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Key Point: UTLS water vapor is 
significant both for climate and for ozone 

chemistry 

1)  It is a radiatively active gas, impacting temperatures in 
the stratosphere and also at the surface. 

2)  It impacts ozone chemistry in the stratosphere (via   
influence on OH chemistry, PSC formation)   

3)  Long term measurements can also give some 
information on variations and trends in tropical 
tropopause temperature and stratospheric circulation 
strength. 



Why do we need a UTLS CDR and what are 
the difficulties in producing one? 

We want to be able to assess past trends in stratospheric 
water vapor and make predictions as to possible future 
changes and feedbacks. 

We’d like:   Global measurements over a long time period. 
We have:   Over a long period:  local balloon sondes and 

  solar occultation satellite measurements. 
  More recently: satellite measurements with better 
  spatial coverage. 

Problem:  There are long-standing differences between  
  various data sets; so we do not have a great 
  handle on measurement uncertainties, which 
  hinders trend estimation. 



Problem: Stratospheric water vapor 
observations are not consistent in time 

Stratospheric water vapor measurements have not been taken 
continuously at any one location or with any one technique for an 
extended period of time.   



Ideally, we would like to be able to 
combine data sets to get an extended 
record, but first we need to assess 
whether different measurement systems 
are retrieving the same values at the 
same time/location. 



All comparisons were done relative to 
HALOE, which at the time overlapped with 
the greatest number of other instruments. 

Direct comparisons cluster mainly within a 
10% range, with a somewhat larger spread 
in the lower stratosphere. 

In general, HALOE is biased low by ~5% 
relative to the other measurements 
considered. 

Overall comparisons from SPARC 2000 
water vapor assessment 
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1-10 hPa 
10-50 hPa 
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There are large vertical gradients in water vapor in the UTLS. 
In the upper troposphere, there is also large spatial and 
temporal variability. 

Bottom line: not all measurement techniques are adequate for 
covering the entire range.  As noted below, in mixing ratio 
space, measurements cover 4 orders of magnitude between 
the surface and the lower stratosphere. 

Upper troposphere… 

Important Point 



Producing a consistent upper troposphere data set has 
been undertaken at NCDC (see Shi and Bates, JGR, 
2011). 

They used a data set of UTWV brightness temperatures 
from the HIRS instrument covering the time period from 
1978 to the present; adjusted biases between satellites 
from HIRS channel 12 clear-sky data. 

[5] Considerable effort was made by Bates et al. [1996] to
adjust the HIRS intersatellite biases. An empirical method
was applied to intercalibrate 13 years (1981–1993) of HIRS
data. In the analysis, the data were binned on 2.5° by 2.5°
grids for 5 day averaged (pentad) data. A 13 year mean for
each location based on each pentad and each satellite was
calculated. The anomaly relative to this mean was then
computed for the data set for each satellite. The anomalies
were compared between two satellites for the same target

assuming that the statistical distributions of anomalies were
the same. On the basis of the comparison, the satellites were
adjusted to N07 as a base satellite to produce a self‐consistent
data set of global observations. This intersatellite calibrated
data set facilitated numerous studies on the variability and
trend of upper tropospheric humidity [Geer et al., 1999;Bates
and Jackson, 2001; Bates et al., 2001;McCarthy and Toumi,
2004], evaluation of climate model simulations [Iacono et al.,
2003], and examination of upper tropospheric moistening

Figure 1. Spectral response functions of HIRS channel 12. As a reference, the atmospheric transmittance
for a typical tropical clear‐sky atmosphere is included (black line). The approximate spectral ranges for
the HIRS/2 series and the HIRS/3 and HIRS/4 series are marked at the top.

Figure 2. Monthly mean time series of HIRS UTWV brightness temperatures from each individual sat-
ellite, averaged from 30°S–30°N latitudes.
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2 of 13 series intercalibrated to N12 is close to the mean of the time
series intercalibrated to N07, therefore N12 is chosen to be the
base satellite for easy comparisonwith the earlier intersatellite
calibration work. On the basis of the intersatellite bias data set
as described in section 2, the HIRS UTWV brightness tem-
peratures observed by individual satellites are adjusted to the
values as if observed by the N12 HIRS channel. The adjust-
ment is done to each pixel, not bymoving the mean time series
of a satellite to the mean time series of N12. If there is a trend
in the long‐term channel 12 measurement, this intersatellite
calibration method is expected to retain the trend. The inter-
satellite biases for UTWV between N08 and N09 are esti-
mated by comparing the time series to the one using methods
developed by Bates et al. [1996]. An ad hoc bias value of
−0.3 K is derived on the basis of the comparison. After bias
adjustments are applied to each cloud‐free pixel of the
TIROS‐N, N6 through N17 and Metop‐A measurement, the
pixel data are mapped to 2.5° × 2.5° latitude/longitude grids,
and the gridded daily and monthly means are computed.
[10] The intersatellite calibration algorithm is designed to

