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1. Identification of respondentand of data product

What are your contact details?

Answer:

Arnoud Apituley

KNMI- Royal Netherlands Meteorological Institute
P.O. Box 201, 3730 AE De Bilt

Ph: +31 6 55457540

apituley@knmi.nl

Forwhich data product are you filling in this questionnaire?
Answer: Temperature lidar

Please provide one or more accessible sources of information thatexpert user can refer to,
to gain an understanding of the measurementheijue.

Answer:

Wandinger, U., 2005: Introduction to lidar. Lidar: RaRgsolved Optical Remote Sensing of the
Atmosphere, C. Weitkamp, Ed., Springer Series of Optical Sciences, Vol. 102, Sjrager,
1, pplcis.

2. Recommended literature

Which literature work would you recommend to understand bettentieasurement technique and
the general uncertainty frameworkwithin which uncertainties of the data product are constructed.
Note thatfor metrology, the vocabulary list of the VIMtérnational Vocabulary of Metrologyand
the uncertainty framework of the GUM (@si to expression of uncertaintyare important
standards. Please provide a complete reference or doi where possible.

Answer:

Wandinger, U., 2005: Introduction to lidar. LidaangeResolved Optical Remote Sensing of the
Atmosphere, C. Weitkamp, Ed., Springer Series of Optical Sciences, Vol. 102, Spramger,
1, pplcl8.

More specifically, Wwich literature works 6 NI A Of SX  Wwduld 5/Gu re2ammé&ndizou
understandbetter how uncertainties ahis particulardata productare conceivedPlease provide
a complete reference or doi where possible.

Answer:
E. D. HinkleyLaser monitoring of the atmospher8pringer Verlag, Berlin, 1976.

Behrendt, 2005: Introduction tdidar. Lidar: RangResolved Optical Remote Sensing of the
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Atmosphere, C. Weitkamp, Ed., Springer Series of Optical Sciences, Vol. 102, Spragger, 10,
We¢ SYLISNF GdzNBE aSl adzNB38y a gAGK [ ARFNE LI H-

A. Hauchecorne and M.L. Chanin. Dgnand tamperature profiles otained by lidar between 35
and 70 kmGeophys. Res. Let?(8):56%568, Aug 19800

T. Leblanc, R. J. Sica, J. A. E. van Gijsel, A. Haefele, G. Payen, and G. Liberti. Proposed standardi
definitions for vertical resolution and undainty in theNDACQidar ozone and
temperatureCalgorithmsg Part 3: Temperature uncertainty budgeitmospheric
Measurement Technique9(8):407¢4101, 20160

3. Main measured quantitymeasurand)

3.1  Specificationof measurand

Specify the main measured quantitie¢®., the measurands) and the associated wfithe data
product, along with their field name in the data product

Example measurands with uniftemperaturdK], O3 profile[ppmv], water vapour [ppmv]

3.2  Measurement eqation

What is the relation between the main measured quantity of the data product and input quantities?
(You can se the equation editogr paste a snapshot of the formular simply efer toliterature
publications.

Answer:

As in most lidaapplications, the fundamental equation at the source of the middle atmospheric
temperature lidar retrieval using the density integration technique is the lidar equation (e.g.,
Hinkley, 1976). The equation describes the emission of light by a laser sitsitickscatter at
altitude z, its extinton and scattering along the laser beam path up and back, and its collection
on a detecbr. One form of the lidar equ#n is expressed as:

P(z,A1,42) = 3)
(z,A2)8z

PL(M)n—ZZTUP(Z, ADB(z, A1, A2)TDOWN(2, A2),
z—2L
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z is the altitude of the backscattering layer;

zr, is the altitude of the lidar (laser and receiver assumed
to be at the same altitude);

B is the total backscatter coefficient (including particu-
late and molecular backscatter);

Typ is the atmospheric transmission integrated along the
outgoing beam path between the lidar and the scattering
altitude z, and is defined as

Tup(2) = exp 4)

|:—/(0M(?»1)Na(z/) +ap(, A1)+ D012, AN (Z/))dz/:| ;

L

TpownN 18 the atmospheric transmission integrated along
the returning beam path between the scattering altitude
z and the lidar receiver, and is defined as

TDOWN (2) = exp 5)

—/(UM()LZ)Na(Z/)+“P(Z/’)\2)+Zai(z/’)\2)Ni(Z/))dZ/ :

ZL !

where o) 1s the molecular extinction cross section due
to Rayleigh scattering (Strutt, 1899) (hereafter called
“Rayleigh cross section” for brevity), N, is the air
number density, ap is the particulate extinction coef-
ficient, o; is the absorption cross section of absorb-
ing constituent i, and N; is the number density of ab-
sorbing constituent i. For altitudes between the ground
and 90 km, the Rayleigh cross sections can be consid-
ered constant with altitude, and therefore depend only
on wavelength. The absorption cross sections, however,
are in most cases temperature-dependent, and should
be taken as a function of both altitude and wavelength.
Temperature is retrieved by inverting Eq. (3) with re-
spect to the backscatter term S.
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Starting from the top of the profile z(kT®here tenperature is initialized using an ancillary
GSYLISNI GdzZNBE YSF &adzNBYSyid ¢l 01 ¢ Rty é®d >0 LINKEBO DR dN
temperature profile can be teeved integrating dowward using lidameasured redtive number
density.
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