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Measurement	Platforms	During	the	SUNVEx 2021	Campaign

Representative	Nitrogen	Oxide	and	Ozone	Spatial	Distributions

NOAA	CSL	Mobile	Laboratory	

1. Las	Vegas, Nevada:	Clark County	

2.	Pasadena,	California:	Caltech	Campus

Ground	Sites:

Inlet 
tower

Instrument layout in the mobile laboratory

• During the SUNVEx 2022 campaign, the mobile
laboratory drove from Boulder, Colorado to 
Las Vegas, Nevada, to Pasadena, California. 

• The mobile lab was equipped with the following 
instruments/packages:
• Proton-Transfer Reaction Time-of-Flight Mass 

Spectrometer (PTR-ToF)
• Nitrogen Oxides by Cavity Ringdown (NOxCaRD) for NOy, NOx, NO2, 

and Ox measurements 
• Picarro for CO, CO2, CH4, H2O measurements
• Improved Whole Air Sampler (iWAS) for quantifying a variety of 

volatile organic compounds.

• This platform allows for spatial mapping of atmospheric species to infer 
emission sources and distributions in addition to on-road traffic emission 
ratios. A portion of the drives were accompanied by the CSL Mobile 
Doppler LIDAR instrument.

Instrument layout in the CSL Trailer at Caltech

• The SUNVEx ground site in Southern California (red circle 
on lower map) was established on the Caltech campus 
and comprised of the NOAA CSL Mobile Laboratory, the 
CSL Trailer, the CSL Stationary Doppler LIDAR (DALEK) 
instrument, an Aerodyne Research spectroscopy-based 
instrument for HCl measurements, and a suite of 
instruments from Caltech.

• The instruments in the trailer included:
• Gas-Chromatography-Mass Spectrometer (GC-MS)
• VIA-VOCUS-LToF by Aerodyne Research
• Chemical Ionization Mass Spectrometer (I-CIMS)
• The NO-LIF
• Greenhouse gas analyzer by Los Gatos Research (LGR)

• The SUNVEx ground site in Las 
Vegas (red circle on map)was 
downwind of the downtown area. 

• All of the CSL Mobile Lab
instruments were transferred 
from the mobile platform to 
inside the Clark County air quality 
monitoring site building.
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Measuring	Reactive	Nitrogen	and	Ozone	during	the	2021	SUNVEx Campaign
• Ground-based measurements of NO2, NO, NOy, and O3 were taken during the 2021 Summer SUNVEx campaign using two NOAA 

instruments: Nitrogen Oxides by Cavity Ring Down (NOxCaRD) and Nitric Oxide Laser Induced Fluorescence (NO-LIF). 
• Goals of this campaign that we aimed to address included answering the questions: 

• How well do current emission inventories quantify the flux of anthropogenic nitrogen oxides (NOx = NO + NO2) over North 
American cities, including from mobile sources, buildings, industrial facilities, and outlying agricultural regions and power
generation?

• How have NOx emissions changed between SUNVEx and previous LA campaigns?
• Data were collected in two Southwestern U.S. cities, Las Vegas, NV, and Los Angeles, CA, using both stationary and mobile platforms. 

Here, we use these data to assess current emission inventories, ascertain correlations between urban air pollution and human 
demographic parameters, and determine trends in air pollution over time through comparisons to previous campaign measurements. 

Atmospheric	Significance	of	NOx (NO	+	NO2),	NOy and	O3:
• Nitrogen oxides, NOx, and ozone, O3, play crucial roles in the Earth’s atmospheric composition, oxidative capacity, 

regional air quality and climate and are inexorably linked through their complex photochemistry. 
• In urban environments, anthropogenic emissions of NOx (NO2 + NO) primarily come from fossil fuel burning. 
• NO emissions are a secondary source of NO2 and the photolysis of NO2 provides the dominate source of 

tropospheric O3.

• Tropospheric O3 acts as a greenhouse gas and, along with NO2, exacerbates air pollution though chemical 
reactions that lead to the formation of urban haze, secondary organic aerosols, nitric acid, and longer lived 
peroxyacylnitrates species (PANs). 

• The negative impacts of O3 and NO2 on vegetation, human health, and climate have led to a worldwide science 
initiative to monitor these species through a combination of satellite measurements, flight campaigns, and 
ground-based instruments. 
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Simplified schematic of the NOx and HOx cycle 

CSL Stationary Doppler LIDAR
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  Long tunnel on the drive to Las Vegas
Eisenhower Tunnel 
data while driving 

from CO to NV 
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Typical Traffic Plume Data
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Instrument Comparisons
NO NO2

Due to discrepancies in the field measurements of NO2, experiments were repeated in the lab
after the completion of the SUNVex campaign. In addition to the NO-LIF and NOxCaRD

instruments, the CSL ACES instrument was used for in-lab comparisons of NO2 measurements. 
ACES and NOxCaRD work on the same basic principles, however, ACES records spectra over a 

range of wavelengths to disentangle and interpret interfaces from other species.
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Measurements of NO from NO-LIF and NOxCaRD during SUNVex
were in good agreement. As shown below, the NO-LIF instrument

has the higher signal-to-noise ratio of the two instruments.
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NO-LIF
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Goals for the Spatial Resolution Data:
1. Determine emission factors of NOx and NO2 vs. CO and CO2 as well as emission factors for VOCs.
2. Examine high resolution spatial distributions of NOx, NOy and VOCs, and relate the distributions to recent analyses of disparities in 

income levels, ethnicities, wealth, and health between neighborhoods and city regions. (Wild et al. 2017, Demetillo et al. 2021)
3. Compare the spatial resolutions to NASA TROPOMI and OMI data, the U.S. EPA monitoring network, the Fuel-based Inventory from 

Vehicle Emissions (FIVE), and the National Emissions Inventory (NEI).

Instrumentation	for	Measuring	Reactive	Nitrogen
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Nitrogen Oxides by Cavity Ring Down (NOxCaRD)

NO2 concentrations can be derived from the time constant tau (τ) with and (τ0) without absorber present, along 
with the speed of light (c) and the NO2 absorption cross section (σNO2) at 405 nm using cavity ringdown 
spectroscopy (Fuchs et al., 2009). 

The NOxCaRD instrument is a four-channel instrument that uses this technique to measure NO2 along with NOx, 
NOy, and Ox (NO2+O3) following the conversions of these species to NO2 upstream of the NO2 detection.

Laser Induced Fluorescence Instrumentation for Nitric Oxide (NO-LIF)

NOxCaRD Optical Schematic LIF emission spectrum observed when scanning laser wavelength. Typical UV laser power 
is around 1 mW, providing a typical sensitivity near 10 CPS / ppt NO.

In the LIF instrument, NO mixing ratios are measured directly using single-photon laser induced fluorescence. NO is pumped 
into an excited state using a tunable UV laser which is rapidly tuned on and off of a rovibronic transition near 215 nm. 
Fluorescence emission in the range 250-260 nm is collected, providing an extremely specific signal on a low background.

In a second channel, the sum of NO and NO2 are measured by using a photolytic converter with LEDs at 385 nm to convert 
NO2 into NO.

NO-LIF Optical Schematic
(Rollins et al., 2020)

Channel: Conversion Method:

NO2: None

NOx: NO + excess O3  → NO2 + O2

NOy : NOy + heat (thermal dissociation) → NO + NO2 NO2 + O2 

Ox : O3 + excess NO → NO2 + O2

excess O3
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