minimize the differences among different satellite measure-
ments. Figure 4 shows the intersatellite calibrated monthly
mean time series of UTWV brightness temperatures from
TIROS‐N, N06 through N17, and Metop‐A (labeled as M02)
from January 1979 to December 2009. General agreement is

found among multiple satellites for the periods that there are
overlapping satellites. The large jumps in observations from
satellite to satellite as displayed in Figure 2 are removed. The
data from the ATOVS satellites (N15 and after) are brought to
the TOVS satellite level with similar overall variance between
HIRS/2 and HIRS/3. The time series can continually be
extended using this method. Comparison of this time series to
the time series generated on the basis of the algorithm
described by Bates et al. [1996] for 1979–1998 also reveals
good agreement.
[11] Detailed examination of the intercalibrated time series

shows that small differences remain between overlapping
satellites. Many of these differences can be explained by the
nature of the clear‐sky data. The cloud conditions vary at
different observation times of different satellites. The
monthly means for different satellites are thus often the
averages of different days in a month, which lead to slight
differences in monthly means. To quantify the remaining
intersatellite differences that have not been removed by the
intercalibration algorithm, the differences of intersatellite‐
calibrated monthly mean HIRS UTWV brightness tempera-
tures between the overlapping satellite pairs are shown in
Figure 5. In Figure 5 each plotted value represents the average
of gridded monthly mean differences from 30°S to 30°N.
The difference is calculated by subtracting the later satellite

Figure 4. Intersatellite‐calibrated monthly mean time series of HIRS UTWV brightness temperature
from each individual satellite, averaged from 30°S–30°N latitudes.

Figure 5. Differences of intersatellite‐calibrated HIRS UTWV monthly mean brightness temperatures
between individual satellites, averaged from 30°S–30°N latitudes.
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Upper Troposphere 

30N-30S brightness temperatures before and after intersatellite calibration 



An upper tropospheric and stratospheric water vapor data set produced by combining records from multiple satellite platforms
K. H. Rosenlof1; S. M. Davis3,1; J. Anderson2; D. F. Hurst3,4; S. J. Oltmans4

1NOAA ESRL CSD, Boulder, CO; 2Center for Atmospheric Sciences, Hampton University, Hampton, VA;  3CIRES, University of Colorado, Boulder, CO; 4NOAA ESRL GMD, Boulder, CO

Use equivalent latitude to expand latitudinal coverage

This allows for some geographical filling.

It also helps in capturing the depth of the Antarctic ozone hole dehyrdation.

Makes filling for model appliations easier

Goal:  To combine satellite water measurements into a zonally averaged gridded data set that can be used for quantifying variability and long-term changes in water vapor, 
and to assess the radiative impact of changes in upper tropospheric and stratospheric humidity

MLS Level-2 HALOE Level-2

Match data
!lon=8º, !lat=1º,!time=0.5 days

Calculate offsets
function of latitude and pressure

Grid data

 2.5° x 2.5°, monthly-mean 
1993 - present

 32 pssr, or 21 ! levels
316 - 0.01 hPa, 300-650 K 

 Geographic & equivalent latitudes  
 Multiple gridded variables, includ-

ing MLS, HALOE, and combined. 

Both adjusted and original HALOE 
for all combinations

(have also done for O3)

Equivalent latitudes 
from meteorological 
assimilations (UKMO 
and Goddard model)

Methodology for H2O climatology MLS/HALOE matched data  (MLS, HALOE, Corrected HALOE)
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MLS V3
HALOE V20

HALOE V19: latest public release
HALOE V20: new retrieval, improved UT

MLS V2.2: older release, V3 newest retrieval

from Lambert et al., JGR, 2007
V2 and V19

MLS V3 wetter than V2, HALOE V20 drier than 
V19, difference got larger with new retrievals

HALOEV20-HALOEV19 water vapor, global average
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MLSV3-MLSV2.2 water vapor, global average
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Differences between old and new retrievals

Sept 2005 - Nov 2005 water and methane, matched points, 20-60 latitude, 2-50 mb 
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MLS intercept for CH4=1.7 is 3.67, for CH4 = 1.8 is 3.48, 

  MLS H2O ave at 82 mb, 5S-5N is 3.68

HALOE intercept for CH4=1.7 is 3.30, for CH4 = 1.8 is 3.09, 

 HALOE H2O ave at 82 mb, 5S-5N is 2.98 

HALOE CH4 ave at 82 mb, 5S-5N, 2004/2005 is 1.7

HALOE Methane (ppmv)

H
A

L
O

E
 a

nd
 M

L
S

 W
at

er
 (

pp
m

v)

How do we pick what to assume most accurate?   (which data set to shift to?)

