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Phoenix Climate

* Mild winters ®* Hot summers
average high temperatures between average high temperatures
19°C and 22°C from December to over 38°C from June to August
February

* Annual average rainfall of 8 inches

PHOENIX WINTER STORM 2015 COME TO ARIZONA, THEY SRID
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WE WILL REBUILD IT'S A DRY HEAT, THEY SAID
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Heat Mitigation Strategies

e Urban fabric modification

e high surface albedo increases reflectivity and reduces heat absorption

e Urban form modification

e density and height-to-width ratio of
buildings alters ventilation

e Urban Forest

e cools through shading and
evapotranspiration

e Thermal comfort

e shade plays an important role in creating
pedestrian-friendly outdoor spaces
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Research Goals

* Quantify benefit of shade

e assess thermal comfort of shaded outdoor
Spaces Vs. open spaces

* Investigate relationship between
perceived comfort and
e outdoor microclimate conditions
e personal/psychological factors
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Experimental Design

® Stationary sensors at 6 locations around the MU
e continuous measurement
e every 5 minutes since June 4, 2014
e shielded air temperature/humidity sensors

® Sensor transects
e instantaneous measurements every hour (07:00h—22:00h)
e pre-monsoon summer (June 10 and 19, 2014)
o fall (November 11, 2014)
e winter (January 22, 2015)
e spring (April 2, 2015)

e air temperature, humidity, wind speed, globe temperature,
WBGT, solar radiation, surface temperature
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Field Survey Design

® Questionnaire
e structured interviews

e quasi-experimental design
(subjects were not completely randomly chosen)

e transversal survey
(each person only participated once)

e time to complete survey: 3 minutes

® Time frame

e dates of sensor transects (1 day each season)
e 08:00 AM to 06:00 PM
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Thermal Comfort Survey

® Location

°* Time

* General personal information
* Adaptation level

* Thermal comfort

* Thermal perception

® Short-term thermal history

® Activity level

* Thermal resistance of clothing
* Perceived control factor

* Temperature estimate
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Survey Samples

exposure
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Thermal Sensation Votes (TSV) - Summer
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Thermal Sensation Votes (TSV) - Winter

45

RESPONSES [%]
S T

ul

0

FslU

O sunny M shaded
mean
[1-0.9
M -1.8

-4 -3 -2 -1 0 1 2 3 4
(very cold) (cold) (cool) (slightly  (neutral) (slightly (warm) (hot) (very hot)
cool) warm)
THERMAL SENSATION VOTE

\( HOOL,OF
Cographlcal Sciences

& L[r an Planning

STATE UNIVER SITY

AAAAAA



Temperature Estimates

°* Summer

e full sun: respondents overestimated temperatures by 1.3°C (+0.6°C)
e shade: respondents underestimated temperatures by 1.6°C (+0.3°C)

* Fall
e full sun: respondents overestimated temperatures by 3.1°C (+0.4°C)
e shade: respondents got the temperature right! (+0.3°C)
¢ Winter
e full sun: respondents overestimated temperatures by 5.8°C (+0.4°C)
e shade: respondents overestimated temperatures by 2.6°C (+0.3°C)
® Spring
e full sun: respondents overestimated temperatures by 2.3°C (+0.5°C)
e shade: respondents underestimated temperatures by 1.0°C (+0.3°C)
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Analysis

* Hourly meteorological observations were interpolated and
linked to surveys based on time stamp

* Comparison of responses in the shade and in the sun
o T-test

* Relationship between perceived
comfort and climatic/non-climatic
factors

e OLS and multiple regression
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Sun vs. Shade

* T-Test (all seasons)

temperature*
surface temperature®
WBGT*

globe temperature®

incoming shortwave radiation™

net radiation*
MRT*

= significant at the 0.01 level (2-tailed)

ASsU
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* T-Test (split by season)

e thermal comfort (TSV*) varies
significantly between sun and
shade in the summer




* Multiple Regression (N = 1284, all seasons)
e dependent variable: TSV

e independent variables: meteorological observations
e air temperature and globe temperature significant at the 0.01 level

e absolute humidity, surface temperature, incoming radiation, net
radiation, and WBGT not significant

m) globe temperature was the strongest
predictor of perceived comfort
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Perceived Comfort vs. Globe Temperature
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Perceived Comfort and Other Factors

4

* Multiple Regression (N = 1284, all seasons)

e dependent variable: TSV
e independent variables: globe temperature and survey responses

e adaptation level, sun exposure, gender, metabolic rate (5mins),
location choice, and clothing level significant at the 0.01 level

e exposure to AC (5mins and 30 mins),

metabolic rate (30 mins), age, and
health-related mood not significant

e Model improved from R?=0.51 to R =0.56

e F-test confirms that change in R?is
significant

% Gcographlcal Sciences
& Urban Planning




Summary and Future Work

® Shade vs. Sun

e in all seasons, photovoltaic canopy shade decreased TSV by =1 point on the
Likert scale

e in the summer, TSV varied significantly between shade and sun

e respondents in the sun overestimated temperatures, but respondents in
the shade underestimated temperatures in the summer and spring

