is
the effect on microclimate caused by landscape
characteristic alterations on the thermal comfort (via
energy budget modelling) of people in outdoor areas?
We focused on the parameters that are expected to
have the greatest effect on human thermal perception:
air temperature, short wave radiation, and windspeed
(Brown and Gillespie 1995).

2. Methods

To answer these research questions, we used
current climate data for five highly urbanised cities in
different climate zones. Based on these data, we
analysed the thermal comfort effects of different hot
climate situations, and also those based on future
climate scenarios developed by the IPCC (2007). Using
these climate simulations, we modeled the effects of
different types of microclimate modifications, using the
human thermal comfort model ‘COMFA’ (Kenny et al.,
2009a,b; Vanos et al., 2012b,c).

a. Study Areas

We selected study sites in five climate zones. Selection
was based on experiencing hot weather for at least one
season of the year, presence in various climate zones,
and large city size. We used published climate data to
represent typical conditions from the following five cities:
Kuala Lumpur, Malaysia (Af), Lahore, Pakistan (Bsh),
Alice Springs, Australia (BWh), Kyoto, Japan (Cfa),
Toronto, Canada (Dfa).

b. Modeling the Thermal Comfort of People in
Outdoor Environments

Through the use of the COMFA model, we simulate the
effects of changes in microclimate caused by landscape
characteristic alteration on the thermal comfort of
individuals in outdoor environments. The COMFA
model takes inputs of typical weather data that are



universally available (air temperature, windspeed, solar
radiation, and relative humidity) and estimated thermal
sensation levels based on quantifiable energy budget
values. The COMFA model has been validated through
extensive testing in complex outdoor environments
(Brown and Gillespie, 1986; Kenny et al., 2009a,b;
Vanos et al., 2012b,c). It also provides a detailed output
of the magnitude of each element in the human energy
budget so that the effects of landscape modification can
be evaluated individually and collectlvely COMFA is
based on the energy budget (EB, W m’ ) of a person as
follows:
EB=M+Ras—C-E-L (1)

Heat gains occur from metabolic heat production (M)
and short/longwave radiation absorption (Rabs), and heat
losses occur from convection (C), evaporation (E), and
the emitted longwave radiation (L). The model requires
the following inputs: air temperature (°C), relative
humidity (%), wind velocity (ms ), static clothlng
resistance, and clothlng vapour resistance (sm’ )
metabollc activity (Wm’ ), and total absorbed radiation
(Wm’™ ). All simulations were modeled based on a
standing person (metabolic activity = 116 Wm'z), in
clothing typically worn in each location (clothing
resistance range: 78-110 s m’ ) The total radiation
absorbed by a human is estimated using a field
validated and the following equation (Kenny et al. 2008;
Vanos et al., 2012a):

Kin(abs) + Kup(abs) + La(abs) + Lg(abs)

Acyl

where Kin@absy and Kyp@abs) are incoming and ground
reflected solar radiation absorbed by a human,
respectively. Laabs) and Lgabs) are absorbed atmospheric
and ground surface longwave radiation, respectlvely,
Acyiis the outer surface of the body cylinder (m ), and
Aeir the effective area of a standing person (0.78)
(Campbell and Norman, 1998). An average albedo of
0.25 was applied in all relevant radiation calculations to
represent a grassy surface.

The calculated energy budget was translated in two
ways: thermal comfort and health vuInerab|I|ty An
energy budget in the range -20 to 120 wm? was
conS|dered neutral (thermally comfortable) 121-200
Wm? was warm, and >201 Wm™ was hot, for a standing
person (Kenny et al.,, 2009a, Harlan et al., 2006). In
terms of effects on health energy budgets between =20
and 120 Wm™ were considered safe, while there is
vulnerability to heat stress when the energy budget is in
the range 121-200 wm? heat stress danger is likely
between 201 and 339 Wm and there is extreme
dangzer of heat stress when the energy budget is 340
Wm™ or higher (Harlan et al, 2006).

