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Section S1 

This section presents the variables involved in Equations (3)–(7). As shown in Figure S1, 

the schematic diagram graphically illustrates the spatial configuration and interrelationships 

of the key geometric variables. It provides an intuitive and rigorous visual representation that 

greatly facilitates the understanding of the PSMI derivation process and its underlying physical 

principles. 

 

Figure S1 Definition of pixel-level spatial variables 



Section S2 

To quantify the accuracy of our pixel reconstruction and PSMI algorithm, we performed a 

direct comparison with the authoritative OMI Pixel Corner (OMPIXCOR) product [1]. We 

randomly selected a site near our study area, the Academy of Athens (23.78°E, 37.99°N), and 

applied our method to 502 OMI overpass samples from 2020, deriving key parameters: pixel 

corner coordinates, long/short axes, and the PSMI. As shown in Figure S2, our algorithm 

demonstrates excellent agreement with the OMPIXCOR reference data. The derived pixel 

corner longitudes and latitudes exhibit high correlation (R² > 0.985) with RMSEs of less than 

0.026°. The lengths of the major and minor axes, which are critical for defining the elliptical 

model used in PSMI calculation [2], also show strong consistency, aligning with known OMI 

pixel characteristics [3]. Consequently, the final PSMI values are highly reproducible. This 

validation confirms that our method robustly reconstructs pixel geometry against the trusted 

benchmark, ensuring the reliability of the PSMI for spatial representativeness analysis. 

 

 
 (a) Longitude of corner point (b) Latitude of corner point 

 
 (c) Length of the pixel long axis (d) Length of the pixel short axis 



 

(e) PSMI 

Figure S2 Figure S2 Evaluation of pixel reconstruction and PSMI 

algorithms against the reference corner point product (OMPIXCOR) 

Section S3 

This section provides supporting information on the interpretation and validation of the 

RS-IRCI metric referenced in the main text. Figure S3 illustrates several typical peak 

distribution patterns, including analytical models and a real remote sensing PSMI profile. 

Table S summarizes the mathematical expressions and parameters for the analytical models 

shown in Figure S3. Table S defines the formulas of several comparative metrics used for 

benchmarking, and Table S presents the calculated values of these metrics for each 

distribution, including the proposed RS-IRCI. 



 

(a) Gaussian single Peak Distribution (b) Noisy Gaussian Single Peak Distribution (ϵ = 0.15) 

 

(c) Noisy Cauchy Mixture Distribution (ϵ = 0.024) (d) OMDOAO3 PSMI curve (2020 ~ 2022) [1] 

Figure S3 Typical peak distributions and remote sensing datasets 

Table S1 Model expressions and parameters [4,5] 

Name Expression Parameter 

Gaussian single Peak 

Distribution (y) y = A ∙ e−0.5
(
𝑥−𝜇
𝜎

)
2

 μ: 50; A: 1; σ: 5 

Cauchy Mixture 

Distribution (y) 
y =∑A𝑖 ⋅

1

𝜋𝛾𝑖 [1 + (
𝑥 − 𝜇𝑖
𝛾𝑖

)
2

]

2

𝑖=1

 μ: [40, 60]; A: [1, 0.6] 1; γ: [2, 

3] 

Noise level (ϵ) 
ϵ ∽ 𝒩(0, 𝜎𝑛𝑜𝑖𝑠𝑒

2 ) 
y𝑛𝑜𝑖𝑠𝑦(𝑥) = y𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙(𝑥) + ϵ 

𝒩: Normal distribution; 

𝜎𝑛𝑜𝑖𝑠𝑒
2 :Variance of noise 

 

Table S2 Peak concentration quantification metrics [6-11] 

Name Expression Condition 

Standard Gini 

Coefficient (G) 
G =

∑ (2𝑖 − 𝑛 − 1) ∙ 𝑦𝑖
𝑛
𝑖=1

𝑛 ∙ ∑ 𝑦𝑖
𝑛
𝑖=1

 
For the sorted sequence: y1 ≤ 

y2 ≤ … ≤ y3 

Position-weighted 

Gini Coefficient 

(Gp) 

G𝑝 =
∑ ∑ 𝑦𝑖 ⋅ 𝑦𝑗 ⋅ |𝑥𝑖 − 𝑥𝑗|

𝑛
𝑗=1

𝑛
𝑖=1

2 ⋅ (𝑥𝑚𝑎𝑥 − 𝑥𝑚𝑖𝑛) ⋅ (∑ 𝑦𝑖
𝑛
𝑖=1 )2

 

For the sequence sorted by 

position: (x1, y1) ≤ (x2, y2) ≤ … 

≤ (xn, yn), where x1 ≤ x2 ≤ … ≤ 

x3 



Weighted Standard 

Deviation (σw) 

σ𝑤 = √
∑ 𝑤𝑖 ∙ (𝑥𝑖 − 𝑥𝑤)

2𝑛
𝑖=1

∑ 𝑤𝑖
𝑛
𝑖=1

 

𝑥𝑤 =
∑ 𝑤𝑖 ⋅ 𝑥𝑖
𝑛
𝑖=1

∑ 𝑤𝑖
𝑛
𝑖=1

 

x: Position coordinate 

w: Weight (usually the height 

value y) 

Moran's I for one-

dimensional 

sequence (I) 

𝐼 =
∑ ∑ 𝑤𝑖𝑗(𝑦𝑖 − 𝑦)(𝑦𝑗 − 𝑦)𝑛

𝑗=1
𝑛
𝑖=1

∑ (𝑦𝑖 − 𝑦)2𝑁
𝑖=1

 

wij: 1/k, if dij ranks among the 

k smallest in {di1, di2, …, diN}; 

otherwise, 0 

d𝑖𝑗 = |𝑥𝑖 − 𝑥𝑗| 

 

Table S3 Calculated values of peak concentration metrics 

Evaluation 

Metrics 

Reference 

Value 

Gaussian 

Single Peak 

Distribution 

Noisy 

Gaussian 

Single Peak 

Distribution 

Noisy 

Cauchy 

Mixture 

Distribution 

OMDOAO3 

PSMI curve 

(2020 ~ 2022) 

G [0, 1] 0.841 0.721 0.659 0.531 

Gp [0, 1] 0.000 0.002 0.000 0.243 

σw [0, +∞) 0.05 0.173 0.203 0.051 

I [-1, 1] N/A 0.876 0.763 0.202 

η (RS-IRCI) [0, 1] 0.125 0.348 0.374 0.331 
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