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Project future climate’s urban heat stress

Future projections of urban heat stress are important to investigate strategies to mitigate
urban heat islands and adaptations to urban climate change.

But, Human heat stress projections with fine horizontal resolution sufficient to
resolve urban climate (e.g. Kusaka et al. 2012 JMSJ; Doan et al. 2016 UC) are few.

If both temperature and humidity are high, heat stress tends to be high. Such conditions
are common in Japan megacities, with high population densities (e.g. Tokyo and Osaka)
resulting in high risk of heatstroke during heat waves.

Universal Thermal Climate Index (UTCI) allows heatstroke risk with a clear relation
to physiological responses (e.g. human body core temperature).

Motivation #1

: to project future climate’s UTCI using dynamical downscaling to 1 km

horizontal resolution for Asian megacity Osaka.



How big is the AC-induced feedback on heat stress?

* A human behaviour - air-conditioning (AC) use - induces
positive feedback could worsen urban thermal environment
(produce additional temperature increase of 0.6 °C) in Osaka’s

August early mornings under the +3.0 °C global warming scenario
(Takane et al. 2019 npj Climate and Atmospheric Science)



AC-induced positive feedback

~ +0.6°C (Takane et al. 2019)
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How big is the AC-induced feedback on heat stress?’

* A human behaviour - air-conditioning (AC) use - induces
positive feedback could worsen urban thermal environment
(produce additional temperature increase of 0.6 °C) in Osaka’s
August early mornings under the +3.0 °C global warming scenario
(Takane et al. 2019 npj Climate and Atmospheric Science)

* But impact on heat stress remains unknow. Understanding the
Impact is important.

- |Motivation #2|: to clear how big the feedback impact on heat
stress (UTCI) is.
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Dynamical downscaled UTCI (°C)

How to estimate the feedback impact

How large?
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Osaka City (with 20 million population)
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=== The UTCI increase with AT,

Current climate Future climates
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Takane et al. (2020) Environ. Res. Commun.



Daytime is dangerous with non-linear increases in body core temp

Motivation #1

and without thermal sensation change
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Impact of AC induced feedback on UTCI reaches 0.6°(1:2

Motivation #2 Up to 0.6°C
3.0 -
2.5 0.6
0.4
o 2.0— 0.2
E 1.5 0.0
= -0.2
< 1.0
-0.4
0.5 -0.6
Tlme(h)

The AC induced feedback impact is comparable to suggested benefits
from urban heat island mitigation techniques in the literature

Takane et al. (2020) Environ. Res. Commun.
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Conclusion - novelty

Motivation #1

UTCI increases with AT, and AC feedbacks. An ‘extreme’ heat stress area
appears when +2.0 °C (+2.5 °C) warming scenario. These are dangerous
conditions for people outdoors as they may experience large increases in body
core temperature.

Motivation #2

- Impact of AC induced feedback on UTCI increase roughly linearly with AT,
At +3.0 °C warming scenario, this reaches +0.6 °C (12% of UTCI increase).

« This size is comparable to suggested benefits from urban heat island mitigation
techniques in the literature. Therefore, the feedbacks are significant and
potentially could cancel other mitigation benefits in the future, especially
where AC use is large. Hence, this feedback should not be neglected in future

urban climate projections.
Prol Take-home message
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Thank you!

* Verification the model against high-reso electricity
consumption — Takane et al (2017, Int. J. Climatol.)

* Impact of AC induced feedback on temp & electricity
demand — Takane et al. (2019, npj Climate Atmos. Sci.)

* Impact of AC induced feedback on heat stress — Takane
et al. (2020, Env. Res. Commun.)

y @uya_takane
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Impact of AC induced feedback on UTCI reaches 0.(5°(1:7
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Reproduciblility — Electricity consumption

Monthly mean
August 2013 0 - 0 -
47N T | Rw(OBS) Detached ¢ | rr(o8s) Apartment
' 8 40 {--Rw ref. (OBS) § 40  --Rrref. (OBS)
%30 |7 Rw (P-AC) % 50 | TRr(P-AC)
: 20 : 20 -
34.6°N - > >
1354°E  1355°E  135.6°E § §
D — ey (VW w

