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Performance Evaluation of a Raman Lidar for Remote Sensing of

Methane Volume Mixing Ratio (VMR): Gas Cell Experiments and
Comparison with in situ Measurements at a Landfill
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Abstract In this study, the performance of a Raman Lidar using an ultraviolet (UV) laser for remote measurement of methane
VMRs was evaluated for the first time. Gas cell experiments were conducted to investigate the sensitivity of the methane raman
signal to variations in methane partial pressure inside a chamber located at a remote distance from the Lidar. The results showed
a very strong correlation between the Raman Lidar signal and the methane partial pressure in the chamber, with a correlation
coefficient of 0.99, confirming that the methane raman signal accurately represents the methane VMR. To further verify the
applicability of the system under real environmental conditions, field observations were carried out at a landfill site. Methane
VMRs measured by the Raman Lidar at a distance of 336 m were compared with simultaneous measurements obtained from an
methane in-situ instrument installed at the same location. The comparison showed a high correlation coefficient of 0.99
between the two datasets. The mean absolute error (MAE), root mean square error (RMSE), and percentile difference were
calculated as 2.56 ppm, 4.43 ppm, and 6.76%, respectively. These results indicate that the Raman Lidar provides methane VMR
measurements comparable to those of the in-situ instrument, even under remote measurement conditions. Overall, the results
demonstrate that the Raman Lidar is capable of stably measuring methane VMRs over a wide range, from ppm levels to percent
(%) levels, at remote distances. Therefore, the Raman Lidar is expected to be a useful remote sensing tool for measuring methane
VMRs and detecting leaks from spatially distributed emission sources using a limited number of instruments, and for supporting
methane emission estimation when combined with additional information.
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Table 1. Components of the Raman Lidar.

Component Specification

Nd :YAG Laser
Wavelength: 355 nm
Pulse energy: 70 mJ
Repetition rate: 20 Hz

Laser

Beam divergence: <0.3 mrad
(after X 5 beam expansion)

Telescope Schmidt-Cassegrain’s (150 mm)

Beam expander 5 X, beam-expander

2.1 |
Aol thE 2k
o (M), NGLYE %

FAEo] Qitt £AR A AFRE #Ho]AE 355 nm
o] mtg Qo] A 70m) ] OﬂLill?Jrz _4 NEES
T Qom HolHrt At £H FFo

Filter1 355 nm Narrow interference filter
Filter2 386~387 nm Narrow interference filter
Filter3 395~396 nm Narrow interference filter
PMT1 Elastic (355 nm) signal channel

PMT2 N, Raman signal channel

PMT3 CH,4 Raman signal channel
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Reflector v
expander Laser
BN Lens0 BS1 BS2 Lens3
— = H{
Filter3 PMT3
Telescope Filter1 Filter2
Lensl Lens2
PMT1 PMT2

Fig. 1. Schematic of the Raman Lidar.

9] apgt Akgt o2 2+ 386.7 nm (Kim et al., 2018)
2} 395.7 nm (Veselovskii et al., 2019)5 A5t &
12 247k S5 fI9h 2t go|to] 4 a4
£ Qo Zo|t

19 12 2Rt golrie] 2 EE el Zojoh
glol#s W 9]~ (Beam expander)E ALt HEAF
A AA t7] Fo2 EEH 7] FollA At
o e o= 3% T W-Z (Pinhole) T Al 7l
Z (Lens0)E A4 o] % 2 FH 2ol HaPstA 5o
27 Ft}. BS12 355 nm ©]5+e] W& §IARA]Z]AL 11
9] 3 9ol e EapAIZIch BselA WA
<2 355nm FHE| I A7 |5= Filterl-& £
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A i 9 % 387 nmE T AR mhg] WL BS2o]
A} HEARE] S ofwf) HEARE 12 386.7 nm 1] W pF

2 £ 9} BS20) A Fbe 92 395.7 nm THE 2]
ThS E A 7] Filter3-& ALk PMT30] H|gh 2Fgt
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o | Ze7]et gEEe Au Ao g diER 2

28 o] YEAZuTelA AEE 4 A= 23
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H 4= Qlth(Veselovskii et al., 2019; Ansmann ef al.,

1990).
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Calibration Process
N, Raman Signal CH, Raman Signal
CH, Normalized ratio

