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ABSTRACT
The accuracy of temperature data from the Constellation Observing System for Meteorology, Ionosphere
and Climate (COSMIC) radio occultation and Thermosphere, Ionosphere, Mesosphere Energetics, and
Dynamics/Sounding of the Atmosphere using Broadband Emission Radiometry (TIMED/SABER) observation over China is analyzed. High-resolution sounding data are used to assess the accuracy of these two
kinds of satellite observation data at corresponding heights, and the two sets of data are compared in the
height range 15–40 km. Very good agreement between radiosondes and COSMIC is observed in the stratosphere. In the troposphere COSMIC temperatures are about 2 K higher than the radiosonde observations.
SABER detection at 15–32 km agrees well with a maximum warm bias of ~2 K around 25-km altitude. The
comparison between SABER and COSMIC for altitudes 15–40 km also indicates higher temperatures of
SABER in the lower stratosphere. The standard deviations are all greater than 2.5 K and are larger near 15 km
and smallest at 20 km. The temperature deviation and in particular the standard deviation comparing SABER
and COSMIC changes with altitude, season, and latitude. The results of this comparative assessment can
offer a basis for research into the application of COSMIC and TIMED/SABER over China.

1. Introduction
The middle and upper atmosphere are relevant to
human survival and development, global climate, and
environmental change (Kidston et al. 2015), and therefore research into these regions and determination of
the parameters governing their behavior are of great
practical value. For instance, Scaife et al. (2014) show
the potential of predicting the quasi-biennial oscillation
(QBO) and via downward coupling (not yet fully understood) the potential for seasonal prediction at midlatitude. Baldwin and Dunkerton (2001) show that a
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weakening or strengthening stratospheric vortex can
alter circulation patterns down to the surface.
There are several methods to determine the parameters of the middle and upper atmosphere, such as
weather balloons (Wang et al. 2005), sounding rockets
(Fan et al. 2013), radar (Rechou et al. 2013), lidar (Sasi
et al. 2003), and satellite remote sensing. The middle
atmosphere influences the troposphere by coupling
processes on a global scale. This calls for global observations over both land and sea, and hence for satellites.
Therefore satellite remote sensing is of great importance
in the study of temporal and spatial changes in parameters (e.g., Schmidt et al. 2010; W. Wang et al. 2013), the
determination of structural characteristics, and the investigation of dynamic processes in the middle and upper atmosphere (e.g., Smith et al. 2007; Ern et al. 2011).
At present, China still lacks a meteorological satellite
for determining the parameters of the middle and upper
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atmosphere. However, satellite remote sensing has been
conducted on an international basis for the past 20 yr,
mainly using the methods of occultation detection and
limb sounding (Syndergaard 1998; Chen et al. 2011).
Two examples that provide a multiyear continuous
dataset are the Constellation Observing System for
Meteorology, Ionosphere and Climate (COSMIC) and
Sounding of the Atmosphere using Broadband Emission
Radiometry (SABER). The COSMIC satellites use
GPS radio occultation detection (Guo et al. 2011; Sheng
2013; Jiang et al. 2013). Among other advantages, this
technology provides global coverage, all-weather observation, high accuracy, high vertical resolution, and
long-term stability, since it is self-correcting without
calibration. The main scientific goal of the Thermosphere, Ionosphere, Mesosphere Energetics, and Dynamics (TIMED) satellite is to explore dynamics and
energy transfer processes in the mesosphere, lower
thermosphere, and ionosphere region (Wu et al. 2006).
The TIMED satellite carries the SABER detector,
which is a 10-channel broadband radiometer that can
obtain temperature data at 15–120-km height by observing radiation from CO2 in the 15-mm band with limb
sounding (Xu et al. 2007; Remsberg et al. 2008).
The accuracy and precision of such remote sensing
instruments need to be validated. For instance, Ho et al.
(2009) find that the results from COSMIC show a mean
temperature deviation of 0.05 K, with a standard deviation of 1 K, in the upper troposphere and low stratosphere (8–30-km height). Below 8 km, the high water
vapor content leads to complex propagation phenomena
such as multipath propagation and superrefraction,
leading to uncertainties in inversion results and increasing the temperature deviation (Rocken et al. 2000;
Sokolovskiy et al. 2010; Ho et al. 2010). In addition, in
comparison with global sounding and National Centers
for Environmental Prediction global reanalysis data
(Sun et al. 2010; Kishore et al. 2011; B. R. Wang et al.
2013), COSMIC occultation detection showed high
precision, and it can be used to assess the accuracy of
other detection techniques.
The accuracy of temperature data from TIMED/
SABER remote sensing detection has been compared
from various aspects (Sica et al. 2008; Ern et al. 2008).
Remsberg et al. (2008) made a comprehensive assessment of data from the latest version (1.07) of SABER.
The results show that the deviation of SABER temperature data is 1–3 K in the low stratosphere and ;1 K
near the top of the stratosphere. The temperature deviation is ;2 K in the middle of the mesosphere, and the
SABER-detected temperature is generally cold in the
upper mesosphere. Fan et al. (2013) compared TIMED/
SABER data with Chinese TK-1 rocket sounding data
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and showed that the atmospheric parameters obtained
from the SABER data are close to those from the rocket
sounding data. Especially at heights below 40 km, the
temperatures obtained from the two detection methods
are relatively consistent but deviate increasingly from
one another as the height increases above 40 km.
There have been far fewer comparisons between
COSMIC data and TIMED/SABER data, and only the
results of Gong et al. (2013) have so far been published.
The results show that the mean deviations between
COSMIC and SABER approach 0 K at ;38 km, with
positive values at higher altitudes and negative values at
lower altitudes. The standard deviation of temperature
reaches a minimum of ;1.8 K at ;20 km and a maximum of 6.5 K at ;55 km.
In a case study the current paper compares TIMED/
SABER and COSMIC data with a focus on China. The
accuracy is validated by in situ measurements from highresolution radiosonde data. Special focus is given on the
temporal and regional variation of the differences and
according standard deviations.
The data and method are introduced in section 2. The
comparison of high-resolution sounding data and satellite
sounding data is presented in section 3. The comparison
between the temperature obtained from COSMIC and
that from TIMED/SABER is presented in section 4.
Section 5 gives the conclusions of this comprehensive
assessment.

