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ABSTRACT 

 

Limited Time Period (LTP) running trends are used to elucidated Microwave 

Sounding Unit (MSU) derived tropospheric temperature trend methods.   

Regression derived coefficients were used to combine lower stratosphere (LS) and 

mid-troposphere to lower stratosphere (MT) simulated MSU channels from RATPAC 

radiosonde data using sites not found to have long-term cooling biases.  This combination 

is used to estimate tropospheric temperature trends and then is compared to the actual 

RATPAC derived tropospheric temperature trends.  It is found that statistical LS/MT 

combination results in greater than 30% error over some LTP.  These errors are found to 

exist when strong cooling in the stratosphere is coincident with the zero trend level above 

the tropopause.  

LTP trends are also created from various MSU difference time series between the 

University of Alabama in Huntsville (UAH) and Remote Sensing System (RSS) group’s 

lower troposphere (LT) and MT channels.  This is accomplished in an effort to determine 

the causes of the greatest discrepancies between the two data sets. 

Results indicate the greatest discrepancies were over time periods where NOAA-

11 through NOAA-15 adjustments were applied to the raw LT data over land.  

Discrepancies in the LT channel are shown to be dominated by differences in diurnal 

correction methods due to orbital drift; however, discrepancies from target parameter 

differences are also present.  Comparison of MSU data with radiosonde data indicate that 

RSS’s method (use of climate model) of determining diurnal effects is overestimating the 

correction in the LT channel.  Diurnal correction signatures still exist in the RSS LT time 
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series and are likely affecting the long term trend with a warm bias.  Using these findings 

it is shown that atmospheric amplification is not happening in globally averaged 

observations over the MSU era.   

Findings in this work indicate that the temporal changes in temperature trend 

profiles and their causes are extremely important in our understanding of atmospheric 

changes and are not well understood. 
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Chapter 1 

INTRODUCTION 

1.1 Introduction 

Accurate assessment of satellite derived temperature trends in the atmosphere is 

paramount to our understanding of climate change.  The Microwave Sounding Unit 

(MSU) derived atmospheric temperature trends are used in various climate studies for 

model verification [Vinnikov, et al., 2006], to infer trends in other atmospheric 

parameters [Soden, et al., 2005], to derive trends in atmospheric layers not directly 

obtained from the MSU [Johanson and Fu, 2006] and to provide evidence of changes in 

planetary-scale atmospheric circulation [Fu, et al., 2006], to name a few.  In addition, the 

use receiving the most attention is the resultant MSU derived global and tropical 

atmospheric trends themselves.  These trends are at the center of determining whether 

amplification (greater warming in the troposphere than at the surface) of temperatures 

trends in the atmosphere exists as prescribed by climate models and the current 

understanding of the physics [Christy, et al., 2007; Karl, et al., 2006; Santer, et al., 

2005].   

The MSU data suffer from a number of calibration issues and time-varying biases 

that must continue to be addressed as they are used for climate change studies [Mears 

and Wentz, 2005].  Additionally, the accuracy of methods that combine different MSU 

channel data to obtain tropospheric trends is still debated in the scientific literature 

[Johanson and Fu, 2006; Spencer, et al., 2006].  Although the  MSU wasn’t originally 

meant for climate studies [Christy, et al., 2003] it is extensively used for this purpose and 
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a thorough examination of these data and methods using these data is necessary to insure 

long-term stability as required for climate change studies.  

Currently there are multiple temperature databases directly derived from satellite 

based MSU radiance measurements by three separate groups:  the University of Alabama 

in Huntsville(UAH), Remote Sensing System (RSS) and the University of Maryland 

(UMd).  RSS and UAH produce temperature products for three layers; the mid 

troposphere to lower stratosphere (termed MT), roughly surface to 75 hPa; the lower 

stratosphere (termed LS), roughly 150 to 15hPa; and the lower troposphere (termed LT) , 

roughly surface to 300 hPa; [Christy and Norris, 2006].  The LT channel, used by RSS 

and UAH, is produced by a linear combination of MT channels at different zenith angles.  

UMd produces a temperature product for MT only.  Additionally, Fu et al., [2004a] 

(hereafter FJWS) derived a method that uses linear regression with radiosonde data to 

create coefficients that remove stratospheric influence from the MT channel using a 

linear combination of the LS and MT channel.  The resultant tropospheric layer is 

roughly surface to 150hPa and is termed Ttr  [Johanson and Fu, 2006] (hereafter JF06).  

Each group’s database produces different temperature trend results for their 

respective channels (MT, LT, Ttr).  The causes of the differences can be categorized in 

two ways.  First, there are differences between the groups that use the MSU raw data to 

create time series and temperature trends.  Differences in these satellite estimates of 

trends are caused by each group using different processes in merging data from the 

individual satellites used in the time series and differences between the diurnal 

adjustments that are used to account for orbital drift of the satellite [Mears, et al., 2006].  
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Second, there are differences between JF06 derived trends and the groups using the raw 

MSU data.  Differences in these estimates of trends (other than the aforementioned) are 

caused by the different layers represented in the time series and the accuracy in which the 

JF06 method is able to remove stratospheric influence from the MT channel using the LS 

channel.  

Recent studies have documented biases between the UAH and RSS data sets 

[Christy and Norris, 2006; Christy, et al., 2007; Mears, et al., 2006; Mears and Wentz, 

2005] and find that the likely primary cause of differences between the two groups in the 

LT and MT channels are the on board calibration target parameters calculated by each 

group due to different choices of overlap periods of the satellites used to create the time 

series.  Methods to determine diurnal correction are found as a secondary issue.  The 

United States Climate Change Science Program’s (CCSP) Temperature Trends in the 

Lower Atmosphere: Steps for Understanding and Reconciling Differences [Karl, et al., 

2006] addressed discrepancies in satellite trends and methods for creating temperature 

anomaly time series.  Their recommendation is to diagnose the relative merits of different 

merging methods for satellite data over limited time periods where the largest 

discrepancies between satellites and radiosonde data are found [Mears, et al., 2006].  

Other studies have debated the validity of FJ06 method for removing stratospheric 

influence from the MT channel using the LS channel [Fu and Johanson, 2005; Fu, et al., 

2004a; Johanson and Fu, 2006; Spencer, et al., 2006].  This debate is still active, 

however all databases (UAH, RSS, JF06) are used in the CCSP report to determine if 
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amplification in the atmosphere as seen from observations is consistent with that 

produced by climate models.  Due to these inconsistencies the CCSP concludes:  

“..due to the considerable disagreements between tropospheric datasets, it is not 

clear whether the troposphere has warmed more than or less than the surface” 

A linear fit over the entire time period to compare long term trends may not be the 

best technique to compare the databases in order to diagnose differences between derived 

temperature trends as have been done in the past.  Comparing the data over shorter, or 

limited time periods (LTP), affords the opportunity to determine how methods affect data 

for the actual time period over which differences in merging methods are used or over 

time periods used to create coefficients, helping to more accurately determine the merits 

of the methods.  Thus, any similar discrepancies among the methods found at more than 

one LTP could be resolved in a single process used over those time periods.  These 

similar discrepancies may not be seen using one long term linear trend.  Furthermore 

some changes in climate forcing (ie Stratospheric Ozone, sun radiation, methane) have 

changed over a time period shorter than the entire 28-year MSU period.  These forcings 

over LTP have led to temperature changes in the atmosphere over LTP, thus need to be 

analyzed in the same manner to understand the complex feedback processes.  

The objective of this study is to elucidate MSU derived temperature trend 

methods in attempt to alleviate “the considerable disagreements between tropospheric 

datasets” so investigation into the atmospheric variability is able to move forward.  To do 

this, first LTP will be used to investigate the physical validity of methods that use 

statistical means of subtracting stratospheric influence from the MT channel using the LS 
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channel, including the FJ06.  This work is described in chapter 4 of this study.  In 

addition, as recommend by the CCSP, LTP will be used to locate and find attribution for 

the largest discrepancies between MSU data sets and is described in chapter 5.   

In order to properly introduce the importance of this study the rest of chapter 1 

will detail background information into the role of tropospheric temperature trends in the 

quest for answers on atmospheric amplification.  An overview of the MSU instrument is 

provided in chapter 2 and the data used is described in chapter 3.  A brief look into how 

findings in elucidation relate to atmospheric amplification is discussed in chapter 6.  

Summary, Conclusions and future work will be laid out in chapter 7.   

1.2 Background History 

Among claims that modeled and observed tropospheric trends were 

fundamentally inconsistent Santer et al., [2000] found that modeled surface and MSU LT 

channel [Christy, et al., 2000] trends were close enough to not be considered inconsistent.  

However, they also found when surface – LT modeled trends were compared to surface – 

LT observed trends there were significant differences, indicating theoretically based 

atmospheric amplification (warming greater in the troposphere than at the surface) was 

not represented by observations.  The UAH group created the LT channel (a linear 

combination of the MT channel at different view angles) to alleviate, at the time, 

warming influence of stratosphere on the MT channel.  Subsequently [Prabhakara, et al., 

2000] created an MT channel data base obtaining a trend of 0.13 K/decade for a time 

period of 1980-1999.   
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Further calibration adjustments were accomplished on the raw MSU data 

produced by the UAH group resulting in MT and LT trends of 0.02 K/decade and 0.06 

K/decade respectively for 1979-2002 time period [Christy, et al., 2003; Zou, et al., 2006].  

The small trends were inconsistent with the larger trends of about 0.17 K/decade obtained 

from surface observations [Folland, et al., 2001].   Due to this apparent discrepancy 

Mears et al., [2003] reanalyzed the MSU raw data and created a new MT channel 

database by using different merging techniques than the UAH group.  Their MT database 

showed a 0.10 K/decade warming for a time period of 1979-2001.  Although this was 

closer to the surface trend and consistent with Prabhakara et al., [2000], it still indicated 

that observations were not showing atmospheric amplification over the MSU time period. 

FJWS developed a statistical method using linear regression of the MT and LS 

channel to eliminate the stratospheric influence on the MT channel.  Their method, 

modified in JF06, estimates tropospheric temperature trend for a layer from the surface to 

the tropopause, instead of surface to ~400-500hPa that the LT channel represents.  Their 

results indicate more warming in the troposphere and produce temperature trends that are 

near or greater than the surface trend for the RSS database but still less for the UAH 

database. 

Vinnikov, et al., [2006] created yet another MT database using differing satellite 

diurnal cycle corrections than RSS and UAH and found that the globally averaged trend 

for a time period of 1978 – 2004 was 0.20 K/decade which compared very well with the 

trend obtained from surface reports.  Their method, however, only removed the first 

harmonic of the diurnal cycle while UAH and RSS remove first and second harmonics in 
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their corrections, indicating a likely source of errors in the Vinnikov, et al., [2006] 

database [Mears, et al., 2006].  

Mears and Wentz [2005] developed an LT channel so comparisons with UAH 

data was available.  In the same work they found an error in the UAH tropical LT 

calculations; corrections of this error slightly increased the trends in the effected channel.  

A subsequent study was done by Santer, et al., [Santer, et al., 2005] using the RSS and 

UAH MT and LT channels, determining atmospheric amplification in the tropical 

atmosphere.  Findings indicated that the only database that agreed with the modeled 

amplification was the RSS database.    

The United States Climate Change Science Program put together a panel of 

scientist to assess the aforementioned discrepancies between modeled atmospheric 

amplification and observations in the atmosphere.  This  resulted in the comprehensive 

report: CCSP Temperature Trends in the Lower Atmosphere: Steps for Understanding 

and Reconciling Differences [Karl, et al., 2006].  Findings found:  

“Since the late 1950’s, all radiosonde data sets show that the low and mid 

troposphere have warmed at a rate slightly faster than the rate of warming at the 

surface for global-average. For observations during the satellite era (1979 

onwards), … the majority of these data sets show warming at the surface that is 

greater than in the troposphere…some datasets show the opposite. …Some 

climate model simulations show more warming in the troposphere than at the 

surface, while a slightly smaller number of simulations show the opposite 
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behavior.  There is not fundamental inconsistent among these model results and 

observations at the global scale.”  