CH, Noramlized ratio
Calculation

l

Regression Equation

Comparison with

In-situ CH, data

Generate CH,
Regression Equation

Fig. 2. Flow chart of CH, VMR retrieving algorithm using the Raman Lidar.
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Noramlized ratioS XT3} (Veselovskii et al., 2019;
Kim et al., 2018; Zhao et al., 2008). Noramlized ratio=
S&d I 29] 91714l st mig St 4t
% SHA| E=tl, Hiek 2het Al g ef Ha 2hiial 2 o] 1
ﬁO}ﬁb— sttt HEEY 9= 27 Al
P = (7] wiieol] ofof mhE @27} 8] Ao
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7% 2 2AA EAE 97 2t golcie] v
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= /\] 25t Z‘a‘i—@r ko] =gk G‘_}‘?:} HeE
/\ Al

4 Normalized ratioS Z}Zt A|41s] —zr‘:]' Noramlized
ratioS 28| 2 |3kl YslA A4 74 (Calibra-
tion process)= 71Xtk HA ol M= 2HSEH
Hl= =77t mete] Eetu|et 2t eto|the S5t
Normalized ratio A0]2] 3]H4] (Regression equation)
& AAdsitt 2hgt gholtk®2 =23 Noramlized ratio
£ 374l Hiddste] HFA oz & vgh E94H]
£ AFEHH(Kim et al., 2025, 2018).
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Vacuum Methane Gas
Pump
Mass flow
Controller
Chamber 1
Emitted laser
Raman Lidar
Backscattered signal /
I | 3m
85m
Fig. 3. Schematic of the CH, Gas cell test.
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olg]st Al 3L AAZAAE 2 Alsls 1k o) & Lidar at a range of 85.5~88.5 m while the CH, partial pressure
_] a4 U_ A58 E_ et 2ol inside the chamber was varied from 0.3 to 100 Torr. The black
SHEA gt =2 AR FREGER] ARE circle indicates the location of 87.36 m.
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Fig. 5. Comparision of CH, raman signals measured by the
Raman Lidar at 87.36 m and CH, partial pressure inside the
chamber. The red line is linear regression line and error bars
indicate standard deviation.
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4 gujdyo g sk &
ol tiste] E4S fsteict v
eF 2Hgt A5 9] /ﬂi 23] (Signal-to-Noise Ratio,
SNR)E ZH ot F7F AIZE EH‘Dk 2t} ol ot 7H4d
52 ogtelqt 4845t

ffste] AHSHE AAIst A E5E Aot
St 2t 2tolokz St vie Eokvl o) A A
S Flol AR AHSAYHE e ere e
=5 e g S tigt 4 s T2

Z2]
H]Ql NutechA2] Nutech3000& AHE-5FSITH(NIER,
2022). Nutech3000-> Z0fj Atste} o]Z %1’1 123}
7= (Flame Ionization Detection, FID) 7]&2 53
of SAlol el Higt, Blve ehelapa o] iE—
AtEst s AHle] gl 82 & 200 RISk
t}. 2hgt gto|ttE A5 HEhe] Normalized ratio®}

Table 2. Technical data of Nutech3000 (Nutech Instruments,
Inc., 2025) and Raman Lidar(NGL, Novascope co. kr).

Parameter Specification
Test method  Catalytic Oxidation + Double FID
Measurement ~ 0~10/100/1000/10000 mg/m?>
range (Extendable)
Nutech3000 l?et:ectlon <0.04mg/m?
limit
Accuracy +0.2%
Linear error +2% (CH,)
NGL Measurement <1km
distance
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. = [0.0:1.0) ;
—_— .
s

swW
Wind Speed [m/s]
N [1.0:2.0)

>2.0

Fig. 6. (a) Measurement geometry of field test at Saenggok Landfill and (b) wind rose on November 17, 2025, 19:30 (KST).
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712F(2025F 109 169FE 20259 129 1¢) 5
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November 17, 2025, 19:30(KST)
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e N, Raman Signal
= CH, Raman Signal

In(Raman Signal)
=

200 250 300 350 400
Distance [m]

Fig. 7. Twenty-minute accumulated N, and CH, raman sig-
nals measured along the line of sight of the Raman Lidar on
November 17, 2025, 19:30 (KST). The green and red solid line
indicate N, and CH, raman signals respectively.
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Fig. 8. Twenty-minute accumulated CH, normalized ratio
measured along the line of sight of the Raman Lidar on
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Fig. 10. Scatter plot between in-situ CH, VMR and Raman
Lidar CH, VMR. The grey dashed line indicates a 1:1 line and
the red solid line indicate a linear regression line.
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