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Outline - contents of paper recently accepted for ACPD, and ISSI| book chapter
* microwindows

* principle of Tobin radiosondes

« a priori profile

* regularization

* matching FTIR to radiosonde characteristics

* station-to-station harmonization

* precision and bias

e comparison with other sounding techniques

* trends at Zuspitze and Jungfraujoch

» geophysical discussion of trend results




Water vapor retrieval: Interference-free micro windows, Toth update
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Construct FTIR a priori profile & FTIR-radiosonde coincidences: “Tobin” principle

Sonde 1 launched 1h before overpass
Sonde 2 launched 5 min before overpass

AIRS validation campaign
19 Aug 2002 - 17 Nov 2002

Vaisala RS 80-30 G sondes
TOTEX-800-g balloons
2 x Digicora Ill (Marvin 21, SPS220G)

TOBIN-Inter-/Extrapolation between both soundings:
qTobin(Z’ 1:op) = qsonde(z’ tO) + (dC](Z)/dt) (top — t0)

Tobin, D., W. Feltz, B. Knuteson, H. Revercomb, “ARM T/q Best
Estimate Profiles for AIRS validation” 1 March 2000

I Research Center Karlsruhe IMK-IFU, Garmisch-Partelaames ™ —— N al.
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Water vapor retrieval: A priori profile
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Water vapor retrieval: Regularization approach

Findings from the radiosondes:

14
» profile variability is — on i
average - well approximated 12
by a simple VMR-profile ] Tobin radiosondes
scaling = altitude constant 10 4 mean of sondes
changes on the %-VMR scale s | — mean x 0.25
X
~" 8 _
« columns variability is very high 9 |
)
Search for a regularization that = 6__
1. constrains to some extent the 47
profile shape (to avoid |
oscillations) 2
2. does not at all constrain 0= - . - . - :
altitude-constant changes on 0.000 0.005 0.010 . 0.915 0.020
the %-VMR scale (=“free H,O volume mixing ratio

scaling)
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Regularization for water vapor retrieval: Use Tikhonov-L, on the %-VMR scale

(1 -1 0 --- 0)
-1 2 - :
R=aL,L,= ax| 0 . . . 0| eRr™
D 2 -1
with regularization strength c. 0o -0 -1 1)

Case o — o any change in profile shape totally is forbidden, any altitude constant change fully
allowed: dofs — 1.

Case a — 0 is a totally unconstrained profile retrieval with dofs — n = number of model layers
(oscillations)

&L, constrains only the profile shape and any altitude constant change is
fully allowed

= profile oscillations are avoided
= true columns variability is not damped (crucial for water vapor)
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Which regularization strenght o to use? : Tune o for matching to radiosondes

regularization strength o of FTIR retrieval
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Tune a for matching to radiosondes: The optimum-a result
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Water vapor FTIR-FTIR side-by-side intercomparison: Variability & coincidence
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* side-by-side measurements with
two FTIR systems at ISSJ between
1995 - 2001

* note that the exponential increase
reflects an atmospheric property
(water vapor variability) and is not
due to the instruments
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Optimum FTIR water columns retrieval: Precision and bias

Precision (1 sigma) and bias of optimized FTIR IWV retrievals derived from a
sideby-side intercomparison of two FTIR instruments at the Jungfraujoch.

precision’ precision’ (% of|bias (mm) |bias (% of mean IWV)
mm mean

(mm) IWV)

0.05 2.2 0.02(1) 0.96(52)

1for =15 min FTIR integration

... sounds good but how does it compare to other techniques?
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IWV correlation parameters from a FTIR side-by-side intercomparison and examples for comparisons of all different ground-based remote
techniques versus radiosondes: FTIR, microwave (TROWARA, GBMS), GPS, sun photometer (PFR), and Raman lidar (BASIL). Errors are

for 1 sigma confidence, N is the number of coincidences.

At AXx’ slope intercept bias stdv stdv R N
(min) | (km) (mm) (mm) (mm) (% of
mean)

FTIR-FTIR? 3.75 |0 1.001(7) |0.02(2) 0.02(1) 0.07 3.1 0.999 32
FTIR-FTIR? 30 0 1.008(4) |0.00(1) 0.02(1) 0.11 4.4 0.998 267
FTIR-FTIR? 120 |0 1.002(5) |0.03(2) 0.04(1) 0.23 8.0 0.998 773
FTIR-sonde? 120 |8 1.00(3) |0.02(12) 0.02(5) 0.27 7.9 0.99 25
TROWARA- 120 140 0.88 1.36 0.36 2.02 - - -
sonde*
Jungfraujoch 30 80 1.12 0.39 0.53 1.39 - -
GPS-sonde*
Jungfraujoch 30 80 0.76 0.52 0.08 1.01 - - -
PFR-sonde*
FTIR-sonde® 120 |0 0.85(1) [0.66(9) - - - - 136
BASIL-sonde® 20 0 1.07(2) |-0.04(3) 0.09(2) 0.07 3.6 0.99 17
GBMS-sonde® 20 0 0.98(4) |0.08(7) 0.05(3) 0.15 8.9 0.98 23

1 Distance between ground-based sounder and radiosonde launch site.
2 This work (individual measurements of 2 Jungfraujoch FTIRs).
3 This work (2 hr-Zugspitze FTIR versus Tobin radiosondes, see Fig. 3c).

