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Brief Recap Raman H2O Lidar Technique

A simple Lidar technique:

1) Depending on laser type, emit laser beam at 355 nm or 532 nm

2) Receive Raman-shifted backscatter by atmospheric Nitrogen

(at 387 nm or 608 nm)

3) Receive Raman-shifted backscatter by atmospheric water vapor

(at 407 nm or 660 nm)

4) Calculate ratio of H2O to N2 signals

5 ) Calibrate to obtain a H2O VMR profile between ground and UTLS
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Technique was validated using radiosonde

and CFH

Within 5% of CFH up to 20 km
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Context

A good example, 2009 and many years 

after that:

On this day, thin clouds OK

 H2O profiles up to 20 km at TMF on a routine basis 

from 2009 to 2017

and then…..

Example 1 (2009)
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Context

Sept. 2017, trouble really started:

No clouds

Only thin smoke,

but huge consequences

 H2O profiles must be cut-off at 15 km on even lower

Example 2 (2017)
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Nothing new

about this

Immler et al., 2005

And a few others

But the worse

was yet to come….
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2009-2021 timeseries
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 Large positive bias ONLY when smoke is detected

Wildfire smoke events in red 
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The Solution (outline)

1) Add a “fluorescence channel” at 410 nm using a filter wheel in front of the 407 PMT 

At 410 nm:

- the lidar will receive only 3-5% of the water vapor signal received at 407 nm

- assuming nearly-flat fluorescence spectrum between 407 and 410 nm,

the lidar will receive as much fluorescence as received at 407 nm

2) Calibrate the 410 nm channel w.r.t. the 407 nm channel using either lamp

or sky background

3) Once inter-calibrated, subtract fluorescence received at 410 nm from the 407 nm channel

4) What is left is actual H2O VMR, i.e., corrected form fluorescence
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The Solution (410/407 inter-calibration)

Sky background vs. day of year

At 407 nm

At 410 nm
Use sky background intensity during full moon 

Ratio of sky background

during full moon… …matches

well… …ratio of 410 to 407

during lamp runs 

 410/407 inter-calibration = 3.8
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The Solution (correcting for fluorescence)

 H2O VMR can be corrected to approach 5-10% accuracy

Left plot:

Dark blue = Uncorrected H2O VMR

Red = “fluorescence” profile scaled to H2O VMR

Light blue = H2O VMR after fluorescence is subtracted

Middle plot: Diff with RS41

Dark blue = uncorrected

Light blue = corrected

Right plot (green curve):

Relative contribution of

fluorescence
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CONCLUSION

1) H2O Raman Lidar has been (and still is) a nice “Ancillary Measurement” technique

for water vapor up to the UTLS, as proved over the period 2009-2017

But…

2) UTLS has become significantly “dirtier” since the recent increase of wildfire activity

in Siberia and North America (also Australia)

3) This increase revealed an important caveat for the long-term monitoring of H2O by 

Raman lidar, with the necessity to develop a robust and accurate fluorescence correction

5) For UV lidars, fluorescence correction is possible by simply adding a 410 nm

channel as a “cheap fix”

6) Adding a spectrometer instead of a single channel will likely be a more accurate

solution as it will take into account the wavelength dependence of the

fluorescence spectrum

4) Fluorescence contamination is obvious for UV lidars (emission at 355 nm)

but is yet to be demonstrated for lidars with emission at 532 nm