0 10 20 30

Modified BEP+BEM %91 ¢ (oBs)
840 { --Cref. (OBS)
34.7°N | %30 1 —c¢ (P-AC)
% o
§ 20 A
-O -
>
210 Trm
. 3
34.6°N - o g d—————————

0O 3 6 9 12 15 18 21

R ‘ ——y (\W/floor-m?) Time (JST)
0 5 10 15 20 25 a0 Takane et al. (2017) 1JC

135.4°E 135.5°E 135.6°E




August
2000-2010

Error (°C)

Air temperature (°C)

Error (°C)

Air temperature (°C)

Reproducibility — 2-m temperature

3 ME (-0.60)

—RMSE (1.88)

ME (-1.41)

—RMSE (1.94)

o}
[=}
o

Frequency
(2]
o
o

1200
1000

o}
[=}
o

WRF
p 0OBS

16 20 24 28 32 36 40
Air temperature (°C)

WRF
p OOBS

16 20 24 28 32 36 40
Air temperature (°C)
-— e .=

Error (°C)

Air temperature (°C)

19

Kyoto
3
1200 WRF o 2 1200 - WRF
1000 ooBS g0 1000 - ooBS
ME (-0.28) —RMSE (1.69) I —RMSE (1.73)
R 800 -
1
< ]
5
2 ]
I
g ]
s
=
32 36 40 16 20 24 28 32 36 40

Air temperature (°C) Air temperature (°C)

Kyotanabe

3
5 3 .
e 7 1200 WRF
s 0 1000 - OOBS
| ME (0.28) —RMSE (1.69)
o
S ]
5
‘(‘6 4
g
2 ]
2

16 20 24 28 32 36 40

Air temperature (°C)
— - -
| Osaka | Nara
~ 3 —~
I5 2 1200 - WRF | 9 1200 - WRF
Is 90 1000 ooBS / g 0 1000 1 DoBS
I [T ME (-0.28) —RMSE (1.58) I 34.5 N - [T ME (0.40) —RMSE (1.66) 800 |
| o¥ I 9 2
< 34 < < 600 -
Sa a J 232 | ° &
5 5 o
B 30 g L 400 -
I 328 I 2
152 I w £ 200
|l 222 | 135'E 135.5°E 136'E Z 21 A ——r ——— 0 - FE e
I 0 3 6 9 12 15 18 21 16 20 24 28 32 36 40 0 3 6 9 12 15 18 21 24 16 20 24 28 32 36 40
e e i o o e s A SRS ARG s Time () Air temperature (°C)
Sakai Kumatori
~ 3 3
g: 2 1200 WRE % 1200 WRE OBS WRE
5 0 1000 DOBS £ 1000 ooBs
i ME (-0.30) —RMSE (1.79) @ ME (-0.30) —RMSE (1.70) ~ 800 75t percentile 75t percentile
5 Median
g 600 —Median === (_M
[ —
L 400 —Mean «Mean

Air temperature (°C)

9 1
Time (h)

24 28 32 36 40
Air temperature (°C)

Air temperature (°C)

—25M percentile «25" percentile

9 1
Time (h)

Takane

16 20 24 28 32 36 40
Air temperature (°C)

et al. (2019) npj Climate and Atmospheric Science



August
2000-2010

Osaka

e e e e e e e

4

Error (°C)

40

(°C)

= 32

aye:

20

36 1

28 4
24 A

Reproducibility — UTCI

MBE (1.37) —MAE (1.56)

Frequency

800

600

400

200

0

1

1

a UTCI @Osaka

8
Z~_/J\~\/
U
-4 -
44 ]

L L

T LI B D B I B N N B B |

15 19 23 27 31 35 39 43 47 51

UTCI (°C)

b UTCI @Nara

A~

Error (°C)

1
N
T

UTCI (°C)
NNMNNWOWWPMSD
O ONOOOPS

o
1

L —

MBE (0.02) —MAE (1.83)

Frequency

800

600

400

200

0

1

1

1

LI I |

1 LI B D B I B N N B B |

15 19 23 27 31 35 39 43 47 51

UTCI (°C)

OBS

75" percentile

—Median
—Mean

«—25™M percentile

20

WRF

«—75% percentile

= —Mean

«—25% percentile

Takane et al. (2020) Environ. Res. Commun.