c. Simulations

We simulated different warm climate situations in
COMFA for the five cities representing the Kdppen-
Geiger zones Af, Bsh, Cfa, BWh, Dfa. Table 1 displays
the temperature variables and climate zones for each of
the cities. Energy budget (EB) simulations were
calculated for the hottest month of the year, as
determined by the 30-year climate averages. Average
daytime maximum temperatures (Tmax) (~1500h)
included in the simulations ranged from 26.2 to 38.9°C,
while the average daytime minimum temperatures (Tmin)
(~0300h) ranged from 15.1 to 28.9°C. To simulate a
“typical” summertime daytime temperature, the average
daytime temperature (0800—1800h) was determined for
the warmest three months for each city. This was used
as a control situation for comparison to typical extreme
heat simulations.

We first performed a control simulation representing an
average summer daytime mean temperature, based on
30-year climate normals for the three hottest months of
the year in each city tested (see Table 1). Energy
budget modeling was then completed for the three
following scenarlos for the warmest month for the given
city, on the 15 day, with values listed in Table 1:

1) Typical Tmaxand Tmin based on 30-year climate norms
(Typical), as discussed above.

2) Tmax and Tmin during a heat wave (Heat wave)

3) Tmaxduring a heat wave that is projected to occur by
mid-century and by late-century.

Table 1: Descriptive data of each city, with average
climate extremes during the hottest months for each
simulation and city.

. Heat Av
. . Critical Hottest a a b )
City Képpen times month Tmax  Trmin Wﬁve
max
Kuala Hot,
Af humidal Mar 328 232 378  30.1
Lumpur
year
Dry, hot 389 289 439 350
Lahore Bsh summer June
Hot,
PJWOtOv Cfa humid Aug 326 227 37.6 28.8
apan summer
Alice Dry, hot 389 202 439 319
Springs BWh all year Feb
Hot,
Toronto Dfa humid July 262 151 31.2 23.0

summer

Climate averages (30 year)

"WHO guideline = +5°C at least for 3 days (Frich et al., 2002).
°Control; average daytime (8am-8pm) air temperature during
warmest three months for each city

The second simulation involved weather conditions
during a ‘heat wave’, which according to the World
Meteorological Organization’s (WMO) guideline, is when
the daily Tmax of more than five consecutive days
exceeds the average Tmax by 5°C compared to the



climate normal (>30 years) (Frich et al., 2002). As this is
consistent between climate zones, we apply the
definition by adding 5°C to the typical daily Tmax and Tmin
values for EB modeling for consistency. Hence, the
daytime Tmax for heat waves ranged from 31.2 to
43.9°C.

For the final simulation, future climate projections from
the IPCC (2007) scenarios were utilized (from the
Special Report on Emissions Scenarios (SRES;
Nuakovich et al., 2000)). The three IPCC scenarios
applied in the current study were B1 (‘lower emissions’),
A1B (‘balanced’), and A2 (‘high emissions’). For each
city, region-specific projected changes (in °C) in 20-year
return values of the annual maximum of the daily Tmax
were obtained from the SRES report for mid-century
(2046-65). We averaged the ATmax values of the three
SRES scenarios for use in modeling plausible human
EB alterations with a changing climate. As climate
models project that some regions will see more intense,
more frequent, and longer-lasting extreme heat events
in the second half of this century (O’Neill and Ebi 2009;
Meehl and Tebaldi 2004), predicting those effects on the
human energy budget can provide vital information to
landscape architects in designing for future climates.

To evaluate the impact of the urban and landscape
design interventions, environmental characteristics of air
temperature, shade (reduction of incoming shortwave
radiation), and wind velocity were altered (see Table 2).
For each simulation, T, was lowered by 1 to 6°C, at 1°C
intervals to model the potential impact of a PCI (Bowler
et al 2010). These are consistent with typical landscape
design interventions. All remaining variables were held
constant while one was altered in order to demonstrate
the sensitivity of the EB to individual variable alterations.

