
Modeling Impacts of Cold Climates on Vehicle Emissions

Serena Chung, Yibo Huangfu, Tom Jobson 
Laboratory for Atmospheric Research

Department Civil & Environmental Engineering
Washington State University

June 18, 2015

1

With valuable input from 
Idaho Department of Environmental Quality and  

Washington Department of Ecology



Motivation

• Project relates to research area of environmental 
impact assessment of vehicles.

• Motor vehicles exhaust emissions contribute to 
air polluation:
• CO
• NOX = NO+NO2

• Volatile Organic Compounds (VOCs) 
• PM2.5

• Air toxics, e.g., formadehyde, acetaldehyde, 
benzene, toluene, naphthalene

• These emissions are a major cause of 
cardiovascular disease and a cancer risk factor 
(HEI, 2010).

2



Motivation

• US EPA’s Motor Vehicle Emissions Simulator 
(MOVES) suggest that in cold climates the 
majority of pollutant mass emitted by vehicles 
occurs during engine cold starts.

• Under cold weather conditions, temperature 
inversion can trap vehicle emissions near the 
surface, leading to higher exposures for people.

• Vehicle emissions data for cold climates is sparse 
and the accuracy of vehicle emission model 
parameterizations for air toxics in cold climates is 
not known. 

• Accurate emission inventory is important to 
understand and reduce air quality issues.
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Salt Lake City on January 9, 2013 (The Salt Lake 
Tribune).



AIRPACT Regional Air Quality Modeling System
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• Supported by NW-AIRQUEST, a consortium of air 
quality agencies in the region

• Forecasts hourly concentrations on 4-km x 4-km 
grid cells for the Pacific Northwest:
• Ozone
• PM2.5 species

• Sulfate, nitrate, organics, elemental 
carbon

• Selected air toxics, e.g., formaldehyde
• Related species

• Produces 48-hour forecasts each day

• The system be also be used for retrospective 
analysis

http://lar.wsu.edu/airpact



AIRPACT Regional Air Quality Modeling System
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• Simulates emissions, transport, deposition 
and chemistry of ozone, aerosol, and 
selected air toxics using > 70 species and > 
200 reactions

• Includes emissions from many sectors:
• Vehicle
• Industry
• Power plants
• Residential wood burning
• Biogenics
• Fires
• etc

• Automates evaluations using observational 
data from the AIRNow monitoring sites and 
satellite retrievals



MOVES Model for Vehicle Emissions
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• MOVES is recommended by the EPA for 
development of National Emissions Inventory 
(NEI), State Implementation Plans (SIPs), and 
Transportation Conformity.

• Ambient measurements near Boise, Idaho 
and in Yakima, Washington by the Laboratory 
for Atmospheric Research at WSU indicate 
significant errors in MOVES’ aromatic:NOx

and aldehyde:NOx emission ratios.

Comparison of Yakima data to MOVES Predictions



Ozone and PM2.5 Sensitivities to Vehicle Emissions
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• October 2012, AIRPACT-4 switched from 
using MOBILE6 to MOVES.  

• MOVES is implemented using SMOKE, national 
default inputs and look-up tables. (AIRPACT-4 has 
73,530 surface-layer grid cells.)

• Using MOVES over MOBILE6 improves 
modeled O3 and PM2.5 predictions in some 
cases, but worse in other cases.

• Errors in vehicle emissions is a major source 
of model errors in O3 and PM2.5 (though 
other errors, e.g., meteorology and 
emissions from other sectors, also 
contribute).

Comparison AIRPACT Ozone and PM2.5 Predictions
of using MOBILE6 vs MOVES



Objectives
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Specific Objectives:

1. Estimate the contribution of start emissions to total vehicle emissions for Ada 
County, Idaho and Yakima County, Washington during January using local 
vehicle data.

2. Evaluate MOVES predictions using previous ambient measurements collected 
by WSU.

3. Evaluate MOVES' temperature-dependence parameterization with laboratory 
measurement.

4. Improve MOVES' temperature parameterization according to objective 3 and 
re-evaluate objectives 1 and 2.

The overarching goal is to improve model predictions of ozone, PM2.5, 
and air toxics for air quality management applications.



Yakima, Washington
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• January climate: 
• average low: 23oF
• average high: 39oF 

• Wintertime air stagnation events 
are common.

• Site of the WSU’s YAWNS (Yakima 
Air Winter Nitrate Study) field 
project in January 2013

• Ambient data indicate greater 
than 50% of CO, benzene, 
toluene, and acetaldehyde are 
from vehicle emissions



2012 VPOP and VMT for Yakima County, WA
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From Washington Department of Ecology

Other inputs to MOVES include vehicle age distribution, fuel 
specification, speed, inspection & maintenance program, and climate 
(temperature & relative humidity).



MOVES2010b CO Emission Inventory for Yakima County
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• Start emission is 65% of 
total vehicle emission for 
CO.

January 2012



MOVES2010b NOx Emission Inventory for Yakima County 
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• Start emission is 23% of 
total vehicle emission for 
NOx.

January 2012



MOVES2010b VOC Emission Inventory for Yakima County 
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• Start emission is 63% of 
total vehicle emission for 
VOC.

January 2012



MOVES2010b Benzene Emission Inventory for Yakima County 
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• Start emission is 79% of 
total vehicle emission for 
benzene.

January 2012



MOVES2010b Temperature-Dependence of Start Emissions
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year 2012
vehicle model year 2008
RH = 80%

• Significant CO and NOx

emission increase with 
cold temperature



MOVES2010b Temperature-Dependence of Start Emissions
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year 2012
vehicle model year 2008
RH = 80%

• Also significant increase 
with cold temperature 
for total VOCs.

• MOVES does not have 
compound-specific start 
emission factors for 
VOCs; therefore 
formaldehyde, benzene, 
toluene, etc. have the 
same temperature-
dependence profile as 
that of total VOCs.



MOVES2010b Temperature-Dependence of Start Emissions 
and Vehicle Model Year 
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year 2012
RH = 80%

• Significant differences 
between vehicle model 
years for most gasoline 
vehicles

• Small or no difference for 
diesel vehicles (not 
shown)



Summary

• Used MOVES2010b to estimate contribution of start emissions to total vehicle 
emissions for Yakima County, WA in January 2012

 greater than 60% for CO, VOC, and benzene
 We also have results for Ada County, ID provided by IDEQ.

• Used MOVES2010b to generate temperature-dependence profiles for start 
emissions of VOCs, CO, and NOx

 Significant increase in emissions with cold temperature – qualitatively consistent with literature
 Large variations in the profiles for different vehicle type, fuel, and vehicle model year
 Next steps: run model for other fuel types and to get PM2.5, napththalene, and other air toxics

• The next main objective is to configure MOVES to generate emission per start per 
vehicle (instead of per vehicle population)

 allows for a more direct comparison to Dr. Jobson’s laboratory data
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