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Background: A warming world?

Changes in global surface temperature relative to 1850-1900

a) Change in global surface temperature (decadal average)
as reconstructed (1-2000) and observed (1850-2020)
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b) Change in global surface temperature (annual average) as observed and
simulated using human & natural and only natural factors (both 1850-2020)
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Top 10 Warmest Years on Record




Heat extremes pose extremely harmful impacts

« 2010 European heatwave: >5500 deaths in Russia (Grumm, 2011 )

« 2015: 3275 deaths in France, 2248 deaths in Indian (Tmax=48°C), 1229 deaths in
Pakistan (Tmax=49°C) (Ma et al, 2015)

« 157 million more people were exposed to heatwave events in 2017, compared with 2000
(Watts, Lancet, 2018).

Pakistan



Heat extremes in China

e 2013 heatwave in China: > 5000 heat-related cases
(Gu et al., 2015)
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Background

Heat extremes would be intensified even more profoundly in fast-urbanizing area
(e.g., China)

. . . ) Urban Heat Island
Urbanization Level in China
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Background

Heatl extremes would be intensified even more profoundly in fast-urbanizing area
(e.g., China)

Population density
(persons/km2)
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This project
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1. Synoptics and Development of
Heatwaves



Identification of heatwave
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Heatwave is identified by the spatial mean of T, (Lau & Nath, 2012, 2014; Luo & Lau, 2017).
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Heatwaves in South China

Heatwave occurrences in South China
Sep 30 . ] , ; . l l

O Dﬂ;—

P05 g/
r

i

Jiangxi

2 Z ‘ ‘-"',’,,‘ui"‘
30N ¥

pONTL TN W ’

S(udy region

date
wn

()
©

S

[

1 706 9E  10E__ 130E

Guangxi .

Zhaoqing  [Guangzhou
P ®

o Yunfu

8AugO1-
o Jul20
= Jul10
T Julo
Jun 20

Q
renc
> >
E E
Q @
N
o o
T
g
]

®
Donggug

1o B
[]

- a5
= L :

Jiangmen
g ®

CH

Yangjiang
: ]
Maoming

T

[

:
;

o Stations

T

_, Hainan,

South China Sea

—Pearl River Delta

—Guangdong Province |

110°E TT1*E 112%E

113°E 114°E

(Luo & Lau, J. Climate, 2017)

116°E 1TI°E 118°E

Jun 10
Jun 01

May 20 19é0

I

30

2000 2005 2010

(°C)
38 40 42

13



(@) Precipitation & Tmax (o) SLP
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Vertical structure of heatwave in South China
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Development of heatwave in South China
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Movement of the WNP subtropical high

Prior to heatwave After heatwave ending
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Heatwaves in arid Northwest China

(a) Location of Xinjiang province
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Surface pattern of heatwaves in NW China

(a) Temperature
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Circulation changes of heatwaves in NW China

(a) 500 hPa Geopotential height (a) 250 hPa Geopotential height
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Vertical structure of heatwaves in NW China

(Luo et al, Atmos. Res., :
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3D Propagation of Contiguous Heatwaves

(a) A spatiotemporally contiguous heatwave (b) 26-connectivity
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3D Propagation of Contiguous Heatwaves

(a) Spatial distribution of heatwave intensity and maximum area

(b) PDF of heatwave intensity (c) PDF of heatwave maximum area
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3D Propagation of Contiguous Heatwaves

N
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Long-term trends of contiguous heatwaves
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2. Interannual Variabilities of Heatwaves

IN Relation to SST Anomalies



El Nino/Southern Oscillation (ENSO)

Oceanic Nifio Index (ONI)
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Heatwave differences between El Nino and La Nina years
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How El Nino affects heatwaves in China
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(Gao, Luo*, et al, GRL, 2020)

Two El Nino Types

Eastern-Pacific (EP) El Nino

(a) DJF SST | EP EI Nino
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Two El Nino types and heat extremes in China

(a) HTE | EP EI Nino
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(a) SLP | EP El Nino
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Developing ENSO and heat extremes

Nino3.4 evoution (dash: HIS, solid: RCP8.5)
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Developing ENSO and heat extremes
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PMM and heat extremes

Pacific Meridional Mode (PMM)
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PMM and heat extremes in China
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PMM and heat extremes
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3. Long-term Trends of Heatwaves in