2. Data and method
a. Data source
1) RADIOSONDE DATA
The high-resolution data came from balloon sounding
experiments in Beijing (39.808N, 116.478E) and Xilinhot
(43.958N, 116.018E) between 29 May and 28 June 2008.
These experiments provided aerological sounding data
from different radiosondes. The measuring data from
Vaisala RS92 will be used in this paper. Vaisala RS92
was developed in Finland, and its good precision has
been verified more than once (Steinbrecht et al. 2008;
He et al. 2009). This paper will use the data from Vaisala
RS92 to assess the accuracy of COSMIC and TIMED/
SABER data at the corresponding heights.

2) COSMIC DATA
COSMIC is a constellation composed of six microsatellites, distributed in six orbital planes. COSMIC was
launched from Vandenberg Air Force Base in the
United States on 15 April 2006. The GPS antenna and
receiver mounted on each COSMIC satellite observe
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the refraction that occurs when a GPS signal passes
through Earth’s atmosphere and the according time
delay of the GPS signal (Anthes et al. 2008). The use of
active radio signals enables measurements during the
day and night. The use of L-band signals, with wavelengths of ;20 cm, ensures that the signals are negligibly
influenced by aerosols and clouds (Sivakumar et al.
2011). A distinctive feature of the COSMIC mission,
compared to previous missions, is the employed openloop mode where the radio occultation mission is
tracked during both set and rise neutral atmospheric
occultation in the lower troposphere (Schreiner et al.
2007). The open-loop tracking technique will significantly reduce the GPS radio occultation inversion biases
by eliminating tracking errors (Sokolovskiy et al. 2006).
A model is used to retrieve data on electron density,
temperature, pressure, and water vapor content along
the path of the radio signal (Wickert et al. 2001).
The COSMIC data used in this paper were provided
by the COSMIC Data Analysis and Archive Center
(CDAAC) of the University Corporation for Atmospheric Research (UCAR) in the period from April
2006 to December 2009. The UCAR CDAAC radio
occultation retrieval procedure begins with the phase
and amplitude of the radio waves and precise positions
and velocities of the satellites and ends with the retrieved refractivity profile at the estimated ‘‘occultation
point.’’ Pressure and temperature are reconstructed
from the retrieved refractivity by integration of the hydrostatic equation at altitudes where humidity may be
neglected, that is, above the troposphere. The integration starts at 150 km, by setting pressure and temperature to zero. This ‘‘zero initialization’’ does not
affect the retrieved temperature at ;80 km, which is
close to the first guess (CIRA-86). At lower altitudes the
retrieved temperatures are gradually affected by observations, according to an increase of their weight in
the retrieved refractivity (Kuo et al. 2004) by means of
an optimal estimation retrieval. Optimal estimation
combines the information of an a priori profile with the
information from the observation weighted with the
respective noise/uncertainty (or atmospheric variability for a climatology used as a priori). Below 40 km the
COSMIC retrievals are almost entirely determined by
the GPS measurements. The vertical resolution of the
retrieved temperature profiles is approximately 1 km
at tropopause altitude. The data product atmPrf is dryair postprocessing data from the second stage of processing. This is a dry temperature data product that
does not include relative humidity in the inversion
process and hence is reliable at and above the tropopause (.;15 km). The version numbers of the data
from April 2006 to March 2009 and the data from