4 Taken from Figs. 9 and 10 in Morland et al. (2006).
5 Taken from Palm et al. (2008), retrieval different than that in our work.
6 Computed from digitalization of data points of Figs. 6 and 7a in Fiorucci et al. (2008).
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Harmonized station-to-station transfer of retrieval : point spacing

Effective regularization strength depends linearly on spectral point
spacing p. Therefore, possible station-to-station differences in p should be
compensated for by correcting a :

astation / aZugspitze =P Zugspitze / P station’

With a 5 eize = 183 @Nd P 5 i = 0.0015 cm™! as reference.

Research Center Karlsruhe IMK-IFU, Garmisch-Partenkirchen, Ralf Sussmann et al.

Harmonized multi-station trends in column-integrated water vapor



Harmonized station-to-station transfer of retrieval : quality selection

* a threshold for the root-mean-square (rms) residuals of the
spectral fit was used

« a value for the threshold was derived by inspection of the
probability distribution of all residuals of the Zugspitze time series.
This distribution is right skewed with only 5 % of the retrievals
showing exceptionally high-rms residuals. Therefore, the rms
threshold was set to exclude these 5 %

« we found similar behavior for the Jungfraujoch. Therefore, also for
ISSJ the ~5 % highest-rms retrievals were excluded
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Optimum water columns retrieval: time series and trends

12- -
11] Zugspitze FTIR

integrated water vapor (m
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Optimum water columns retrieval: time series and trends
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Optimum water columns retrieval: time series and trends
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Zugspitze & Jungfraujoch water trends: bootstrap analysis of trend existence

trend uncertainty interval significant non-zero
(mm/de |[2.5" percentile, 97.5""  |trend?
cade) |percentile]' (mm/decade) | (95 % confidence)
Zugspitze [1996 — 2008] 0.79 0.65, 0.92] yes
Zugspitze [1996 — 2002] 0.63 0.20, 1.06] yes
Zugspitze [2003 — 2008] 1.41 1.14, 1.69] yes
Jungfraujoch [1996 - 2008] |0.08 -0.01, 0.17] no
Jungfraujoch [1996 - 2002] [-0.04 -0.27, 0.19] no
Jungfraujoch [2003 - 2008] |0.05 -0.18, 0.28] no
Jungfraujoch [1988 - 2008] |0.04 -0.01, 0.10] no
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Differing Zugspitze & Jungfraujoch water trends: geophysical discussion

Found a zero trend for Jungfraujoch but a significant positive trend for Zugspitze

—the reason be due to the horizontal distance (=250 km) and/or the altitude
difference (3.58-2.96 km) of the two stations. This would imply either an altitude
dependency with a significantly higher (positive) trend below 3.58 km than above
and/or rather strong regional variations of IWV trends on the scale of 250 km.

= is it geophysically possible that decadal IWV trends

change sign on the horizontal scale of =250 km?

Research Center Karlsruhe IMK-IFU, Garmisch-Partenkirchen, Ralf Sussmann et al.
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Differing Zugspitze & Jungfraujoch water trends: geophysical discussion

cecdee < |  Spatial Trend of NVAP TPW 1988 - 1999

= . -
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~ “absolute trends not

% trustable, but clear

~ indication of higher spatial
variability of IWV trends
over land®

Curious

Raob downward
point N I trend over
effects ) Gulf Stream

44— Drier Slope (mm / year) Moister=———p
Figure 4: Slope of the TPW anomaly regression line for 1988 — 1999,

Vonder Haar, T. H., Forsythe, J. M., Juo, J., Randel, D. L., and Woo, S.:

Research Center Karlsruhe IMK-IEU Water vapor trends and variability from the global NVAP dataset, 16th
Symposium on Global Change and Climate Variations, 9-13 January

I : . 2005, San Di , California, A i Met logical Society, P5.16,
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Differing Zugspitze & Jungfraujoch water trends: geophysical discussion

Is it geophysically possible that decadal IWV trends
change sign on the horizontal scale of =250 km?

Yes:

Above ocean IWV trends correlate with SST

However, above land the positive ST-IWV correlation is often reversed by
» dried out (closed) earth-surfaces and
« intelligent plant behavior (anti-perspiration)

This leads to the fact that significant changes in IWV trends on the scale of
=250 km are rather the rule than the exception.

Very recently confirmed by “good” satellite data:

Wagner, T., Beirle, S., Grzegorski, M., and Platt, U.: Global trends (1996—-2003) of total column precipitable water observed by Global
Ozone Monitoring Experiment (GOME) on ERS-2 and their relation to near-surface temperature, J. Geophys. Res., 111, D12102,
doi:10.1029/2005JD006523, 2006.
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Summary

* interference-free micro-window set

 Tobin radiosondes: defined coincidences

* a priori profile: radiosondes

* regularization: Tikhonov-L, on %-VMR scale

» matching FTIR to radiosonde characteristics: via alpha

« station-to-station harmonization: point spacing, quality selection

» precision (<0.05 mm) and bias (=0.02 mm)

« comparison with other sounding techniques: “FTIR comp. or better”
» decadal IWV trends at Zuspitze (positive) and Jungfraujoch (zero)

» geophysical interpretation: positive trend below 3.58 km and/or strong spatial
variability of decadal IWV trends over land (no strict correlation between ST and
IWV)
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