Uses of this data set:

radiative runs:

10N-10S HALOE/MLS 82 mb
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-1.0

-0.5

0.0

0.5

1.0

H
2
O

 a
n
o
m

al
y

black: H2o monthly anomalies, tropics, 82 mb, HALOE/MLS
red: 1 year average anomalies
blue: 5 year running average anomalies, with 1 standard deviation overlaid
anomaly stdev=0.38, before 2000 = .31, after 2001=.33

MLS+HALOE 10N-10S H2O
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Example of impact of adjustment

MLS+HALOE 10N-10S H2O, no corrections
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p = 215.44 mb

2 4 6 8
HALOE (ppmv)

10

20

30

40

M
L

S
 (

p
p

m
v)

MLS =0.28*HALOE +  3.45

R2 =0.10

p = 82.54 mb

1.5 2.0 2.5 3.0 3.5 4.0 4.5
HALOE (ppmv)

3.0

3.5

4.0

4.5

5.0

5.5

M
L
S

 (
p
p
m

v)

MLS =0.42*HALOE +  2.65

R2 =0.13

p = 56.23 mb

2 3 4 5
HALOE (ppmv)

3

4

5

6

M
L
S

 (
p
p
m

v)

MLS =0.76*HALOE +  1.46

R2 =0.56

p = 31.62 mb

2 3 4 5 6
HALOE (ppmv)

3.5

4.0

4.5

5.0

5.5

6.0

M
L

S
 (

p
p

m
v)

MLS =0.84*HALOE +  1.16

R2 =0.70

p = 10.00 mb

3.5 4.0 4.5 5.0 5.5 6.0
HALOE (ppmv)

4

5

6

7

M
L

S
 (

p
p

m
v)

MLS =1.02*HALOE +  0.37

R2 =0.77

p = 3.16 mb

4.5 5.0 5.5 6.0 6.5
HALOE (ppmv)

5.0

5.5

6.0

6.5

7.0

7.5

M
L
S

 (
p
p
m

v)

MLS =0.80*HALOE +  1.84

R2 =0.66

p = 1.00 mb

4 5 6 7 8
HALOE (ppmv)

5.5

6.0

6.5

7.0

7.5

8.0

8.5

M
L
S

 (
p
p
m

v)

MLS =0.33*HALOE +  5.28

R2 =0.17

-2 -1 0 1 2
Difference / ppmv

 

 

MLS V3
HALOE V20

100

10

1

P
re

ss
u
re

 /
 h

P
a

MLS/HALOE comparisons

0 5 10 15
HALOE

0

5

10

15

M
L

S

monthly average comparison, 200-1 mb

Water vapor mixing ratios

no adjustment

with adjustment

Correlation without correction: 0.79

Correlation with correction:      0.91

one to one line

Classes of data sets desired:

Tier 0: Only include averages of measured values, adjusted if necessary.

Tier 1: Use a regression model, fits include mean, annual cycle and any long term change.

Tier 2: Use a regression model, include annual cycle, QBO, ENSO, and any other large scale indices deemed appropriate (in 
the case of ozone: EESC, solar and volcanic aerosols).

Tier 3:  A database capturing all sources of variability from a month or greater, and with no missing values. Filled values 
need to be statistically indistinguishable from the unfilled values and will be flagged.  Filling may be via use of Tier 2 type 
regression.

For some purposes, tropospheric values are needed.  In this case, we intend to append an AIRS climatology that has been 
matched with MLS (submitted study by Calvin Liang (UCLA/JPL).

Use two methods of calculating entry value of H2O:

1) intercept for the water/methane relation at mid lati-
tude in the middle stratosphere
2) water value just above the tropical tropopause

GMD CH4 surface value in 2007 was ~1.775 ppmv

HALOE gives 3.1-3.3 for method 1; ~3 for method 2
MLS gives 3.5-3.7 for method 1; ~3.7 for method 2

MLS seems more consistent with the two methods of 
calculation.

Compare with balloon sondes

HALOE MLS 

Tropical tape recorder plot: This shows the temporal evolution of tropical 
stratospheric water vapor over the past decade. 