April to December 2009 are 2007.3200 and 2009.2650,
respectively.

3) TIMED/SABER DATA
The TIMED satellite was launched on 7 December
2001. The orbit has an altitude of 625 km and an inclination of 74.18. The satellite moves around Earth in
about 1.6 h. It flies through the same latitude at two
similar local times for a specific day, one for ascending
and one for descending orbit nodes. Because of the
precessional motion of ;12 min every day, complete
local time coverage is achieved in 60 days. The SABER
detector carried on TIMED began making observations
in late January 2002. It measures CO2 infrared limb radiance from the tropopause to the lower thermosphere.
Temperature profiles are retrieved below 70 km from
15-mm CO2 emissions using the local thermodynamic
equilibrium (LTE) algorithm (Mertens et al. 2001;
Remsberg et al. 2008). SABER operational LTE retrieval is based on the multiple interleave approach
(Remsberg et al. 2004). The original radiance profiles
sampled at ;380 m sampling are split to five profiles,
retrieved independently and merged to a common grid
after the retrieval again. Thus, each individual retrieval
is performed at a vertical step width close to the width of
the vertical field of view of 2 km. The retrieved temperature profiles hence have a vertical resolution
somewhat better than 2 km, but are oversampled on a
vertical grid of ;380 m. At altitudes above 70 km, a
nonlocal thermodynamic equilibrium (NLTE) retrieval
is performed.

b. Method
COSMIC atmPrf data are provided for the altitude
range 0–60 km on a 100-m grid, SABER data are provided with ;380-m vertical sampling and radiosonde
data have a much higher vertical resolution and are
sampled every 5 m. To minimize interpolation errors, we
decided to perform the comparison on the vertical grid
of the atmPrf data. The radiosonde data were smoothed
by a 100-m boxcar before interpolation. The data were
assessed by comparison of individual profiles as well as
statistic comparison using the methods described as
following.

1) INDIVIDUAL COMPARISON METHOD
The temperature deviation and the mean and standard deviation between data from two detection
methods are analyzed in an individual comparison. For
satellite sounding data and radiosonde data, the following formulas are used: the temperature deviation is
given by
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DXi 5 XiS 2 XiR ,

i 5 1, 2, 3, . . . , N ,

(1)

the mean deviation is given by
DX 5

1
N

N

å (XiS 2 XiR ) ,

(2)

i51

and the standard deviation is given by
sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 N
SDDX 5
å (X S 2 XiR )2 ,
N i51 i

(3)

where the superscript S indicates satellite sounding data
and superscript R indicates radiosonde data, and the
subscript i indicates the serial number of the height
(there are N heights in all). The mean deviation and
standard deviation in individual comparison are averaged over all altitudes for providing two simple data
value to analyze the differences between a pair of
profiles.