Most important to this work:  

“Thus, due to the considerable disagreements between tropospheric datasets, it is 

not clear whether the troposphere has warmed more than or less than the surface” 

One of the recommendations is to diagnose the relative merits of different 

merging methods for satellite data over limited time periods where the largest 

discrepancies between satellites and radiosonde data are found.  This work takes this 

recommendation one step further and uses LTP to elucidate all of the MSU derived 

temperature trend methods, using the newest globally homogenized radiosonde database 

available.  
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Chapter 2 

MICROWAVE SOUNDING UNIT 

2.1 Sensor Specifics 

The microwave sounding unit (MSU) on the NOAA polar orbiting environmental 

satellites (POES) is a four-channel Dicke-type passive radiometer with the channel 

frequencies centered at 50.30, 53.74, 54.96, and 57.95 GHz, respectively, which are 

frequencies in the 50 to 60GHz oxygen absorption complex [Mo, et al., 2001].  A cross-

track rotating reflector directs the incoming radiation through a fixed circular horn which 

is coupled to the radiometers.  The antenna beamwidths are both set to 7.5° by the 

reflector dimensions (~6 cm).  This results in a 3 dB (half-power) footprint at nadir of 

110km for the 833km polar orbiting altitude.  Half-power beamwidth is defined by the 

points on the sides of the antenna main lobe where the received energy is 50% of that at 

the lobe center.  Due to the increasingly oblique viewing off-nadir, combined with the 

curvature of the earth, footprints off-nadir has increasing horizontal sizes [Grody, 1983].  

The 11-footprint scan lines are repeated every 25.6 seconds providing 170 km spacing 

between scan lines.  The 7.5° beam width from the satellite orbital altitude of 

approximately 850km results in an atmospheric footprint horizontal size (spatial 

resolution) at nadir of about 110km (circular), increasing to about 180km by 320km 

(elliptical) at the scan extremes.  In contrast to the point measurement of a thermometer, 

the horizontal and vertical sampling of each MSU measurement represents approximately 

100,000 km3 of atmosphere.  Fluctuations in the brightness temperature measurements 
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(noise) is limited to less than 0.3K by the 1 second integration time per spot and 200 

MHz prediction bandwidth of the channels.   

There are about 3000 useful scan lines per day each includes the 11 footprint 

observations.  The MSU LT channel (effective channel derived by a linear combination 

of MSU MT channel at different scan angles) retrieval scheme utilizes only 8 of these 

observations for the scan-line retrieval; hence, the maximum number of distinct 

observations on a given day is about 24000 [Christy, et al., 1995]. 

Once every scan, the instrument makes calibration measurements, viewing deep 

space, assumed to be near 2.7 K, and high emissivity warm targets.  There is one target 

for the two lower frequencies, channels 1 and 2, and another for the two highest 

frequencies, channels 3 and 4.  The temperature of each target is monitored with 

redundant platinum resistance thermometers. 

2.2 Weighting Functions 

The MSU radiometer senses oxygen emissions at frequencies of 50 to 60GHz.  

Emissions of electromagnetic radiation through the atmosphere are produced by 

molecular oscillating dipole charges. The oxygen molecule does not have a permanent 

electric dipole, that most gases have, but it does posses a permanent magnetic dipole 

moment as a result of unpaired orbital electrons.  The great abundance of the oxygen 

molecule, relative to the other absorbing molecules, compensates for these weak 

transitions, ultimately producing a large atmospheric absorption [Stephens, 1994] 
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At these frequencies radiance emitted by oxygen (assumed to be a blackbody) is 

proportional to temperature and referred to as brightness temperature.  For the MSU the 

only time oxygen is not considered a full blackbody is at the earth’s surface where 

contribution of near surface readings and the amount of energy that is being transmitted is 

going to depend on the surface temperature right below those readings.  Here, there is an 

emissivity of less than 1 (grey body).  There is a significant difference between land and 

ocean emissivity, contributing to different values by the MSU sensor.  Difference in land 

types also play an important part in the sensor reading, and, although not investigated in 

depth in this work, errors in readings from the MSU over the polar regions with ice/snow 

as the predominate surface may have errors.  Therefore, the surface contribution to the 

radiance that is sensed by the sensor will depend on the assumption of a surface 

emissivity.  For the MSU an average over all land types emissivity is taken as 

approximate 1, and for ocean emissivity 0.5.  This may be an avenue that needs more 

investigation; especially as relatively small changes in temperatures in a decade time are 

considered.  

The oxygen mixing ratio in the atmosphere, at least through the stratosphere, is 

constant. This makes the 60GHz a good frequency to use as the mixing ratio vertical 

profile is already know, and what is needed to calculate transmission of energy through 

the atmosphere.  

Another issue considered is the effects of frozen precipitation on MSU sensed 

energy.  According to Spencer et al., [1990], in the 50-60GHz region (MSU’s region)  ice 

particles must become precipitation size to cause a significant effect.  Empirical evidence 
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for this is shown from the more ice-sensitive 85.5 GHz channel of the Special Sensor 

Microwave/Imager, which reveals no case of cirrus-induced brightness temperature 

cooling at the brightness depression level of 0.5°C.  If, however, the cirrus are thick and 

the result of deep moist convection, larger brightness depressions (in excess of 1°C) do 

occur, which in every case have been linked to evidence of precipitation-sized particles.  

UAH and RSS groups have used these results as a threshold to eliminate readings that are 

affected by ice-precipitation size particles. 

As electromagnetic radiation propagates through the atmospheric oxygen it is 

attenuated by absorption seen in the following absorption coefficient relationship 

[Stephens, 1994] 
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where S is the strength of the absorption line and a measure of how readily a given 

oxygen molecule energy state transition takes place. αL is the line broadening profile, a 

coefficient that accounts for collisions of the individual molecules in the atmosphere.  p is 

pressure, p0 = 1 atmosphere,  ν is frequency and ν0 is the frequency at line center, and in 

this case would be ~60GHz 

 The change in intensity of the radiation as it transverses through the atmosphere is 

seen by  

ρνν
ν Ik

ds
dI

−=                                                    (2.2) 
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Where Iν is the energy transmitted through the atmosphere, ρ the mixing ratio of 

oxygen and s is the distance through the atmosphere 

Equation 2.2 can be manipulated to derived the amount of energy that is 

transmitted through the atmosphere (τν) to the form 

⎥⎦
⎤

⎢⎣
⎡−= ∫

2

1

exp),( 21

s

s
dskss νντ                                     (2.3) 

How τν changes vertically through the atmosphere relates the contribution from 

that individual layer sensed by the satellite and is called the weighting function (WF). 

(*)d
d

WF ντ=                                                         (2.4) 

where (*) is any atmospheric height parameter (ie. P, lnP, z ). 

Using these relationships and a known atmospheric profile the weighting function 

for MSU channels can be estimated.  Figure 2.1 shows the MSU LS and MT weighting 

functions using the United States Standard Atmosphere vertical profile. 

 
 



28 

 
 

 

0 0.02 0.04 0.06 0.08 0.1 0.12

10

100

1000

50

500

Weight (dtau/dLnP)

P
re

ss
ur

e 
(h

P
a)

MSU LS

MSU MT

Figure 2.1  MSU LS and MT Weighting functions 
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Chapter 3 

DATA 

3.1 Satellite 

In this work results are based on two different group’s globally and tropically 

averaged MSU and Advanced MSU (AMSU) MT and LT channel data.  One is produced 

by Remote Sensing Systems (RSS) and sponsored by the NOAA Climate and Global 

Change Program.  Data are version 3.0 and available at www.remss.com and described in 

Mears et al., [2003] and Mears and Wentz, [2005].  The other from the University of 

Alabama at Huntsville (UAH), is available at http://vortex.nsstc.uah.edu/, and described 

in Christy and Spencer, [2005] and Christy et al., [2003]. The LT data from UAH are 

from the updated version (v5.2).  Published results from the University of Maryland’s 

(UMd) recently developed MT data, described in Vinnikov et al., [2006] are not used in 

this work as they do not produce an LS or LT database to use for the analysis. 

3.2 Radiosonde 

Radiosonde data are used as an independent database to compare each MSU 

group’s data.  The radiosonde data used here are based on the temporally homogenized 

data set described in Free et al., [2005] available at 

http://www.ncdc.noaa.gov/oa/cab/ratpac/index.php.  Of the two data sets produced we 

use the RATPAC-B database to have monthly anomalies and individual radiosonde sites.  

Randel and Wu [2006] found jumps and discontinuities in individual station records that 
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are used in the RATPAC-B data causing a tendency for spurious cooling in stratospheric 

and tropospheric data.  For this reason, only those radiosonde sites and times that were 

found to be “good” by this group are used, minimizing a long term cooling bias in the 

results of this study.  This tailoring of the RATPAC data allows the radiosonde data to be 

in excellent agreement (variability and trend) with the MSU LS channel data [Randel, et 

al., 2007].  From this point forward this tailored RATPAC dataset will be termed 

RATPAC(RW).  A list of the specific sites used in this study is provided in table 3.1.  

The RATPAC-B data includes the levels; Sfc, 850hPa, 700hPa, 500hPa, 300hPa, 250hPa, 

200hPa, 150hPa, 100hPa, 70hPa, 50hPa and 30hPa.  

To compare the radiosonde and MSU satellite data, we vertically integrate the 

radiosonde temperatures using the LT, MT and LS static weighting functions following 

procedures in Christy, et al., [2003] (see figure 2.1).   

3.3 Surface 

In order to briefly discuss atmospheric amplification (greater warming in the 

tropopause than the surface) 25-year trends were calculated.  Data used were the GHCN-

ERSST, the merged land air and sea surface temperature anomaly analysis based on data 

from the Global Historical Climatology Network (GHCN) of land temperatures and the 

Comprehensive Ocean-Atmosphere Data Set (COADS) of SST data,  and the 

HadCRUTv2 created by the Hadley Centre of the UK Met Office.  Both databases are 

available at http://www.ncdc.noaa.gov/gcag/gcag.html.    
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3.4 Limited Time Periods 

A linear fit over the entire time period to compare long term trends may not be the 

best technique to compare the databases in order to diagnose differences between derived 

temperature trends as have been done in the past.  Comparing the data over shorter, or 

limited time periods (LTP), affords the opportunity to determine how methods affect data 

for the actual time period over which differences in merging methods are used or over 

time periods used to create coefficients, helping to more accurately determine the merits 

of the methods.  Thus, any similar discrepancies among the methods found at more than 

one LTP could be resolved in a single process used over those time periods.  These 

similar discrepancies may not be seen using one long term linear trend.  Furthermore 

some changes in climate forcing (ie stratospheric ozone, sun radiation, methane) have 

different changes over time periods shorter than the entire 28-year MSU period.  These 

forcings over LTP have led to temperature changes in the atmosphere over LTP stressing 

the important of analyzing the atmosphere in the same manner to understand the complex 

feedback processes.  LTP in this work are least square linear running trends over all 5, 

10, 15, 20 and 25-year time periods.  
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Table 3.1.  Radiosonde sites used in this study 

Table 3.1.   
Radiosonde stations used in this study. 
 
