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Project future climate’s urban heat stress 2

• 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 ºC) in Osaka’s 
August early mornings under the +3.0 ºC global warming scenario 
(Takane et al. 2019 npj Climate and Atmospheric Science)

• but impact on heat stress remains unknow. Understanding the 
impact is important.

• Objective #2: to clear how big the feedback impact on heat stress 
(UTCI) is.

3



QF, AC

El
ec

tr
ic

ity

A

B

Thermal load

Indoor
heat sources

Air-Conditioning
system Ventilation

Solar radiation
through windows

Heat conduction
through walls

Buildings (indoor) Atmosphere (outdoor)

Exterior unit

Temperature
Humidity

Wind
Radiation

AC-induced positive feedback 4

~ +0.6ºC (Takane et al. 2019)
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WRF with modified BEP+BEM parameterisation6
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How large?

11 month 
simulations
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The UTCI increase with ΔTGW
10

26

26

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

26

26

26

26

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

26
26

26 26

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

26

26

26

26

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

26

2626
26

26

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

26

26

26

26

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

26

26

26

26

32

32

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

a b c d 

e f g
Moderate heat stress 

Moderate heat stress 

No thermal stress No thermal stress No thermal stress

Moderate
heat stress 

No thermal stress

Moderate
heat stress Moderate

heat stress 
Moderate
heat stress 

Moderate
heat stress 

Strong
heat stress

38

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

38

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

38
135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

46

46

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

46
46

46

46

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

46

46

46

46

46

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

20
24
28
32
36
40
44
48

(˚C)

h i j k

l m nExtreme heat stress

Very strong heat stress

Strong heat stress

Moderate heat stress

No thermal stress

Extreme
heat stress

Very strong
heat stress

Very strong
heat stress

Very strong
heat stress

Extreme
heat stress

Extreme
heat stress

Very strong
heat stress

Very strong
heat stress

Very strong
heat stress

Current climate Future climates

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

+0.0ºC +0.5ºC +1.0ºC +1.5ºC

+2.0ºC +2.5ºC +3.0ºC

Motivation #1



(0.5)
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

0 3 6 9 12 15 18 21 24

Δ
T G

W
(º

C
)

Time (h)

Extreme heat stress Very strong heat stress
Strong heat stress Moderate heat stress
No thermal stress

22

26

30

34

38

42

46

50

0 3 6 9 12 15 18 21 24

U
TC

I (
ºC

)

Time (h)

+0.0ºC +0.5ºC +1.0ºC +1.5ºC
+2.0ºC +2.5ºC +3.0ºC

a UTCIAC→FB

b UTCIAC→FB stress categories

Extreme
heat stress

Very strong

Strong

Moderate

No thermal stress

46ºC: Averaged sweat rate >650 g h-1, steep increase

40ºC: Core to Tskm gradient <1K (at 30 min)
38ºC: Increase in Tre at 30 min

36ºC: DTS 120 min > +2
33ºC: Averaged sweat rate > 200 g h-1, increase in Tre at 120 min
30ºC: Change of slope (vs. UTCI) in Tskm, Tskfc, Tskhn, sweat rate, Tre
26ºC: Average sweat rate >100 g h-1, DTS 120 min <1, DTS >0.5 (average value)

48ºC: Increase in Tre time gradient, steep decrease in total net heat loss

Stress category Criterion derived from UTCI-Fiala model response (Bröde et al. 2012)

Tre: rectal temperature (human core temperature) (ºC)     Tskm: mean skin temperature (ºC)
Tskfc: face skin temperature (ºC) Tskhn: hand skin temperature (ºC)
DTS: dynamic thermal sensation (-3 ... +3) 

UTCI≧40
↓

36≧UTCI≧30
↓

Daytime is dangerous with non-linear increases in body core temp 
and without thermal sensation change

11

Human body core temp (ºC)

UTCI (ºC)

Thermal sensation

30   36 40        50
UTCI (ºC)

30    36 40        50

3

2

1

0

37.8

37.6

37.4

Bröde et al. (2012) IJB Bröde et al. (2012) IJB

Non-linearly
increaseSmall

change

Motivation #1

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



Impact of AC induced feedback on UTCI reaches 0.6ºC
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Take-home message

Conclusion - novelty 13

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

• Impact of AC induced feedback on UTCI increase roughly linearly with ΔTGW. 
At +3.0 ºC warming scenario, this reaches +0.6 ºC (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.

Motivation #1

Motivation #2
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@uya_takane

• 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.)



