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Characteristics 
of Global 
Chemistry
Modeling

 Spans all spatial scales from local/regional to global (long-range 
transport)

 Spans timescales of hours to centuries
 Only boundary conditions are at the surface and (maybe) at the top
 Can be part of an Earth System Model
 Targets air quality, atmospheric composition and climate forcing

Jacob and Winner, 2009

Biogeochemistry feedbacks 
through biogenic emissions

Arneth et al., 2010 



Types of global 
chemistry 
models

Dynamics 
(U,V,T,Q, 
clouds)

Specified

Nudging Overwrite 
(CTM)

Internally-
generated

Typical configurations
• Horizontal resolution: 10s -100s km
• Vertical extent: ≈40-150 km (need stratosphere!)
• Timestep: 20-30 minutes
• Number of species (ACCMIP): 16-120
• Simulation periods: days to centuries



Coarse grid 
and 
evaluation/assi
milation issues

 Significant mismatch between model resolution and scale of 
observations, including most satellites
Representativeness

Averaging and variability

Emmons et al., 2015



How good are 
global models 
at simulating 
AQ?

Young et al., 2013

ValMartin et al., 2014

HTAP models; Fiore et al., 2009
Travis et al., 2016



Regional 
versus global 
modeling: 
does 
resolution 
matter?

Wild and Prather, 2006



Regional 
versus global 
modeling: 
does 
resolution 
matter?

Pfister et al., 2014

Positive bias



Long-term 
trends: 
emissions 
versus
transport

Barnes et al., 2016



Long-term 
trends: 
emissions 
versus
transport

Barnes et al., 2016



Observations: 
living with 
short records 
and large 
internal 
variability
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Observations: 
living with 
short records 
and large 
internal 
variability
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Farman et al., 1985



Application: 
long-range 
transport and 
impact of 
emission 
reductions

HTAP, 2010



Application:
Long-term 
trends, climate 
forcing and 
mortality
studies

Silva et al., 2016

IPCC AR5, Ch. 8

Fann et al., 2011 

Lamarque et al., 2011

Ozone mortality (million deaths/year)

Young et al., 2013



Stretch-grid: 
getting more 
science done 
with lower 
computational 
cost

500 hPa Vorticity, 15-60 km grid
CAM-MPAS coupled with ocean/ice model

MPASSpectral Element

NOAA IR satellite obs: 11-07 21Z

CESM Δx~8km: 11-07 21ZFrom C. Zarzycki

From B. Skamarock
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