Station Latitude Top level (hPa) with continuous 

data 
Amundsen-Scott (00Z) -90.0 10 
McMurdo (00Z) -77.9 30 
Syowa (00Z) -69.0 20 
Macquarie Island (12Z) -54.5 50 
Marion Island (00Z) -46.8 20 
Gough Island (00Z / 12Z) -40.3 20 
Martin de Vivies (12Z) -37.8 30 
Adelaide (12Z) -34.9 30 
Capetown (00Z) -33.9 20 
Durban (00Z) -29.9 20 
Norfolk Island (00Z) -29.0 20 
Rio de Janeiro (12Z) -22.8 20 
Townsville (00Z) -19.2 20 
Darwin (00Z) -12.4 20 
Manaus (12Z) -3.1 20 
Nairobi (00Z) -1.3 20 
Bangkok (00Z) 13.7 30 
San Juan (00Z / 12Z) 18.4 10 
Hilo (00Z / 12Z) 19.7 10 
Jeddah (12Z) 21.6 20 
Minamitorishima (12Z) 24.3 20 
Brownsville (00Z / 12Z) 25.9 10 
Santa Cruz (12Z) 28.4 20 
Kagoshima (12Z) 31.6 20 
Bet Dagan  (00Z) 32.0 50 
Miramar (00Z / 12Z) 32.8 10 
North Front (00Z / 12Z) 36.2 10 
Dodge City (00Z / 12Z) 37.7 10 
Kashi (00Z) 39.4 20 
Wakkanai (00Z / 12Z) 45.4 20 
Rostov (00Z) 47.2 30 
Great Falls (00Z) 47.4 10 
Torbay (00Z) 47.6 20 
Munchen (00Z / 12Z) 48.2 20 
Moosonee (00Z / 12Z) 51.2 20 
Petropavlovsk (12Z) 53.0 20 
Omsk (00Z / 12Z) 54.9 20 
Annette Island (00Z) 55.0 10 
Saint Paul Island (00Z) 57.1 10 
Kirensk (00Z / 12Z) 57.7 30 
Lerwick (00Z / 12Z) 60.1 20 
Keflavik (00Z / 12Z) 64.0 20 
Baker Lake (00Z / 12Z) 64.3 20 
Pechora (00Z) 65.1 30 
Turuhansk (00Z / 12Z) 65.8 20 
Verkhoyansk (00Z) 67.6 30 
Alert (12Z) 82.5 10 
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Chapter 4 

STATISTICAL MT STRATOSPHERIC CONTRIBUTION ELIMINATION 

METHODS USING LIMITED TIME PERIODS  

4.1 Introduction 

Monitoring tropospheric temperature trends from MSUs depends, conceptually, 

upon the removal of the stratospheric influence from the MSU MT channel [Spencer, et 

al., 2006] (see figure 4.1).  Fu and Johanson [2004a] (FJWS) proposed a statistical 

method to eliminate the stratospheric influence from the MSU MT channel that relies on 

interlayer correlations from radiosonde data [Spencer, et al., 2006].  Some studies show 

the robust nature of this statistical method using computer model simulations [Gillett, et 

al., 2004; Kiehl, et al., 2005].  However, a debate continues as to the accuracy of 

removing the stratospheric influence on MT using statistical means [Fu and Johanson, 

2004b; Spencer, et al., 2006; Tett and Thorne, 2004].  The method was updated to a 

resultant temperature trend for the entire troposphere, instead of the 850 hPa – 300 hPa 

layer as in the original work,  and computation of coefficients from two radiosonde 

datasets to show independence from training dataset was accomplished [Johanson and 

Fu, 2006] (JF06). 

With the importance of limited time period (LTP) analysis coming to the 

forefront, the purpose of this chapter is to investigate the robust nature of statistical 

regression techniques, including JF06, in elimination of the stratospheric influence on the 

MT channel temperature trends, using LTP.  In doing so the latest radiosonde database 

available (RATPAC(RW)) are used.  In order to assign atmospheric physical contribution 
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to errors found in the statistical determination of a combined MT and LS channel,  15, 20 

and 25-year LTP trends were accomplished using RATPAC(RW) radiosonde data where 

the level of zero trend or zero trend level (ZTL) is introduced and further discussed in 

section 4.1.  FJ06 method is reviewed in section 4.2 and the additional regression 

methods used in this chapter are discussed in section 4.3.  Results and discussion of 

regression methods are presented in section 4.4.  Other probable issues with using the MT 

and LS channel combination are discussed in section 4.5, with summary and conclusions 

for this chapter in section 4.6.   

4.2 RATPAC(RW) Limited Time Period trends / Zero Trend Level (ZTL) 

In order to assign actual physical causes to errors found in statistical combination 

of the MT and LS channel, 15, 20 and 25-year LTP trends were accomplished using 

RATPAC(RW) radiosonde data.  Trends are calculated for each radiosonde level over the 

given LTP using data from January 1958 to December 2006. The 15-year LTP trends are 

shown in figure 4.2a for globally averaged data and figure 4.2b for the tropics (20°N-

20°S).  Figure 4.3 shows 20-year LTP with the 25-year LTP in figure 4.4.   

The scope of this work does not afford a complete analysis of the radiosonde LTP 

and is the subject of future work.  However, there are some key features that are 

necessary to discuss in order to find physical sources of errors found in the regression 

method combination of MT and LS channels.  The key features to focus on for this paper 

are the vertical distribution of temperature trends and the level where the trend is zero 

(ZTL).   
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The vertical distribution of temperature trends indicates mainly warming in the 

troposphere and strong cooling in the stratosphere.  In  Figure 4.2a it can be seen that the 

strongest cooling in the globally averaged stratosphere is over the 15-year trends centered 

on 1991 through those centered on 1997.  In addition, relatively stronger cooling over the 

15-year trends centered on 1965 though those centered on 1972 is seen.  This is important 

to note because the LS channel encompasses this cooling and is used to eliminate 

stratospheric contributions when regression methods are applied using the LS and MT 

channels.  Another important metric to consider when dealing with the LS and MT 

combination is the vertical variability of the ZTL.  Figure 4.2a  shows the globally 

averaged ZTL varies anywhere from above 30 hPa (upper limit in radiosonde data) in the 

15-year trend centered on 1976 to ~ 300 hPa over 15-year trends centered on the early 

1990’s.  For 20-year globally averaged LTP the ZTL varies over a range of ~80hPa-

250hPa (figure 4.3a), and for the 25-year globally averaged LTP over a range of 

~100hPa-200hPa (figure 4.4a).  This region of variability is through the layer where the 

weighting functions for the LS and MT channel are not really equal, but large enough 

where neither weighting function can be neglected (see figure 4.1).  This then establishes 

the need to further explore techniques that use a combination of the LS and MT channel. 

It is possible that causes of this variability of cooling and warming in the upper 

troposphere/lower stratosphere may be related to ozone depletion and recovery, water 

vapor variability or variability in the solar spectral .  However, a comprehensive study 

into the effects of these parameters over LTP would be necessary to confirm this 

hypothesis.  This and whether the ZTL can be used as a metric for climate studies is left 
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to further study.  
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Figure 4.1.  Layer where the MSU LS and MT weighting function intersect. MT has 

contribution from the stratosphere (above 200 hPa for global average)..  The biggest 

impact for a combination of the two channels is between 100 hPa and 200 hPa, the region 

of greatest variability in the ZTL. 
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Figure 4.2  (a)  15-year Limited time period trends (K/decade) on globally 

averaged RATPAC(RW) data, (b) Tropical (20°N-20°S) 
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Figure 4.3  Same as Figure 4.2 for 20-year LTP (K/decade) 
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Figure 4.4  Same as Figure 4.2 for 25-year LTP (K/decade) 

 

 
 



41 

4.3 Review of JF06 regression method  

As seen in figure 4.1, the MT channel weighting function extends well into the 

stratosphere.  FJWS created a method to eliminate the stratospheric influence from the 

MSU MT channel in order to get a more accurate estimate of tropospheric only 

temperature change.  Their method was subsequently modified and is explained in JF06.  

In order to estimate the tropospheric temperature from the MT and LS channels JF06 

used the form  

ε+++= LSLSMTMTTR TaTaaT 0 ,                                           (4.1) 

where TMT and TLS are the MT and LS temperatures respectively.  The regression 

coefficients aMT and aLS are computed from a linear least squares fit, minimizing ε2, using 

simulated MT and LS channel monthly average temperature anomalies using radiosonde 

data and a tropospheric layer temperature (TTR) in the form 

∫
∫
+

+
=

t

t

P

MTs

P

MTss
TR

dppWW

dppTpWTW
T

1000

1000

)(

)()(
.                                    (4.2) 

WMT  is the TMT  weighting function, Ws is the relative contribution of the surface 

temperature (Ts), T(p) is the atmospheric temperature profile, and Pt is the tropopause 

pressure.  Pt is 200 hPa for the global mean and 100 hPa for the Tropics taken to be 20°S-

20°N in this work. (Note that JF06 used 30°S-30°N for tropics) 

The radiosonde temperatures are vertically integrate using simulated MT and LS 

static weighting functions following procedures in Christy et al., [2003]. The a0 is very 

small and not necessary for trend analysis and is therefore not considered.  In addition, 

the trends for TTR , TMT , and TLS are removed prior to regression and JF06 used 
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LSMT aa −=1  as an additional constraint as a means to create a normalized effective 

weighting function. 

4.4 Methods of regression using LTP analysis 

In order to assess all of the regression methods for LTP trends, coefficients for all 

the methods are computed from RATPAC(RW) using least squares regression methods in 

various ways.  TTR is then derived from equation (4.1) using the coefficients derived from 

these various methods and compared to the actual TTR computed from equation (4.2).  

The various methods used for creating coefficients using least squares regression follow. 

4.4.1 RH07 

First, we calculated regression coefficients using only the MT static weighting 

function as opposed to all other methods which use a combination of the MT and LS 

channel.  The same process as JF06 was accomplished except only the MT channel was 

used.  TTR remained the same, however the actual stratospheric contribution to the MT 

channel is:  

∫
∫

= 0

0

)(
)(

)()(

t

t

P MT

P MT

ATROPMT
dppW

dppTpW
T ,                                                   (4.3) 

where TMT(ATROP) is the weighted temperature of the MT channel above the Pt level. 

Coefficients were found using the MT channel, TMT(ATROP) and TTR as the target layer and 

are termed RH07 (see figure 4.5a).  This creates a linear regression from two physical 

layers weighted by MT and is an exact fit to the MT channel.  Coefficients for 

(aMT(ATROP), aMT) are (-0.167, 1.167), using the RATPAC(RW) radiosonde temperatures.
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Figure 4.5  (a)  MT weighting function.  RH07 subtracts the layer above the tropopause 

(MT(ATROP)) from the entire MT channel to estimate the tropospheric layer (TTR).  (b) 

LS weighting function.  Methods other than RH07 use the LS and MT channels to 

estimate the tropospheric layer (TTR). 

 
 



44 

Note that the constraint of aMT = 1 - aLS was not imposed on the RH07 

coefficients, they are the actual coefficients calculated.  They sum to 1 because 

TMT(ATROP) and TTR are the actual weights of MT channel for their respective layers and 

the MT channel has been normalized to 1.  This regression method was run on all LTP 

and the variation in coefficients was < 0.0001; essentially constant, as one would expect. 

4.4.2 JF06NEW 

Next, the FJ06 method was used to calculate coefficients from the RATPAC(RW) 

radiosonde dataset.  Coefficients were calculated using the full 1958-2006 time period 

and were found to be (aLS = -0.0977, aMT = 1.0977), using the constraint aMT = 1 - aLS.  

These constant coefficients were then used on each LTP to estimate TTR (termed 

JF06NEW).  Coefficients were also calculated for each individual 15, 20 and 25-year 

LTP and then each individually derived set of coefficients were applied to its 

corresponding LTP to estimate TTR (termed JF06NEWXX where XX is the LTP used).  

