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1.  INTRODUCTION 
 
 
This project developed an updated version of the Carbon Bond 4 (CB4) chemical mechanism to 
be used by LADCO and the Midwest RPO for ozone and particulate matter (PM) modeling.  The 
goal was to provide LADCO and the MRPO with a single, consistent chemical mechanism for 
use in upcoming ozone and PM state implementation plan (SIP) development activities.  The 
new mechanism is called the CB4 with extended inorganic reactions (CB4xi) and will be 
released in CAMx version 4.20 as chemical mechanism number 4 (M4). 
 
The CB4xi mechanism was developed after reviewing several other versions of the CB4 
including the original published version (Gery et al., 1989), CAMx mechanisms 3 and 4 
(ENVIRON, 2004), versions of CB4 used in EPA’s REMSAD model (EPA, 2004), CB2002 
(Jeffries, Voicu, and Sexton, 2002) and CBM-Z (Zaveri and Peters, 1999).  The CB4xi is the 
mechanism 4 version of CB4 from CAMx version 4.10 with 17 additional inorganic chemistry 
reactions. The added reactions are unimportant for smog chamber conditions (high NOx levels, 
1-day experiments, room temperature and pressure) but potentially important for regional and 
annual modeling conditions (lower NOx levels, multi-day simulations, low temperatures and 
pressures). 
 
 
Background 
 
The MRPO and LADCO use the Comprehensive Air quality Model with extensions (CAMx; 
ENVIRON, 2004) for ozone and particulate matter (PM) modeling.  CAMx includes several 
different chemical mechanisms and most modelers use one of the following three mechanism 
choices:  
 

Mechanism 3 – The original 1989 CB4 mechanism with updated PAN chemistry, radical 
reactions and isoprene reactions as used for the Ozone Transport Assessment Group 
(OTAG) modeling. 
 
Mechanism 4 – Mechanism 3 with updates for PM modeling such as production of 
secondary organic aerosols (SOA) and updated rate constants for several key reactions 
(OH with SO2, NO2, CO and CH4) that are pressure dependant. 
 
Mechanism 5 – The SAPRC99 mechanism with a fixed number of chemical reactions 
(212), chemical species, and reaction parameters.  This is called the fixed parameter 
version of SAPRC99 developed by Dr. William Carter for EPA’s CMAQ model. 

 
The development history of the CB4 mechanism is reviewed in Section 2 of this report.  CB4 
was originally developed for urban/regional ozone modeling, but now is being used for 
PM/visibility modeling with continental scale domains and annual databases.  Annual PM 
modeling introduces a wider range of ambient conditions than regional ozone modeling, such as: 
 

• Lower temperatures and pressures when modeling the upper troposphere and even the 
lower stratosphere. 

• More pristine atmospheric conditions in remote marine and continental environments. 
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In developing chemical mechanisms for REMSAD, Dr. Whitten has found that the inorganic 
reactions in CB4 should be expanded to appropriately represent annual modeling conditions.  
Since these expansions do not alter the performance of the mechanism for smog chamber 
conditions they can be considered independent of mechanism chamber evaluations.  Extra 
inorganic reactions for the CB4 mechanism are discussed in Section 3 of this report. 
 
 
Project Goals and Benefits 
 
LADCO/MRPO has used mechanism 3 for ozone modeling and mechanism 4 for PM/visibility 
modeling.  It would be preferable to use a single mechanism for both ozone and PM modeling.  
The goal of this project was to implement an updated CB4 in CAMx that is suitable for both 
ozone and PM modeling and reflects updated science.  The benefits will be improved science in 
the LADCO/MRPO modeling and simplified model application by eliminating the use of two 
different chemical mechanisms. 
 