16



Impact of AC induced feedback on UTCI reaches 0.6ºC
17

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

δU
TC
I A
C
→
FB
(º
C
)

Δ
U
TC
I(
ºC
)

ΔTGW (ºC)

CTRL
NoAH
CTRL−NoAH

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0.0

0.5
1.0

1.5
2.0

2.5

3.0
3.5

4.0
4.5

5.0
5.5

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

δU
TC
I A
C
→
FB
(º
C
)

Δ
U
TC
I(
ºC
)

ΔTGW (ºC)

CTRL
NoAH
CTRL−NoAH

a ΔUTCIAC→FB b δUTCIAC→FB

d 05LT e 12LT

0.0
0.5
1.0
1.5
2.0
2.5
3.0

∆
T G

W
(˚
C
)

0 3 6 9 12 15 18 21 24
Time(h)

0
1
2
3
4
5

(˚C) 0.0
0.5
1.0
1.5
2.0
2.5
3.0

∆
T G

W
(˚
C
)

0 3 6 9 12 15 18 21 24
Time(h)

-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6

(˚C)

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

δU
TC
I A
C
→
FB
(º
C
)

Δ
U
TC
I(
ºC
)

ΔTGW (ºC)

CTRL
NoAH
CTRL−NoAH

ΔUTCI AC→FB
ΔUTCI AC≠FB
δUTCI AC→FB

ΔUTCIAC→FB
ΔUTCIAC≠FB
δUTCIAC→FB

c (δUTCIAC→FB /ΔUTCIAC→FB)×100

f 24h (00-24LT)

0.0
0.5
1.0
1.5
2.0
2.5
3.0

∆
T G

W
(˚
C
)

0 3 6 9 12 15 18 21 24
Time(h)

0
3
6
9
12
15

(%)

ΔUTCI AC→FB
ΔUTCI AC≠FB
δUTCI AC→FB

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

0

3

6

9

12

15

3

3

33

3

3

3

3

3 3

3
3

3

6

6

6
6

6

6
6

9

(%)

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

0

3

6

9

12

15
3

33

3

3

3

3
6

6

6

(%)

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

0

3

6

9

12

15

3

3

3

3

6

6

9

9

(%)

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

0

3

6

9

12

15

3

3

3

3

3

6

6

6

9
9

(%)

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

0

3

6

9

12

15

3

3

3

3

3

6

6

6

9
9

(%)

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

0

3

6

9

12

15

3

3

3

3

6

6

6

6

9912

12

(%)

g h i

j k l

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8

(˚C)

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8

(˚C)

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8

0.2

(˚C)

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8

0.2

0.
2

0.
2

0.4

(˚C)

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8

0.2

0.
2

0.2

0.4

0.4

(˚C)

135˚E 135.5˚E 136˚E

34.5˚N

35˚N

-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8

0.2

0.2

0.2
0.
2

0.2

0.
40.40

.6

0.
6

(˚C)

a b c

d e f

No impact

Up to 0.6ºC

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

135˚E 135.5˚E 136˚E

34˚N

34.5˚N

35˚N

0

300

600

900

1200

1500

Osaka
Bay

(m)

135.4˚E 135.5˚E 135.6˚E

34.6˚N

34.7˚N

130˚E 140˚E 150˚E
30˚N

40˚N

d01
d02

Western
Japan
Area

Sea  of
Japan

Pacific  Ocean

135˚E 135.5˚E 136˚E

34˚N

34.5˚N

35˚N

C Urban
Rr Urban
Rw Urban

Paddy
Grass
Forest
Water

Osaka
City

a b

c d

135˚E 135.5˚E 136˚E

34˚N

34.5˚N

35˚N

C Urban
Rr Urban
Rw Urban

Paddy
Grass
Forest
Water

Osaka
City

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



Reproducibility – Electricity consumption 18
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Reproducibility – 2-m temperature 19
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The AC feedback impact is comparable to benefits from 
urban heat island mitigation techniques

24

Morille and Musy (2017)
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How to project future climate
(Pseudo Global warming method)
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Average
of 4GCMs

27

Current climate simulation

Future climate projection
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The model successfully reproduced urban temperature
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C (equipment) Rr and Rw (equipment)

AC settings

AC COP Target
room temp

C Electric air-source heat-
pumps

3.58 27 ºC

Rr Electric air-source
packaged air 
conditioners

5.03 28 ºC

Rw Electric air-source
packaged air 
conditioners

5.03 28 ºC

Energy 
demand

Sensible heat 
load of the build.

Latent heat   
load of the build.coefficient of 

performance
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