Table S1. Geographic information of 17 national‑controlled atmospheric monitoring stations across 17 prefecture‑level cities in Henan Province
	City (Prefecture‑level)
	Station name
	Longitude (°E)
	Latitude (°N)

	Zhengzhou
	Zhengzhou Municipal Bureau of Ecology and Environment
	113.6524
	34.7561

	Luoyang
	Luoyang Environmental Monitoring Station
	112.4583
	34.6192

	Kaifeng
	Kaifeng Environmental Monitoring Site
	114.3572
	34.8075

	Anyang
	Anyang No.1 Middle School monitoring site
	114.3247
	36.1054

	Hebi
	Hebi Environmental Protection Bureau
	114.2916
	35.7438

	Xinxiang
	Xinxiang Urban District monitoring station
	113.9271
	35.3126

	Jiaozuo
	Jiaozuo Environmental Monitoring Center
	113.2453
	35.2274

	Puyang
	Puyang Municipal Environmental Monitoring Station
	115.0134
	35.7782

	Xuchang
	Xuchang Urban monitoring site
	113.8542
	34.0367

	Luohe
	Luohe Environmental Monitoring Station
	114.0218
	33.5845

	Sanmenxia
	Sanmenxia Urban monitoring station
	111.2076
	34.7713

	Nanyang
	Nanyang Environmental Monitoring Station
	112.5305
	32.9917

	Shangqiu
	Shangqiu Urban‑area monitoring site
	115.6573
	34.4341

	Zhoukou
	Zhoukou Environmental Protection Bureau site
	114.6622
	33.6304

	Zhumadian
	Zhumadian Urban monitoring station
	114.0287
	32.9866

	Pingdingshan
	Pingdingshan Environmental Monitoring Station
	113.1945
	33.7702

	Xinyang
	Xinyang Urban‑district monitoring site
	114.0879
	32.1268


Note: Each prefecture‑level city corresponds to one national‑controlled monitoring station used in this study. City‑level pollutant concentrations are represented by observations from the respective station. All stations are located in urban built‑up areas. Longitude and latitude are the geographic coordinates of corresponding national‑controlled ambient air‑quality monitoring sites.

Table S2. City-scale Mann-Kendall trend test results for annual PM₂.₅ and MDA8-O₃ concentrations in 17 prefecture-level cities of Henan Province (2016–2025)
	City
	PM₂.₅ Sen's slope (μg·m⁻³·yr⁻¹)
	PM₂.₅ P-value
	MDA8-O₃ Sen's slope (μg·m⁻³·yr⁻¹)
	MDA8-O₃ P-value
	Group type

	Anyang
	−4.517
	<0.001
	2.026
	0.012
	rapid-rise

	Hebi
	−2.837
	0.001
	1.369
	0.074
	slow-rise

	Puyang
	−3.167
	<0.001
	1.207
	0.020
	slow-rise

	Xinxiang
	−2.904
	0.001
	2.396
	0.004
	rapid-rise

	Jiaozuo
	−4.559
	<0.001
	2.432
	<0.001
	rapid-rise

	Zhengzhou
	−4.433
	0.001
	2.208
	<0.001
	rapid-rise

	Xuchang
	−2.927
	0.007
	1.837
	0.004
	rapid-rise

	Pingdingshan
	−3.884
	<0.001
	1.169
	0.032
	slow-rise

	Luohe
	−3.011
	<0.001
	1.721
	0.007
	rapid-rise

	Luoyang
	−3.842
	0.004
	1.088
	0.049
	slow-rise

	Sanmenxia
	−3.075
	<0.001
	1.214
	0.012
	slow-rise

	Kaifeng
	−3.239
	<0.001
	1.272
	0.012
	slow-rise

	Shangqiu
	−3.088
	0.004
	1.552
	0.032
	rapid-rise

	Zhoukou
	−2.845
	0.001
	0.531
	0.283
	slow-rise

	Nanyang
	−2.560
	<0.001
	0.148
	0.721
	persistent moderate-pollution

	Zhumadian
	−2.940
	0.001
	1.434
	0.012
	slow-rise

	Xinyang
	−2.259
	0.001
	1.349
	0.032
	slow-rise


Note: Sen’s slope represents the annual change rate of pollutant concentrations (μg·m⁻³·yr⁻¹). The significance level of the Mann‑Kendall test was set at α = 0.05. Cities are classified into rapid‑rise (MDA8‑O₃ Sen’s slope ≥ 1.5 μg·m⁻³·yr⁻¹ and P < 0.05), slow‑rise (0.5 ≤ MDA8‑O₃ Sen’s slope < 1.5 μg·m⁻³·yr⁻¹ or rising trend not statistically significant), and persistent moderate‑pollution (MDA8‑O₃ Sen’s slope < 0.5 μg·m⁻³·yr⁻¹ and P  ≥ 0.05) groups based on city‑level Mann‑Kendall outputs.


