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Motivation

GEOS-5 10km resolution
Red: Dust    Blue: Sea Salt     Green: Smoke    White: Sulfate
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Motivation

IPCC 2013
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Motivation
2D proxies (vertically aggregated data) often insufficient to understand aerosol distribution

e.g. aerosol optical depth from satellites

MODIS AOD

CALIOP lidar vertical profile (‘scene’) 
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Problem Statement 

Reconstruct vertical profiles of sulfate concentrations from aggregated column mass 
density + chemical and meterological covariates 

Specific problem to develop a proof of concept for the methodology:

General setup: 

● Collection of bagged observations:
● Function to disaggregate:
● Aggregation operator over column height:
● Aggregate observation model:
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Dataset
NASA’s GEOS-5 Nature Run output used as dataset basis.

https://gmao.gsfc.nasa.gov/global_mesoscale/7km-G5NR/
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Initial Solutions - Baseline 1

Input 3D covariates :

Objective :

Hypothesis :

Solution : Closed form ridge regressor of column-aggregate inputs against AOD
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Initial Solutions - Baseline 2
Input 3D covariates :

Input 2D covariates :

Step 1 : Fit Step 2 : 

Solution : Closed form two-stage ridge regressor

Hypothesis :
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Experiments
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Discussion & future work

Reconstruct vertical profiles  from aggregated observations of the AOD and 
chemistry + meterological covariates 

● Two-stage regression shows a slight increase in performance over simple kernel ridge 
regression with metrics used

● Unclear why the influence of SO2 profiles (important sulfate precursor gas) on 
predictions varies in experiments

● Metrics more suited to the problem should be developed 
● Next step: use specialised aerosol models with lidar simulator and develop 

kernel-based model to tackle the AOD disaggregation problem:

Code and data available at: 
https://github.com/shahineb/aerosols-vertical-profiles


