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Motivation:  AIRS-sonde trend  60-90N over land no Cloud 
-0.05 K/yr 

Satellites: Comparability and Reproducibility ?  
1) Not designed for climate monitoring 
2) Changing platforms and instruments 
(No Comparability) 
 
-  AIRS (from 2003 till now) and AMSU exhibit 

biases in retrieving atmospheric temperatures, 
limiting their value in observing long-term climate 
change. These biases have diverse and complex 
dependencies on the temperature being 
measured, the season and geographical location, 
surface conditions, and sensor temperature.  

-  “There is only medium to low confidence in 
the rate of change of tropospheric warming 
and its vertical structure [IPCC AR5] 

Outlines:  
1. Characteristics of RO data  
2. Monitoring the long term stability of AIRS 
measurements    
3. Calibration of AMSU layered temperatures in 
the lower Stratosphere using GPS RO data 

Advanced Review wires.wiley.com/climatechange

recognition of linkages between ozone depletion and
climate change was evidenced by dedicated chapters
of both the 2006 and 2010 ozone assessments,52,76 as
well as a special report coordinated by the IPCC.141

Reinvigorated Analyses of Stratospheric
Temperature Observations
Stratospheric climate research benefited substantially
from the controversy surrounding tropospheric tem-
perature trends;1 increased scrutiny of radiosonde and
MSU data and development of independent methods
of adjusting inhomogeneous data resulted in sev-
eral new LS temperature data products,4,7,10–17,18,142

depicted in Figures 3 and 6. As a result, there are
now more estimates of LS trends than during the
20th century, and, because of their convergence over
time (mainly due to the smaller cooling trends in the
bias-adjusted radiosonde data compared with earlier
datasets), reduced uncertainty regarding the magni-
tude of the global mean LS cooling (about 0.3–0.5 K
decade−1, Figure 6).

Motivated in part by those advances, concern
grew over the quality of middle and upper strato-
spheric SSU data, largely because only one team had
analyzed the data and most of their results were
reported in assessments, without the benefit of detailed
methodological description in journal articles. Stim-
ulated by the 1988 ozone trends panel report30 and
discussions of the SPARC Stratospheric Temperature
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FIGURE 6 | Evolution of estimates of observed cooling trends in
global mean lower stratospheric (LS) temperatures during the satellite
era (since 1979), based on satellite Microwave Sounding Unit (MSU)
(blue) and radiosonde (red) observations. Symbols show trends for 1979
to the year plotted, as reported in the literature, except for 1979–2009
trends which were calculated for this study. Radiosonde data are
vertically weighted to correspond with the MSU LS layer (Figure 2). Blue
line shows trends from the current (September 2009) version of
University of Alabama in Huntsville (UAH) MSU data for each year.
Differences between this line and the UAH published estimates (blue
circles) illustrate the degree of change in the different versions of this
dataset. See Figure 3 legend for dataset names and associated
references.

Trends Assessment Panel (then cochaired by K. Shine
and W. Randel), Shine et al.25 showed that increases
in atmospheric CO2 significantly impacted the SSU
weighting functions and derived temperature trends.
Throughout most of the LS, adjustment made the
derived trend significantly more negative (by typically
several tenths of a degree per decade). Importantly,
the adjustment at 5 hPa brought models and obser-
vations into much better agreement. The synthetic (or
‘X’) channels were not amenable to simple adjustment
for the CO2 change.25

The SPARC panel21 applied these SSU adjust-
ments in an update of observed stratospheric trends.
The panel expressed concern over documentation of
the methodology for deriving trends from SSU data,
noting that ‘the details of the SSU data need to be
clarified in the peer-reviewed literature’ and suggest-
ing the need for ‘alternative independent SSU climate
data products’. Liu and Weng29 were the first to pro-
duce an alternative analysis for channels 25 and 26;
Figure 4 compares the two analyses.

Like MSU and radiosondes, the SSU data show
warming associated with the volcanic eruptions of El
Chichón and Pinatubo, most marked in the two lower
altitude channels, 25 and 26 (Figures 4 and 7). The
upper stratospheric channel (27) indicates a cooling
of about 3 K between 1978 and 2006, all of which
occurred prior to 1996. The two channel 26 analyses
show quite different characteristics; Randel et al.21

indicate an overall cooling of around 0.5 K, while Liu
and Weng29 indicate a small warming. For channel
25, the overall cooling is quite similar (about 1 K) and
the two time series are in particularly good agreement
from 1989 onwards, but differ in the period following
the El Chichón eruption, 1985–1989 (Figure 4).

Neither of the two SSU methodologies20,29 is
sufficiently well documented to confidently identify
the reasons for these differences, but some tentative
conclusions can be drawn. First, the disagreement
between the channel 25 analyses between 1985 and
1989 (note in particular the abrupt decrease in 1989
in the Liu and Weng data29) appears to be associated
with a reported radiometric error (of order 0.5 K)
on the SSU instrument on the NOAA-9 satellite,
considered in other analyses.20,143 Other shifts in the
differences between the analyses seem to coincide
with changes in instruments (e.g., the 1995 transition
between NOAA-11 and NOAA-14), suggesting that
different data merging methods may explain the
differences.

