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Abstract

To address the health threats posed by ozone (0s) pollution in Harbin under climate change and pop-
ulation aging, it is necessary to project future health risks under multiple scenarios. Based on air qual-
ity monitoring data and gridded population data for Harbin from 2018 to 2023, we coupled the
XGBoost machine-learning algorithm with CMIP6 climate models. The main findings are as follows: (1)
Historically, ozone concentrations in Harbin showed a west-high and east-low spatial pattern, with
high population exposure intensity in the main urban area. (2) Model validation indicated that the cou-
pled XGBoost-CMIP6 framework had good predictive performance (R? = 0.81). Under the SSP5-8.5 high-
emission scenario, ozone concentrations are projected to increase to 89 + 4 ug/ms3 by 2070. (3) Under
the SSP2-4.5 moderate-emission scenario, the projected increase in risk slows markedly. Without
stringent controls, future climate change will substantially exacerbate ozone-related health risks in
Harbin, highlighting the urgent need for differentiated emission-reduction strategies.
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Figure 1. Ambient air quality monitoring sites in Harbin City
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Figure 2. Spatial distribution of population density in Harbin City (2023)
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Table 1. System resulting data of standard experiment

= 1L AEIRIE R G REURE

159 {2 g B Co (ng/m3)
03 TOTAL 0.00024 (95% CI: 0.00013~0.00035) 70 (WHO)
CVD 0.00027 (95% CI: 0.0001~0.00044)
RD 0.00051 (95% CI: 0.0003~0.00098)
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Figure 3. Correlation coefficient and scatter plot of O3-8 h concentration data and tap grid data in Harbin City, 2018~2023

3.2018~2023 FFRGE™ 03-8 h iREHIES TAP R HEHX AR SHAE

3.2. B3/RIETH 0:-8 h-p90 iREREET

2018~2023 4G /RIEETT O3-8 h-p90 < FE K17 W] 73 A S A8 (14 4). 3-8 h-p90 7% [A) Ik FE Wi 3= FE A
T RUETTPUHE, BT AR, BR RO VS AR %. SMEY 7K A% J5[23]0 Horh X Gl BLIX
B X B SEANX) B I A (B X Fadb DO AR T o iR B X TR (109~115 pgrm 3, F44E
PHRFBATIE > 119 pgm3), J&F SEIG Y% O X s T P RE S I B3 X XU X B 1 i Ay e
ZO X, ZRAGEMRX (22 @R ) MRMEX . Z2 5 53R, B X Bt X, EE8A0

DOI: 10.12677/0jns.2026.145076 728 SR/ A=A


https://doi.org/10.12677/ojns.2026.145076

2R

HRmEEX, HRARE TR EAKTY, 5Pl EX L FEMR “ FIW - iR s @ik
i, S I T R X R Tl ANV IEHET R B Rl DR (24 ] FERS TREAS B, SR EEIX RS R
e 2018~2019 HEFIEIX KA EFEE: 2020~2021 FE Rl X A EWA R TR IE; 2022 %A [[]
W5 2023 4K ST A0 PR P R A O X, R B IR X RS G R IR R B AT

&R SR RE > X . SCEHERU R XA VIS, DR e 70 X2 SR SR A 1 SIE e -

H
T 208 20194 202068

7
S 20m% 20224 2023

400N

97~103 >103~106 >106~109 >109~112 >112~115 >115~119 >119~131

03—8h—p9OiREE/

5 EFHESHHGS(2025)1508 5 MR AHIESI{E.
(ng-m=)

Figure 4. Spatio-temporal distribution and evolution characteristics of O3-8 h-P90 Concentration in Harbin City, 2018~2023
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Figure 5. Spatial distribution and evolution of population exposure levels to O3-8 h-P90 concentrations in Harbin, 2018~2023
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Figure 6. Temporal shifts in population percentages and exposed population quantities subject to different O3-8 h-P90
concentrations in Harbin (2018~2023)
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Figure 7. Temporal variation in ozone-attributable premature mortality in Harbin, 2018~2023
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8. XG-Boost /MM 5 CMIP6 B FER AR O3 REXTEE
731 SRS

DOI: 10.12677/0jns.2026.145076


https://doi.org/10.12677/ojns.2026.145076

ot

G

&

£ CMIP6 LA UGB, R RIETT 2018~2070 4F 1T M [f] 54800 B2 1 D s A8 5 oK S 3 3k 4T
TS M 8). NPl CMIP6 45 U AT X0 i /R Vi Hh X S AU A4 AE 7, XGBoost BLALE AR
JEHh X O3 ¥ B T v EL A A s (A0S 2 AR e PE[28 ], WA 7 A ] XGBoost S35 1174} 2018~2023 4 5.
AMINE S CMIP6 [29] [30] 2B G- FIBHMERAT TV EIRUE. WAIESS R, B RL, *®
TERB(RYIEF] 0.811, THHAIHRZEMAE)N 7.3 pgm 2. JETILIGIE RIFMHZHAESLE R, ARG
T EoR: 76 SSP2-4.5 A/ T, SLAUREENG T 2030 4F 5@ TR 18 N, & 2070 47T
P75 84 + 3 pgm>; TMfE SSP5-8.5 mbilis4e , IREOKFFLE EFF, 2070 4EFiTHIAS] 89 + 4 pgm™3, #4
HAEHEBUE SR 4T 6%, IR IR T ARSI AR T LA Gu S R O B 5o o

4. W54
4.1. ¥#7Hg

AR 5B A i T W I L TAP RS AL SR A 5 LandScan A A 53, 454 XGBoost 5 CMIP6
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4.2. &ip

(1) 2018~2023 4ERS/KIETT TAP # 5 O5-8 h Hidfa & 55 [ 425 W ik SOV Kt B 28 — 8ok, MG
BBIEAIILE 0.90 DAL, ¥ITHRIRZE(RMSE)N 14.54 ngrm=>, W] TAP $dE A5 05 547 %) 15 /R VETH O
WREEII 2 S AAFAE, 0 X3 Os W 98 B B R e

(2)2018~2023 MG /RVE T O3-8 h-p90 M EE I “PHEARIC. SRET7K” BH, Os NHRERER
PAZOIRX S AMEREIXAR” 1R TR, O X AR RSN, WM/RIETRE TAF O
WREEIX (AN DTG 2022 A . o, L-0O5 5 M-H-O5 X [ 22 58 A 115 LU A B 1 52 BT,
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