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[1] Ozonesondes launched from Beijing, China, over a 3 year time period (September
2002 to July 2005) are used to evaluate the performance of ozone profile retrievals in
the upper troposphere and lower stratosphere (UTLS) from two new spaceborne
instruments, the Atmospheric Infrared Sounder (AIRS) on the NASA Aqua satellite and
the Microwave Limb Sounder (MLS) on the NASA Aura satellite. Since the Global
Positioning System ozone sensors (GPSO3) used in Beijing ozonesondes are new,
comparisons with simultaneously launched Vaisala ECC sensors, and comparisons with an
ozonesonde climatology from Sapporo, Japan, are presented. The results show that
although the new GPSO3 sensor has a positive bias (about 20—30%) below 200 hPa and
a negative bias (about 5—10%) above 60 hPa relative to known sensors, the measured
ozone variability is consistent with Vaisala ECC ozonesondes, particularly in the

UTLS region. The GPSO3 ozonesonde profiles over Beijing are then used to evaluate
coincident ozone profiles from AIRS version 4 retrieval and MLS version 1.5 retrieval.
Qualitatively, both satellite data sets can reproduce the gradients and variability of ozone
in the UTLS region. Quantitatively, the agreement between the AIRS and ozonesonde
ozone profiles is largely within 10% in the UTLS region (from 400 to 70 hPa). The
statistical difference between the retrieval and ozonesonde data is minimum in the vicinity
of the tropopause. The MLS ozone profiles also show good quality in the UTLS region

with the best performance between 147 and 46 hPa.

Citation:

Bian, J., A. Gettelman, H. Chen, and L. L. Pan (2007), Validation of satellite ozone profile retrievals using Beijing

ozonesonde data, J. Geophys. Res., 112, D06305, doi:10.1029/2006JD007502.

1. Introduction

[2] Ozone is a critical atmospheric trace species in the
stratosphere and troposphere. Stratospheric ozone forms a
protective layer that absorbs enough solar ultraviolet light to
make life possible on the surface of the earth. Ozone is also
a radiatively active trace gas that plays significant role in
atmospheric heating rates. Tropospheric ozone is highly
reactive and central to many chemical transformations.
The reactivity of ozone also makes it a pollutant, which
can adversely impact human health and plant growth. Since
ozone in both the stratosphere and the troposphere is
strongly affected by human activity, understanding the
distribution and transport of ozone in both regions is critical
for understanding the future evolution of the earth’s atmo-
sphere and anthropogenic impacts on it.

[3] In particular, the upper troposphere and lower strato-
sphere (UTLS) is a region with a large ozone gradient.
Transport in the region has large effect on ozone values on
either side of the tropopause. The UTLS is a critical region
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for understanding the radiative balance of the climate
system [Gettelman et al., 2004], and ozone is a key
component of this radiative balance, as well as an important
reactive species in the atmosphere. In the past, the coverage
of global satellite data for this region has been limited in
space and time. New satellite data from the Atmospheric
Infrared Sounder (AIRS) on the NASA Aqua satellite
[Aumann et al., 2003] and the Microwave Limb Sounder
(MLS) on the NASA Aura satellite [Waters et al., 2006]
present new opportunities for investigating complex pro-
cesses such as stratosphere-troposphere exchange, but the
validity of these new data has yet to be established.

[4] In this paper, we present a validation study of recently
available satellite data using ozonesonde profiles over
Beijing, China (116°28'E, 39°48'N). Situated in Northern
Hemisphere midlatitudes in a region of the strong winter-
time jet, Beijing is an excellent location for observing the
dynamical variability of UTLS ozone. In winter and spring,
there are strong upper tropospheric gradients associated
with the jet. Significant stratosphere-troposphere exchange
also occurs in this region [Wernli and Bourqui, 2002].
Eastern China is also a heavily industrialized region, and
there is significant tropospheric ozone production [e.g.,
Naja and Akimoto, 2004].

[5] The new ozonesonde data set used in this study was
measured with a Global Positioning System (GPS) Ozone-
sonde sensor (GPSO3), developed by the Institute of
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Atmospheric Physics (IAP) of the Chinese Academy of
Sciences (CAS). A full characterization of this new sensor is
yet to be published in English language journals (J. Bian et
al., Ozone profile measurements by using Global Position-
ing System Ozonesonde (GPSO3) over Beijing, manuscript
in preparation, 2007, hereinafter referred to as Bian et al.,
manuscript in preparation, 2007). To facilitate the validation
study, we provide two intercomparison results in this paper
to show the consistency of this new sensor with known
sensors: (1) comparisons with simultaneously launched
Vaisala ECC ozonesonde sensors and (2) comparisons with
an ozonesonde climatology from a nearby station. We then
proceed to compare profiles from the sondes with the
satellite data to evaluate the performance of ozone profile
retrievals from AIRS and MLS.

[s] This paper is divided into six sections. Following the
introduction, section 2 describes the ozonesonde data.
Section 3 provides information on the satellite data.
Section 4 discusses the comparisons. Section 5 describes
the results, and section 6 concludes the paper.

