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S1: Analysis methods of WPSCF and WCWT

In the calculation of WPSCF (weighted potential source contribution function) and
WCWT (weighted concentration weighted trajectory), we first calculated the air mass
trajectories for the preceding 48 hours at heights of 100 m, 500 m, and 1000 m within
all observation days (July 15-24, 2023, and July 17-31, 2024). Next, the UVPM mass
concentration data were overlaid onto the air mass trajectory data, and the areas
traversed by the air mass trajectories were divided into a 0.5°%0.5° grid, in order to
determine the potential source regions of UVPM for the observation station. The

calculation methods for WPSCF and WCWT are shown in Equations (S1) and (S2)

(Wang, 2024):
1
C;= S i Crey (52).

In Equation (S1), m;jj represents the number of polluted trajectory endpoints within the
ij-th cell, and njj represents the total number of trajectory endpoints within the ij-th
cell. Wj is the weighting factor. In Equation (S2), Cj; is the average weighted
concentration in the ij-th cell, 1 is the index of the trajectory, M is the total number of
trajectories, Cj is the concentration observed on arrival of trajectory 1, and tj; is the
time spent in the ij-th cell by trajectory 1. A high value for C;; implies that air parcels
traveling over the ij-th cell would be, on average, associated with high concentrations
at the receptor. The arbitrary weighting function described above was also used in the
CWT analyses to reduce the effect of the small values of njj. (All the above content
refers to the official MeteoInfo documentation, which can be found at the following

URL: http://www.meteothink.org/docs/trajstat/trajstatrun.html.)

S2: Profile classification method
In classifying the vertical profiles, we performed the cluster analysis based on the
gradient variation of eBC (equivalent Black Carbon). The four resulting profile types

were defined. Uniformly decreasing (Cluster 1): In the observed samples, the vertical

1



gradient of eBC concentration is less than 0.6 pg m= km™' and remains nearly
constant, exhibiting either a quasi-linear or weakly decreasing trend with height;
Non-uniformly decreasing (Cluster 2): In the observed samples, the vertical gradient
of eBC concentration exceeds 1.0 pg m~> km™! within the lowest 500 m and persists
over a vertical extent of at least 50 m, indicating a more rapid decrease with height;
Double-inflection point (Cluster 3): Observation samples where the eBC
concentration profile clearly displayed two inflection points, typically characterized
by an initial decrease with height, followed by an increase, and then a subsequent
decrease; Continuous increasing (Cluster 4): Observation samples where the eBC
concentration exhibited a continuous increase with increasing height across the

observed column.

S3: Selection guidelines for pollution incidents

1. Diesel vehicle emissions: During the 20:00 observation on July 17, 2024, a diesel
harvester was operating approximately 50 m from our observation site and ceased
work after about half an hour. Consequently, we define this specific observation as
being affected by diesel vehicle emissions. For comparison, we selected the 23:00
observation—which has the shortest temporal difference—as the corresponding

non-diesel vehicle emission observation.

2. Dust Pollution: A dust event occurred throughout the entire day of July 21, 2024.
We defined the 8:00 observation, when the dust was most severe (PMo concentration
in Pingliang urban area was 350 ug m™> at that time), as the dust pollution observation.
Since the dust event lasted for a long duration, we chose the observation taken at the

same time on the previous day (8:00 on July 20, 2024) for comparison.

S4: Two-component model
Referring to the studies by Chen et al. (2015), we used a two-component model to
separate the light absorption coefficients of eBC and UVPM, calculated using the

following formulas:



_ _ -AAE¢pC -AAEyvpm
babs, 2 = babs, 1, eBC T Dabs, 2, uvem = ApXATTTEC A Ay XA (S3).

Where AAEcsc and AAEuvem are the Absorption Angstrom Exponents (AAE) for
eBC and UVPM, respectively. In the calculation process, eBC is typically assumed to
be composed of pure carbon, thus AAEcgc is approximated as 1.0 (Chow et al., 2018).
The values of A1, A2, and AAEuvewMm in the equations are then determined through a

least-squares fitting method.

Table S1 Methods to calculate the planetary boundary layer height (Holzworth, 1964; Zhang

et al., 2020).

Methods Formulas Annotation

01 denotes the potential temperature
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Figure S1. Temporal variations of meteorological parameters, including air temperature (T),

relative humidity (RH), wind direction (WD), wind speed (WS), and air pollutants, including



particulate matter with aerodynamic diameter smaller than 2.5 pm (PM> ) and than 10 pm
(PM o), nitrogen dioxide (NO>), ozone (O3), sulfur dioxide (SO>), and carbon monoxide (CO),
were observed during the monitoring period. The shaded areas in the figure represent the
during and after vehicle emissions, no dust pollution, and dust pollution at 20:00 on July 17,

23:00 on July 17, 2024, 08:00 on July 20, 2024, 08:00 on July 21, 2024, respectively.
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Figure S2. a) Statistics of the number of observations for different hours of day, while b) and
c) the observation heights for each measurement and the eBC and UVPM concentrations at

different heights, respectively.
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Figure S3. Comparison of equivalent black carbon (eBC) vertical profiles during ascent with

those during descent of the tethered balloon.
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Figure S4. Comparison of ultraviolet-absorbing particulate matter (UVPM) vertical profiles

during ascent with those during descent of the tethered balloon.
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Figure S5. Significance test of the UVPM—eBC differences during different hours of the day.

The red and blue dashed lines in the figure indicate p-values of 0.05 and 0.01, respectively.
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Figure S6. Diurnal variations in vertical profiles of the light absorption coefficients for

UVPM and eBC at the Pingliang observation station during the summers of 2023 and 2024.

The blue line and shaded area represent the mean profile and standard deviation of the UVPM

light absorption coefficient, respectively. The red line and shaded area represent the mean

profile and standard deviation of the eBC light absorption coefficient, respectively. The light

orange shaded area indicates the difference between the light absorption coefficients of

UVPM and eBC.
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Figure S7. Example of Absorption Angstrdm Exponent (AAE) fitting calculation. The fitting

equation is bpp(A) =k % ATAE where 2437 is the fitted value of k, and -1.25 is the fitted

AAE value.
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Figure S8. Mean diurnal variation of the vertical profiles of the Absorption Angstrém

Exponent for carbonaceous aerosols. The line and shaded area represent the mean profile and

standard deviation of the AAE, respectively.
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Figure S9. Mean diurnal variation of the vertical profile of Absorption Angstrém Exponent

for UVPM. The line and shaded area represent the mean profile and standard deviation of the

AAEuvpwm, respectively.
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Figure S10. All 48-hour backward trajectories of air masses that reached the Pingliang
Observatory at 500 m height (above ground level) during the measurement period (from July

15 to 24, 2023, and from July 17 to 31, 2024), where the different colors of each trajectory

represent the altitude of the air mass at different geographic locations.
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Figure S11. Temporal variation of the planetary boundary layer height over Pingliang urban
area during the observation period (PBLH obtained from the Global Data Assimilation
System). The observations in the year of 2023 and 2024 were separated by the vertical blue

dashed line.
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