FJ06 used the constraint aMT = 1 - aLS.  However, as discussed below, this is not 

physically sound and using aLS = 1 – aMT would be an equally valid solution to parameters 

summing to 1, but yield different results.  Therefore coefficients are also found using this 

latter constraint (termed JF06NEWXXcs) to show the differences.   

4.4.3 NoCONST 

Actual coefficients for both aTM and aLS  were also found from regression to be (-

0.0977, 1.119).  In other words, the aTM = 1 - aLS  constraint was not applied.  Coefficients 

were calculated using the full 1958-2006 time period of the RATPAC(RW) data.  These 

constant coefficients were then used on each LTP to estimate TTR (termed NoCONST for 
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no constraint used).  Coefficients were also found for each individual 15, 20 and 25-year 

LTP.  These individually derived coefficients were applied to their corresponding LTP to 

estimate TTR (termed NoCONSTXX; where XX is the LTP used).   

One must be careful to apply a constraint to sum regression derived coefficients 

to 1.  The coefficients do not necessarily add up to 1 and to force them to do so is 

physically incorrect.  This can be seen by solving for aMT using equation (4.3) 

MT

LSLSTR
MT T

TaTa −
= .                                                            (4.3) 

This shows that aTM  = 1 - aLS  is true only if TTR = TTM = TLS and only fortuitously works 

reasonably well in the FJ06 case because the temperatures in each layer are within 10% 

of each other, but the fact remains that this constraint does not really create a normalized 

weighting function.  Either an effective weighting function needs to be created using 

previously chosen coefficients or the coefficients found from regression need to be used 

as is.  To show this, the actual derived coefficients (NoCONSTXX) and their sum are 

shown in figures 4.6 thru 4.8 for 15 thru 25-year LTP’s respectively.  There are no time 

periods where the coefficients sum to 1.  Thus, selecting aTM to calculate aLS or aLS to 

calculate aTM becomes a decision that impacts the physical meaning of the coefficients.  

Using figure 4.6 as an example, the actual aTM coefficient has a greater variability than 

aLS coefficient and seems to follow the variability in magnitude of cooling in the 

stratosphere (compare with figure 4.2a).  Where the aLS coefficient appears to follow ZTL 

variability in the atmosphere (figure 4.2a).  Arbitrarily choosing one coefficient to 

calculate the other necessarily biases the variability.  It also creates a combination of 
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coefficients that, when used to estimate the troposphereic temperature, no longer 

represents the layer that was used to create the coefficients. 

The JF06 method uses the MT and LS channels so the coefficients derived can be 

used on the current MSU data bases to estimate a TTR temperature trends.  In an attempt 

to assess errors created by using regression coefficients using the LS and MT channels 

when applied to actual MSU data, all aforementioned coefficients were applied to RSS 

and UAH databases to compare results on the MSU data.  Note that the physically sound 

regression coefficients derived from RH07 do not use the MSU LS channel. However, 

the UAH data closely follows the radiosonde data and an estimated TTR can be found by 

applying the coefficients derived in this manner using the TTM(ATROP) found from the 

radiosonde and UAH MT channel.  Additionally we used the coefficients found in the 

actual JF06 for globally averaged data (-0.141, 1.141) (termed JF06OLD).  Table 4.1 

summarizes the methods for calculating coefficients. 
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Figure 4.6   (a) a(LS) coefficient found using least squares regression at each 15-year 

LTP.  (b) same as (a) for a(MT) coefficient.  (c)   a(LS) + a(MT) 
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Figure 4.7   Same as Figure 4.6 for 20-year LTP 
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Figure 4.8   Same as Figure 4.6 for 25-year LTP 
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Table 4.1 Techniques used to calculate globally averaged regression coefficients 

Name (aLS, aMT )  Derivation technique 

RH07 (-0.067, 1.067) 

(aMT(ATROP), aMT) 

Physical separation of MT Channel 

JF06NEW (-0.098, 1.098) JF06 method applied to RATPAC(RW) 

For entire 1958-2006 time period.  

Constraint: aMT = 1 – aLS 

JF06NEWXX See Figures: 

 4.6a-4.8a 

JF06 method applied to RATPAC(RW) 

for each LTP.  Constraint: aMT = 1 – aLS 

JF06NEWXXcs See Figures: 

 4.6b-4.8b 

JF06 method applied to RATPAC(RW) 

for each LTP.  Except constraint:  

aLS = 1 - aMT 

NoCONST (-0.098, 1.119) Actual coefficients from RATPAC(RW) 

For entire 1958-2006 time period.   

No constraint applied 

NoCONSTXX See Figures 

4.6(a,b)-4.8(a,b) 

Actual coefficients from RATPAC(RW) 

for each LTP.  No constraints applied 

JF06OLD (-0.141, 1.141) From Johanson and Fu [2006] 
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4.5 Results of regression methods using LTP 

All methods of creating coefficients, except JF06OLD, were applied to 15,20 and 

25-year LTP trends from RATPAC(RW) radiosonde data and corresponding TTR were 

created using equation (4.1).  These were subtracted from the actual TTR found using 

equation (4.2).  These differences in trends are shown in figure 4.9 for 15-year LTP, 

figure 4.10 for 20-year LTP and figure 4.11 for 25-year LTP.  The best statistical solution 

for a LS/MT combination is the NoCONSTXX as this method results in actual regression 

coefficients.  The first thing to note is that constant coefficients (NoCONST and 

JF06NEW) have a cooling bias during some time periods and warming bias during others 

when compared to coefficients calculated at each LTP (NoCONSTXX and 

JF06NEWXX).  During the MSU era it is solely a cooling bias.  This is caused from the 

coefficients being greater than the average during this time frame, which contributes to 

more warming added back into the trend from the LS channel and more warming 

accounted for from the greater MT channel coefficient.  This can be seen in figure 4.11a.  

Here it is seen that 25-year trends prior to those centered on 1984 show a warming bias in 

constant coefficients (NoCONST and JF06NEW) and trends after those centered on 1984 

show a cooling bias in constant coefficient derived TTR.  However, it is important to note 

that while using coefficients created for every LTP is a more accurate solution, the biases 

created from using constant coefficients are never greater than 0.005 K/decade (with this 

database) and would not change the outcome of any TTR study.  
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Next thing to note is that the JF06NEW TTR has a cooling bias when compared to 

the NoCONST time series in most LTP.  This is due to the constraint that is applied by 

JF06 and where aMT = 1 - aLS.  The actual aMT is greater than the constrained aMT which 

would cause the estimated TTR to have additional warming added from the increased 

coefficient for the MT channel, increasing the estimated tropospheric temperature trend.  

One exception to JF06NEW having a cooling bias is when the MT channel is actually 

cooling, then the actual coefficient for the MT channel increases (when compared to 

JF06NEW) it would increase the cooling, this leads to JF06NEW producing a warming 

bias and is seen in figure 4.9a in the 15-year LTP trends centered in 1965 through trends 

centered in 1972.  It is also apparent in 20-year LTP trends centered in 1968 through 

trends centered in 1970 (figure 4.10a).  These time periods can be seen in figure 4.6 and 

figure 4.7 (15, 20-year LTP for RATPAC(RW)) where it is seen that the troposphere has 

no trend or a slight cooling.   

It can also be seen in figures 4.9a-4.11a that deriving TTR using JF06NEWXXcs 

coefficients produce a substantial warming bias over the majority of the time periods and 

all of the time periods in the MSU era (figures 4.9b-4.11b).  As previously discussed this 

is a valid solution when constraining the sum of the coefficients to 1.  These results 

indicate that actual coefficients (NoCONST, NoCONSTXX) should be used if using a 

combination of the LS and MT channels and constraints are not valid for regression 

obtained coefficients.   
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Additionally, RH07 coefficients were also used to estimate TTR (equation 4.1) and 

subtracted from the actual TTR (equation 4.2), but in each LTP the difference of trends 

was zero, as expected. 

Although there are differences in estimating TTR between each regression method 

used to calculate coefficients using the MT and LS channels, the differences are < 0.01 

K/decade.  It is found that the bigger errors are between TTR found using any LS/MT 

combination method and the TTR derived from equation 4.2.   

It has been shown that differences between the different methods used to create 

coefficients (using the MT and LS channels) are very small outside of the 

JF06NEWXXcs, which was provided to show magnitude of error using constraints.  

However, any combination of MT and LS (other than JF06NEWXXcs) to estimate TTR 

shows time periods where, compared to the actual Ttr, errors are as great as 0.02 

K/decade (figure 4.9a) in the 15-year LTP and in 20-year LTP 0.015 K/decade (figure 

4.10a).  The leads to errors in trends, in some time periods of greater than 30%.  The 

greatest errors are seen during time periods where there the LS channel does not represent 

the MT channel layer above the tropopause (MT(ATROP)).  A good metric to see this is 

the ZTL discussed in section 4.1.  As the ZTL moves upward through the layer above the 

tropopause (see figure 4.1) the actual amount of cooling that is influencing the MT 

channel becomes less, thus less warming needs to be added back to estimate the 

tropospheric temperature trend.  However, when strong cooling exists in the layer above 

the ZTL the change in the cooling the LS channel can sense, as warming enters the LS 

weighting function, is small.  This is because the amount of warming entering the LS 
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weighting function is an order of magnitude less than the strong cooling in the 

stratosphere.  In the regression models using MT/LS combinations the LS channel is 

representing the influence that needs to be eliminated.  In the above scenario the LS trend 

will remain close to the same as it was when the ZTL was below the tropopause, but the 

cooling that actually needs to be eliminated (MT(ATROP) will decrease.  This causes the 

LS coefficient to be larger than it needs to be and results in adding back more warming 

creating a warming bias in the estimated tropospheric temperature trends.  In other words 

under these conditions (strong cooling in stratosphere, ZTL above the tropopause) the LS 

channel does not physically represent the MT influence that needs to be eliminated.  The 

best examples are seen in 15-year LTP trends (figure 4.9a) centered on 1966 through 

trends centered on 1974, compared to the atmosphere LTP figure 4.2a, and the 20-year 

LTP (figure 4.10a) from trends centered on 1968 through trends centered on 1972, 

compared to the atmosphere LTP figure 4.3a.  During these time periods strong cooling 

in the stratosphere and the ZTL well above the 200mb tropopause is seen.  The 25-year 

LTP (figure 4.4a) shows differences between the different time periods when there is 

cooling in the stratosphere and the ZTL is above the tropopause.  However, in the above 

time period the cooling is not as strong as seen in the 15 and 20-year LTP.  This less 

cooling results in errors of less than 0.01 K/decade for trends 25-years and greater as 

JF06 concludes, but translates to errors of > 30% for some 25-year time periods. 

As for the MSU era, it is important to note that errors using the radiosonde data 

are starting to increase in the 15-year trends (see figure 4.9b).  This increase coincides 
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with ZTL increase of the last few 15-year LTP trends (figure 4.2a) and coincident strong 

cooling in the stratosphere.   

These results are for the analyzed global averages.  However, there may be other 

situations when other latitudinal averaged temperature trends are analyzed that may show 

strong cooling/warming in the stratosphere and the ZTL above the chosen tropopause.  

These are situations where misrepresentation of tropospheric temperature trends would 

exist. 
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Figure 4.9  (a) Various methods of creating coefficients from RATPAC(RW) radiosonde 

data and corresponding TTR were created using equation (4.1).  These were subtracted 
from the actual TTR found using equation (4.2) for 15-year LTP over the entire 

radiosonde time period.  (b) Over the MSU era 
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Figure 4.10  Same as figure 4.9 with 20-year LTP 
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Figure 4.11  Same as figure 4.9 with 25-year time periods 
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To see how the coefficients affect the actual MSU data is a more difficult issue.  