2) STATISTICAL COMPARATIVE METHOD
Data that match according to criteria formulated below are assessed in a statistical comparison calculating
vertical profiles of mean deviations and standard
deviations:
DX i 5

1
M

M

å (XiS,j 2 XiR,j ) and

(4)

j51

sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 M
SDi,DX 5
å (X S 2 XiR,j )2 ,
Mj51 i,j

of time, longitude, and latitude, and we compare these
data at the same heights. The selection of sufficiently
close data is defined by limits of mistime and misdistance
(e.g., Wendt et al. 2013). While short misdistances and
mistimes reduce the atmospheric variations, the selection of larger mistime and misdistance value has the
advantage that a larger number of matching data are
found, which enhances the statistical significance of the
comparisons. Sofieva et al. (2008) showed that vertical
wavenumber spectra of temperature fluctuations are
similar, even for profiles separated significantly in space
and time (a few hundreds of kilometers, a few hours).
Limb sounding implies a weighting function along the
line of sight (LOS) of approximately 200-km width affecting the sounding of atmospheric structures of comparable horizontal extent. For instance, atmospheric
gravity waves (GWs) are only resolved if their horizontal wavelength projected onto the horizontal LOS is
200 km or longer (Preusse et al. 2002; Lange and Jacobi
2003), which may introduce differences in the vertical
profiles measured by in situ and limb sounding instruments, even if they are measured at low misdistance
and mistime (Preusse et al. 2003). Therefore comparisons might not further improve when misdistances are
reduced below these shortest resolvable horizontal
scales. For instance, the study of Zhang et al. (2011)
shows insignificantly statistical differences of looser
collocation (i.e., 100-, 200-, and 300-km radial misdistance with 1-, 2-, and 3-h mistime) between radiosonde and satellite data.

(5)

where j is the serial number of the data (there are M
matching data in all).
Furthermore, the standard error of the mean (SEM) is
computed to analyze the error of the deviation found.
The SEM is given by
SDi,DX
SEMi,DX 5 pﬃﬃﬃﬃﬃ
.
M
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(6)

c. Mistime and misdistance
Two kinds of data differences may be caused by either
the effects of the compared measurement techniques or
atmospheric variation. In this paper we are interested in
the effects of the measurement techniques and hence
need to compare measurements at sufficiently close atmospheric conditions. Because atmospheric temperature changes with height, time, longitude, and latitude,
we need to select satellite data that are measured sufficiently close to corresponding radiosonde data in terms

3. Comparison between satellite sounding data and
radiosonde data
a. Comparison of COSMIC occultation detection
data and radiosonde data
The height ranges of COSMIC occultation data and
radiosonde data are 0–60 and 0–32 km, respectively, and
therefore we chose the latter common region for the
purpose of comparison. As the product atmPrf of
COSMIC is reliable at and above ;15 km, the reliable
altitude ranges would be 15–32 km in this comparison.
For the comparison we choose a maximum mistime of
3 h and allowed for 38 spatial separation both in latitude
and in longitude, resulting in 16 pairs of COSMIC data
matching radiosonde data.
In the following, two kinds of data are analyzed.
Figure 1 provides an individual comparison of COSMIC
detection data and radiosonde data. The geographic
location of the COSMIC data is 39.328N, 116.248E, and
the time is 0032 UTC 3 June 2008. The geographic location of the radiosonde data is 39.808N, 116.478E, and
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FIG. 1. Individual comparison between COSMIC and radiosonde data. The green box with dotted line indicates the
reliable altitude range.

the time is 2300 UTC 2 June 2008. Data match each
other closely in the vertical profile. As can be seen from
Fig. 1a, the COSMIC data and the radiosonde data have
almost identical spatial distributions of temperature. In
Fig. 1b, the temperature difference between the two is
mostly within 63 K; only at about 7 and 10 km is the
difference beyond this. The temperature difference
reaches a maximum of 5.8 K at 10.5 km at the tropopause
temperature minimum. Integrated over the reliable altitude ranges, the mean difference between the two
profiles is 20.67 K, and the standard deviation is 1.26 K.

