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[1] We present the first evaluation of the HNO3 data product (version 2.04.09) from the
High Resolution Dynamics Limb Sounder (HIRDLS) on the Earth Observing System
(EOS) Aura satellite. The HIRDLS instrument obtains between 5000 and 7000 HNO3

profiles per day. HIRDLS HNO3 data are generally good over the latitude range of 64�S
to 80�N and pressure range 100 to 10 hPa, with some profiles, depending on latitude,
having useful information between 100 to 161 hPa. The individual profile ‘‘measured’’
precision is between 10 and 15%, but can be much larger if the HNO3 abundance is low or
outside the 100 hPa to 10 hPa range. Global results are compared with the HNO3

observations from version 2.2 of the EOS Aura Microwave Limb Sounder (MLS), and it is
found that large-scale features are consistent between the two instruments. HIRDLS
HNO3 is biased 0–20% low relative to Aura MLS in the mid-to-high latitudes and biased
high in the tropical stratosphere. HIRDLS HNO3 is also compared with Atmospheric
Chemistry Experiment Fourier Transform Spectrometer (ACE-FTS). In these mostly high-
latitude comparisons the HIRDLS HNO3 data are biased 10–30% low, depending on
altitude. Finally, the HIRDLS HNO3 is compared to in situ data taken by the NOAA
Chemical Ionization Mass Spectrometer (CIMS) instrument flown during the 2005 NASA
Houston Aura Validation Experiment (AVE) and the ability of HIRDLS to measure HNO3

in the UTLS region is examined.
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1. Introduction

[2] The EOS Aura satellite was launched on 15 July
2004 into a 705 km sun-synchronous near polar orbit. EOS
Aura carries four instruments: the Ozone Monitoring In-
strument (OMI), the Tropospheric Emission Spectrometer
(TES), the Microwave Limb Sounder (MLS), and the High
Resolution Dynamics Limb Sounder (HIRDLS). The Aura
instruments were designed to measure tropospheric and
stratospheric ozone, short-lived trace gases that affect
ozone abundance, along with many long-lived tracers

[Schoeberl et al., 2006]. This paper describes the first
validation results of one constituent, nitric acid (HNO3),
from the HIRDLS instrument.
[3] HNO3 is formed by a gas-phase three-body reaction

of NO2 with the hydroxyl radical (OH) and a third molecule
[Austin et al., 1986]. It is destroyed by gas-phase reaction
with OH and by photolysis. The lifetime of HNO3 varies
from approximately one month in the lower stratosphere to
one hour in the upper stratosphere [Brasseur and Solomon,
2005]. HNO3 is also formed by heterogeneous reactions on
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background sulfate aerosol [Hofmann and Solomon, 1989]
and polar stratospheric clouds (PSCs) [Solomon et al., 1986;
Solomon, 1999]. In fact, one form of solid PSCs is nitric
acid tri-hydrate (NAT) [Toon et al., 1986; Crutzen and
Arnold, 1986; Voigt et al., 2000; Höpfner et al., 2006].
NAT is believed to contribute to denitrification of the polar
lower stratosphere [see Fahey et al., 2001, and reference
therein]. Liquid PSC particles also affect the local distribu-
tion of HNO3. Observations [Dye et al., 1992; Arnold, 1992]
and theoretical studies [Carslaw et al., 1994; Tabazadeh et
al., 1994] have demonstrated that some PSCs are composed
of liquid supercooled ternary solutions (STS) of HNO3-
H2SO4-H2O. Unlike solid nitric acid hydrate PSCs, these
liquid PSCs show a continuous increase in particle volume
with decreasing temperature. The uptake of gas-phase
HNO3 into STS aerosol will locally ‘‘denoxify’’ the atmo-
sphere; however, the mean diameter of these aerosols is
relatively small (<1 mm) and the particle settling is not
considered important; therefore, little denitrification will
occur.
[4] HNO3 is an important minor constituent in the strato-

sphere because it is the main reservoir species in the NOX

family, whose active members (NO, NO2) take part in one
of the major catalytic cycles for stratospheric ozone loss
[Crutzen, 1971; Johnston, 1971]. Insofar as formation of
HNO3 reduces the abundance of NO and NO2, it also
impacts the importance of gas-phase NOX chemistry in
ozone loss. In addition, HNO3 formed on stratospheric
clouds can act to denitrify the polar lower stratosphere, as
noted above, and thus enable the activation of chlorine
species that cause the formation of the springtime ‘‘ozone
hole.’’
[5] The first global observations of HNO3 were based