Previously we compared estimated tropospheric temperature trends created from 

statistical combinations of the MT and LS channels (equation 4.1) to the actual 

tropospheric trends (equation 4.2) using radiosonde data to compute the coefficients.  

When using the actual MSU data, the comparisons of estimated tropospheric temperature 

trends created from different methods of combining the MT and LS channel can be 

compared to each other, but an actual tropospheric temperature is not available from 

MSU data to be the standard.  The actual LT channel could be used, but the differences in 

weighting functions cause the effective height of the resulting temperature to vary, 

making comparisons difficult.  To alleviate this problem the RH07 method was used 

combining the UAH MT channel and the MT(ATROP) channel found from the 

radiosonde data.  This is possible with the UAH database due to the fact that the UAH 

data closely follow the radiosonde data.  The magnitude of the cooling depends on the 

training dataset used, but the coefficients calculated for (RH07) will not change.  Figure 

4.12 shows differences of trends which used a statistical combination between MT and 

LS (with UAH data only) and the RH07 method using UAH MT channel and the 

MT(ATROP) channel found from radiosonde data ((other methods) - (RH07)).  The 

JF06OLD was also included to see how this updated radiosonde data compares to those 

found in previously used radiosonde datasets.   

Figure 4.12 shows variability consistent with those found in using only 

radiosonde data.  Differences between statistical combinations of the MT and LS 

channels are within 0.01 K/decade of each other, except JF06OLD.  Differences between 
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JF06OLD and other statistical MT/LS combinations are due to the difference in the 

dataset used.  Although JF06OLD used the RATPAC dataset, the version used with all 

other methods in this work had those radiosonde sites with cooling biases removed 

[Randel and Wu, 2006].  Cooling biases in the stratosphere/upper troposphere would 

cause greater regression coefficients as the coefficient for MT would remain close to 

constant but the greater LS coefficient would result in adding back more warming 

resulting in a greater estimated troposphere temperature.  This indicates that using any 

combination of the MT and LS channels are training database dependent.  

Differences between all estimated tropospheric temperature trends using MT/LS 

statistical combinations and the RH07 method using UAH MT channel and MT(ATROP) 

from the radiosonde data also show the same error trend as those found when only 

radiosonde data was used.  A trend toward greater errors in 15-year LTP trends centered 

in the late 1990’s is apparent (figure 4.12), coincident with a signature representative of 

strong cooling in the stratosphere and a ZTL increasing in height from 300mb to ~100mb 

(figure 4.2).  Error signatures similar to those found when using only radiosonde data 

indicate that using UAH data combined with radiosonde data is a good method to indicate 

estimated tropospheric temperatures with MSU data.   
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Figure 4.12.  Various methods of creating coefficients, were applied to 15-year 

LTP trends from RATPAC(RW) radiosonde data and corresponding TTR were created 

using equation (4.1).  These were subtracted from TTR found using RH07 and the 

difference of trends is shown.   
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4.6 Additional issues with using MT and LS combination 

4.6.1 MSU instrumentation 

  As we will see in the next chapter methods for merging the MSU data 

from the various satellites to create a time series contains errors.  Most errors are due to 

correction methods made for diurnal drift in each satellite and biases between individual 

satellites.  These problems exist and are different between the LS and MT channels 

[Spencer and Christy, 1993].  Coefficients associated with each of the channels will only 

magnify any errors that exist in the database, in fact these errors in the MT channel are 

occasionally as large as the trend itself.  How these construction or structural errors 

translate into estimated tropospheric temperature trends will need further investigation. 

4.6.2  Static weighting function 

 The question has been explored as to whether the MSU static weighting 

function is the best way to estimate temperature trends when simulated MSU 

temperatures from the radiosonde data.  To briefly explore the sensitivity to temperature 

change and use of static weighting functions the brightness temperature was calculated 

from a standard atmospheric vertical profile using a static weighting function.  A 

temperature perturbation was imposed for the LS channel using the strongest cooling in 

stratospheric temperature found in LTP (-1.6 K/decade).  Two resulting brightness 

temperatures were calculated.  The first was found by keeping the weighting function 

constant.  The second was found by creating a new weighting function using a radiation 

transfer model [Liebe, et al., 1977; Liebe, et al., 1992] and calculating the new brightness 
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temperature.  With the above magnitude of cooling in the stratosphere there was only a 

~0.01 K/decade change in trend between using a static weighing function and using the 

quasi-dynamic weighting function.  This is only 10% of the trend in this region, which 

translates in a difference in estimated tropospheric trends of ~0.001 K/decade, which 

would be negligible.   

4.7 Summary and Conclusions  

 In this chapter statistical combination of the LS/MT channel, including JF06 is 

robust using LTP analysis is assessed.  In order to do so LTP was accomplished on 

RATPAC(RW) data and it was found that the ZTL is most variable thru the layer where 

the combination of the weighing function for the MT and LS channel influenced the 

estimated tropospheric temperature the most.   

Constraining coefficients is not physically sound and causes errors; therefore, the 

best method for a MT/LS statistical combination is using the actual coefficients derived 

from the regression method (NoCONSTXX).  Using aMT = 1 – aLS as a constraint causes 

a small cooling bias in this radiosonde dataset and using aLS = 1 – aMT causes a large 

warming bias in the estimated tropospheric temperature.  Imposing a constraint may 

create a normalized weighting function, but when coefficients are created by regression 

methods “normalizing” will create coefficients that no longer predict the tropospheric 

temperature.  

It is found that the greater errors are between TTR found using any LS/MT 

combination method and the actual TTR (equation 4.2) derived.  Errors were found to be 

as great as 0.02 deg/decade in the 15-year LTP and in 20-year LTP 0.015 deg/decade.  
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This results in error of > 30% for estimated TTR.over some time periods.  The greatest 

errors are seen during time periods where the LS channel does not represent the MT 

channel layer above the tropopause (MT(ATROP)).  This is when there is strong cooling 

in the stratosphere coincident with the ZTL above the tropopause.  These results are for 

analyzed global averages.  However, there may be other situations when other latitudinal 

averaged temperature trends are analyzed that may show strong cooling/warming in the 

stratosphere and the ZTL above the chosen tropopause where misrepresentation of 

tropospheric temperature trends would exist.   

It was also found that finding coefficients for an LS/MT combination is training 

dataset dependent, as expected.  JF06 found coefficients greater than those found with the 

database used in this work.  As radiosonde data becomes more robust or stable, 

coefficients derived (FJWS, JF06, this work) seem to be converging to smaller 

coefficients, thus smaller estimated tropospheric temperatures.   

After analyzing RATPAC(RW) it found that fortuitously, during the MSU era 

errors are small enough that conclusion from using an LS/MT combination is valid.  

However, it has also been found that this technique is database dependent and would 

require that each database used be thoroughly checked to see when or where the errors 

are before it can be used on the MSU data to estimate tropospheric temperature trends 

accurately.   

Any statistical combination still depends on the accuracy of RSS and UAH data 

therefore; discrepancies between these two data bases need to be resolved.  This is 

considered in chapter 5. 
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Chapter 5 

LIMITED TIME PERIOD COMPARISON UAH/RSS  

5.1 Introduction 

The United States Climate Change Science Program’s (CCSP) Temperature 

Trends in the Lower Atmosphere: Steps for Understanding and Reconciling Differences 

[Karl, et al., 2006] is a comprehensive look into atmospheric amplification discrepancies 

between observations and models.  The observed satellite data used in their study were 

the RSS and UAH MSU databases.  These databases produce different temperature trend 

results for their respective channels (LS, MT, LT).  Differences in these satellite 

estimates of trends are caused by each group using different processes in merging data 

from the individual satellites used in the time series and differences between the diurnal 

adjustments that are used to account for orbital drift of the satellite [Mears, et al., 2006].   

Recent studies have documented biases between the UAH and RSS data sets 

[Christy and Norris, 2006; Christy, et al., 2007; Mears, et al., 2006; Mears and Wentz, 

2005] and find that the likely primary cause of differences between the two groups in the 

LT and MT channels are the on board calibration target parameters calculated by each 

group due to different choices of overlap periods of the satellites used to create the time 

series.  Methods to determine diurnal correction are found as a secondary issue.  The 

CCSP addressed discrepancies in satellite trends and methods for creating temperature 

anomaly time series.  Their recommendation is to diagnose the relative merits of different 

merging methods for satellite data over limited time periods where the largest 

discrepancies between satellites and radiosonde data are found [Mears, et al., 2006].   
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In this chapter the limited time periods (LTP) used are running 5 and 10-year least 

squares fit trends of various difference time series created from RSS and UAH MSU 

data.   

A linear fit to the entire long term trends of RSS and UAH data may not be the 

best technique to diagnose differences in merging methods.  Comparing the data over 

shorter, or LTP, affords the opportunity to determine how corrections for time dependent 

effects, such as orbital changes, affect the data for the actual time period over which they 

are applied.  In addition, any similar discrepancies among the merging methods found 

over more than one LTP may resolve problems from a single process used over those 

time periods.  These similar discrepancies may not even be seen using one long term 

linear trend.   

Using difference time series removes any variability that may be common to both 

data sets and isolates those differences that are due to differing data set production 

methods or temperature measurement methods [Wigley, 2006].  Thus, any LTP trend 

anomaly indicates those time periods where differences in data set production methods 

are isolated. 

The purpose of this chapter is to implement the CCSP’s recommendation and 

diagnose the relative merits of different merging methods for satellite data over LTP 

where the largest discrepancies between satellites and radiosonde data are found. 

5.2 Methods 

Difference time series were created from the UAH and RSS MT and LT channels 

in two different ways.  First, UAH data was subtracted from RSS data for each channel 
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(RSS(LT)-UAH(LT) and RSS(MT)-UAH(MT)).  Analyzing LTP on this type of 

difference series leads to locating discrepancies found between the two groups in the 

same channel.  Figure 5.1 shows an example of LTP on this type of difference series.  

Figure 5.1a and 5.1b show the difference time series RSS-UAH for MT and LT channels 

for global (a) and tropical (b) anomalies over land.  The 10-year LTP for these difference 

series are shown in part (c) and (d) respectively.  For global data (figure 5.1c), the 10-

year LTP trends in the MT channel are fairly constant, while in the LT channel they are 

quite variable.  The reason for the variability is seen in the  difference time series (figure 

5.1a) as a slow increase in the LT difference anomalies from 1989 to mid 1994 and 

general slow decrease from mid 1994 to 2003.  This feature is in the LTP trend curve 

where the maximum 10-year trend is from 1989 to 1999 (shown as centered on 1994 in 

figure 5.1c) and the relative minimum 10-year trend is from 1993 to 2003 (centered on 

1998 in figure 5.1c).    

It is important to show that the LTP trends are capturing what can appear to be an 

obvious feature in the MSU difference time series.  Some of the difference time series 

created do not have such an obvious signature yet discrepancies are apparent when LTP 

trends are accomplished.  This increases the confidence that the LTP method is robust in 

capturing the differences present between each group’s data sets, a point which becomes 

more vital when radiosonde data comparisons are made (see section 5.3).   
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Figure 5.1  (a) RSS(MT)-UAH(MT) (grey offset by 1.0) and RSS(LT)-UAH(LT) 

(black offset by 0.5) temperature difference anomaly time series for global data over 

land, (b) tropical data over land.  (c) 10-year Limited Time Period (LTP) trends of 

difference time series for global data; LT(dashed) MT(solid),  (d) tropical data 

LT(dashed) MT(solid).  (e) 5-year LTP trends of the difference time series for global 

data; LT (dashed) MT(solid), (f) tropical data; LT (dashed) MT(solid) 
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Difference trends were also created by subtracting the MT channel from the LT 

channel for each group (RSS(LT)-RSS(MT) and UAH(LT)-UAH(MT)).  LTP trends 

completed on this type of difference series results in locating differences in the trend 

tendency between the channels (LT and MT) within each group.  It is possible to see 

variations in this type of difference series due to the different temporal variability of each 

channel’s trend, however, as each group is using the same raw data any departure in the 

LTP trends, between the two groups, would indicate a time period where processing 

methods differ, not something physically happening in the atmosphere.  Additionally, any 

discrepancies found in this type of difference series indicates time periods were different 

correction methods between the MT and LT channels where used, as opposed to a 

constant correction between the LT and the MT channel (within each group), discussed 

further in section 5.3. 