* Perceived comfort and climatic/non-climatic factors
e globe temperature explained about 50% of the variance in comfort
e personal factors slightly improved the results (statistically significant)

® Future Analyses

e more in-depth analysis of the impact of the relative importance of climatic
and non-climatic factors

e investigate relationships by season
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Thermal Comfort

“condition of mind that expresses satisfaction with the thermal environment;
assessed by subjective evaluation” (ASHRAE Standard 55)

® Main factors influencing thermal comfort

e Environmental factors
e airtemperature
e mean radiant temperature
e wind speed
e relative humidity

e Personal factors
e metabolic rate
e clothing insulation

e Psychological factors
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Sensor Specifications
mm

LASCAR electronics temperature -35° to +80°C + 0.3°C
EL-USB-2+
) humidity 0% to 100% RH +2.0% RH
(shielded)
temperature -10° to +55°C + 0.5°C
humidity 0% to 100% RH +3.0% RH
globe temperature  -10° to +55°C +1.4°C
Kestrel 4400 WBGT see temperature +0.7°C 1.1m
larger of 3% of reading,
wind speed 0.6 to 60.0 ms? least significant digit or
20 ft/min

DIENRT V@R 1P surface temperature -40° to 510°C +2.0°C 1.1m
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Thermal Comfort

Thermal Comfort Study

1. On the scale below, how do you feel today (health-wise)?

73

1

0 +1 +2

very bad

bad

fair good very good

2. How familiar are you with Phoenix summer climate?

Thank you for consenting to participate in this thermal comfort study. We are assessing thermal comfort of
pedestrians on the ASU campus. All survey responses will remain anonymous. confidential. and the results will
‘be published in aggregated form only.

very familiar

familiar

somewhat familiar

not familiar

[ T have lived here
all my life

[0 1 have lived here
for. vears

1 have experienced a
summer in the desert before

[0 T am visiting from

3. Your reason for being at this location is:

[ just passing by | [J meeting someone ‘ O resting ‘ O other:

4. Please indicate how you feel temperature-wise at this moment:

7. Please indicate your current exposure to the sun:

O full sun

[ shade (under tree)
[0 shade (under solar canopy structure)

8. Please estimate the current ambient temperature (in °F):

9. If you are currently in the sun, how much cooler do you think will it be in the shade?

If you are currentl:

(temperature in °F):

10. Where were you/what were you doing...

the shade, how much warmer do vou think will it be in the sun?

S mi prior to being here:

... 30 minutes prior to being here:

O driving a car

[ riding a bike

[ walking around
[ public transport
[ exercising

O other:

[ inside air-conditioned building

driving a car
riding a bike
walking around
public transport

exercising

Oooooodg

other:

inside air-conditioned building

11. Clothing (please check all that apply):

[ shirt or blouse, short sleeves

-4 -3 -2 -1 0 +1 +2 3 +4
very cold cold cool slightly neutral slightly warm hot very hot
cool warm
5. Please indicate your current comfort level:
0 1 2 3
comfortable | slightly uncomfortable | uncomfortable | very uncomfortable
6. Would you prefer the thermal environment in this location to be...
-3 -2 -1 0 1 +2 +3
much cooler | cooler | slightly cooler | neither warmer nor cooler | slightly warmer | warmer | much warmer

O shorts or skirt long O sweater
[ shirt or blouse, long sleeves ] pants or jeans ] coat
12. Age group
0 18-24 O 3544 0O 5564
0 2534 0 45-54 0 65+
13. Gender
O male
O female

14. Current time:

PS¢
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Health Related Mood
Adaptation

Location Choice

Current Exposure

AC/ No AC (5min ago)

AC/ NO AC (30min ago)
Metabolic Rate (5min ago)
Metabolic Rate (30 min ago)
Clothing

WBGT

Heat Index

Globe Temperature
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Sig. (2 tailed) Sig. (2 tailed) Sig. (2 tailed)

-.1943 .001 -.1543 .007 .046 420
-.084 .145 -.033 .285 .041 477
-.1853 .001 -.2283 .000 .109 .058
-.286 .000 -.2033 .000 -.030 .601
-.085 152 -.080 170 .1553 .007
-.1533 .007 -.102 .076 -.033 .563
-.1653 .004 -.2493 .000 1763 .002
.009 .878 -.051 .380 .033 .569
.2643 .000 .3033 .000 -.1262 .028
-.038 .516 .047 419 -.019 .748
-.045 433 -.062 .280 -.024 .672
.3243 .000 .2613 .000 .036 .533
2913 .000 .2903 .000 .037 .517
.3603 .000 .3083 .000 .022 .701
BT .000 .2583 .000 .030 .598
e .000 .2633 .000 .047 410

2 Correlation is significant at the 0.05 level (2-tailed)

3 Correlation is significant at the 0.01 level (2-tailed)
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