Table 2: Shading and wind alterations applied to each
energy budget simulation

Shade Wind
T % from
0,
& Tran?‘rtr;lsswny Example trees monthly Classification
climate mean
100 open sky -80 strong wind block
50 Honey Locust -40 light wind block
38 White Oak 0 no change
30 Japanese Maple 60 fast breeze*
20 Cottonwood/red 200 fastest breeze™®
maple
14 Norway Maple
0 Building

*Beaufort windscale

3. Results and Discussion

We first present results under open-sky observed
control conditions for each city, prior to landscape
modifications (Figure 1). For the controlled simulation,
the average human would experience energy budgets

that ranged from neutral (108 Wm'z) in Toronto, to warm
in Kyoto, Alice Springs, and Kuala Lumpur, to hot and in
danger of sunstroke (241 Wm'z) in Lahore. When the
typical Tmax during the hottest month of the year was
modeled, vulnerability to heat stress was pronounced in
all cities, with energy budgets in Kuala Lumpur, Lahore,
and Alice Springs exceeding 200 wm™ (also displayed
in top left corner of Table 3). For a typical summertime
heat wave (simulation 2), EB values in Alice Springs
were in the extreme danger zone while all the other test
cities, excluding Toronto, were in the danger zone
(Table 3). Simulation 3 demonstrated that the EB values
resulting from projected mid-century modeling (based
on the IPCC scenarios) placed all cities in the danger
category or higher (see Figure 1).

Figure 1: Energy budgets (W m?) based on a typical
average summer daytime temperature (control); typical
Tmax during the hottest month of the year; typical heat
wave; projected heat wave for each city included in the
simulations. Background colours represent EB ranges
as listed in Section 1.
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a. Microclimatic Landscape Alterations

We first simulated the effects of reductions in Ta based
on magnitudes reported in the literature (Chow et al.,
2012, 2011; Vanos et al., 2012b; Slater, 2010) (see
Table 3). As the PCI intensity increased to 6°C, the
impact on the energy budget was increasingly more
pronounced, with average reductions in energy budgets
ranging from —48 to —62 Wm for the average summer
daytime T, and Tmax heat wave scenarios, respectively.
Overall, the effect of ‘park coolin%’ linearly decreased
energy budgets by —7 to —19 Wm™ per °C decrease in
Ta. These interventions were increasingly effective in
proportion to temperature (i.e., heat wave and climate
change scenarios), with Alice Springs displaying energy
budget reductions up to —-112 Wm?Z These results
suggest that PCI design interventions have a modest
cooling effect on the thermal comfort sensation of urban
residents, although due to modeling at the most extreme
temperatures, most simulations demonstrated that
individuals would remain in the dangerous to extreme
danger ranges of energy budget values.

Alice Springs, Australia displayed the warmest
temperatures and most uncomfortable/dangerously hot

DOAlice Springs



bioclimate, but also had the greatest benefit from
reducing Tmax. For example, if a 6°C reduction could be
achieved via a PCI, the energy budget would be
reduced by 112 Wm?, and also positively alter the zone
of heat stress from ‘extreme’ to ‘moderate’.

Table 3: Energy budget (EB) estimations calculated for the
implementation of air temperature reduction. Comparisons
are displayed for typical daytime max temperature (Tnax) as
well as for heat wave extremes. Change (A) from typical
temperature and heat wave also displayed.

