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An ecological study of the effects of varying heatwave intensities on outpatient visits for respiratory diseases in Handan city.
ZHANG Xing-shan', FU Gui-qin>*", LIU Hua-yue®, LI Meng'"", ZHANG Yang', ZHAO Liang” (1.Handan Meteorological Bureau,
Handan 056001, China; 2. Hebei Meteorological Service Center, Shijiazhuang 050021, China; 3.Key Laboratory of Meteorology and
Ecological Environment of Hebei Province, Shijiazhuang 050021, China; 4.State Key Laboratory of Numerical Modeling for
Atmosphere Sciences and Geophysical Fluid Dynamics (LASG), Institute of Atmospheric Physics, Chinese Academy of Sciences,
Beijing 100029, China). China Environmental Science, 2025,45(11): 6433~6439

Abstract: In the context of global climate change, the health impacts of heatwave events exhibit marked regional heterogeneity,
posing a severe threat to public health. This study analyzed daily respiratory disease outpatient data, meteorological monitoring data,
and air pollution data from Handan City (2016~2021) using a Generalized Additive Model (GAM) to evaluate the risk of respiratory
disease visits under 12 heatwave definitions (based on P96-P99 percentile thresholds lasting 2~4 days). Results demonstrate
significant definition-dependent variability in heatwave frequency and duration: extreme heatwaves (P99 threshold, >4days) occurred
only twice (9 cumulative days) over six years, while moderate heatwaves (P96 threshold, >2days) reached 20 occurrences (66
cumulative days). During heatwave periods, temperatures were significantly higher with reduced variability compared to
non-heatwave periods, accompanied by statistically significant differences in daily outpatient volumes.Forheatwaves lasting 2~3 days,
health risks initially increased and then decreased with rising intensity, whereas for events lasting >4 days, risks progressively
declined with increasing intensity. Peak risks for P96-P98-defined heatwaves occurred at lag 3~5 days, while P99-defined extreme
heatwaves showed immediate peak risks at laglday. Long-duration heatwaves (>4days) posed significantly higher and more
prolonged risks compared to short-duration events (>2days). All heatwave types exhibited a "bimodal lag pattern" with acute (lag 0~3)
and delayed (lag 5~7) effect phases. The risk profile for low-intensity, short-duration heatwaves was relatively stable, whereas
high-intensity, long-duration events demonstrated greater risk fluctuations. These findings provide regionally tailored evidence to
inform the development of dynamic heatwave health early warning systems.

Key words: heatwave; respiratory diseases; generalized additive model; lag effect
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Table 1 Heatwave definition criteria in Handan city
(2016~2021)

& i B SIRBE(°C) FELAEE) 8] (d)
P99d4 >4
P99d3 >99th 32.0 >3
P99d2 2
P98d4 >4
P98d3 >98th 31.5 >3
P98d2 >
P97d4 >4
P97d3 >97th 31.1 >3
P97d2 >2
P96d4 >4
P96d3 >96th 30.7 >3
P96d2 >2

8 ST R =R A LB, J5 P A 2 7 e N ] T P99d4
H 8>3 99 H 43 4E(32.0°C) HAEFSEI (1] >4d.
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Table 2 Comparative statistics between heatwave and non-heatwave periods in Handan city (2016~2021)

s S 51 Wiy S TRUHCO p2s P H L
@ PR T ihRf

POSd4 HW 2 9 32.5+0.6 33.0 32.1 <0.001*** 181.3+50.9
Non-HW - 15 29.4+1.3 30.5 283 (MWU) 158.6+46.5

POSd3 HW 3 12 32.4+0.5 32.8 32.1 <0.001*** 171.9+46.9
Non-HW - 20 29.1£1.6 30.4 28.0 (MWU) 154.3+45.2

PO9dD HW 4 14 32.5+0.5 33.0 32.1 <0.001*** 163.1£50.3
Non-HW - 23 29.1£1.5 30.3 28.2 MWU) 151.2+42.9

PO8d4/d3 HW 3 16 32.2+0.6 32.4 31.8 <0.001*** 161.8+46.1
Non-HW - 28 28.142.2 30.2 26.0 (MWU) 166.2+50.0

PO8d2 HW 9 28 32.2+0.6 32.4 31.5 <0.001*** 153.9+42.9
Non-HW - 39 28.142.2 30.3 26.7 (Welch) 154.2+50.6

PO7d4 HW 4 22 32.0+£0.6 323 31.4 <0.001*** 155.0+43.2
Non-HW - 33 28.5+2.1 29.5 25.8 (Welch) 153.7450.6

PO7d3 HW 7 31 31.9+0.7 322 31.2 <0.001*** 149.0+41.3
Non-HW - 48 273 42.6 29.7 259 (Welch) 144.4+49.8

POTd2 HW 15 47 31.7+0.7 322 31.1 <0.001*** 156.0+44.9
Non-HW - 64 274425 29.6 26.2 (Welch) 141.8+43.6

Po6d4 HW 4 28 31.7+0.7 323 31.1 <0.001*** 158.0+44.0
Non-HW - 33 27.6+2.3 29.0 25.7 (Welch) 156.0+44.6

PO6d3 HW 10 46 31.7+0.9 32.1 30.8 <0.001*** 153.6+40.2
Non-HW - 42 26.7+2.3 29.1 25.8 (Welch) 143.5+47.7

o6z HW 20 66 31.4+0.8 32.0 30.8 <0.001*** 155.6+43.3
Non-HW - 57 269422 29.1 26.0 (Welch) 140.0+40.0

1) HWHEHWR H;Non-HWHE JEHGR H 2). 5 R 56 7 MW UHE 8- 30K JE UK S6 (BEAS EEn<30),Welch's r—test Fi5F /R Aok 5 (FE A Hin>30)3). B 3%

PR P<0.01,%%%P<0.001 (AUZHYH).
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Fig.1 Relative risk of the impact of heatwaves with different intensities and durations on the number of outpatient visits for

respiratory diseases
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