In summary we calculated LTP trends on time series created from RSS-UAH for 

both MT and LT channels and LT-MT for both RSS and UAH.  This was done for global 

and tropical data separately for land and ocean.   

5.3 Results and Attribution 

In order to assign attribution to results found in the LPT methods used in creating 

each group’s time series are briefly discussed and then results and attribution to those 

methods are discussed.   

5.3.1 Review in correction/merging methods 

Important contributions to the uncertainty in satellite estimates of trends for MSU 

data sets result from corrections for orbital drifts resulting in different diurnal sampling 
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times, and different methods of merging data from the different satellites [Mears, et al., 

2006]. 

To correct for diurnal drift in the each of the satellites, both groups first average 

together the ascending and descending orbits [Mears, et al., 2006].  This removes the first 

harmonic of the diurnal cycle.  Each group then uses a different method for removing the 

higher order harmonics of the diurnal cycle. 

The UAH group calculates mean differences, arising from different measuring 

time, by subtracting the temperature measurements on one side of the satellite track from 

the other [Christy, et al., 2000; Mears, et al., 2006].  As these two measurements are for 

different local times, this, in addition to different adjustments used for land and ocean, 

leads to an averaged diurnal adjustment for each zonal band.   

The RSS group uses hourly output from a climate model which allows 

adjustments at the same resolution as the data [Mears, et al., 2006].  It is important to 

note that the diurnal corrections for each channel are created separately1, thus any 

discrepancy in the MT channel correction is separate from any discrepancy in the LT 

channel correction.  The diurnal corrections are applied to the raw data before any 

merging or target corrections are completed. 

After the diurnal corrections are applied, the data from different satellites in orbit 

at any given time are merged together to create one time series for each channel.   

 

1 Since the two channels, LT and MT, have different vertical weighting functions, any effects that 

vary in the vertical, such as diurnal temperature changes, would affect each channel differently 
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To accomplish this each group must remove calibration drifts that are correlated to the 

temperature of the on board hot calibration target and correct for offsets found by 

comparing co-orbiting satellites [Christy, et al., 2000; Mears, et al., 2006; Mears, et al., 

2003].  Each group removes the calibration target temperature effect using a model that 

includes a constant offset for each satellite, and an additional empirical “target factor” 

multiplied by the calibration target temperature.  The diurnal correction for each channel 

has already been added to the raw data before the regression procedure is accomplished 

to create the target factor and offset, therefore any errors present in the diurnal correction 

will influence the merging coefficients [Mears and Wentz, 2005].  RSS uses all available 

data from overlapping satellites in the regression procedure and UAH uses only satellite 

overlaps with durations longer than 2 years.  UAH  removed three periods of data that 

showed insignificant variance when overlapping with co-orbiting satellites [Christy, et 

al., 2000].  These were TIROS-N in its overlap with NOAA-6 (July-December 1979), 

NOAA-10 in its overlap with NOAA-11 (October 1988-August 1991), and NOAA-12 

with its overlap with NOAA-11 (September 1991-March 1995). 

5.3.2 Results and Attribution 

Analyzing several combinations of difference time series helped us narrow our 

focus for further analysis on those combinations that have the greatest discrepancies.  

Figure 5.1 shows 10-year LTP trends from the RSS(MT)-UAH(MT) and RSS(LT)-

UAH(LT) temperature anomaly difference series for global (5.1c) and tropical (5.1d) data 

over land.  As mentioned before, the trends for the MT channel are relatively constant 

with noted variability in the LT channel trends for the global dataset.  The tropical data 
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show the trends in the LT channel to be consistent with the MT channel until trends 

centered on 1990, when they depart and the LT trends become variable like seen in the 

global case.  Departures in the LTP trends are due to differences in construction methods 

and not physical changes in the atmosphere; therefore, we are able to state that the 

correction method by one or both of the group’s LT channel is indicated by the variability 

in trends.  Figure 5.2 compares 10-year LTP global trends for the RSS(LT)-UAH(LT) 

temperature anomaly difference series over ocean and land.  Here there are relatively 

small changes in trends over the ocean as opposed to the high variability in trends over 

land. This indicates the greatest discrepancies between RSS and UAH are not only in the 

LT channel, but over land as well. 

One of the greatest discrepancies is a departure seen in the 5-year LTP trends 

centered on July 1987 in the tropics (figure 5.1f).  This departure is caused by the 

difference in the target parameters used for the NOAA-9, which was only in service for 2 

years and poorly determined due to its short overlap with other satellites [Mears and 

Wentz, 2005].  The departures in trends are seen to be similar in both the MT and LT 

channels in the tropics and relatively small in the global trends.  Because of this, we were 

unable to determine any other information and will continue to analyze discrepancies 

found in trends that are not affected by these NOAA-9 corrections.  This includes 10-year 

trends centered on 1993 and after and 5-year trends centered on mid-1989 and after.  

The greatest discrepancy in the 10-year LTP trends are those in the LT channel 

centered on1993 through those centered on 1995 in both global and tropical data (figures 

5.1c, 5.1d)).  The largest discrepancies for 5-year LTP trends are those in the LT channel  

 
 



73 

1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

Tr
en

d 
(K

/d
ec

)

Year at middle of 10 year trend

 

 

 

Figure 5.2. 10-year LTP global trends for the RSS(LT)-UAH(LT) difference series over 

ocean (dashed) and land (solid). 

 
 



74 

 

centered on 1993 in both global and tropical data, and also in the tropics we see a 

significant departure in LT trends again centered on 1997, 2002 and 2004.5 (figure 5.1f).  

The best example in a difference series is the tropical difference series shown in figure 

5.1b.  Here we see RSS(MT)-UAH(MT) compared to RSS(LT)-UAH(LT) over land, and 

the signatures that cause the rapid LT trend departures in figure 5.1(d) are seen by the 

larger increase in difference anomalies from 1989 to 1995.  This is over the time period 

where the corrections for NOAA-11 are accomplished.  Signatures causing trend 

variability are also seen by the moderate decrease in difference anomalies from 1995 to 

1999 when corrections for NOAA-12 are accomplished.  After 2000 there is another 

larger increase in LT difference anomalies during when NOAA-14 merging parameters 

are introduced into the time series and a sharp decline in anomalies from 2004 thru 2006 

when NOAA-15 parameters are applied.  The increases and decreases in the LT 

difference time series correspond to the maxima and minima in the LTP trends which 

correspond to what appears to be signatures in the shape of the diurnal corrections of the 

NOAA-11 thru NOAA-15.  Figure 5.3 compares the RSS(LT)-UAH(LT) (global, land) 

difference time series (5.3a),  the RSS(LT)-UAH(LT) (tropical, land) difference time 

series (5.3b) with the RSS globally averaged diurnal correction for NOAA-11 (5.3c), 

NOAA-12 (5.3c) and NOAA-14 (5.3d) over their respective time periods.  Here we’re 

showing the correction signatures are of diurnal shape and are still evident in the 

difference time series.  However, the shape of the diurnal correction and the target 

temperature drift are the same [Christy, et al., 2000; Mears, et al., 2003] indicating the  
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Figure 5.3. RSS(LT)-UAH(LT)  (a) Global difference time series (RSS(LT)-UAH(LT)) 

over land 1989-1999  (b) Tropical difference time series over land 1998-2003.  

(c) RSS global average diurnal correction for NOAA-11(black) and NOAA-

12(grey) 1989-1999. (d) RSS global average diurnal correction for NOAA-14 

1998-2003. 
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discrepancies can arise from either the actual diurnal correction or the derived target 

factors.   

The target factors are constants that describe the behavior of the radiometer and 

are determined using the MT channel data with the diurnal correction already applied 

[Christy, et al., 2000; Mears and Wentz, 2005].  These coefficients can be applied to 

other linear combinations of the MT channel including the LT channel.  Both groups 

accomplish this in the creation of their final series with slight variations between MT and 

LT target factors in UAH data.  Because the target parameters are nearly constant 

between channels (indicating they’re the same over land and ocean), if they were the 

primary cause of the discrepancies found we would expect to see the same variation in 

LTP trends created from channel differences over ocean as we have seen over land.  As 

seen in Figure 5.4, this is not the case.  Here the difference series RSS(MT)-UAH(MT) 

and RSS(LT)-UAH(LT) are compared for 10-year LTP over land (5.4a) and over ocean 

(5.4b) (for 5-year LTP (5.4c) and (5.4d) respectively).  Discrepancies are significantly 

different for the LTP trends over land than ocean, which is not consistent with 

discrepancies being caused by target factors, but more in line with diurnal corrections.  

Diurnal corrections should be larger over land and in the LT channel than over ocean and 

in the MT channel.  An additional test to eliminate target factors as the primary cause of 

discrepancies is comparing difference series created by subtracting channels in each 

group; (RSS(LT)-RSS(MT) and UAH(LT)-UAH(MT)).  Discrepancies created by the 

target factors and offsets are minimized in this type of difference series as they are nearly 

constant in both channels, therefore the discrepancies seen, between groups, are  
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Figure 5.4. (a) Limited Time Period (LTP) trends on RSS(MT)–UAH(MT) (solid) and 

RSS(LT)-UAH(LT) (dashed) for  10-year LTP global land, (b) ocean. (c) 5-

year LTP global land and (d) ocean 
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predominantly caused from diurnal corrections.  Figure 5.5 shows the difference series 

RSS(LT)-RSS(MT) and compares to UAH(LT)-UAH(MT) for 10-year LTP over land for 

global (5.5a) and tropical (5.5b) data.  Departures between the two group’s databases are 

seen and because this difference series shows primarily diurnal correction discrepancies 

we are able to conclude that the departures are dominated primarily by the diurnal 

correction discrepancies.  This is expected as the greatest discrepancies are found over 

land in the LT channel both of which have the greatest diurnal cycle and thus greatest 

corrections required.  It is important to note here that this does not indicate which group’s 

process may be causing the departure in trends.   

As shown above differences in the LT channel are causing the departures, 

however the signatures in this type of difference series can be caused by the UAH 

method underestimating the diurnal correction or the RSS method overestimating the 

diurnal correction or a combination of both.  This will be discussed further when the 

MSU and Radiosonde data is compared in section 5.3.   

At first our findings may appear to be in complete opposition to the CCSP key 

findings that for the tropospheric satellite data (MT and LT), the primary cause of trend 

discrepancies is from differences in merging methods [Mears, et al., 2006].  However, 

with an expanded definition our findings may be considered consistent with the CCSP 

findings in the MT channel.  Differences in derived target parameters have been 

explained as resulting from the two group’s data choices for the regression procedure 

[Mears and Wentz, 2005].  UAH uses only satellite overlaps with durations  
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Figure 5.5  (a) 10-year LTP trends on UAH(LT)-UAH(MT) (solid) and RSS(LT)–

RSS(MT) (dashed) for global,  (b) tropics.  (c) and (d) same as (a) and (b) for 

5-year LTP trends. 
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longer than 2-years while RSS uses all available data from overlapping satellites. 