Demonstration of stratospheric satellite measurement offsets 



What sort of trends exist for 
stratospheric water vapor? 
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From Scherer et al, ACP 2008 

Note: trends are 0.5-1%/year, 
instruments differences are 
5-10% or larger, so a simple 
combination will produce 
spurious trends. 

Note: a trend of 10%/decade is 
equivalent to a 0.5 ppmv change 
over 10 years. 
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A Proposed Method 

1) Choose data sets with long continuous records, preferably 
global coverage, and some overlap in time/space. 

2) Determine which data set to which to adjust. 
3) Analyze the overlap period to determine adjustments that 

need to be made before combining data sets. 

4) Establish the uncertainties for each part of the combined 
time series. 

5) Determine some means of filling missing data (for cases   
    where a complete data set is needed for model input. 



Satellite data sets to consider: 
 1) SAGE II: 1985-2005 
 2) HALOE: 1991-2005 
 3) Aura MLS: 2004-present 

To fill in gaps in  polar regions; ACE (2004-present) can be used. 
Additionally, there are other shorter period satellite records. 

Zonal average time series gridded with respect to equivalent latitude 
 Use of equivalent latitude allows greater latitudinal coverage. 

Approach 



MLS differences from Boulder frost 
point are smaller (by ~.5 ppmv) than 
HALOE differences.  We have 
therefore decided to compute the 
adjustment to MLS for the overlap 
period (2004 & 2005), and use those 
adjustments for the entire HALOE data 
set and SAGE-II.  This makes the 
assumption that there has been no 
drift in the HALOE or SAGE-II 
measurements over time. 

We used comparisons with 
in situ measurements to 
choose a primary data set.  



MLS Level-2 HALOE Level-2

Match data
Vlon=8º, Vlat=1º,Vtime=0.5 days

Calculate offsets
function of latitude and pressure

Grid data

 2.5° x 2.5°, monthly-mean 
1993 - present

 32 pssr, or 21 ! levels
316 - 0.01 hPa, 300-650 K 

 Geographic & equivalent latitudes  
 Multiple gridded variables, includ-

ing MLS, HALOE, and combined. 

Both adjusted and original HALOE 
for all combinations

(has also been done for O3)

Equivalent latitudes 
from meteorological 
assimilations (UKMO 
and Goddard model)

Methodology for H2O climatology

The same procedure will 
is followed with SAGE-II 
measurements, which 
overlap with HALOE from 
1991-2005, and with MLS 
from 2004-2005.  The 
resultant data set will 
extends from 1985-
present. 

Because agreement with 
the frost point record is 
better with MLS than 
HALOE or SAGE-II, we 
chose to shift data to 
match MLS. 



Correlation without correction: 0.79 
Correlation with correction:      0.91 

MLS+HALOE 10N-10S H2O
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After merging HALOE and MLS, this is 
the tropical tape recorder plot; note the 
discontinuity we saw in the unadjusted 
data set is gone. 



HALOE+SAGE II+MLS
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Preliminary version including SAGE II in the tropics.  
(presented in poster by Sean Davis today). Additional 
work will include validation via comparison both with in situ 
data sets and other satellite water measurements.  
Ultimately we want to perform trend and variability 
analysis and an assessment of uncertainties.  



Next steps 

Compare what we have with available in situ 
measurements from balloon and aircraft, and from 
other satellites not incorporated into this data set. 

Establish uncertainty estimates for this data set. 

Produce a filled data set for use in model runs 
and comparisons. 

Analyze data set for trends and variability.  



The End 

Thanks for your attention! 

Extra slides follow 



Sample latitudinal 
distributions of UT 
and stratospheric 
water vapor 



Radiative effects 
A high spectral resolution model including stratospheric adjustment (FDH) was used to calculate 
the radiative forcing due the change in water vapor.  The RF is ~-0.1 W/m2.  In comparison, a 1 
ppmv increase uniformly throughout the stratosphere gives RF of +.24 W/m2 (representative of 
the 1980-2000 H2O trends discussed in SPARC 2000). RF increase due to 1996-2005 growth in 
CO2 is +0.36 W/m2….decadal changes in water have the potential to affect recent climate. 

LW SW 

Contribu-ons to radia-ve 
forcing per 1 ppmv decrease 
in 1 km layers‐> strongly 
peaked very near tropopause 

Change in H2O near 
35°N, Post‐2000 minus 
pre‐2000 

Convolving kernel 
function with the 
H2O perturbation 

Narrow region is 
important! 



Differences between in situ measurements 
made at the same time 



Example of MLS/HALOE Comparisons 