2. Description of Beijing Ozonesonde Data
2.1. GPSO3 Ozonesonde Data

[7] In this study we use ozone profile data measured by
the GPSO3 over Beijing (116°28'E, 39°48'N) from Septem-
ber 2002 through July 2005. Extensive comparisons with
established sensors have been performed. Descriptions of
the sensor and the performance of the new system have
been given in Wang et al. [2003] and Xuan et al. [2004],
both published in Chinese language journals. A detailed
description of the system, the performance characteristics,
and the ozone profile measurements over Beijing for
English language journals will be presented in a separate
paper (Bian et al., manuscript in preparation, 2007). In this
section, we only provide some summary information to
facilitate the use of this data set in satellite data validation.

[s] GPSO3 is an ozonesonde system, developed by IAP,
CAS, which measures the ozone concentration by an elec-
trochemical sensor, the same principle of operation as the
widely used ECC ozonesonde [Komhyr et al., 1995]. Since
September 2002, regular ozonesonde launches have been
conducted once a week, at about 1400 Beijing time
(0600 UTC). During three intensive observation periods
(24 March to 10 April 2003, 23 March to 9 April 2004, and
15 March to 1 April 2005), GPSO3 ozonesondes were
launched every day. All the ozone concentration measure-
ments are corrected by a factor of the total column ozone
measured by Dobson (75#) ozone spectrometer at Xianghe
(117°00'E, 39°46'N) (55 km to the east of Beijing) [Bian et
al., 2002] over the integrated column ozone from an ozone-
sonde, and only sondes with the correction factor between
0.80 ~ 1.20 are used in this paper [Logan et al., 1999].

[9] To characterize the performance of this new sensor,
extensive intercomparisons have been conducted both in
laboratory and in field between GPSO3 and Vaisala ECC
ozonesondes [Komhyr et al., 1995], and the key results are
described in section 2.2. Additional support information for
the sensor is given by a comparison with the climatology of
ozonesonde data from Sapporo, Japan (43°6'N, 141°18'E).
Sapporo data is chosen because the station is at a similar
latitude and longitude to Beijing and has an established
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reputation for research quality data [Logan et al., 1999;
Naja and Akimoto, 2004] (section 2.3).

2.2. GPSO3-Vaisala ECC Ozonesonde Comparisons

[10] Extensive comparisons have been made between
GPSO3 and Vaisala ECC sensors to characterize the per-
formance of the new ozonesonde system. These studies
include comparisons (1) in a laboratory (calibration using
standard ozone measurement: Model 49C O; Analyzer,
Thermo Environmental Instruments Inc.), (2) on the ground,
(3) launched on the same balloon and (4) simultaneous
parallel launches. Using these results, the sensitivity, accu-
racy, time response and performance at different pressure
levels of the GPSO3 sensor in comparisons with the Vaisala
ECC sensor have been documented [Xuan et al., 2004;
Wang et al., 2003]. The results show that the GPSO3
sensors report variability consistent with the Vaisala ECC
sensors but tend to have a 20-30% high bias in the
troposphere. To illustrate the consistency and differences
of GPSO3 with Vaisala ECC, Figure 1 shows comparison
results between GPSO3 and Vaisala ECC ozonesondes
(manufactured by ENSCI Corporation) obtained from
13 pairs of parallel launches over Beijing in spring 2005.
In Figure la, the mean and standard deviation of both
ozonesondes across all 13 launches are consistent, especially
from 300 hPa to 70 hPa. However, GPSO3 appear to have a
positive (10 nb or 30%) bias in the troposphere, and a slight
(15 nb or less, or 10% or less) negative bias above 60 hPa
(Figures 1b and 1c).

[11] Given the significant systematic differences between
GPSO3 and Vaisala ECC, the correlations between them are
analyzed and given in Figure 2. In Figure 2a, except in the
layers from 510 hPa to 390 hPa and from 20 hPa to 16 hPa,
the correlation coefficients are larger than 0.50, and partic-
ularly over 0.80 from 370 hPa to 50 hPa and below 700 hPa.
Figures 2b and 2c give the scatterplots and derived correla-
tion coefficients for GPSO3 versus Vaisala ECC at 250 hPa
and 80 hPa, respectively. These results show that the GPSO3
has biases relative to Vaisala ECC, but new sensor also
reproduces the ozone variations measured by Vaisala ECC,
particularly in the UTLS region.

[12] The diagnosis of the difference between the two
types of sensors is an ongoing research at IAP. The initial
results suggest that the differences may be due to the
different sensitivity at different pressure range and the time
response function of the two sensors. A fuller description of
the sensor evaluation will be given by Bian et al. (manu-
script in preparation, 2007).

2.3. Beijing-Sapporo Ozonesonde Comparisons

[13] In addition to comparisons of GPSO3 to Vaisala
ECC ozone sensor, we have compared the vertical distribu-
tion of ozone at Beijing with the ozonesonde data at
Sapporo, Japan (43°6'N, 141°18'E). Ozonesonde data from
January 2002 through August 2005 (sonde type is KC-96)
[Naja and Akimoto, 2004] are used to compare with Beijing
GPSO3 measurements for a similar period.

[14] Figure 3 shows the vertical ozone distribution of at
Beijing and Sapporo in three different seasons, i.e., spring
(MAM), summer/fall (JJASO), and winter (NDJF). In all
the seasons, the ozone profiles at both sites generally agree
well with each other. Particularly, between 400 and 30 hPa
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