However, our findings may be consistent with the CCSP findings in the MT channel if 

the total discrepancies created by the final target factors are further defined by two 

separate causes; (1) discrepancies resulting strictly from the method in which overlaps 

were selected and (2) discrepancies resulting from differences in the diurnal correction.  

Mears and Wentz [2005] find that MT channel data over ocean are best for determining 

target parameters due, in part, to a greater diurnal cycle over land than for over ocean.  As 

the total diurnal-shaped correction includes both the diurnal correction and the target 

parameters any overestimated/underestimated diurnal correction, including initial 

discrepancies, would have to be compensated by a smaller/greater target parameter (bias 

plus target temperature factor).  Thus, the mere fact that the final target factors are 

different can be explained by an initial discrepancy in diurnal corrections and not 

necessarily the selection of the overlap of satellites alone.  In reality it is likely a 

combination of both, but the correction dominating the discrepancy appears to be 

different for each channel (MT/LT).  

The findings show that the diurnal correction dominates the discrepancies in the 

LT channel, however it is in addition to differences in target bias parameters as Christy et 

al., [2007] determined that steps between the databases exist during some of the LT time 

periods.  Determining which parameter dominates MT channel discrepancies is more 

difficult, mainly due to the target parameter’s dependence on the initial diurnal 

correction.  The total discrepancies in the difference time series are combinations of 
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differences in diurnal corrections and differences in target parameters.  The differences in 

target parameters result from differences in choice of overlap and differences in diurnal 

correction.  This indicates that an initial discrepancy from the diurnal correction will not 

only be present in the final data series but be in addition to the discrepancy created by its 

contribution to the target parameter correction.  As the diurnal correction method is over 

or underestimating the diurnal correction in the LT channel, it follows that the same 

process is invoking a discrepancy in diurnal correction in the MT channel.  The difficulty 

lies in the fact that the target parameter determination is dependent on the diurnal 

correction applied.  However any signatures found in LTP trends in the MT channel are 

not large enough to extract any concrete information.  An initial over or underestimation 

of the diurnal correction in the MT channel may be small enough to either be masked or 

dominated by the target factors.   

As stated previously the LT diurnal correction discrepancies can either be 

explained by an overcorrection in the database by the RSS group or an undercorrection 

by the UAH group (seen by order of subtraction in difference series) or a combination of 

both. 

5.4 Radiosonde Comparison 

To compare the UAH and RSS data sets, we use the anomaly difference series 

created by subtracting channels of each group (RSS(LT)-RSS(MT) and (UAH(LT)-

UAH(MT)).  This type of difference series was used for two reasons.  First, using the two 

channels created by the same instrument (MSU or Radiosonde) helps to eliminate any 

structural inconsistencies.  Second, this difference series compares predominantly diurnal 
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inconsistencies between the groups as discussed previously.  We also create the same 

type of difference series from simulated channels using a static weighting function 

[Christy, et al., 2003] on an independently derived radiosonde dataset.  Used here are 

RATPAC-B data based on the temporally homogenized data set described in Free et al., 

[2005].  Randel and Wu [2006] found jumps and discontinuities in individual station 

records that are used in the RATPAC-B data causing a tendency for spurious cooling in 

stratospheric and tropospheric data.  For this reason, we used only those radiosonde sites 

and times that were found to be “good” by this study, minimizing a long term cooling 

bias in the results of the comparison (RATPAC(RW)). 

The three difference series (MT-LT for UAH, RSS and Sonde data) are shown in 

figure 5.6a 10-year LTP trends (global land) and (5.6b) 5-year LTP trends (global land).  

The LTP trend series created from the radiosonde data follows the UAH better for both 

10-year and 5-year LTP trends.  The strong departure in trends of the RSS data vs UAH 

and Sonde data are consistent with the time periods the diurnal correction dominates the 

LT channel.  Although we used “good” radiosonde data [Randel and Wu, 2006] in order 

to minimize negative biases in the radiosonde data, biases may still exist in the data 

during some time periods.  Sonde data follows the UAH data most closely for 5-year and 

10-year trends; therefore, coincidence of agreement between datasets where a long term 

negative bias through time still exists is unlikely, especially in the 5-year LTP trends.  In 

addition, there may be a slight bias induced in the comparison as both groups use slightly 

different methods to categorize land anomalies.   
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Figure 5.6  (a) 10-year LTP trends on UAH(LT)-UAH(MT) (solid), RSS(LT)–RSS(MT) 
(grey) and Sonde(LT)-Sonde(MT) (dashed).  (b) Same as (a) with 5-year LTP 
trends 
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Series types shown in figure 5.6 were differenced (Sonde-UAH and RSS-Sonde) 

accounting for autocorrelation correction using methods in Santer et al. [2005] and are 

shown in figures 5.7 and 5.8.  Here the differenced series with the 95% CI is seen.  In 

figure 5.7 it is seen that the 10-year trends center on the mid-1994’s through 10 year 

trends centered on the mid-1995’s the RSS-Sonde trends are significantly different than 

zero where the Sonde-UAH trends are not.  In addition, for 10-year trends centered in 

late-1999 through 10-years trend centered in early-2000 RSS-Sonde trends are 

significantly different from zero where Sonde-UAH are marginally not.  Another key 

feature in the RSS-Sonde series is the rapid departure in trend magnitude from trends 

centered in 1995 to trends centered in late-1999 where in the Sonde-UAH data the 

magnitude in trends is relatively constant.  These features are consistent with the diurnal 

correction signatures previously discussed.  Figure 5.8 shows the 5-year trends for the 

tropics over land.  RSS-Sonde trends are significantly different from zero for trend 

centered on beginning-1998 through trends centered on beginning-1999 where Sonde-

UAH trends are marginally not.  In addition RSS-Sonde was significantly different from 

zero for trends centered on late-2001 to trends centered on mid-2002 where Sonde-UAH 

trends are not.  These findings indicate the RSS method for creating the diurnal 

correction (use of a climate model) is the primary cause for the discrepancies between 

RSS and UAH databases in the LT channel.   

Causes of errors are likely due to the inability of the climate model, used by RSS 

to evaluate diurnal effects, to accurately represent the diurnal cycle or include diurnal 
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variability for surface temperature [Dai and Trenberth, 2004; Mears, et al., 2006].  

However, if the diurnal temperature range has decreased over time 
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Figure 5.7  (a) Differences from series types created in figure 5.6.  10-year LTP trends for 
RSS-Sonde (global, land) and (b) Sonde-UAH.  Dashed lines around each are 
the 95% CI. 

 
 



87 

 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

-1

0

1

K
/d

ec

Year at middle of 05 year trend

a

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

-1

0

1

K
/d

ec

Year at middle of 05 year trend

b

 

 

Figure 5.8  (a) Differences from series types created in figure 5.6.  5-year LTP trends for 

RSS-Sonde (tropics, land) and (b) Sonde-UAH.  Dashed lines around each are 

the 95% CI. 
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 [Braganza, et al., 2004; LaDochy, et al., 2007] then a mean diurnal amplitude 

created from a 5-year time period (1979-1984) will be greater than any diurnal amplitude 

created after that time period.  Using a correction based on this earlier time period would 

overestimate the diurnal correction needed in a later time period.  This is what is done by 

the RSS method and may also be a plausible explanation. 

We cannot count out that the UAH results may still have errors in the method 

since their diurnal correction is sensitive to satellite attitude errors and uses latitudinal 

averages [Mears, et al., 2006; Mears and Wentz, 2005].  At this time we are unable to see 

any significant signatures that would indicate the same magnitude as above when each 

database is compared to the radiosonde data.  

5.5 Summary and Conclusions 

The use of LTP trends on various difference time series created from UAH and 

RSS MT and LT channels has been shown to indicate the greatest discrepancies between 

these two databases are over the time periods when correction methods for NOAA-11 

thru NOAA-15 are accomplished.  The greatest discrepancies have also been shown to be 

in the LT channel and most prominent over land.   

Target parameters are constants and can be applied to other linear combinations of 

the MT channel including the LT channel.  Because of this, if they where the primary 

cause of the discrepancies in the LT channel we would expect to see the same variation in 

LTP trends created from channel differences over ocean as we have seen over land.  We 

show this is not the case and discrepancies are consistent with diurnal corrections.  An 
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additional test to validate that the discrepancies are primarily from diurnal corrections is 

comparing difference series created by subtracting channels in each group (RSS (LT)-

RSS (MT) and UAH (LT)-UAH (MT)).  Discrepancies created by the target factors and 

offsets are minimized in this type of difference series as they are nearly constant in both 

channels, therefore the discrepancies seen are predominantly caused from diurnal 

corrections.  This is further confirmed since the greatest discrepancies are found over 

land in the LT channel.  The diurnal cycle in the LT channel should be greater than that 

in the MT channel, and data over land should have a larger diurnal cycle that data over 

ocean.   

At first these findings may appear to be in complete opposition to the CCSP key 

findings that for the tropospheric satellite data (MT and LT), the primary cause of trend 

discrepancies is from differences in merging methods[Mears, et al., 2006].  However, 

these findings may be consistent with the CCSP findings in the MT channel if the total 

discrepancies created by the final target factors are further defined by two separate 

causes; (1) discrepancies resulting strictly from the method in which overlaps were 

selected and (2) discrepancies resulting from differences in the diurnal correction.  As the 

total diurnal-shaped correction includes both the diurnal correction and the target 

parameters any overestimated/underestimated diurnal correction, including initial 

discrepancies, would have to be compensated by a smaller/greater target parameter (bias 

plus target temperature factor).  Thus, the mere fact that the final target factors are 

different can be explained by an initial discrepancy in diurnal corrections and not 

necessarily the selection of the overlap of satellites alone.  In reality it is likely a 
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combination of both, but the correction dominating the discrepancy appears to be 

different for each channel.  

It has been shown that the diurnal correction dominates the discrepancies in the 

LT channel, however they are in addition to differences in target bias parameters 

[Christy, et al., 2007].  Which parameter dominates MT channel discrepancies is more 

difficult to determine, mainly due to the target parameter’s dependence on the initial 

diurnal correction.  This dependence indicates that an initial discrepancy from the diurnal 

correction will not only be present in the final data series but be in addition to the 

discrepancy created by its contribution to the target parameter correction.  As RSS’s 

method is overestimating the diurnal correction in the LT channel, it follows that the 

same process is invoking a discrepancy in the diurnal correction in the MT channel.  An 

initial overestimation of the diurnal correction may be small enough to either be masked 

or dominated by the target factors in the MT channel, but further research is necessary to 

isolate which correction method is dominant, if any. 

The MSU data was compared to the radiosonde data and found that the RSS-

Sonde is significantly different from zero while Sonde-UAH is not during time periods 

that are consistent with the overcorrected diurnal corrections dominating the LT channel.  

Only “good” radiosonde data [Randel and Wu, 2006] are used in order to minimize 

negative trend biases in radiosonde data, however biases may still exist in the data.  

Sonde data follows the UAH data closely through most 5-year and 10-year trends, 

indicating coincidence of agreement is unlikely between datasets where a long term 

negative bias through time still exists, especially in the 5-year LTP trends.  The corrected 
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diurnal signatures still exist in the RSS LT time series and in the longer 10-year LTP 

trends we see a positive bias, thus the present corrected diurnal signatures are likely 

affecting the long term trend with a warm bias.   

