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Lauder
May

Table Mountain Jan. & Apr. Mauna Loa Feb. & Aug.

4 new WVMS instruments currently 
operating at 3 sites
Table Mountain: WVMS4 since 2010

Mauna Loa: 
WVMS3 replaced in 2010
WVMS5 (experimental) 
WVMS6 (operational)

Lauder: 
WVMS7 (replaced WVMS1 in 2011)



•Can we extend the long-term mesospheric database at Mauna Loa in a consistent 
manner and still take advantage of the FFT spectrometer?
•FFT and Filterbank have similar sensitivity from 50km-80km.  
•FFT is much more sensitive below 40km.  
•Kernels vary somewhat from retrieval to retrieval depending on tropospheric 
optical depth.

Filterbank
averaging 
kernels

FFT
averaging 
kernels



Noise Diodes



Top: Calibrated temperature of primary noise diode (ND1) and secondary noise diode (ND2) 
on WVMS3, as obtained by an external hot-cold calibration.
Middle: Normalized temperatures from top panel to better show correlation of external 
calibrations.   => Variation in cals is primarily not caused by ND variations.
Bottom: Ratio of ND1/ND2 (normalized as in middle panel) from the external calibration.
Daily median of the ratio of ND1/ND2 (normalized as in middle panel), as determined from 
the internal noise diode comparison.

Long-term consistency relies on consistency of noise diodes
Jump in 2007 from replacement of waveguide couplers



WVMS5
Mauna Loa Hawaii (19.5°N, 155.6°W) Elevation 11,135 ft.



Transition to new instrument at Mauna Loa

WVMS     MLS ACE     MIPAS
New WVMS()



At Mauna Loa: WVMS(+)     MLS(+) ACE(+)    
MLS() (50S-50N; 0.46 hPa; not convolved)

A single ground-based microwave site can do a pretty good job of 
tracking global changes in water vapor at this altitude.



WVMS4
Table Mountain California (34.4°N, 242.3°E) Elevation 7486 ft.



WVMS  MLS (unconvolved)
a priori (dotted)

model and 
measurement

Spectrum and retrieval from 
Table Mountain June 1-7, 2011

model minus 
measurement

“Retrieval” in  
troposphere

Retrieval in middle 
atmosphere

All microwave 
measurements have some 
instrumental baseline 
structure.  

Getting a residual this 
clean over 400 MHz 
requires an incredible 
amount of work.

The effect of instrumental 
baseline structure on the 
retrieval increases with 
decreasing altitude.

If we assume in the 
retrieval that there is no 
instrumental baseline we 
get a bump in the 
retrieved profile at ~26km.

Residual



WVMS  MLS (unconvolved)
a priori (dotted)

model and 
measurement model minus 

measurement

“Retrieval” in  
troposphere

Retrieval in middle 
atmosphere

Now, fit a single sine-wave for the 
baseline term.  

Retrieval looks good, but the 
measurement contribution to 
retrieval is only:
26km: 40%
30km: 41%

Single sine-wave 
baseline fit

Spectrum and retrieval from 
Table Mountain June 1-7, 2011



WVMS  MLS (unconvolved)
a priori (dotted)

model and 
measurement model minus 

measurement

“Retrieval” in  
troposphere

Retrieval in middle 
atmosphere

Apply the baseline term from the fit 
to the measurements before 
retrieving.  
Now the measurement contribution 
to retrieval is:
26km: 78%
30km: 93%
We have now “corrected” the 
measurement to make retrievals at 
26km look good, so this is no longer 
an absolute measurement.  
However, if the baseline is constant, 
we can now measure variations.

Spectrum and retrieval from 
Table Mountain June 1-7, 2011



WVMS  MLS (unconvolved)
a priori (dotted)

model and 
measurement

Spectrum and retrieval from 
Table Mountain Dec. 11-16, 
2010

model minus 
measurement

“Retrieval” in  
troposphere

Retrieval in middle 
atmosphere

Apply the baseline term from the 
June fit to these December 
measurements before retrieving.  
Now the measurement contribution 
to retrieval is:
26km: 89%
30km: 96%
Residual and retrievals look good 
using June baseline.
=> Constant baseline assumption is 
appropriate.



WVMS  MLS (unconvolved)
a priori (dotted)

model and 
measurement

Spectrum and retrieval from 
Table Mountain June 1-7, 2011

model minus 
measurement

“Retrieval” in  
troposphere

Retrieval in middle 
atmosphere

Note how insensitive the 
measurements above ~40km 
are to this baseline 
correction.  (Compare with 
next slide)

Previous WVMS retrievals 
with filterbanks never went 
below 40km.    



WVMS  MLS (unconvolved)
a priori (dotted)

model and 
measurement model minus 

measurement

“Retrieval” in  
troposphere

Retrieval in middle 
atmosphere

The “next slide”

Spectrum and retrieval from 
Table Mountain June 1-7, 2011



WVMS     MLS ACE     MIPAS    Boulder Balloons   

Table Mountain since 2010



WVMS6
Mauna Loa Hawaii (19.5°N, 155.6°W) Elevation 11,135 ft.



Mauna Loa NDACC 
microwave building

WVMS6

WVMS6 is now the long-term instrument 
with the best feedhorn.

WVMS5

Ozone microwave



Mauna Loa since 2010 (good feedhorn) 
•There was a baseline change in November 2011
•The constant baseline term was recalculated
=> 26km data before and after November 2011 are not 
directly comparable.

MLS MIPAS ACE WVMS Balloons (Hilo)



WVMS5 (Univ. of Navarra feedhorn)– inner 60 MHz only



WVMS6 – 400 MHz



WVMS5
WVMS6

Dashed line is a priori (for both)                  

Days since Sept. 16, 2012



WVMS5
WVMS6

Note correlation of low 50km                  
measurements with τ>0.06

Days since Sept. 16, 2012; τ<0.06



WVMS1
Lauder New Zealand (45.0°S, 169.7°E) Elevation 1214 ft. (1993-2011)



WVMS7
Lauder New Zealand (45.0°S, 169.7°E) Elevation 1214 ft. (2011-Present)



Lauder
June 30 (Austral winter), low tau, full FFT

This retrieval looks reasonable, but conditions are not always this optimal (τ=.0436)



Dec. 1-6, 2012 (τ=.1047).  Only middle ~60 MHz. Constant MLO apriori



Dec. 1-6, 2012 (τ=.1047).  Only middle ~60 MHz. Variable apriori



With the exception of 2009, the 
highest annual average H2O 
values in the WVMS Mauna Loa 
are in 1996 and 2012.

Sensitivity of saturation variations 
near cold-point tropopause 
temperature is ~0.6 ppmv/K

Variation in mean of previous 5-
years 100 hPa temperature is 
~0.6K => H2O variation ~0.36 
ppmv.

Solar cycle effect at 54km <1% 
Lower altitudes have more 
variations from CH4 oxidation.

MERRA



End



Dec. 1-6, 2012.  Only middle ~60 MHz. Constant MLO apriori



Dec. 1-6, 2012.  Only middle ~60 MHz. Variable apriori



New WVMS7 instrument deployed at Lauder

2012/9/13

WVMS
MLS
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We are working to determine 
whether it is possible to extend 
the useful altitude range of the 
retrieval with this new 
instrument.
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