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➢ The contribution of background air pollutants and the transport of external air pollutants to
California’s air quality is becoming increasingly important as local emissions continue to decrease.

➢ Outputs from global chemistry models are often used as chemical boundary conditions for
regional air quality models.

➢ Currently, the NCAR’s CAM-Chem model products are used in the California Air Resources Board
(CARB)’s regional air quality modeling. To better understand the assumptions and uncertainty of
model-based chemical boundary conditions, we conducted global chemical transport model
simulations using GEOS-Chem v13.3.4 and compared model output with CAM-Chem simulations.

➢ We focused on NO2, O3, and black carbon in California for 2018, and used NOAA’s ozonesonde
measurements at Trinidad Head as well as TROPOMI tropospheric NO2 column data to evaluate
the two models.

GEOS-Chem (GC) v13.3.4 CAM-Chem (CC)

Spatial resolution 2ox2.5o, 47 layers (Global)
0.5ox0.625o, 47 layers (Nesting-NA)

0.9ox1.25o, 56 layers 
(Global)

Temporal resolution hourly 6-hourly

Meteorological driver MERRA2 MERRA2

Gas phase chemistry GEOS-Chem 
(NOx-Ox-HC-aerosol, UCX)

MOZART-TS1

Aerosol phase chemistry Complexity SOA MAM4

Anthro. Emission CEDSv2, NEI-CONUS etc POET, EDGAR,PEAS etc

Biomass burning Emissions GFED4 3hourly FINN-QFED

Time span 2018 2018

Evaluation Data sets:
1. Trinidad Head Observatory (THD)

Ozonsonde, entire 2018, total of 49 vertical profiles

2. Revised TROPOMI tropospheric NO2 columns 
May-Dec 2018
QA-value > 0.50
Aggregated: 50km x 50 km grids
GC model: 21 UTC
CC model: 00 UTC

Evaluation Metrics:
Ozonesonde: interpolated model values 
to the ozone profiles and used RMSE, 
Mean bias, and R2.

Satellite:  aggregated simulations to the 
monthly-mean values for all grid cells in 
the defined domain and sub-regions: 
Central Valley (CV=SJV+SV), SoCAB, and 
SFBA. Used MNE and MNE for model 
performance evaluation.

Results: Black Carbon simulations

Results: O3 simulations 
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❖ The comparison and evaluation of two commonly-used and state-of-science global models help us to better
understand the chemical boundary conditions used in our regional air quality simulations.

❖ The similarities between two models together with slightly better performance from GC are identified in the
study. Next steps, will include using GC to conduct a series of sensitivity tests to understand and quantify the
regional chemical backgrounds and the influences of out-of-state air pollution events.

CC vs GC

▪ Horizontal mapping GC grids to CC 
grids using ArcMap’s intersect function

▪ Vertical mapping CC layers to GC layers 
using Matlab’s nearest neighbor 
interpolation

▪ Focused on monthly-mean values at 
00, 06, 12, and 18 UTC. • GEOS-Chem models: https://geos-chem.seas.harvard.edu/

• CAM-Chem products: Buchholz, R. R., Emmons, L. K., Tilmes, S., & The CESM2 Development Team, (2019). CESM2.1/CAM-chem 
Instantaneous Output for Boundary Conditions. UCAR/NCAR - Atmospheric Chemistry Observations and Modeling 
Laboratory. Lat: 20 to 60, Lon: 220 to 320, 2018, Accessed 1.1.2022 https://doi.org/10.5065/NMP7-EP60.

Results: NO2 simulations

• The monthly-averaged surface O3 simulations between CC and GC in California are shown above. Comparing the two
model simulations, we found that the two models simulated similar seasonal variations of surface O3. However, CC
simulated higher values of surface O3 than GC, by up to 20 ppbv. The large differences along the boundaries (pink)
appeared in winter and spring.

• We used THD ozonesonde measurements from the surface to 10km to evaluate the models by season. We found that CC
mostly overestimated ozone profiles for all seasons, while GC slightly underestimated ozone profiles. The vertical profiles
show that the overestimation by CC is primarily in the lower troposphere. GC has smaller mean bias errors than CC across
three seasons except spring, and especially GC has better performances in terms of RMSE, mean bias, and R2 than CC
during summer and fall.

• The monthly-averaged black carbon simulations at the surface layer between CC and GC are shown above. The
seasonal variations of black carbon concentrations are similar between the two models, e.g higher in winter and
lower in spring. Both models simulated the July wildfires in California with similar transport patterns. Overall, CC
simulated higher surface black carbon concentrations than GC in all the months in SoCAB, SFBA and SJV areas. For the
wildfires, GC simulated higher surface black carbon concentrations than CC around the wildfire locations, while CC
simulated larger influences (stronger transport) than GC to the downwind areas. A hotspot in October is shown in GC
from the border of CA and OR, but not shown in CC simulation.

The 10th International GEOS-Chem Meeting (IGC10) 
Washington University in St. Louis
June 6-10, 2022

C
A

M
-C

h
e

m
G

EO
S-

C
h

e
m

Apr Jul OctJan

D
if

f

• The monthly-averaged tropospheric NO2 column concentrations are studied from CC, GC, and the corresponding
revised TROPOMI NO2 values. The values from a summer month (July) are shown here. In general, both CC and GC
capture the spatial patterns and magnitudes of tropospheric NO2 column distributions in the domain. We applied the
evaluation metrics to quantify the CC and GC monthly performances across May to December 2018. The details are
discussed in the following.

• Compared to the TROPOMI tropospheric NO2 column data, CC has a systematic positive MNB for all the months
in the whole domain (“whole”). The MNBs for GC are slightly positive in summer and negative in other seasons.
The monthly bias patterns are also seen in the sub-regions. MNE from both CC and GC are within 0.5 (i.e 50%)
for most of months, except the winter month (Dec) of CC. Overall, MBE levels in CC and GC are similar for most
of months in summer and fall. GC has a smaller MBE in Dec (a winter month) and a larger MBE in May (a spring
month), compared with CC.

• For the sub-regions, both GC and CC have the worst performance for SFBA in terms of MNB and MNE, and CC
have the low performance in SoCAB as well. The overall levels of MNE in SoCAB and SJV are below 1 (100%),
except SFBA and SoCAB in CC during the months of fall, and SFBA in GC during August.

• Overall, from the regional to the sub-regional scale, the errors of CC and GC are increased from ~50% to ~100%.
The positive bias of NO2 column in CC for all seasons, good performance for GC in the summer, and negative bias
of NO2 in GC for other seasons are consistent with the ozone bias analysis.

THD

SJV

SoCAB

SFBA

SV

SV: Sacramento Valley
SFBA: San Francisco Bay Area
SJV: San Joaquin Valley
SoCAB: South Coast Air Basin 

Simulated vs Observed ozone profiles from surface to 10 km
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