on the Limb Infrared Monitor of Stratospheric (LIMS)
launched on the Nimbus 7 spacecraft [Gille et al., 1980;
Gille and Russell, 1984; Gille et al., 1984]. These measure-
ments were based on a limb scanning six-channel infrared
(IR) radiometer. The LIMS mission had a lifetime of seven
months (25 October 1978 through 28 May 1979) and
derived HNO3 abundances in a latitude region from 64�S
to 84�N, from 100 hPa to 2 hPa. Results from this mission
produced the first global HNO3 reference climatology [see
Gille et al., 1987, 1993].
[6] In 1991, two HNO3 observing instruments were

launched on the Upper Atmosphere Research Satellite
(UARS): the Cryogenic Limb Array Etalon Spectrometer
(CLAES) instrument [Roche et al., 1994] and the Micro-
wave Limb Sounder (MLS) [Waters et al., 1999; Santee et
al., 1995, 1997, 1998]. HNO3 data from the UARS CLAES
instrument was added to the LIMS HNO3 reference clima-
tology ofGille et al. [1998]. Multiple studies were performed
using the UARS MLS HNO3 observations to examine the
role of HNO3 in polar ozone depletion [e.g., Santee et al.,
1995, 1997, 1998, 2000, 2002]. A three-dimensional HNO3

climatology from the UARS MLS observations was pub-
lished by Santee et al. [2004].
[7] Additional global measurements of HNO3 have been

obtained from the Improved Limb Atmospheric Spectrom-
eter (ILAS), which was launched on board the Advanced
Earth Observing Satellite (ADEOS) in August 1996. HNO3

observations are available between November 1996 and

June 1997. This instrument is a solar occultation satellite
sensor, which measures HNO3 in the IR region of the solar
spectrum [Koike et al., 2000; Pan et al., 2002]. A follow-on
ILAS instrument, ILAS-II, launched on ADEOS-II, also
observed global distributions of HNO3 [Irie et al., 2006].
HNO3 observations by ILAS-II are available between April
and October 2003. Global HNO3 observations are also
available on the Odin satellite from the Sub-millimeter
Radiometer (SMR) instrument [Urban et al., 2005]. This
instrument was launched on 20 February 2001 and is still
in operation. The Michelson Interferometer for Passive
Atmospheric Sounding (MIPAS) aboard the Environmental
Satellite (ENVISAT) also measures stratospheric HNO3

[Mengistu Tsidu et al., 2005; Wang et al., 2007]. Two
additional global HNO3 observing instruments have recently
been launched. The first is the Atmospheric Chemistry
Experiment Fourier Transform Spectrometer (ACE-FTS)
[Bernath et al., 2005] and the second is a follow-on version
of the UARS MLS instrument that was also launched on the
EOS Aura satellite [Waters et al., 2006; Santee et al., 2005,
2007]. Results from both of these instruments will be shown
below and compared to HIRDLS observations.
[8] The remainder of the paper is divided up into four

sections: section 2 gives an overview of the HIRDLS
instrument, comparing its pre- and post-launch capabilities;
section 3 presents a discussion of the HIRDLSHNO3 vertical
resolution and precision; section 4 compares HIRDLS
HNO3 to Aura MLS and ACE-FTS measurement; section 5
examines HIRDLS observations of HNO3 in the UTLS
region; and section 6 gives a summary and conclusions.

2. HIRDLS Instrument Overview

[9] This section is divided into two parts. The first
summarizes the prelaunch HIRDLS instrument capabilities
to measure HNO3 and the second describes the impact on
these capabilities of the partial blockage of the instrument
aperture that occurred during launch.

2.1. Prelaunch HIRDLS

[10] The HIRDLS instrument is a limb scanning 21-channel
IR filter radiometer. The limb scanning measurement tech-
nique is based on previous work and is described by Gille
and House [1971], Gille and Russell [1984], and Taylor et
al. [1993]. The prelaunch HIRDLS instrument is described
by Gille and Barnett [1992, 1996] and Edwards et al.
[1995]. The HIRDLS experiment is designed to measure
temperature, ten trace gases (O3, HNO3, H2O, N2O, CH4,
CFC-11, CFC-12, ClONO2, NO2, and N2O5), as well as
cloud top heights and aerosol extinction profiles.
[11] The primary channel for retrieval of HIRDLS HNO3

is channel 8, having a band pass of 840–928 cm�1

[Edwards et al., 1995; T. Eden et al., Spectral characteriza-
tion of the HIRDLS flight instrument from pre-launch
calibration data, manuscript in preparation, 2008]. However,
because the spectra of CFC-11 (channel 7) and CFC-12
(channel 9) overlap with the spectrum of HNO3, these
channels cannot be regarded as independent and the three
gases are retrieved simultaneously using channels 7, 8, and
9. The initial guess, a priori, and contaminants are obtained
from the NCAR 3-D chemical transport model, MOZART-3
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