Relation to Urbanization Effects



Long-term trend of heatwaves in China

Frequency Participating days Amplitude

40
(Liao et al, GRL, 2018)



Heatwaves occurrences in South China

Occurrences of heatwaves in South China
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Heatwave trends in South China

Heatwave frequency
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Estimation of urbanization effect

Urbanization Effect (AT,,) is defined as the difference between the urban trend
(T,) and rural trend (T,) (Ren et al., 2014):

AT, ,=T,—T,

/ N\

Urbanization effect Urban trend Rural trend

. N Tu o Tr
Relative contribution (%): Cu—r —

X 100%

u
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Classification of urban/rural stations

£ e

Rural station Urban station

Aredartificial surfaces
BAF = fictalsur]
AreaBuffer
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Dynamic classification of urban/rural stations

Considering the rural-urban conversion
during the urbanization process, the BAF and
the station classification are updated
dynamically.

(a) Number of urban and rural stations
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Urbanization effect on heatwave in China
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Urbanization effects on extreme climate events

Urban agglomerations and weather stations in China
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(b) Extreme precipitation indices
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4. Human Perceived Temperature
Changes



Human-perceived temperature
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Heat index

NOAA national weather service: heat index
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Heat stress in China
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Heat stress trends
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Urbanization and heat stress in eastern China

a) HI
55N ( ) : : 55N
- 0.5 0.5
WE[F( - 045 0.45
50N | § e, I 0.4 50N | 0.4
f ) 035 035
A 0.3 I 0.3
45N | R 035 45N o
0.2 0.2
40N 0.15 40N 0.15
0.1 0.1
0.05 0.05
35N 0 35N e 0
-0.05 0.05 . d h
= ! °
o | O ] o1 Perceived heat stress
0.2 -0.2 . .
- 025 oo | 27 | W02 Increases faster than air
P 0.3 AR A -0.3
-0.35 AR AT -0.35
i 04 0N A tem peratu re across eastern
- (°C per decade) 05 - (°C per decade) -0.5 Ch | n a;
105 110E 115E 120E 125F 130E 135E 105 110E 115E 120E 125E 130E 135E
(c) HSD (d) HSE )
oo Praem TR P e g e ey i3 - Both of them increase
% IE 9 .W‘—'ﬁm@:mg | WS . -
Bl g oo SRR R 12 faster in urban than in rural
- 6 I Y 3SR 0.9
45N : ‘ 2 45N | % 'f:. A : : | 825 areaS
i | ’ % .“.:; qr.-;‘.--j 3 o : % z:._i.;:- : i . 8‘3‘5
& ; 1 3 - I A
s frosas 1 Foidaey S ,,tf“"‘ ; 0.15
35N e 0 35N B #n A 0
- o -1 l o A I . -0.15
! S 2 ’ o M 03
30N | - 3 3N .’ T 045
[E A Ny o 5 ’ ! -0.75
PN Ry 6 PNy 0.9
gl - % ,:";___.' '
PV S S5 N N BES
(days per decade) -10 | _(events per decade) -15 54

15N ’ ! 15N :
(Luo & Laul GRL/ 2018 105 110E 115E 120E 125E 130E 135E 105E 110E 115E 120E 125E 130E 135E



Urbanization effects
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events in the urban areas.
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PDFs of daily temperature in urban/rural areas
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5. Urban Dry Island and Urbanization

What about moisture?
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Urban dry island?
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(b) Urban expansion rate
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Urban dry island?

(c) RH Trend (d) VPD Trend (b) Urban expansion rate
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UDI intensified by urbanization
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Faster drying trend in urban than rural area
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Possible processes
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Summary

Aep

TeaA

Causes and synoptic weather conditions

« Reduced precipitation and cloud, increased pressure, surface
cyclone/anticyclone, sinking air motion, etc.

weather
forecast
’

s

« Different mechanisms for heatwaves in different subregions.

seasonal

Interannual variations forecast

* Influenced by both zonal (ENSO) and meridional (PMM) modes of the
Pacific ocean via different processes. &

Long-term trend and urbanization effects

climate
prediction &
mitigation

* Intensifying frequency, duration, and intensity across China;
* Urbanization contributes to = 50% of the total trend in urban area.

Urban dry island intensified by urban expansion
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