Tmax (daytime high)
A. A y A
City Typical from Tﬁ::f ! from
Tmax A wave B
Kuala Lumpur 2097 0 2477 0
Lahore 2700 0 3097 0
Kyoto 189" 0 2350 0
Alice Springs 3097 0 403" 0
Toronto 138" 0 1817 0
ATa| -1°C -1°C
Kuala Lumpur 2027 -7 239 -8
Lahore 2627 -8 3014 -8
Kyoto 180" -9 2264 -9
Alice Springs 2927 =17 383" -20
Toronto 1297 -9 172" -9
ATa | -2°C -2°C
Kuala Lumpur 1057 -14 2317 -16
Lahore 2550 -15 2934 -16
Kyoto 1727 17 2174 -18
Alice Springs 275" -34 364* -39
Toronto 1217 17 163" -18
ATa | -3°C -3°C
Kuala Lumpur | 1877 -22 2244 -23
Lahore 2487 -22 2850 24
Kyoto 1637 -26 2074 -28
Alice Springs 2597 -50 345" -58
Toronto 112 —26 154" 27
ATa | -4°C -4°C
Kuala Lumpur 180" -29 2167 =31
Lahore 2400 -30 2780 -31
Kyoto 1547 -35 198" 37
Alice Springs 2437 —66 3277 —76
Toronto 104 —34 145" -36
ATa| -5°C -5°C
Kuala Lumpur 1737 -36 2094 -38
Lahore 2337 -37 2700 -39
Kyoto 145" —44 189" —46
Alice Springs 2287 -81 3097 -94
Toronto 95 43 138" 43
ATa | -6°C -6°C
Kuala Lumpur 1667 —43 2027 —-45
Lahore 2250 -45 2630 -46
Kyoto 1377 -52 180" -55
Alice Springs 2127 -97 2914 -112
Toronto 85 -53 1287 -53

"heat vulnerability (121-201Wm'®); Mikely sunstroke/heat
exhaustion (201-339 Wm?); *extreme danger for heat stress,
sun and heat stroke likely (EB>339 Wm™) (Harlan et al., 2006).

In the other four test climates, the effects of air
temperature reductions on energy budgets were less
than half the magnitude of Alice Springs.

Results from reduction of solar radiation are displayed in
Figure 2 and Table 4. The magnitude of cooling due to
shade was the most effective overall, with a 50%
increase in shade resultlng in an average energy budget
decrease of =78 W m™? across the five cities (versus -5
W m? for wind speed increases). The energy budget
reductions were similar between simulations 1 and 2.
Interventions that reduced incoming shortwave radiation
by 100% (e.g., solid structure) reduced energy budgets
by an average of —126 wm™. For typical summer Tmax
conditions in Kyoto, Kuala Lumpur, and Toronto, these
shading interventions greatly reduce vulnerability to heat
stress, and resulted in changes in thermal sensation
from ‘vulnerable’ or ‘danger’ to ‘safe’. The magnitude of
the cooling was greatest in the cities that experience the
most hours of full sunshine: Alice Springs and Lahore.
Lahore, Pakistan, dlsplayed energy budget reductlons
reaching -87 Wm™ for 50% shade, and —139 W m™ for
full shade.

Figure 2: The impacts of shading interventions on
energy budgets (W m?) at heat wave typical Tnax for all
cities
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The potential cooling effect of wind during typically hot
summertime days was shown to be the least useful
cooling design strategy (e.g., 60% more wind resulted in
a mere -1 Wm 2 decrease in the energy budget (range:
-6 to +4 Wm" ) (see simulation 2 results in Figure 3)
During both typical and summer Tnax and heat wave
Tmax for all cities, the cooling effect of increasing wind
speeds on energy budgets was very minimal. The
resulting energy budget changes ranged from —10 Wm?

in Toronto to +7 Wm™ in Alice Springs. Under typical
Tmax heat wave conditions, increasm% wind speeds by
200% resulted in a mere 5 Wm™ energy budget
decrease in Toronto; had no effect on energy budgets in
Kuala Lumpur and Kyoto and actually increased energy
budgets by 1 W m’ 2’and 28 W m™ in Lahore and Alice
Springs, respectively. The same intervention during a
mid- century heat wave in Alice Springs produced a 39
Wm? increase in the EB. It is important to note that
these increases result from convective heat gains to the
body, as ambient air temperatures approached and
exceeded 40°C. This is because the amount of
convective cooling from a person is a direct function of
the difference in temperature between a person's skin



and the air. The mean normal skin temperature of a
person ranges from 28.0°C to 37.0°C at ambient
temperatures of 9.5 and 35.0°C, respectively (Koehler
1996). This will occur in dry climates, such as Alice
Springs, without evaporation and the resulting latent
heat cooling, convection dominates the EB.

