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Rise in deaths around hottest days
Deaths in England and Wales, May to August 2019
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CAMS Regional Ensemble Forecast Daily Max Surface Ozone Concentration: 20220719700 valid for 2022-07-19
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2013-2020F M BB E . 2 A EHPM, IR X EK T

T, =T atan|0.151977(100 x RH +8.313659) " |+ atan(T +100 x RH) - atan (100 x RH - 1.676331)

+0.00391838(100 x RH)S""zx tan(0.023101 x 100 x RH) - 4.686035, (1)

Exceedance days: T, 2257,
PM, e = 75 ug/m3,

8-hour maximum daily O, (MDA8) = 160 ug/m®
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Xiao et al., BAMS, 2022
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Mean * SD, n (% D

: Total Term birth Preterm birth
| Recruitment period (17 Sep 2018 - 31 Dec 2020) | MR (n=103040) (n=96652) (n=6388) ?
Mothers

Age (years) 30.7 (5.0) 30.7 (5.0) 31.2 (4.9) <0.001
[ 108,418 mothers recruited ] Pre-pregnancy BMI (kg/m?) 21.8 (3.6) 21.8(3.6) 22.1(3.7) <0.001
Gestational age (days) 274.6 (11.8) 276.6 (7.9) 243.7 (16.5) <0.001
Ethnicity 0.16

Han 85943 (83.4) 80574 (83.4) 5369 (84.0)

[ Follow-up: questionnaires, medical examination records ] Others 17097 (16.6) 16078 (16.6) 1019 (16.0)
Education <0.001

s 56125 (54.5) 52416 (54.2) 3709 (58.1)

[ Give birth to newborns ] 46915 (45.5) 44236 (45.8) 2679 (41.9)
AN <0.001

o T T . 31415 (30.5) 29275 (30.3) 2140 (33.5)

N/ Exposure assessment 61352 (59.5) 57673 (59.7) 3679 (57.6)

105.029 live birth observed ) . f Final analysis sample ] Year : 10273 (10.0) 9704 (10.0) 569 (8.9)
' ) 'L (n=103,040) 2017 41270 (40.1) 38632 (40.0) 2638 (41.3) 0.037
___________________________________ ; 3 1 12018 ! 39.9 (10.9) 39.9 (11.0) 39.6 (10.6) 0.037
; y Nl gg1g o Airpoliutants | 53650 (52.1) 50085 (51.8) 3565 (55.8)  <0.001

! Excluded: ! , Temperature |

| -incompletefinvalid questionnaire (n=519) | | Birthrecord 1 Y 23132 (22.4) 21821 (226) 1311 (205)  <0.001
| .geocoding problem (n=1470) | (birth weight, gestational age) 5 ! 32685 (31.7) 30670 (31.7) 2015 (31.5) 0.764
-. : L 12021 ! 5924 (5.7) 5558 (5.8) 366 (5.7) 0.966
Dmrmnenennnnnisn s ' A S— ' 37.7(17.9) 37.8(17.7) 36.2(20.6)  <0.001
62.2 (26.4) 62.4(26.2) 59.1(29.7)  <0.001
31.6 (11.8) 31.7 (11.6) 30.2 (13.8) <0.001
16.4 (9.4) 16.4 (9.4) 16.7 (9.7) 0.001

Xiao et al., ERL, 2023
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« Generalized additive models (GAMs) combined with restricted cubic spline (RCS) function
* Potential threshold effect

* Relative risk (RR) and 95% confidence intervals (Cl) of preterm birth
« 75th, 80th and 95th percentiles of exposure against the threshold concentration.

« Relative excess risk due to interaction (RERI), Attributable proportion (AP) of additive effects
 RERI > 0 indicating the combined effects were higher than that of each exposure alone

Xiao et al., ERL, 2023
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* Exposures in late pregnancy showed
the most significant impact on PTB

N
1

PTB/RR (95% Cl)
PTB/RR (95% Cl)

« U-shaped link between air pollutants
and PTB.

—_
1

” PM;;Oin 3rd tr7ifnester o 125 h ? NOzaci)n 3rd ;LlFi)mestesr0 v * I\/IOI‘e prominent patterns were
observed in associations with

temperature.
» exposure to both heat and cold temperature
extremes could increase the risks of PTB

PTB/RR (95% ClI)

« Higher exposure, higher risk increasing rate

1 ' [ 0.75- 1 1 ' ] '
50 100 150 -10 0 10 20 30
O3 in 3rd trimester Temp in 3rd trimester

Xiao et al., ERL, 2023



RERER %) "R

Relative excess risk (RERI, 95% CI) and attributable proportion (AP, 95% CI) due to interaction of temperature
and air pollutant exposure on preterm birth.