Figure 2 shows the statistical comparison between
the COSMIC and radiosonde temperature data. The
profiles of the mean temperature deviation and the
standard deviation between the two sets of data are
presented in Figs. 2a and 2b. The green box with dotted
line in the graph indicates the reliable altitude ranges.
The shadow area in Fig. 2a is the statistical error of the
mean deviation. The mean temperature deviation in
Fig. 2a is 0 K at about 9 km and is and is almost everywhere positive below and negative above this altitude. Within the reliable ranges, the mean deviations

FIG. 2. Statistical comparison between COSMIC and radiosonde data. The green box with dotted line indicates the
reliable altitude range. The shadow area is the statistical error of the mean deviation.
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FIG. 3. Individual comparison between SABER and radiosonde data.

are between 22 and 0 K. There is a slight S around
10 km; this may be because the vertical resolution of
radiosonde profiles is much higher than that of COSMIC
profiles. Statistic uncertainties for mean deviations are
;1.5 K in the region 0–2 km and ;1 K in 2–32 km. In
Fig. 2b, the standard deviation between the two is mostly
less than 3 K in the reliable region 15–32 km. At the
altitudes below, the deviation is greater at heights of
7–11 km, and the mean deviation reaches a maximum
of ;4.9 K near 10.5 km.

b. Comparison of SABER sounding data and
radiosonde data
The height ranges of TIMED/SABER satellite remote sensing and of radiosonde detection are 15–135
and 0–32 km, respectively, and therefore we chose the
common height range 15–32 km as the comparison
region. In the height range 15–32 km, both the two
sets of data are reliable. Eight SABER profiles
matching with radiosonde data are found, with the
matching condition (638, 63 h). Figure 3 provides an
individual comparison of SABER sounding data
and radiosonde data. The geographic location of the
SABER data is 37.888N, 119.418E, and the time is
1300 UTC 2 June 2008. The geographic location of
radiosonde data is 39.808N, 116.478E, and the time is
1300 UTC 2 June 2008. As can be seen from Fig. 3a,
there is no significant temperature difference between the SABER and radiosonde data. In Fig. 3b,
the temperature difference is within 64K throughout
the region 15–32 km, but it approaches 4 K at heights of
24–28 km. The mean temperature difference between

the two groups of data is 0.93 K, and the standard deviation is 1.70 K.
Figure 4 shows the statistical comparison between the
SABER and radiosonde temperature data. Figures 4a
and 4b show the profiles of the mean temperature deviation and the standard deviation, respectively. The
mean temperature deviation in Fig. 4a is positive at
heights of 20–29 km and is almost negative at other
heights. Statistic uncertainties for mean deviations are
about 1.5 K at heights of 15–20 km and ;1 K at 20–
32 km. In Fig. 4b, the standard deviation is within 1–
4.8 K and mostly less than 4 K in the region 15–32 km. It
is larger at heights of 15–19 and 22.5–25 km, reaching a
maximum of 4.8 K at about 17 km.
Because there is a lack of comparative data above
32 km, comparison between the two kinds of satellite
sounding data and radiosonde data cannot illustrate the
detection precision of satellite remote sensing over a
larger range of heights. To analyze the accuracy of the
two sets of data at heights of 15–60 km in the China
region, the COSMIC occultation detection data and
SABER satellite sounding data are compared in the
next section.

4. Comparison of COSMIC occultation data and
SABER sounding data
a. Data matching condition
The COSMIC and SABER are both limb sounders.
The common height range of COSMIC occultation detection and SABER satellite sounding is 15–60 km, that
is, the upper troposphere, stratosphere, and lower
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FIG. 4. Statistical comparison between SABER and radiosonde data. The shadow area is the statistical error of the
mean deviation.

mesosphere. Because of the optimal estimation retrieval the
actual measurement contribution of GPS measurements
to the retrieval product is negligible around 60 km. The
COSMIC data is unreliable in the height range 40–
60 km, so the reliable range in this comparison would be
15–40 km. The lower and upper atmosphere are coupled
in this region, and so that the atmospheric conditions
there are more complex. To reduce the effects of differences in time and space, we chose the COSMIC data
as close to the SABER data in time and space as possible, with longitude and latitude differing by less than 18
and time by less than 1 h. There are 1272 pairs of
matching data from COSMIC and SABER in the China
region. Figure 5 shows the distribution of matching data,

with the boundary line in blue and the data matching
points shown as red crosses.

b. Individual and statistical comparisons of COSMIC
and SABER data
Figure 6 provides an individual comparison of COSMIC
occultation detection data and SABER sounding data.
The geographic location of COSMIC data is 15.228N,
134.268E, and the time is 2200 UTC; 4 December 2007.
The geographic location of the SABER data is 15.408N,
133.398E, and the time is 2100 UTC 4 December 2007.
As can be seen from Fig. 6a, there is a difference between the COSMIC data and SABER data. In Fig. 6b,
the temperature difference is larger near 15 km and in