21

The Qf 4c increase with ATg,, (14 LT)

Current climate | Future climates
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How to estimate the UTCI

2.3 UTCI calculation

The hourly UTCI is calculated for 11 years for each
climate scenario using the polynomial parameterisation of
the Fiala human physiology model (Fiala ef al. 2012:
Blazejczyk ef al. 2013) in Brode ef al. (2012a). This
parameterisation is frequently used because of its
computational efficiency (e.g. Brode et al. 2012b; Blazejczyk
et al. 2013: Provengal et al. 2016; Ohashi ef al. 2018). It is
forced with the near surface air temperature (2-m simulations
or 1.5-m observations), relative humidity, black globe
temperature (7g), and wind speed (within the urban canopy
layer). The mean radiant temperature (7,,,) is estimated from
T, air temperature, and wind speed (Kinouchi 2001):

en0(Tpure +273.15)* =C, +R, (1)

R, = £,0(T, +273.15)"  (2)
where C; is the sensible heat flux from the globe surface (W
m?), Rg is the longwave radiation emitted from the globe
surface averaged for the surface area (W m2), and &, and &, are

the emissivities of the globe thermometer (assumed to be 1.0)
and human clothing (0.98). respectively. Cg is a function of
globe temperature and air temperature (Yuge 1960):

Co=hey(T,—T,) (3)

1
3

hegD os (ol
= =2+ 0.55Re (T)

(10 < Re < 1.8 X 10%) (4)

C [l)%
CpH

hcg D 0.566
— 2+ 0.34Re ( ;

A

(1.8 X 10® < Re < 1.5 X 10°) (5)

where Re is the Reynolds number (UD/v), U is the wind speed,
D the diameter of the globe (=0.15 m), v is the kinematic
viscosity of air (m? s), y is the viscosity coefficient of air (Pa
s), 4 is the thermal conductivity of air (W m™* K?), and ¢, is
the specific heat under a constant pressure (J K'! kgt).

T, is estimated using the improvement to Okada and
Kusaka (2013) in Okada ef al. (2013):

(S, — 38.5)
T, = +T,
(0.0217S, + 4.35U + 23.5)

where Sp is the incoming shortwave radiation (W m2). An
evaluation for one site surrounded by office buildings in
Osaka using hourly observations for June to August 2006—
2012 reported a root mean square error of 2.15°C. This
equation is applicable for urban environments under all
weather conditions, including clear skies and overcast and
rainy days (Okada and Kusaka 2013). More detail is given in
Section S1 of the Supplementary material.

(6)

Takane et al. (2020) Environ. Res. Commun.



Daytime is dangerous with non-linear increases in body core temy’
and sweat production and without thermal sensation change

Thermal sensation Human body core temp (°C)
B Extreme heat stress M Very strong
2 —ilB-Strong Moderate :
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Takane et al. (2020) Environ. Res. Commun.
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The AC feedback impact is comparable to benefits from=24
urban heat island mitigation techniques
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a UTClac_ g categories (hot summer)

ATew (°C

b (mean summer)
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c (cold summer)

Future climate when ATg,, = +4.5°C
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Takane et al. (2020) Environ. Res. Commun.
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a UTCI AC—FB Stress category Criterion derived from UTCI-Fiala model response (Brode et al. 2012)
50 A *0.0°C --+0.5°C —+1.0°C --+1.5°C Extreme 48°C: Increase in Tre time gradient, steep decreasein total net heat loss
46 1 +2.0°C --+2.5°C —+3.0°C heat stress 46°C: Averaged sweat rate >650 g h™', steep increase
42 i Very strong 40°C: Core to Tskm gradient <1K (at 30 min)
o 38 1 38°C: Increasein Tre at 30 min
O 1 Strong 36°C: DTS 120 min > +2
SRRl Y/ A N 33°C: Averaged sweat rate > 200 g h”, increasein Tre at 120 min
30 { =7 S
26 4 oo Z
2 1 No thermal stress
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3.0 -
25 A ik
$ 20 - i
315 - i
; 1.0 - '
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0.0 -
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0 3 6 9 ijj(h)ﬁ 18 Tegkaré et al. (2020) Environ. Res. Commun.



