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Geostationary and Extended Orbits (GEO-XO)

https://www.nesdis.noaa.gov/GEO-XO Now in formulation

Hourly ALH !  

Heritage product:

AOD

UV Aerosol Index

…



Is the smoke layer near the surface? 

MODIS true color image and detected fires (red dots) on 16 Sep. 2020. Source: NASA World View. 

Need 3D in real time !

Smoke transport like this can be norm in 2030s
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Case Demonstration
• Air quality forecast is needed by the state/local communities to make advisories/decisions for 

mitigating public exposure to air pollution.

Chen et al., in review, no cite or quote!
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Improvement on prediction and analysis
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false alarm!
MERRA-2 

MERRA-2 Corrected by AOCH

• Aerosol layer height is one of the most needed information air quality mangers wants 

(based on HAQST group discussion on air quality forecast in smoke conditions).  

Chen et al., in review, no cite or quote!



Summary

• Nearly all modern optical sensing instruments have the capability 

and algorithm in place for mapping aerosol loading (e.g., AOD).

• Mapping surface 24-hour PM2.5 concertation, however,  requires the 

information of aerosol vertical distribution that clearly has a diurnal

variation. 

• Leveraging the research algorithm development and operational 

data production from TEMPO, TROPOMI, and others, GEO-XO is well 

positioned for improving surface PM2.5 estimates and forecast by 

providing hourly ALH retrieval, operationally. 

• GEO-XO ACX instrument will be revolutionary for mapping and 

forecasting 3D air quality, bringing significant societal and economic 

benefits to the pubic in 2030s when the historic fires we saw in 2020 

are likely to be the new norm. 
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O2-O2 477 nm

Oxygen absorption bands vs. surface reflectance spectra

O2 B-band has moderate absorption, stronger than O2-O2 at 477 nm and 

weaker than O2 A. O2 B-band also has very low surface reflectance, 

comparable if not lower than blue bands, due to Chlorophyll-a absorption.

Blue band



Oxygen absorption spectroscopy
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Implication to surface PM2.5 Air Quality Assessment
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Validation with MODIS and CALIOP data

Figure 4. Validation of EPIC retrieved aerosol layer height (ALH, black curve) with CALIOP 

profile of 532-nm extinction coefficient. Panel a and b are for CALIPSO overpass on April 17 

and 18, respectively. The corresponding sub-orbital tracks are indicated in Figure 3b. Cloud 

layers are indicated by gray color. The red curve depicts CALIOP extinction weighted ALH 

calculated by Eq. (XXX). 
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Figure 5. (a) Scatterplot of EPIC retrieved 680 nm AOD versus MODIS C6 680 nm AOD, 

both aggregated into a 0.5° spatial resolution. So, each scatter indicates an AOD pair over a 

0.5°x0.5° grid. Color of scatter indicates the frequency of scatters falling within 0.025 AOD 

intervals. Also shown are one-by-one line (solid) and 0.1±10% (dashed) envelop.  (b) 

Scatterplot of EPIC retrieved aerosol layer height (ALH) versus CALIOP extinction weighted 

ALH, sampled from Figure 4 for cloud-free conditions. Also included are one-by-one line 

(solid), ±0.5km (dashed) and ±1.0km (dotted) envelops. Annotated in each panel are number 

of scatters (N), Bias, root mean squared error (RMSE), and Pearson correlation coefficient 

(R). 
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Validation 

(a) (b) (c)

• TROPOMI operational ALH product based on O2 A-band has 1.5 km low bias 

(Nanda et al., 2020)

• This study using O2 A- and B-bands has mean bias of nearly zero in AOCH. 



Thoughts for future directions

>15 yrs

GEO



Ding et al., 2016, AMT



Retrieval of diurnal variation AOD from EPIC’s 

O2 A and B bands

•AOD field clearly 

indicates mass 

continuity; high 

close to the 

source, and low 

in downwind. 

•ALH shows no 

relationship with 

AOD

•ALH varies 1 – 5 

km.

DSCOVR
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