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1. Identification of respondent and 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 
 
 
For which data product are you filling in this questionnaire?  
 
Answer:  Temperature lidar 
 
Please provide one or more accessible sources of information that a non-expert user can refer to, 
to gain an understanding of the measurement technique. 
 
Answer: 
Wandinger, U., 2005: Introduction to lidar. Lidar: Range-Resolved Optical Remote Sensing of the 

Atmosphere, C. Weitkamp, Ed., Springer Series of Optical Sciences, Vol. 102, Springer, Chapter 
1, pp 1ς18. 

2. Recommended literature 

Which literature work would you recommend to understand better the measurement technique and 
the general uncertainty framework within which uncertainties of the data product are constructed. 
Note that for metrology, the vocabulary list of the VIM (International Vocabulary of Metrology), and 
the uncertainty framework of the GUM (Guide to expression of uncertainty) are important 
standards.  Please provide a complete reference or doi where possible. 
 
Answer: 
Wandinger, U., 2005: Introduction to lidar. Lidar: Range-Resolved Optical Remote Sensing of the 

Atmosphere, C. Weitkamp, Ed., Springer Series of Optical Sciences, Vol. 102, Springer, Chapter 
1, pp 1ς18. 

 
More specifically, which literature works όŀǊǘƛŎƭŜΣ !¢.5Σ ƻǘƘŜǊΧύ would you recommend to 
understand better how uncertainties of this particular data product are conceived? Please provide 
a complete reference or doi where possible. 
 
Answer: 
E. D. Hinkley. Laser monitoring of the atmosphere. Springer Verlag, Berlin, 1976.  
 
Behrendt., 2005: Introduction to lidar. Lidar: Range-Resolved Optical Remote Sensing of the  
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Atmosphere, C. Weitkamp, Ed., Springer Series of Optical Sciences, Vol. 102, Springer, Chapter 10, 
Ψ¢ŜƳǇŜǊŀǘǳǊŜ aŜŀǎǳǊŜƳŜƴǘǎ ǿƛǘƘ [ƛŘŀǊΣ ǇǇ нтоς300. 

 
A. Hauchecorne and M.L. Chanin. Density and temperature profiles obtained by lidar between 35 

and 70 km. Geophys. Res. Lett., 7(8):565ς568, Aug 1980. Ο 
 
T. Leblanc, R. J. Sica, J. A. E. van Gijsel, A. Haefele, G. Payen, and G. Liberti. Proposed standardized 

definitions for vertical resolution and uncertainty in the NDACC lidar ozone and 

temperatureΟalgorithms ς Part 3: Temperature uncertainty budget. Atmospheric 

Measurement Techniques, 9(8):4079ς4101, 2016. Ο 
 

3. Main measured quantity (measurand) 

3.1 Specification of measurand 

Specify the main measured quantities (i.e., the measurands) and the associated unit of the data 
product, along with their field name in the data product 
 
Example measurands with unit: Temperature [K], O3 profile [ppmv], water vapour [ppmv] 
 

3.2 Measurement equation 

What is the relation between the main measured quantity of the data product and input quantities? 
(You can use the equation editor, or paste a snapshot of the formula, or simply refer to literature 
publications). 
 
 
Answer: 
As in most lidar applications, 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 source, its backscatter at 
altitude z, its extinction and scattering along the laser beam path up and back, and its collection 
on a detector. One form of the lidar equation is expressed as: 
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Starting from the top of the profile z(kTOP) where temperature is initialized using an ancillary 
ǘŜƳǇŜǊŀǘǳǊŜ ƳŜŀǎǳǊŜƳŜƴǘ ¢ŀ όƪ¢ht ύ όǇǊƻŎŜŘǳǊŜ ŎŀƭƭŜŘ ǘŜƳǇŜǊŀǘǳǊŜ άǘƛŜ-ƻƴέύΣ ǘƘŜ ŎƻƳǇƭŜǘŜ 
temperature profile can be retrieved integrating downward using lidar-measured relative number 
density. 