The channel 26 series are more problematic,
with a 1 K relative drift between the two analy-
ses over the 30-year record, larger than the trend in
either of them (Figure 4). One analysis29 shows no
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•  Measure	  of	  *me	  delay:	  no	  calibra*on	  is	  needed	  
•  Requires	  no	  first	  guess	  sounding	  
•  Not	  affect	  by	  clouds	  	  
•  Uniform	  spa*al/temporal	  coverage	  
•  High	  precision	  (<0.05K)	  
•  No	  mission	  dependent	  bias	  
•  Insensi*ve	  to	  clouds	  and	  precipita*on	  

	  

I	  :	  Characteris*cs	  of	  GPS	  RO	  Data	  

COSMIC 

(Ho et al., TAO, 2009,  
Ho et al., JGR, 2009 
Anthes et al., BAMS, 2008) 

Precision < 0.05 K 

Using FM3-FM4 pairs  
in early mission 

CHAMP	  (launched	  in	  2001)	  –COSMIC	  (launched	  in	  2006)	  

Within 60 Mins and 50 Km 



The	  accuracy	  of	  the	  RO	  temperature	  	  

Ho, S.-P., Ying-Hwa Kuo ,William Schreiner, Xinjia Zhou, 2010: Using SI-traceable Global Positioning System Radio 
Occultation Measurements for Climate Monitoring [In “States of the Climate in 2009]. Bul. Amer. Meteor. Sci., 91 (7), S36-S37.  
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Using RO data to Identify 
Diurnal variation of Radiosonde 
Temperature Anomalies  

Solar absorptivity = 0.15 
IR emissivity = 0.02  

Solar absorptivity = 0.15 
IR emissivity = 0.85  

VIZ-B2 VAISALA 

150 hPa 
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Approach : using RO data to  
Monitoring Quality of AIRS  

Observations  

Distance difference = 100km, Time Difference = 30 minutes  



200701 
200704 

200707 200710 

Distance difference = 100km, Time Difference = 30 minutes  
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Using	  RO	  data	  to	  monitoring	  quality	  of	  AIRS	  Measurements	  in	  different	  seasons	  	  	  



8	  

Using	  RO	  data	  to	  monitoring	  quality	  of	  AIRS	  Measurements	  in	  different	  la*tudinal	  
zones	  	  	  
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Using	  RO	  data	  to	  monitoring	  quality	  of	  AIRS	  Measurements	  in	  different	  la*tudinal	  
zones	  	  	  
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Comparison	  of	  ECMWF,	  RO,	  and	  AIRS	  temperature	  for	  those	  RO-‐AIRS	  pairs	  in	  the	  
south	  pole	  regions	  	  	  	  



Comparing	  RO	  and	  RS92	  temperatures	  in	  different	  la*tudinal	  zones	  	  	  



Approaches: 
1.  Data:  
COSMIC from 200606 to 200912 
CHAMP from 200106 to  200806 
RSS V3.2 200106-200912 
UAH V5.1 200106-200812 
SNO V2.0 200106-200912 
 
2. Apply CHAMP and COSMIC soundings to 

AMSU forward model to simulate AMSU TLS 
 
3. Match simulated GPS RO TLS to NOAA AMSU 

TLS within 30 minutes and 0.5 degree to find 
calibration coefficients for different NOAA 
satellites so that we can 

a.  use GPS RO data to inter-calibrate other 
NOAA satellite 

 b. use the NOAA satellite measurements 
calibrated by GPS RO data to calibrate multi-
year AMSU/MSU data and generate 
consistent RO and MSU/AMSU TLS climate 
data records 

Construction of a consistent RO and 
MSU/AMSU Temperature Climate Data 

Records  
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a b c 

N15, N16 and N18 AMSU  calibration against COSMIC 

200609 

Approaches: Constructing RO-AMSU brightness temperature 
 calibration coefficients for each month from 200106 to 200912 

(Ho et al., 2009 TAO) 13 



(Ho et al. OPAC special issue, 2009) 

Approach: Use of RO Data to Identify the Location/local-time  
Dependent Brightness Temperature Biases for regional  
Climate Studies 
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Time Series of AMSU TLS  
Inter-satellite biases  
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Time Series of AMSU TLS  
Inter-satellite biases after 

Calibration     



Conclusions	  	  

•  RO	  simulated	  AIRS	  brightness	  temperature	  is	  
useful	  to	  validate	  AIRS	  L0	  measurement	  	  long	  
term	  stability	  and	  accuracy	  

•  RO	  TLS	  can	  be	  used	  to	  calibrate	  mul*ple	  
AMSU	  ch9	  measurements	  obtained	  from	  
mul*ple	  AMUS	  missions	  include	  POES,	  ATMS	  
etc.	  	  	  

•  Using	  RO	  data	  as	  references,	  indirectly	  
compared	  from	  AIRS	  and	  AMSU	  can	  be	  
compared	  	  	   17	  


