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Motivation

periods of time so the results can be compared and inter-
preted. Since these analyses produce 3 consistent change-
points for the majority of the 6 altitude layers, we break the
data record into four trend periods. The changepoint dates
for each altitude layer as depicted in Figures 1 and 2 average
1989.9 ± 0.8, 2000.6 ± 0.7, and 2005.6 ± 0.4, where 1999.5
would represent 1 July 1999. We thus designate the approx-
imate date intervals 1980–1989, 1990–2000, 2001–2005, and
2006–2010 as periods 1–4, respectively.
[24] Trends within each of the four periods were deter-

mined using weighted, piecewise continuous regression fits
of the 2 km averages after outliers were removed. Again, the
statistical weights were based on estimates of in‐flight mea-
surement variability as described above. Linear and second‐
order polynomial (quadratic) functions were independently
employed in the fitting algorithms. Quadratic fits generated
c2 values ∼10% lower and residuals ∼3% smaller than those
for linear fits, indicating a greater goodness of fit for the
polynomials. For these reasons we choose the quadratic fits
over linear fits for trend determinations.
[25] Water vapor trends at altitudes 26–28 km for periods

1–3 do not conform to trends at the lower altitudes for either
the linear or quadratic fits. This is likely the result of several
lengthy intervals of sparse or missing data during periods
1 and 2, and a paucity of reliable data between January 2000
and September 2001 (Figure 1f). The 26–28 km trend values
are highly suspect and are excluded from further analysis.
We are able to analyze with greater confidence the 26–28 km
data after 2001 when there are fewer gaps, but unfortunately
these years span only period 4 in its entirety.
[26] Though water vapor mixing ratios in the midlatitude

lower stratosphere vary seasonally [e.g., Mote et al., 1996],
previous analyses of the 1980–2000 Boulder water vapor
data ignored this attribute because many seasonal cycles
were included in the 20 year record. In this current work
we have fit data periods as short as 4.1 years and therefore

consider it prudent to investigate the potential impacts of
seasonal cycles on the derived trends.
[27] Monthly averaged water vapor vertical profiles over

the entire 30 year record (Figure 3) reveal that most of the
water vapor seasonality is mixed out above 19 km (Q >
450K). Monthly averages for 18–20 km (440–500 K) vary
negligibly with season, but at 16–18 km (380–440 K) there
are significant seasonal changes from a February minimum
of 3.3 ppmv to an August maximum of 6.2 ppmv (Figure 3).
Both the magnitude and phase of this cycle suggest it
derives from rapid transport of the seasonal cycle in the
tropical lower stratosphere to the midlatitudes. Below 16 km
(380 K) the midlatitude seasonal cycle amplitude increases
dramatically (Figure 3), with high northern summer mixing
ratios (>8 ppmv) signifying that air masses could have entered
the stratosphere without passing through the tropical tropo-
pause, either isentropically through the tropopause break
with subsequent poleward advection [e.g., Ray et al., 1999] or
vertically through the warmer extratropical tropopause. For
these reasons we exclude data below 16 km from this analysis
of water vapor in the stratospheric “overworld.”
[28] The effects of water vapor seasonality on the derived

trends for 16–18 km were investigated by removing the 30‐
year‐average seasonal cycle from the data (not shown). Spe-
cifically, we constructed a representative average seasonal
cycle around the mean 30 year mixing ratio at 16–18 km, then
subtracted the appropriate seasonal cycle amplitude (based on
the day of year the data were obtained) from each 16–18 km
average. The deseasonalized data were then fit in the same
manner as the original data to produce trends that do not
statistically differ from the original trends.

5. Water Vapor Growth Rates and Growth

[29] We define growth as the net change in water vapor
abundance over a given period of time, based on the quadratic

Figure 2. Moving averages of the 2 km water vapor mixing ratio averages in each of the six altitude
layers. The averaging window had a width of ±1 year and a threshold of 12 data points to compute an aver-
age. Colored vertical bars define the four trend periods for each altitude layer. Moving averages were not
calculated for the first and last years of the record. No interpolated or extrapolated values are shown.

HURST ET AL.: BOULDER STRATOSPHERIC WATER VAPOR TRENDS D02306D02306
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Hurst et al., JGR 2011
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Data sets

 HALOE aboard UARS

observational period
1991 - 2005

solar occultation
attenuation of solar light

30 observations/day

MIPAS aboard Envisat
reduced spectral resolution

observational period
2005 - 2012

limb
thermal emission

~1300 observations/day

MIPAS aboard Envisat
nominal spectral resolution

observational period
2002 - 2004

limb
thermal emission

~1300 observations/day
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Data set combination
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Data set combination: HALOE & MIPAS RR
Combination of H2O time series − HALOE + MIPAS FR with MIPAS RR
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Time series regression
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Time series regression
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Time series regression
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Time series regression
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Time series regression - AO
Variability of H2O − 365 day(s)
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Time series regression - SAO
Variability of H2O − 182.5 day(s)
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Time series regression - QBO
Variability of H2O − QBO
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Comparison to SAGE II - AO
Variability of H2O − 365 day(s)
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Comparison to EMAC-FUB - AO
Variability of H2O − 365 day(s)
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SAGE II - SAO
Variability of H2O − 182.5 day(s)
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Variability of H2O − 182.5 day(s)
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Comparison to SAGE II - QBO
Variability of H2O − QBO
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Variability of H2O − QBO
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• The analysis of the stratospheric time series requires the implementation of multiple 
trend breaks

• The Cumulative Sum method is a useful approach to find changes in long term 
trends, although not to be used for shorter time spans

• Analysis of linear and solar cycle variations in the future

Summary & Outlook



7th Limb Conference, 17 - 19 June 2013, Bremen/Germany22

Thank you for your attention


