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Abstract:  We present the design of a differential absorption LIDAR targeting HDO/H2
16O 

isotopic ratio measurement with high vertical resolution. This approach is enabled by infrared 
water vapor spectroscopy and recent high power multi-species parametric emitter developments. 

 
1. Introduction 

Stable Hydrogen or Oxygen isotopes in water are useful natural tracers of the hydrological origins of air masses 
and of dynamic atmospheric processes [1]. To improve the water cycle representation, bringing vertical range 
resolved observations of the relative abundance in HDO (δD which depends on the ratio of HDO and H2

16O) in the 
low troposphere (0-3 km) is expected to significantly complement the current knowledge and increase the models 
accuracy in the predicted magnitude of climate change [2]. To produce this type of data, the range resolved DIAL 
method is of prime interest, and together with the recent development efforts on multiple-species instrumentation 
[3–5], the technique is opening the path to co-located measurement in time and space of H2O and HDO with high 
vertical resolution. In this paper we: i) define and characterize the proper spectral absorption lines enabling 
simultaneous measurement of H2

16O and HDO with a single instrument, ii)  propose the design and the projected 
performances for a new LIDAR instrument capable of addressing both species. 

2. Line selection for δD retrieval and DIAL set-up for low troposphere probing 
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Fig. 1. a) Spectral region of interest for simultaneous probing of H2
16O and HDO with a long range DIAL. The optical depths are calculated for 

1 km range at ground level. The marked ON and OFF wavelength are used for sensitivity simulation on H2
16O, b) Schematic of  the DIAL 

emitter (high energy OPO/OPA parametric source) and receiver (high aperture Cassegrain type telescope with InGaAs PIN photodiode). 

The key to independent measurement of HDO and H2O concentration is to properly select a spectral region where 
the two molecules display well separated lines, while preserving a similar and sufficient differential absorption in 
order to make the LIDAR works in equivalent dynamic and relative precision ranges for both isotopes. This makes 
the line selection extremely limited since δD values range from a few 10 ‰ to a few 100 ‰. The spectral window 
between 1982 – 1984 nm is well suited for all these purposes as illustrated in Fig.1 (a). To support the end-to-end 
simulation of the LIDAR performances and gas concentration retrieval, the spectroscopic line parameters have 
been experimentally measured with high accuracy in the GSMA laboratory with an IFS 125HR. 



The DIAL system is based on a generic OPO/OPA architecture for the emitter depicted in Fig. 2(b), which has been 
developed at ONERA in the recent years. The approach relies on the combination of a doubly resonant Nested 
Cavity Optical Parametric Oscillator (NesCOPO) and Optical Parametric Amplifier (OPA), which intrinsically 
delivers single frequency high energy pulses with adequate tunability for multiple-species probing as demonstrated 
in the 2 µm range [3]. The latest design has been simplified for the OPA line thanks to the recent advent of high 
aperture (up to 5x5 mm²) PPKTP nonlinear crystals [6], which combine high nonlinearity (deff > 9 pm/V) and high 
damage threshold (>10 J/cm²). With 180 mJ energy pulses at 1 µm pumping a combination of four PPKTP (total 
interaction length of 40 mm), an extracted signal energy of 30 mJ at 1982 nm is expected at the emitter output. The 
receiver part is based on a 40 cm diameter primary mirror, and the detection part is a combination of PIN InGaAs 
photodiode and low noise amplifier, with a 0.6 pW/√Hz NEP over a 1.8 MHz bandwidth at ambient temperature. 

3.  Sensitivity analysis 

a)

Transmitter Receiver 

Energy 30 mJ Aperture 40 cm 

Duration 10 ns FOV 630 µrad 

On-Off rate 75 Hz 
Detector 

Type 
InGaAs PIN 

Linewidth 60 MHz 
Detector 
diameter 

300 µm 

Divergence 360 µrad NEP 0.6 pW/√Hz 

λON 
λOFF 

1982.93 nm 
1982.25 nm 

Bandwidth 1 MHz 
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Fig. 2. a) Example of parameters set for the simulation. b) Expected relative random error on WaterVapor Mixing ratio (WVMR) in the vertical 

direction over a 2 km range. The dominant noise source is the detector electronic amplifier. The bandwidth is limited by a 1 MHz low-pass filter. 

The main LIDAR parameters are summarized in Fig. 3(a). The simulation is performed by considering a vertical 
probing and a simplified atmospheric configuration in order to give a first glance estimate of the expectable 
sensitivity. Pressure and temperature variations follow the US standard atmospheric model. The vertical distribution 
of aerosols is supposed to bring a uniform backscattering coefficient of βπ = 4.10-7 sr-1.m-1, and relative humidity 
(RH) is also taken uniformly equal to 50 % over the first 2 km, which corresponds to a Water Vapor Mixing Ratio 
(WVMR) varying from 6 g/kg (at 0 km) to 3 g/kg (at 2 km). Finally, the signal averaging is performed for 10 min 
accumulation time (90 000 laser shots in total), and a 1 MHz bandwidth (150 m range resolution). With these 
parameters, the expected relative random error on WVMR is expected to be lower than 1 % in the first 2 km of the 
atmosphere. Given the absorption of HDO at 1982 nm similar relative random error levels are to be expected on 
HDO mixing ratio, and thus finally on the retrieved value of δD. 
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