How to project future climate o

(Pseudo Global warming method)

Current climate simulation
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How to project future climate
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How to project future climate

Hindcast (current climate simulation: ATgy = 0.0 °C) - PGW method (future climate simulations: ATgy = +0.5 ~ +3.0 °C)
. Six-hourly reanalysis data Six-hourly reanalysis data
Reanalysis data in August 2000-2010 1 in August 2000-2010 ditto ditto
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‘ + + +
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Six-hourly reanalysis data

Initial and boundary Six-hourly pseudo climate
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(NCEP-NCAR and MGDSST)

data when AT ¢y,= +0.5°C
(actually +0.4725 °C)

:
AT g=+1.5 °C (actually +1.4750 °C),

or +2.5 °C (actually +2.4450 °C)
+0.0°C +0.5°C +1.0°C +3.0°C
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Urban Facet Material Thermal Volumetric Surface Surface
categories Thickness (m) conductivity heat capacity  albedo emissivity
Number of layers (Wm'K?) gxlo‘ Im*K () ®)
)
Commercial and Lightweight concrete
office (C) Roof /concrete/rock-wool board (ex Rl e Lt L
0.03m 3™ to 4™ layers)
10 layers Insulation (air gap/styrene
Foamm) (3% to 4§"l§ym) 0.014 0.09346 - -
Tile/mortar/concrete/sealed air 0.710 1.6950 0.20 0.97
Wall gap/plasterboard (ex 9th layer)
0.0225m Insulation (air gap/styrene
10 layers foam) (9th layer) 0.019 0.06675 E -
Window (glass) Area fraction on the walls: 0.33
Electric air-source heat-pumps (rated COP=3.58 (cooling)): 100%
AC system - Target room temperature: 27 °C (for cooling)
- Initial and end local times of AC system: 0800-1900 (LT)
Fireproof Roof Concrete/styrene foam/ 0.897 1.8150 0.20 0.97
apartment (RY)  '0ons o asphalt (ex 3 layer)
101a Insulation (air gap/styrene
yers foam) (3 layer) . 0030 0.04376 - -
Concrete/plasterboard (ex 9
Wall laye) 1.050 1.9340 0.20 0.97
0.0234 m Insulation (air gap/styrene
10 laytrs foam) (gth layef) 0.042 0.03126 = -
Window (glass) Area fraction on the walls: 0.18
Electric air-source packaged air conditioners (rated COP=5.03): 100%
AC system - Target room temperature: 28 °C (for cooling)
- Initial and end local times of AC system: 0000-2400 (LT)
Wooden Slate/plywood/plasterboard
detached f)(ggtg‘s . (ex S'E o 8% layers) 0.181 0.5281 0.20 0.97
dwellings (Rw) |- Insulation (air gap/styrene ) )
10 layers Foam) (5® to sﬁ'lgym) 0.032 0.02616
Mortar/plywood/plasterboard
Wall (ex 5% to 8® layers) 0.323 0.9983 0.20 097
0011m Insulation (air gap/styrene
10 layers foam) (5% to 8§algyers) 0.032 0.02616 ) B
Window (glass) Area fraction on the walls: 0.18
Electric air-source packaged air conditioners (rated COP=5.03): 100%
AC system - Target room temperature: 28 °C (for cooling)

- Initial and end local times of AC system: 0000-2400 (LT)

30



The model successfully reproduced electricity demand

Electricity demand | Monthly mean of August 2013
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The model successfully reproduced urban temperature

Urban Temp | Monthly mean of August 2013
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AC settings

Target
room temp
C Electric air-source heat- 3.58 27 °C L4 &/C (AC) O Rr and Rw (AC) _
pumps - 1.2 _ —C (equipment) =Rr and Rw (equipment) -
Rr  Electric air-source 503 28°C 510 9ooooo00 0000

: -z i

packgged air 708 -
conditioners Q i

. 5 0.6 -
Rw Electric air-source 503 28°C o \\ i
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