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GEOS-CF is NASA GMAO’s composition forecasting system,  
combining GEOS-Chem with the GEOS model

GEOS-CF is widely used for research and NASA mission support 

GEOS AGCM

+

GEOS-CF
• Daily near real time estimates and 5-day 

forecasts since 2019 

• Global coverage at ~25 km resolution 

• Number of applications, including: 
• NASA mission support (TEMPO, TolNet, 

field campaigns) 
• Atmospheric chemistry research 
• Air quality management

Keller et al., 2021, JAMES; 
Knowland et al., 2022, JAMES

CF-2 coming soon!



GEOS-CF NO2 is consistent with OMI and surface observations

Journal of Advances in Modeling Earth Systems

surfaces (Travis & Jacob, 2019). In addition, most OpenAQ observation sites are located near densely popu-
lated areas, and the 25 × 25 km2 model simulation cannot fully capture the fine-scale features characteristic 
for these environments (Keller et al., 2020).

3.3. Nitrogen Dioxide

As shown in Figure 8, GEOS-CF captures major features of the global distribution of tropospheric NO2. The 
model simulated NO2 columns (Figure 8a) show distinct hot spots over urban areas (e.g., Eastern China, 
Europe, and Eastern US), reflecting the dominant contribution of fossil fuel combustion coupled with the 
short atmospheric lifetime of NO2 (Duncan et al., 2016; Streets et al., 2013;). Additional hot spots resulting 
from biomass burning are found over Africa and the boreal region of Canada (Figure 8a). The spatial pat-
tern simulated by GEOS-CF agrees well with the NO2 columns observed by OMI. Over Eastern China, the 
model simulated NO2 columns are up to 3.0 × 1015 molecules cm-2 (or approx. 40%) higher than the OMI 
observations (Figure 8b), suggesting a potential overestimation of NOx emissions or a longer NOx lifetime 
in the model (Shah et al., 2020). However, the OMI retrieval algorithm v4.0 tends to underestimate tropo-
spheric NO2 over polluted areas (Lamsal et al., 2021), which complicates the analysis. As further discussed 
in the next section, the comparison against surface observations does not support the view of a broad-based 
overestimation of surface NO2 over Asia.

As shown in Figure 8c, the simulated seasonality of tropospheric NO2 columns is in good agreement with 
OMI observations. Over areas dominated by anthropogenic activities, such as the US, Europe, and China, 
the simulated NO2 columns show a distinct seasonal cycle with the minimum during summer and peak 
during winter, driven by the seasonal variation in NOx lifetime against oxidation (Shah et al., 2020). The 
seasonal cycle observed over China is well captured by GEOS-CF, while the simulated wintertime peak 
over the US and Europe is higher than observed by OMI. Chemical loss of NOx during winter is dominated 

KELLER ET AL.

10.1029/2020MS002413

14 of 31

Figure 8. Comparison of GEOS-CF against OMI tropospheric column NO2. (a) the 2018–2019 average tropospheric NO2 column (1–2 pm local time) as 
simulated by GEOS-CF. (b) The difference between model simulated tropospheric column and NASA OMI NO2 (v4.0) observations. (c) Right panel shows the 
tropospheric NO2 time series averaged for six regions, as shown in (a) and (b) (n.b., y-axis intervals are not the same for each time-series).
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Tropospheric NO2 columns Surface NO2

Results for 2018-19

OMI v4.0



GEOS-CF trop NO2 spatially correlated with TEMPO NO2

June ‘24

Dec ‘23

Tropospheric NO2 columns
GEOS-CF-1 TEMPO (V03)

✦ High correlation between 
GEOS-CF and TEMPO 

✦ GEOS-CF 40% higher 
because of older emissions 

✦ TEMPO shows high NO2 
over the Permian Basin, not 
seen in the model

NO DATA NO DATA

TEMPO data gridded to GEOS-CF 
grid with recommended quality filters



GEOS-CF NO2 diurnal profiles stronger than in the TEMPO data

Tropospheric NO2 columns 
June ‘24

Diurnal variation in the model driven by oxidation (mid-day peak)  
and emissions (morning & evening peaks)  

GEOS-CF shows larger diurnal variation than the TEMPO data



GEOS-CF stratospheric NO2 matches the TEMPO data

1

Diurnal variation for 2° longitude slices   
East → ← West

5

Stratospheric NO2 columns
GEOS-CF-1 TEMPO GEOS-CF-1 TEMPO

June December

NO DATA NO DATA

JUNE

DEC

✦ Diurnal and 
seasonal 
variation driven 
by chemistry



Surface NO2 much lower in GEOS-CF-2

2022

CF-2
CF-1
Obs

CF-2
CF-1
Obs

GEOS-CF-2EPA AQS observations

Updated 
physics and 

chemistry

Updated emissions

Constituent data 
assimilation

GEOS-CF-2 includes major updates

NO2



But NO2 columns in CF-2 closer to the TEMPO data

GEOS-CF-2 TEMPO

> GEOS-CF-2 is consistent TEMPO data over cities, 
improvement over GEOS-CF-1 

> Background NO2 too high in CF-2

Tropospheric NO2 columns 
Aug ‘23

Preliminary; TEMPO averaging kernel not applied



Conclusions

✤ GEOS-CF-1 tropospheric NO2 is spatially similar to the TEMPO data; 
stratospheric NO2 columns match each other well 

✤ High bias in tropospheric NO2 in GEOS-CF-1, but GEOS-CF-2 is better 

✤ Need to better understand  
‣  the diurnal variation of NO2 over cities,  
‣  the inconsistency between column and surface comparisons, and  
‣  and the higher background NO2 in the new model 


