Appendix A. Supplementary data
1. Forward model
Assuming a uniform Lambertian surface, a horizontally averaged atmosphere, and atmospheric molecules primarily exist above the aerosol layer, the combined effects of gas absorption, Rayleigh scattering, and aerosol scattering on Top-of-Atmosphere (TOA) reflectance can be expressed as follows:

Where  is the apparent reflectance at the satellite observation， is the gas transmittance, which in this study corresponds to ozone , carbon dioxide , and methane ,  and  are the upward and downward atmospheric transmittances, respectively, is the surface-coupled reflectance, and  is the spherical albedo.
AOD retrieval entails determining the AOD corresponding to a specific location where the disparity between simulated reflectance and observed TOA reflectance is minimized while adhering to established atmospheric and surface constraints. Achieving high-precision retrievals necessitates establishing precise surface constraints.
Traditionally, for newly launched sensors, retrievals rely on pre-existing land surface reflectance (LSR) databases established for other sensors. However, differences in sensor characteristics pose challenges in achieving comparable accuracy when applying surface constraints established for specific sensor conditions to other sensors. To mitigate this challenge, we leverage the observations from the POSP to construct high-precision surface constraints for AOD retrieval, eliminating the need for additional reference data
The overall processing includes: (1) Constructing precise surface constraints by integrating LSR obtained from the atmospheric correction of existing POSP AOD products with gas concentration information from reanalysis datasets. (2) Implementing the aerosol retrieval algorithm based on the optimal search method utilizing the constructed surface constraints.
2. Atmospheric correction
In this study, the blue bands involved in the atmospheric correction include 410nm, 443nm, and 490nm. The 410nm and 443nm bands are within atmospheric window regions largely unaffected by gases but experience strong Rayleigh scattering. The 490nm band, on the other hand, is not only affected by Rayleigh scattering but also lies within the ozone absorption band. Hence, both blue bands necessitate correction for Rayleigh scattering, with the 490nm band additionally requiring correction for ozone absorption.
The red and near-infrared (NIR) bands involved are 679nm, 865nm, 1610nm, and 2250nm, respectively. The 679nm and 865nm bands reside within weak ozone absorption bands and are also strongly influenced by Rayleigh scattering. The 1610nm band is situated within the weak water vapor and carbon dioxide absorption band, though the impact of water vapor is negligible. The 2250nm band experiences weak absorption from water, carbon dioxide, nitrogen dioxide, and methane, though the influence of other gases relative to water is negligible. Moreover, for the NIR band, due to its relatively short wavelength, emissivity contributions from the aforementioned channels are not considered in this study. Therefore, only the reflectance contributions from the surface and atmosphere are corrected.
Consequently, the 670nm and 865nm bands must be corrected for ozone absorption, the 1610nm band for carbon dioxide absorption, and the 2250nm band for water absorption. Additionally, all bands are affected by aerosol scattering and require aerosol scattering corrections. The gas concentration data in the dataset are combined with a predefined key parameter LUTs to obtain the absorption transmittance of the three gases, and combined with the 6SV atmospheric correction module to complete the Rayleigh and aerosol scattering corrections to obtain the LSR.
3. [bookmark: _Ref159934269]AOD retrieval 
We propose a novel LSR estimation method using multi-band information. Then we select the pre-built LSR estimation model based on the location of the pixels to be retrieved, and linearly fit LUTs to establish a cost function aimed at determining the AOD corresponding to the constraint when the aerosol contribution is accurately subtracted, thus completing the inversion process. 
3.1. Cost Function
The LSR of the blue bands, computed from the atmospherically corrected LSR at various AOD conditions, can be derived by employing the linear expressions for each band as independent variables in the fitted statistical relationship. This derived LSR should be comparable to the atmospherically corrected LSR under equivalent AOD conditions. Notably, the statistical relationship is derived from fitting the LSRs across different bands, and observations containing aerosol information may not conform to this statistical relationship. Therefore, there exists an AOD value for which the LSR obtained from atmospheric correction best conforms to the pre-established statistical relationship. By formulating a cost function, the optimal AOD result satisfying the aforementioned criteria can be attained through iterative optimization. For simplicity, LSR at the blue band is represented as:

Where  is the scattering angle of this retrieval pixel,  is the LSR at the longwave channel, and  is the simulated LSR at the blue channel. In this study, it is assumed that the real LSR must follow Eq. (3), but in practice, this statistical constraint has deviations at individual pixels, and these deviations are transferred to the subsequent process, resulting in large deviations in the retrievals.



Where  is the AOD at 550 nm and  is the atmospherically corrected LSR at different bands, The atmospherically corrected LSR can be expressed as a linear function of the AOD, represented as . Consequently, the LSRs at the blue channel, derived by fitting the atmospherically corrected LSRs at the longwave channel into the statistical relationship, can also be expressed as a linear function of the AOD, represented as . Thus, the final cost function is only related to the unique variable AOD.
3.2. Optimal search method
When retrieving AOD for each pixel, the cost functions of three blue bands at 410 nm, 443 nm, and 490 nm can be obtained. To improve the efficiency, the channel with the highest correlation coefficient when establishing the statistical relationship of the pixel is chosen as the final cost function employed in the optimization iteration.
Throughout the optimization iteration process, constraints are imposed to prevent abnormal results, including (1) the LSR obtained from the atmospheric correction for all bands is greater than 0, (2) Verifying that the AOD obtained falls within the preset range of the LUTs, specifically within the range of (0, 5).
Methods for solving the cost function, including Gradient Descent for continuously derivable objective functions, Conjugate Gradient for quadratic objective functions, Newton's method for faster convergence to optimal solutions, and so on. The iterative functions used in this study contain only a single state vector with a set of constraints. Therefore, the Newton method proposed by L-BFGS-B is finally used to solve the cost function.