Figure 3: The impacts of wind alterations on energy
budgets (W m?) at heat wave Tn.x for all cities.
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The findings of this study clearly demonstrate that
shading interventions have the largest positive effect on
human thermal comfort in all climate zones and all
scenarios. Apart from that, decreasing air temperature
through a ‘park cooling island’ design was also
important, linearly decreasing energy budgets by —7 to —
19 Wm? per °C decrease in Ta. These interventions
were increasingly effective in proportion to temperature
(i.e., heat wave and climate change scenarios), and can
be used in combination to ameliorate the effects of heat
stress on urban populations.

These findings are similar to other summer EB
evaluation studies (e.g. Shashua-Bar et al.,, 2011;
Shahidan et al., 2010; Lin et al., 2010; Lin, 2009; Cheng
et al., 2010; Ahmed, 2003). Within all of the climate
zones included in our study, shading interventions
(especially those which reduced incoming solar
radiation by more than 50%) enhanced thermal comfort,
and perhaps most importantly, greatly reduced
vulnerability to heat stress during warm summer
conditions, as well as current and projected heatwave
scenarios. As supported by Shashua-Bar et al. (2011),
these impacts are due to sharp reductions in the amount
of incoming solar radiation, and in the amount of solar
radiation that is reflected from the ground surface and
subsequently absorbed by the human body.

Although many researchers have placed emphasis on
the provision of greenspaces in ameliorating the impacts
of the UHI, these findings suggest that careful attention
must be given to how shading interventions are
incorporated within green spaces and urban
environments. In short, in the future we should include
more “shaded green space” rather than “green space” in
the design of urban areas. However, the notion of
bioclimatic-sensitive design, where the amount and
types of trees in parks has to differ between climate
zones, is important to consider (Brown et al 2011). In

the very hot and sunny climate zones that have little
seasonal variability, the amount of shade should be
maximal all year round. For instance, in Lahore, parks
would ideally look like forests. In climates where the
cold seasons also ask for sunny open spots overhead to
offer thermal comfort, yet wind breaks for the cold N/NW
winds (e.g. in Toronto), the parks should incorporate a
mixture of patches with coniferous and deciduous trees,
as well as open landscaped areas. Also in the cities,
where partly cloudy situations exist, such a mixture of
open areas and groves is recommendable because
these parks provide more choices for the different
radiation situations. A large challenge also is present in
hot dry climates, where adequate water may not be
available for abundant greenery needed to obtain EB
reductions; this creates a paradox (Jenerette et al.
2011).

4. Conclusions

Overall the energy budget analysis indicated that
reduction in solar radiation through shading was the
most important effect that green spaces can have on the
thermal comfort sensation of residents, yet the
magnitude of the effect varied with location. Perhaps
most importantly, reduction of solar load to the human
body greatly reduced vulnerability to heat stress during
warm summer conditions, as well as in current and
projected heatwave scenarios.

Decreasing air temperature through a ‘park cool island’
was also effective in reducing heat stress, linearly
increasing with decreasing Ta. The potential cooling
effect of wind during typically hot summertime days was
shown to be the least useful cooling design strategy

The current design of ‘green spaces’ in cities as open
areas, rather than shaded, will result in increasingly
detrimental heat stress conditions in the future. These
findings will be translated into a biometeorology-based
framework for the design of thermally Comfortable
Outdoor Open Landscapes (COOL). By offering simple
design guidelines for urban park elements for different
climate zones, we can support effective adaptation and
mitigation strategies to extreme heat. This type of
bioclimatic planning for urban parks worldwide can
result in cooler, healthier, more effective park design
(shade and not just low lying vegetation) and more
comfortable cities during the hottest times of the year.
For example, providing future tree plantings in the parks
of all climate zones, trees should be ‘climate-proof’
meaning that they need to fit the current climate zone,
as well as the future climate.