FIG. 5. Distribution of matching data from COSMIC and SABER.
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FIG. 6. Individual comparison between COSMIC and SABER data. The green box with dotted line indicates the
reliable altitude range.

the region 50–60 km but is less than 5 K at other heights.
The reason for increasing standard deviations at lowest
altitudes maybe the saturation of CO2 emissions below
20 km (Remsberg et al. 2008). Integrated over the reliable
altitude ranges, the mean temperature difference between the two groups of data is 0.98 K and the standard
deviation 3.64 K.
Figure 7 shows the statistical comparison between the
COSMIC and SABER temperature data. Figures 7a and
7b give the profiles of the mean temperature deviation
and the standard deviation, respectively, between the

two sets of data. The green box with dotted line in the
graph indicates the reliable altitude ranges. The mean
temperature deviation in Fig. 7a is 0 K at about 44 km
and is negative above and positive in the reliable ranges.
In the reliable altitude range SABER temperatures are
generally larger than COSMIC temperatures with
maximum deviations of 3 K at 23 km. Statistic uncertainties for mean deviations are about 0.2 K at all
attitudes. In Fig. 7b, the standard deviations are all 2.5 K
or more in the green box. The deviation is large near
15 km and it decreases to reach a minimum of ;2.5 K at

FIG. 7. Statistical comparison between COSMIC and SABER data. The green box with dotted line indicates the
reliable altitude range.
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TABLE 1. Matching data from COSMIC and SABER according
to season.
Season

Spring

Summer

Autumn

Winter

Time division

Months
3, 4, 5
318

Months
6, 7, 8
317

Months
9, 10, 11
258

Months
12, 1, 2
379

Matching pairs
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deviation is lowest in summer and greatest in winter,
with the standard deviations for spring and autumn being intermediate. The seasonal difference in standard
deviation is small at heights of 15–30 km, with that between summer and winter being less than 1 K in this
range. However, at heights of 30–60 km, it is larger,
reaching a maximum of ;3.7 K.

d. Changes of deviation with latitude
20 km. There is a peak of ;3.7 K near 23 km, after which
the standard deviation remains approximately the same
at ;3.5 K from 25 to 35 km.

c. Seasonal change in the temperature deviation
To investigate the seasonal change in the temperature
deviation, we divided the 1272 pairs of matching data
according to season (spring, summer, autumn, and
winter) and statistically analyzed the temperature deviation for different seasons. Table 1 gives the division of
seasons and the distribution of matching data.
Figure 8 shows the statistical results for the mean
temperature deviation and standard deviation between
COSMIC occultation detection and TIMED/SABER
satellite sounding in the China region. As we can see
from Fig. 8a, the mean temperature deviations of different seasons show a similar situation with that of the
whole year. The seasonal difference in mean temperature deviation is small at heights of 15–35 km but larger
at other heights. Figure 8b shows that the standard

To investigate the effects of latitude variation, we
divided the China region (3.868–53.558N, 73.668–1358E)
into four areas according to latitude and analyzed the
temperature deviations in the different areas. Figure 9
gives the partition results, and it shows that the number
of matching pairs increases with increasing latitude.
Figure 10 gives the statistical results for the change in
temperature deviation with latitude. As can be seen
from Fig. 10a, the difference in the mean temperature
deviation between the different areas is small at height
of 17–32 km, but it is larger in lower and higher regions.
Figure 10b shows that the standard deviation decreases
with increasing latitude at heights of 15–20 km: the deviation is larger at lower latitude in this region, with a
maximum of ;7.5 K at 15 km, and is smaller at higher
latitudes. The effect of latitude is very small, and the
standard deviations of the four different areas are close
at heights of 20–24 km. In the range 25–55 km, the
standard deviation is greatest in area 4, of higher latitude, and is smaller in areas 1 and 2. In the range 55–60 km,

FIG. 8. Mean temperature and standard deviation for different seasons and annually (colors).
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FIG. 9. The temperature deviations in four areas partitioned by latitude with matching pairs
indicated.

