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Abstract: A direct detection atmospheric differential absorption lidar, based on a high energy 

optical parametric source at 2 µm to address CO2, CH4 and H2O, is presented. We report first 

experimental measurements on CO2. 
OCIS codes: (280.0280) Remote sensing and sensors; (280.1910) DIAL, differential absorption lidar 

 

1. Introduction 

A better knowledge of atmospheric carbon dioxide, methane and water vapor is expected to improve the accuracy of 

existing models and to help anticipate climate change. In this context, several space-borne lidar missions are 

foreseen in the upcoming years to measure their concentration at a global scale, including MERLIN (CNES/DLR) 

for methane and ASCENDS (NASA) for carbon dioxide. The challenge of these instruments is to develop high 

energy sources which can emit at specific wavelengths to address the gas species of interest. In the 2 µm spectral 

region, the major greenhouse gases present particularly well-suited absorption lines for space-borne applications 

which can be efficiently addressed by solid state laser technologies [1,2]. In this paper, we present a direct detection 

differential absorption lidar (DIAL) based on a high-energy parametric source whose tunability enables to target 

several species with a single instrument [3]. The system has been operated for ground-based long range 

measurements by collecting backscattered signal from aerosols and clouds with a direct detection receiver. First 

experimental concentration measurements have been obtained by targeting the R30 absorption line of CO2 at 

2051 nm [2]. Beside the air-borne and space-borne applications, such an instrument could be potentially 

implemented from ground to calibrate/validate passive or active space-borne gas measurements.  

2. Experimental setup 

The experimental setup depicted in Fig. 1 comprises a laser transmitter and a receiver telescope. The laser 

transmitter is based on a nested cavity optical parametric oscillator (NesCOPO), a specific architecture which 

ensures tunable single frequency emission without any injection seed [3]. It is followed by a high energy two-step 

optical parametric amplifier (OPA) including a periodically poled lithium niobate (PPLN) crystal and four bulk KTP 

crystals. The whole system is pumped at 30 Hz by a Nd:YAG Laser delivering 100 mJ energy pulses at 1064 nm. 

The oscillation buildup time of the NesCOPO is compensated by a 10 ns delay line inserted in the pump beam path 

 
Fig. 1. Schematic diagram of the experimental setup 
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before the amplifiers. The emitter delivers 10 ns Fourier-transform limited pulses that are tunable between 1980 nm 

and 2100 nm. In order to perform the DIAL measurement, the emitted wavelength is switched pulse to pulse. For 

that purpose, pulse-to-pulse adjustment of the NesCOPO cavity length is carried out by use of piezoelectric 

transducers. In our lidar experiments, the available pulse energy for the transmitted signal wave in the atmosphere at 

2051 nm was around 10 mJ. 

In order to monitor the wavelength a small amount of energy is sampled from the output beam by use of a CaF2 

plate. It is then frequency doubled using second harmonic generation in a KTP crystal to match with the detection 

spectral range of a high precision wavemeter (WSU 10 of Hight Finesse operating up to 1.1 µm). A reference 

detector measures the energy leaked through a high-reflectivity deflecting mirror to normalize the backscattered 

lidar signal of each pulse and thus correct systematic errors on CO2 concentration estimation caused by energy 

fluctuations between the ON and OFF wavelengths. Before transmission in the atmosphere, the divergence of the 

beam is reduced to 500 µrad with a beam expander.  

The lidar receiver consists of a Newton telescope which focuses the backscattered laser radiation on an InGaAs 

amplified photodiode. To increase the field of view of the telescope a short focal lens is placed in front of the 

detector. The resulting field of view of 800 µrad is thus adapted to the transmitted laser beam divergence. Emission 

and reception axes overlap and are oriented at 45° from the vertical, which enables to reach the first layers of clouds. 

Both lidar and normalization signals are acquired with a 500 MHz sample-rate digitizer. Transmitter and receiver 

parameters are summarized in Table 1.  

 

Table 1 : Instrument parameters 

Transmitter Receiver 

Pulse energy 10 mJ Telescope diameter 20 cm 

Pulse duration 10 ns Field of view 800 µrad 

Repetition rate 30 Hz Detector Type InGaAs PIN 

OFF-line wavelength 2050.963 nm Detector diameter 300 µm 

ON-line wavelength 2051.047 nm Detector NEP 3.10
-12

 W/√Hz 

Linewidth < 60 MHz Bandwidth 30 MHz 

Divergence angle 500 µrad Sampling rate 500 MHz 

 

3. Results 

Fig. 2(a) shows the received ON and OFF signals for a 4 minute acquisition time corresponding to the averaging of 

approximately 3600 couples of ON-OFF shots. The first detected peak comes from the diffusion on the transmitting 

optics. Aerosol backscattered signal is detected between 50 and 600 meters and cloud echoes are detected between 

650 m and 950 m. Acquired traces are averaged and smoothed with a 15 MHz filter equivalent to a 10 meters spatial 

resolution. The temporal variations of the clouds signals are shown in false colors in Fig. 3. This representation 

enables to see the spatial coherence of the clouds passing in the line of sight of the lidar, and the periodic 

backscattered intensity due to pulse-to-pulse ON/OFF wavelength switches.  

 

Fig. 2. (a) OFF-line and ON-line return signals. Averaging over 3600 shots and a 15 MHz numerical filtering have been applied to both signals. 

(b) Differential optical depths versus range for experimental data and for a theoretical homogeneous mixing ratio of 390 ppm. 

(a) (b) 
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Fig. 3. Cloud backscattered signals before signal processing. At every shot, the transmitter switches between the OFF and the ON wavelengths. 

Couples of ON-OFF traces which exceed the digitizer dynamic (red) are not taken into account to retrieve the CO2 concentration. 

 

CO2 cross section has been calculated using a Voigt profile and the Hitran database in order to retrieve the 

concentration of CO2. The optical depth derived from the lidar signals is shown in Fig. 1(b). In the clouds, the slope 

of the measured optical depth matches a uniform 390 ppm CO2 average mixing ratio with a ± 16 ppm uncertainty. 

Further range-resolved experiments are currently carried out in order to validate the accuracy and increase the 

precision of carbon dioxide profiling across the whole line of sight. Complementary measurements targeting water 

vapor are also conducted in order to demonstrate the multi species detection ability of the system. 
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