Table 4: Impact of shading alterations on human EB (W m'2) under typical, heat wave, and mid-century heat
wave Tmax conditions for all five cities.

: .Oﬁefrr]ogly. B: A from C: A from
City Typical (0% shade) Heat wave 'Open Mid-Century 'Open
Tmax of A Tmax Sky' of B Heat wave Sky' of C
% Shade 0% 0% 0%

Kuala Lumpur 2097 0 2477 0 2627 0
Lahore 2707 0 3094 0 3344 0
Kyoto 189" 0 2357 0 2587 0

Alice Springs 3097 0 403* 0 445* 0
Toronto 138t 0 181t 0 244 0

50% 50% 50%

Kuala Lumpur 132t -77 1691 -78 1841 -78
Lahore 183t -87 2227 -87 2470 -87
Kyoto 117 -72 163t 72 186t 72

Alice Springs 2277 -82 3217 -82 3637 -82
Toronto 67 -71 106 -75 170* —74

60% 60% 60%

Kuala Lumpur 116 _93 154F _93 169° _93
Lahore 167" -103 205" ~104 2307 ~104
Kyoto 104 -85 149t _86 172t _86

Alice Springs 211n -98 305~ —08 3470 —98
Toronto 48 —90 92 _89 1561 _88

70% 70% 70%

Kuala Lumpur 108 ~101 145t _102 1611 —101
Lahore 158t ~112 196" 113 2214 113
Kyoto 96 -93 1421 -93 165t —93

Alice Springs 2037 -106 2974 ~-106 3397 ~-106
Toronto 40 -08 84 97 148" —96

80% 80% 80%

Kuala Lumpur 103 ~106 140" -107 1561 ~106
Lahore 1521 -118 1911 -118 2157 ~119
Kyoto 91 _98 137t _98 160" _08

Alice Springs 197t -112 2917 ~112 3347 111
Toronto 35 ~103 80 ~101 144t ~100

90% 90% 90%

Kuala Lumpur 96 113 1341 113 149" 113
Lahore 1441 -126 183t -126 208" -126
Kyoto 85 ~104 1311 ~104 1541 ~104

Alice Springs 100t ~-119 2841 119 3277 ~-118
Toronto 29 -109 73 -108 137t —107

100% 100% 100%

Kuala Lumpur 84 —125 1221 —125 137t —125
Lahore 1311 ~139 170t ~139 1041 ~140
Kyoto 74 115 120 115 143t 115

Alice Springs 178t ~131 2727 ~131 3644 —281
Toronto 18 ~120 62 ~119 114 ~130

5. References

Ahmed, Khandaker Shabbir. 2003. Comfort in urban
spaces: defining the boundaries of outdoor thermal
comfort for the tropical urban environments. Energy and
Buildings, 35(1), 103-110.

Bowler, D. E., Buyung-Ali, L., Knight, T. M., Pullin, A. S.,
2010, Urban greening to cool towns and cities: A
systematic review of the empirical evidence, Landscape
and Urban Planning 97(3):147-155.

Brown, R.D. and T.J. Gillespie. 1995. Microclimatic
Landscape Design: Creating Thermal Comfort and
Energy Efficiency. John Wiley & Sons, New York.

Brown, R.D. 2011. Ameliorating the effects of climate
change: Modifying microclimates through design.
Landscape and Urban Planning. 100: 372-374

Brown, R.D. and T.J. Gillespie. 1986. Estimating
Outdoor Thermal Comfort Using a Cylindrical Radiation
Thermometer and an Energy Budget Model.



International Journal of Biometeorology. Vol. 30, No.1,
pp- 43 52.