area 1, of lower latitude, has a larger deviation than the
other three areas.
In the south of China, cloud-top altitudes frequently
are higher than 10 km. Infrared limb emissions are very
sensitive to thin ice clouds, while COSMIC observations
are insensitive to thin clouds. Given that SABER has a
vertical field of view of 2 km, the increasing standard
deviations below 20 km may indicate cloud contamination of SABER retrievals. In northern China in
winter GWs were detected by a various instruments
(Eckermann and Preusse 1999; Jiang et al. 2004). Since

these are unlikely to be viewed exactly at the same
location and in the same observation geometry (horizontal viewing direction) GW activity in winter at
northern China may explain these increased standard
deviations.

5. Conclusions
In this paper we used radiosonde data to validate the
accuracy of COSMIC data at heights 0–32 km and
TIMED/SABER data at 15–32 km. We then compared

FIG. 10. Mean temperature and standard deviation for the four different latitude areas and the whole region (colors).

Unauthenticated | Downloaded 01/09/23 12:52 PM UTC

SEPTEMBER 2015

1941

FAN ET AL.

COSMIC data and TIMED/SABER data in the height
range 15–40 km, during the period from April 2006 to
December 2009. Our analysis leads to the following
conclusions:
(i) COSMIC has a high precision in the height range 0–
32 km, with systematic bias with high-resolution data.
This detection method retains its precision when the
precision of radiosondes decreases, so it can be used
to evaluate the performance of different sondes. The
mean temperature deviation between the two methods
is 0 K at ;9 km and is almost negative in higher region
and positive in lower region. The standard deviation is
mostly less than 3 K in the reliable region 15–32 km,
and it is greater in the range 7–11 km, reaching a
maximum of ;4.9 K at 10.5 km.
(ii) The precision of SABER sounding data is good in
the height range 15–32 km and can accurately reflect
the atmospheric condition. The mean temperature
difference between SABER and radiosondes is positive at heights of 20–29 km and almost negative at
other heights. The standard deviation between the
two is within 1–4.8 K, being larger at 15–19 and
22.5–25 km, with its maximum at 17 km.
(iii) The temperature profiles obtained by COSMIC
and SABER are consistent in the China region.
The deviations between the two sets of data are
mainly caused by systematic error and by differences in longitude, latitude, and time. In the
altitude range 15–40 km SABER temperatures
are generally larger than COSMIC temperatures
with maximum difference of 3 K at 23 km. The
standard deviations are all greater than 2.5 K in
the region 15–40 km, being larger near 15 km and
smallest, approaching 2.5 K, at 20 km. There is a
peak in the standard deviation of ;3.7 K near
23 km, after which it remains approximately the
same at ;3.5 K in the range 25–35 km.
(iv) The temperature deviation between COSMIC and
SABER changes with the seasons, and there is a
certain bias between the statistical results for different seasons. The seasonal difference in the mean
deviation is small at heights of 15–35 km, but larger
at other heights. The standard deviation is smallest
in summer and largest in winter, and is intermediate
in spring and autumn. The seasonal difference of the
standard deviations is small at heights of 15–30 km,
but is greater at 35–60 km and reaches a maximum
of ;3.7 K.
(v) The temperature deviation between COSMIC and
SABER changes with latitude. The difference in
the mean deviation between different areas is small
at heights of 17–32 km, but it is larger in lower and

higher regions. The standard deviation decreases
with increasing latitude at heights of 15–20 km; it is
larger at lower latitudes in this range, reaching a
maximum of ;7.5 K at 15 km, and is smaller at higher
latitudes. The effect of latitude variation is very small
at heights of 20–24 km. Within the range 25–55 km,
the area of highest latitude has the largest standard
deviation and area of lowest latitude the smallest
deviation.
The results presented in this paper indicate that the
quality of COSMIC data is very high at altitudes lower
than 40 km. The SABER data perform well at heights of
20–60 km but not well at lower altitudes. The temperature deviations between COSMIC and SABER change
with latitudes and seasons in the China region. Through
comparing data from COSMIC occultation detection
and TIMED/SABER satellite sounding with highresolution data, together with comparisons between
the two techniques, the results described in this paper
are consistent with those from previous research, and
they can provide a basis for further study and applications of these techniques.
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