Causes of these diurnal errors are likely due to the inability of the climate model, 

used by RSS, to accurately represent the diurnal cycle or include diurnal variability for 

surface temperature [Dai and Trenberth, 2004; Mears, et al., 2006].  However, if the 

diurnal temperature range has decreased over time [Braganza, et al., 2004; LaDochy, et 

al., 2007] then a mean diurnal amplitude created from a 5-year time period (1979-1984) 

will be greater than any diurnal amplitude created after that time period.  Using a 

correction from an earlier time period would over estimate the diurnal correction needed 

during a later time period.  This is what is done by the RSS method and may also be a 

plausible explanation.  In any case these findings enhance the importance of 

understanding temporal changes in the atmospheric temperature trend profile.  This 

understanding would further lead to insight into temporal changes in vertically integrated 

diurnal cycles.  The implications on multiple climate studies using these data series 

include the current quest to understand model vs. observation differences in atmospheric 

amplification. 
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Chapter 6 

ATMOSPHERIC AMPLIFICATION 

6.1 Globally Averaged Atmospheric Amplification 

In order to asses how the aforementioned findings integrate into interpreting 

atmospheric amplification (greater warming in the troposphere than at the surface) figure 

6.1 shows estimated tropospheric temperature trends using coefficients found with 

NoCONST25 and JF06OLD coefficients using RSS and UAH datasets.  In addition, 

estimated tropospheric temperature trends using RH07 method on the UAH dataset are 

included.  UAH and RSS LT channels are included as a means to estimate if 

amplification of temperatures is evident in MSU data.  25-year surface temperature trends 

(GHCN-ERSST and HadCRUTv2) are included for comparison purposes.  

If amplification is happening atmosphere as prescribed by physics then the 

estimated tropospheric temperature would have the greatest trend followed by the LT 

channel and then the surface would have the least trend out of the three “channels”.   

Using the RSS data it is seen that the greatest trends are those in the LT channel 

followed by the tropospheric temperature then surface.  For UAH the greatest trends are 

those are at the surface with the LT channel similar or less than the surface trends.  The 

estimated UAH tropospheric temperature trends show the least warming in this database.  

Indications using the RSS data are amplification is happening but not up to 200mb as 

prescribed by physics and the models.  RSS data indicates amplification up to around 

~300-500hPa (peak of the LT channel) and a profile of less warming or cooling would be 

above this level; seen from estimated tropospheric trends.  For UAH data, indications are 
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more constant temperature trends or less warming up to ~300-500hPa then a profile of 

less warming or cooling above this level.  Both databases show their respective estimated 

tropospheric temperature trends are less than the corresponding LT trend indicating that a 

above the surface-300 hPa layer the atmosphere starts to show less warming or cooling.  

In fact, this is what is seen when one looks at the radiosonde 25-year LTP analysis (figure 

6.2).  Here it is seen that the greatest warming over most time periods is in a ~300-500 

hPa layer and less warming or cooling above this level exists.   

Previously it was shown that in the 15-year LTP the ZTL was as far down as 

~300mb.  Even in the 25-year LTP trends (figure 6.2) it can be seen that the ZTL is 

below 200 hPa (trends center on ~1990).  Variability in the lower level of the cooling 

layer in this manner shows that the layer between approximately 300hPa to 150hPa can 

contribute to either warming or cooling to the MT channel.  As the LS channel only 

senses down to approximately 150hPa, it would not be able to represent the variability in 

this layer and shows why any statistical method using a LS/MT combination to estimate 

TTR should not be used (see chapter 4), and the LT channel actually turns out to be the 

best channel to use, for studies of atmospheric amplification, using satellite data.  In fact, 

the paradigm of using the tropopause for a boundary in studies of temperature trends in 

the atmosphere needs to shift to the layer where the transition between warming and 

cooling exist (ZTL) as they may not be coincident.   

These findings indicate that we should look into the original theory and how 

models handle this theory.  Either the peak in warming is ~300-500 hPa and the theory 

needs to be revisited, or the theory is correct and climate forcing above this layer are 
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continuing to modify where the peak should be (~200mb).  In either case a 

comprehensive look into what modifies the temporal changes in the temperature trend 

profile should be at the forefront of future investigations, using the ZTL, to include how 

the models are parameterizing these temporal changes need to be revisited.   

Currently UAH data is likely more accurate (see chapter 5).  This allows the 

conclusion that using MSU broad atmospheric weighted channels, in addition to 

RATPAC(RW), indicate that atmospheric amplification is not happening in the 

atmosphere on a globally averaged data over the MSU era.  However, there is evidence 

from the radiosonde data, as discussed, that show greater warming in the ~300-500 hPa 

layer exists during some LTP in the complete radiosonde database.  This variation in 

temporal changes in temperature trends warrants further studies on this subject.   

 
 



95 

1991 1992 1993 1994 1995
0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

0.26

Tr
en

d 
(K

/d
ec

ad
e)

Year in middle of 25 year trend

UAH LT
RSS LT
RH07 (UAH)
NoCONST25(RSS)
NoCONST25(UAH)
JF06OLD(RSS)
JF06OLD(UAH)
GHCN-ERSST
HadCRUTv2

 

Figure 6.1  25-year LTP for various estimated troposphere temperature trends.  

GHCN-ERSST and HadCRUTv2 surface 25-year trends are shown for comparison 
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Figure 6.2  25-year LTP trends (K/decade) centered on 1975-1994.5 for a atmospheric 

layer 1000-200 hPa.  Greatest warming is ~ 300-500 hPa; over the MSU era, trends 

centered on 1991.5-1994.5 one would not see atmospheric amplification. 
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Chapter 7 

SUMMARY AND CONCLUSIONS 

7.1 Summary and Conclusions 

The objective of this study was to elucidate MSU derived temperature trend 

methods in attempt to alleviate “the considerable disagreements between tropospheric 

datasets” so investigation into the atmospheric variability is able to move forward.   

First the accuracy of using a statistical combination of the MT and LS channel to 

alleviate contamination from the stratosphere in the MT channel was probed using LTP 

analysis.  In order to do so LTP was accomplished on RATPAC(RW) data and it was 

found that the ZTL is most variable thru the layer where the combination of the weighing 

function for the MT and LS channel has the greatest influence on the estimated 

tropospheric temperature.  The greatest errors were found between TTR found using any 

LS/MT combination method and the actual TTR (equation 4.2) derived.  Errors were 

found to be > 30% for estimated TTR.over some LTP.  The greatest errors are coincident 

with time periods where there was strong cooling in the stratosphere and the ZTL above 

the tropopause.   Indicating the LS channel does not represent the MT channel layer 

above the tropopause (MT(ATROP)).   

It was also found that finding coefficients for an LS/MT combination is training 

dataset dependent, as expected.  As radiosonde data becomes more robust or stable 

coefficients derived (FJWS, JF06, this work) seem to be converging to smaller 

coefficients, thus smaller estimated tropospheric temperatures.  These results are for 
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analyzed global averages.  However, there may be other situations when other latitudinal 

averaged (or any subset of global data) temperature trends are analyzed that may show 

strong cooling/warming in the stratosphere and the ZTL above the chosen tropopause 

exist.  Misrepresentation of tropospheric temperature trends is possible in any of these 

scenarios and leads me to conclude that any statistical method using LS and MT channels 

is not recommended for LTP 25-years or less. 

The use of LTP trends on various difference time series created from UAH and 

RSS MT and LT channels has been shown to indicate the greatest discrepancies between 

these two databases are over the time periods when correction methods for NOAA-11 

thru NOAA-15 are accomplished.  The greatest discrepancies have also been shown to be 

in the LT channel and most prominent over land.   

The MSU data was compared to the radiosonde data and found that the RSS-

Sonde is significantly different from zero while Sonde-UAH is not during time periods 

that are consistent with the overcorrected diurnal corrections dominating the LT channel.  

Only “good” radiosonde data [Randel and Wu, 2006] are used in order to minimize 

negative trend biases in radiosonde data, however biases may still exist in the data.  

Sonde data follows the UAH data closely through most 5-year and 10-year trends, 

indicating coincidence of agreement is unlikely between datasets where a long term 

negative bias through time still exists, especially in the 5-year LTP trends.  The corrected 

diurnal signatures still exist in the RSS LT time series and in the longer 10-year LTP 

trends we see a positive bias, thus the present corrected diurnal signatures are likely 

affecting the long term trend with a warm bias.   
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Causes of these diurnal errors are likely due to the inability of the climate model, 

used by RSS, to accurately represent the diurnal cycle or include diurnal variability for 

surface temperature [Dai and Trenberth, 2004; Mears, et al., 2006].  However, if the 

diurnal temperature range has decreased over time [Braganza, et al., 2004; LaDochy, et 

al., 2007] then a mean diurnal amplitude created from a 5-year time period (1979-1984) 

will be greater than any diurnal amplitude created after that time period.  Using a 

correction from an earlier time period would over estimate the diurnal correction needed 

during a later time period.  This is what is done by the RSS method and may also be a 

plausible explanation.   

These findings indicate that investigation into the original atmospheric 

amplification theory and how models handle this theory is necessary.  Either the peak in 

warming is ~300-500 hPa and the theory needs to be revisited, or the theory is correct 

and climate forcing above this layer are continuing to modify where the peak should be 

(~200mb).  In either case a comprehensive look into what modifies the temporal changes 

in the temperature profile should be at the forefront of future investigations, using the 

ZTL, to include how the models are parameterizing these temporal changes need to be 

revisited.   

Based on these findings the UAH data is likely more accurate (see chapter 5) and 

leads to the conclusion that using MSU broad atmospheric weighted channels, in addition 

to RATPAC(RW), atmospheric amplification is not happening in the atmosphere on a 

globally averaged data over the MSU era.  However, there is evidence from the 

radiosonde data, as discussed, that show greater warming in the ~300-500 hPa layer 
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exists during some LTP in the complete radiosonde database.  This temporal change in 

temperature trends warrants further studies on this subject. 

These findings enhance the importance of understanding temporal changes in the 

atmospheric temperature trend profile.  This understanding would further lead to insight 

into temporal changes in vertically integrated diurnal cycles and further understanding in 

to implications on multiple climate studies using these data series, including the current 

quest to understand differences between modeled and observed atmospheric 

amplification.   

7.2 FUTURE WORK 

All of the findings in this work indicate that the temporal changes in temperature 

trend profiles and their causes are extremely important in our understanding of the 

atmospheric changes and are not well understood.  Therefore, future work should focus 

on the understanding of these mechanisms using four main areas:  atmospheric 

amplification, ZTL, MSU weighting function and diurnal temperature range.  Using LTP 

is beneficial as described in this work and would continue to be used in future research 

proposals.   

Findings in this work indicate that atmospheric amplification is occurring over 

most time periods in globally averaged radiosonde data, however, not during the MSU 

era.  In addition, the CCSP concluded that models and observations of atmospheric 

amplification are not in agreement in the tropics, which is in conflict with the current 

understanding of physics.  In order to understand these discrepancies temporal changes in 

temperature trend profiles of radiosonde data need to be investigated thoroughly. 
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Understanding the variability of ZTL would also be beneficial to the our 

understanding.  Studies into the radiative theoretical ZTL would be first, and then the 

forcings causing the variability need to be assessed.  This would include model 

sensitivities to see if the ZTL variability can be reproduced.  This will lead to better 

understanding of forcings in the atmosphere and help create more accurate model 

representation.  

An additional avenue of study is the use of a static weighing function and how 

temporal and spatial changes in temperature trends may effect interpretation of simulated 

temperature trends.  The temporal change and variability in atmospheric temperature 

trends are latitude dependent.  Using a static weighing function may prove not to be the 

best representation of globally averaged trends in the atmosphere and requires further 

study. 

To understand vertically integrated diurnal changes, temporal changes in the 

atmospheric temperature trend profile need to be investigated at hourly time periods.  As 

shown in this work, diurnal correction to the MSU data lead to the greatest discrepancies 

between databases.  Further work to understand vertically integrated diurnal changes in 

the atmosphere is paramount to stable MSU data for climate studies.  
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