Campbell, G., Norman, J. 1998. An introduction to
environmental biophysics, 2nd edn. Springer, New York
Berlin Heidelberg

Chow, W. L., Pope, R., Martin, C., Brazel, A., 2011,
Observing and modeling the nocturnal park cool island
of an arid city: horizontal and vertical impacts,
Theoretical and Applied Climatology 103(1-2):197-211.

Daanen, H. A., Jonkhoff, W., Bosch, P., ten Broeke, H.,
The effect of global warming and urban heat islands on
mortality, morbidity and productivity in The Netherlands,
Editors: James D Cotter, Samuel JE Lucas and Toby
Miindel:16.

Declet-Barreto, J., Brazel, A. J., Martin, C. A., Chow, W.
T., and Harlan, S. L. 2013. Creating the park cool island
in an inner-city neighborhood: heat mitigation strategy
for Phoenix, AZ. Urban Ecosystems, 1-19.

Fanger, P. O., 1970, Thermal comfort : analysis and
applications in environmental engineering, s.n.,
Copenhagen, pp. 244.

Frich, P., Alexander, L. V., Della-Marta, P., Gleason, B.,
Haylock, M., Klein Tank, A. M., & Peterson, T. 2002.
Observed coherent changes in climatic extremes during
the second half of the twentieth century. Climate
Research 19(3), 193-212.

Golden, J. S., D. Hartz, A. Brazel, G. Luber, and P.
Phelan, 2008: A biometeorology study of climate and
heat-related morbidity in Phoenix from 2001 to 2006. Int
J Biometeor 52, 471-480.

Harlan, S. L., Declet-Barreto, J. H., Stefanov, W. L., and
Petitti, D. B. 2013. Neighborhood effects on heat
deaths: social and environmental predictors of
vulnerability in Maricopa County, Arizona. Env Health
Persp 121(2), 197.

Harlan, S.L., Brazel, A.J., Prashad, L., Stefanov, W.L.,
Larsen, L. 2006. Neighborhood microclimates and
vulnerability to heat stress. Soc Sci Med 63(11):2847—
2863

Hartz, D.A., Brazel, A.J., Golden, J.S. 2013. A
comparative climate analysis of heat-related emergency
911 dispatches: Chicago, lllinois and Phoenix, Arizona
USA 2003 to 2006. Int J Biomet Online: DOI
10.1007/s00484-012-0593-z

Intergovernmental Panel on Climate Change (IPCC)
2007. Summary for policymakers. In: Parry, M.L.,
Canziani, O.F., Palutikof, J.P., van der Linden, P.J.,
Hanson, C.E. (eds) Climate Change 2007: Impacts,
adaptation and vulnerability. Contribution of Working
Group Il to the Fourth Assessment Report of the IPCC.
Cambridge University Press, Cambridge, pp 7-22

Jenerette, G.D., Harlan, S.L., Stefanov, W.L., & Martin,
C.A. 2011. Ecosystem services and urban heat
riskscape moderation: Water, green spaces, and social
inequality in Phoenix, USA. Ecological Applications
21(7): 2637-2651.

Kenny, N.A., Warland, J.S., Brown, R.D., Gillespie, T.J.
2008. Estimating the radiation absorbed by a human. Int
J Biometeorol 52(6):491-503

Kenny, N.A., Warland, J.S., Brown, R.D., Gillespie, T.J.
2009a. Part A: assessing the performance of the
COMFA outdoor thermal comfort model on subjects
performing physical activity. Int J Biometeorol 415—
428:415-428

Kenny, N.A., Warland, J.S., Brown, R.D., Gillespie, T.J.
2009b. Part B: Revisions to the COMFA outdoor thermal
comfort model for application to subjects performing
physical activity. Int J Biometeorol 53:429—-441

Koehler, K. R. 1996. Body temperature regulation.
University of Cincinnati Raymond Walters College.

Kottek, M., Grieser, J., Beck, C., Rudolf, B., and Rubel,
F. 2006. World map of the Koppen-Geiger climate
classification updated. Meteorologische Zeitschrift,
15(3), 259-264.