RERI (95% CI) AP (95% CI)
Variable Adjusted? Crude Adjusted? Crude
PM,—HT 0.11 (0.07, 0.14) 0.06 (0.03, 0.10) 0.10 (0.07,0.14) 0.06 (0.03, 0.10)
O,-LT 0.16 (0.12, 0.20) 0.13(0.09, 0.17) 0.17 (0.13,0.21) 0.13(0.10,0.17)
O;—HT 0.07 (0.03, 0.10) 0.07 (0.04, 0.112) 0.07 (0.03, 0.10) 0.07 (0.03, 0.10)

a Adjusted for maternal age, ethnicity, education, income, environmental tobacco exposure, residential proximity to main roads and domestic use
of air purifier.

* Synergistic effects were detected for PM, .—High Temperature (HT), O;—HT and O;—Low
Temperature (LT).

« PM toxicity might increase with higher temperature

« O, could increase oxidative and inflammatory stress, acting synergistically with low and/or
high temperature extremes

Xiao et al., ERL, 2023



FATAE F TR 2RI 22 2,77 Fe A R 09 2 B R 2 VAR L3 B R AR
15 7



ERTRT
SRR INFE | 3R E AedF B0 1] 8t — 7 3 e

L AP EA R A0 E B



= A SIEBEIARE MDA8 O, 2 160 ug m-3

= b E A LA K RZ L daily maximum 4N

T2m = 35 ° C for at least three
consecutive days

30°N -

= When both heat wave and O; pollution

occurred on the same day, that day was

recorded as one co-occurrence day 20°N

100°E

0 4 8

Total frequency (10%)

EMIASFHANEARREELXEK

(b)
6 s O[]
—— EMD
5 |
44
‘|
3_
[ |
2 \
.‘"‘. / [ ‘ ‘I"‘
1\
0_
2005 2007 2009 2011 2013 2015 2017 2019 2021
Year

40°N 1528 S

30°N -

co-occurrence happens predominately (>80%) on heat wave
days, while the share in all O; pollution days is ~50 %
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> oo | 40°N 1
30°N |

20°N A

0.8

0.6

0.4

0.2

0.0

100°E 110°E 120°E

Gao et al., PNAS, 2023
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First three modes contribute
36%, 8% and 6% to the total

EOF1: dipole feature, negative
NCP but positive Yangtze River
Basin

Opposite values between June

and July-August, location of the
rain belt

Gao et al., PNAS, 2023



SLP, Zcoy, Winds and SSTH % 5 A9 8= )2

1ms'— JJA-SLP

(b) ims'— JASLP . (€) _ 1ms'— JASLP

= PC1. weakened  Western
Pacific Subtropic High (WPSH)
but strengthened North Pacific
Subtropic High (NPSH)
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Gao et al., PNAS, 2023
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= Warming in the West India Ocean and associated northward WPSH
= Warming in the Ross Sea and associated Southward WPSH

Associated with decomposed modes, four sets of simulations were
designed with SST in spring, namely CESM.,;, CEMS,,;, CESM,;; and
CESMg,. CESM,, was the control case that forced with SST data
from monthly varying climatology.

Gao et al., PNAS, 2023
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: Correcting GCM mean bias
MME,, + GCM' x r, (Eq.4)

: Correcting GCM nonlinear trend
GCM,; + GCM' Xr, (Eq.3)

_ : Correcting GCM variance bias

N GCM, + GCM’ (Eq.1)

v

Historical Future
(1979-2014 ) (2015-2100)
Bias-corrected CMIP6 global dataset for dynamical
downscaling of the historical and future climate (1979—
2100), Xu et al., 2021

MME ;- (MME,r |y — ERA 7|g4)+ GCM' X r, (Eq.6)

45°N

15°N

I5%E 90°E 105°E 120°E 135°E

WRF-Chem downscaling
Present day: 2010-2014, five years
Future: 2096-2100, five years

SSP 245: Middle of the Road (Medium challenges to
mitigation and adaptation)

SSP 585: Fossil-fueled Development — Taking the
Highway

Gao et al., under review
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present SSP245 SSP 585
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Although levels of PM and Ozone will decline by the end of century due to emission control, co-

occurrences of stressors will increase, particularly in populous NCP and IGP
Gao et al., under review
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