Lin, Tzu-Ping, Matzarakis, Andreas, & Hwang, Ruey-
Lung. (2010). Shading effect on long-term outdoor
thermal comfort. Building and Environment, 45(1), 213-
221.

Lin, Tzu-Ping. 2009. Thermal perception, adaptation
and attendance in a public square in hot and humid
regions. Building and Environment, 44(10), 2017-2026.

Mayer, H. and Hoppe, P. 1987. Thermal comfort of man
in different urban environments. Theor Appl Climatol
38:43-49

McCarthy, M.P., Best, M.J., Betts, R.A., 2010, Climate
change in cities due to global warming and urban
effects, Geophysical Research Letters 37(9).

Meehl, G. A., and Tebaldi, C. 2004. More intense, more
frequent, and longer lasting heat waves in the 21st
century. Science, 305, 994-997.

Oke, T. R., 1987, Boundary layer climates, Methuen,
London [etc.], pp. 435.

Oke T.R. 2003. Boundary layer climates, 2nd edn.
Routledge Taylor and Francis, London

O’Neill, M.S., and Ebi, K.L. 2009. Temperature
extremes and health: Impacts of climate variability and
change in the United States. J Occup Environ Med 51,
13-25.



Seto, K. C., Fragkias, M., Glneralp, B., Reilly, M. K.,
2011, A meta-analysis of global urban land expansion,
PloS one 6(8):e23777.

Shashua-Bar, L., Pearlmutter, D., & Erell, E. 2011. The
influence of trees and grass on outdoor thermal comfort
in a hot, arid environment. International Journal of
Climatology, 31(10), 1498-1506.

Shahidan, M.F., Shariff, M.K.M., Jones, P., Salleh, E., &
Abdullah, A.M. 2010. A comparison of Mesua ferrea L.
and Hura crepitans L. for shade creation and radiation
modification in improving thermal comfort. Landscape
and Urban Planning, 97(3), 168-181.

Spronken-Smith, R. A., and Oke, T.R. 1998. The
thermal regime of urban parks in two cities with different
summer climates. Int J Remote Sens 19, 2085-2104.

Slater, G., 2010. The cooling ability of urban parks. M.S.

thesis, School of Environmental and Rural Design,
University of Guelph, 141 pp.

Stewart, I. D., and Oke, T. R. 2012. Local climate zones
for urban temperature studies. Bulletin of the American
Meteorological Society, 93(12), 1879-1900.

Upmanis, H., Eliasson, I, Lindqvist, S., 1998, The
influence of green areas on nocturnal temperatures in a
high latitude city (Géteborg, Sweden), International
Journal of Climatology 18(6):681-700.

Vanos, JK., Warland, JS., Gillespie, TJ., Slater, GA.,
Brown, RD., Kenny, NA. 2012a. Human energy budget
modeling in urban parks in Toronto, ON. and
applications to emergency heat stress preparedness. J
Appl Met Climatol 51(9): 1639-1653.

Vanos, JK., Warland, JS., Gillespie, TJ., Kenny, NA.
2012b. Improved predictive ability of climate-human-
behaviour interactions with modifications to the COMFA
outdoor energy budget model. Int J Biomet. 56(6), 1065-
1074.

Vanos, JK., Warland, JS., Gillespie, TJ., Kenny, NA.
2012c. Thermal comfort modelling of body temperature
and psychological variations of a human exercising in
an outdoor environment. Int J Biomet. 56(1): 21-32.

Vanos, JK., Warland, J.S., Gillespie, TJ., Kenny, NA.
2010. Review of the physiology of human thermal
comfort while exercising in urban landscapes and
implications for bioclimatic design. Int J Biomet. 54(4):
319-334.

Yokohari, M., Brown, R.D., Kato, Y., Yamamoto, S.
2001. The Cooling Effects of Paddy Fields of
Summertime Air Temperature in Residential Tokyo,
Japan. Landscape and Urban Planning 53(1-4): 17-26.



