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Abstract Lidar-based temperature and humidity profiling technology offers a potential approach to complement
conventional atmospheric observation systems. While existing observation systems such as radiosondes, satellite sensors,
and microwave radiometers each have inherent limitations in vertical resolution or temporal continuity, their low launch
frequency and spatial coverage restrict continuous profiling capabilities. This study examines Differential Absorption Lidar
(DIAL) technology for temperature and humidity profiling and evaluates design considerations for potential applications in
Korea. Using Hlgh-resolution TRANsmission molecular absorption database (HITRAN) 2020, we examined candidate
wavelengths of 770 nm in the oxygen A-band for temperature profiling, 828 nm for lower tropospheric water vapor, and 935
nm for upper tropospheric water vapor measurements. MATLAB-based signal simulations under representative mid-latitude
atmospheric conditions were performed to evaluate feasible design conditions, including a pulse energy of 10 W, repetition
rate of 7,220~9,000 Hz, and telescope diameter of 40 cm. Under nighttime conditions, the simulated system satisfied the
reference SNR criterion (>3) at 5 km for all three wavelengths. Daytime performance was limited by solar background
radiation, with evaluated ranges of 3.25~3.62 km and SNR values of 1.9~2.2, which were below the reference criterion of 3.
Key considerations for Korean application include wavelength selection according to humidity and altitude conditions, as
well as system-level strategies to mitigate solar background radiation for improved daytime performance. This study provides
preliminary design considerations for future lidar-based temperature and humidity profiling systems in Korea.
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Fig. 1. Transmittance differences near the oxygen A-band
at 770 nm as a function of temperature (Calculated with a
cell length of 5 km, an oxygen mixing ratio of 0.2095, and a
pressure of 1013 hPa).
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Fig. 2. Water vapor absorption spectra at surface and 5 km altitudes. Surface conditions are set to 281K and 890 hPa, and the
5 km conditions to 255 K and 540 hPa. (a) Altitude-dependent transmittance near 828 nm; green and blue vertical lines indi-
cate the online (828.230 nm) and offline (828.294 nm) wavelengths, respectively. (b) Altitude-dependent transmittance near
935 nm; blue and green vertical lines indicate the offline (935.572 nm) and online (935.685 nm) wavelengths, respectively. (c)
and (d) absorption cross-sections at surface and 5 km altitude conditions, respectively.

A4
2t 2] & (pressure broadening), =23 &%, 1t
A P, 540 Azl AT FEH] (signal-to-

noise ratio, SNR)oJ| 2J5f] &gk wrom=m A7 AL
Aol Voigt T2kl 7]ute] BA ek yra|Zo] Wg
5T} (Mendonca et al., 2019; Long et al., 2012; Tran et
al., 2008).

HASHA 2] of AL A|7| & thefsto] AE 9]
{7} Wk webA 571 DIAL 37 Ad=of A=
2RQlyt @ el upto] Fa A Ao, BR
Lo £57] T, 7] Bk, & OJEA,
A A e dA Esjjof st B Aol A
F2 Z-85E 828 nme} 935 nm
o] FpA-s A ST
2+ F 3 oA 9] 57
( HEH ZZ(0km, 890 hPa, 28
T} 5km 1% 271 (540 hPa, 255 K)ol A4 9] 1= &
=3 Ao A AL S5 DA

o K orle o®

i)
H
i
g
Ir
offl
ne,
EX




DIAL 7|t 15| 2 o 457

ol WA, 541 Eo] FobA 1 Al7l7t Matshe
PIE T 3 the] BRI Bl 4 9k o]

828 nm ¥ F3t o] F4AE50] RISt
st5 th7] TEol f-2lottt (Wulfmeyer et al., 2015).
I 2(a), ()0llA] Hol= AAH 827.5~828.5nm
oA o 7ol Rt 4ol WEELE & A+
ol Xl= Spuler et al. (2015)2] MicroPulse DIAL 3+
oA -85 828 nm FL2o] 2zfel & @ mafol mpAf
(Z+7} 828.230 nm 2 828.294 nm) XS 7|FOR
A} o] fAe 75t BoAo] B8] 25 o
EAo] Yol 615 115 oA AT 23} 7H5Ad 0]
20, 2158 ol go|A] 7|uh A|AF o]
Jbsttel Bashn vlg wRH A st
= Aol Utk (Spuler et al., 2015; Wulfmeyer et al.,
2015; Nehrir et al., 2009).

935 nm -2 828 nmHE T 3t F4418 Hfa}
I glevz 7|7 A% (Planetary boundary layer;
PBL) °1’4e] A5 7] 4ol 2|5ttt (Poberaj et
al., 2002; Ismail and Browell, 1989). ZL& 2(b), (d)oﬂ
A BRI 4= 91%0] 934~936 nm kol F8 &

Aol FE ol Jlow, A3 -5 arsto] %E}?l
2 @ mekel S 77} 935,685 nm@} 935.572 nm
2 4735kt (Kiemle et al., 2008). Ismail and Brow-
ell (1994) 2] Al4tol| W2 935 nm 2] <= TH
AL 7.0x 1072 cm® molecule ' 2 820~828 nm ™Y
(=0.9x107%* cm? molecule™) Bt} oF 78] 7}5}od,
Ehret ef al. (1993)°] AA|SH A4E T 7]9] e 37|
FE(0.1~1gkg!) AN E FES AT E 2
4= 31tk Poberaj et al. (2002)2] 5~10km 1=
ol A}, X3 A (FUEE 10~30%) 1A%
10~15% Heo] 4 g 245k Aoz B
IEct ol 935 nm Y] ER41e 2 Bﬂg}Oﬂ
AiA e s RIFstER 55 115 2= Ae 4

e
fjo
ror

£S ffet oty MY 2 =4 ME ofd| 27 4= 399

]

27t S7rE o qlod, 2k 3 oy 2o mE
A WEkE MY 4 o] HBe o T 7
gt H o] I4=Ao|t}(Vogelmann and Trickl, 2008).
w2}, 828 nmet 935 nm T2 A= oA EA
Z|HTh T 159} =7 A e AR H o2
P8 5 9 TR RPoR AT & ok 828
2 s 205 571 4,
23 A4 E
G-2]5ltt (Kiemle ef al., 2011; Beh-
rendt et al., 2007). £3], %7] TS| A 8-2oJfoF
o M ool 27 B mantold wal &
sl mAlal ] Feracks old £L i 271
(TS > 80%)oll A= oF Bl & AHehe
of 415 E5YE AT ) Felol, AL £
(<30%)°llM= At FAlol 54 e Y

Fefgicy. hH o E hE S B4 50 1

ol

—_

5
8
)
d
Mo
ol
o Ir
= o
N
E

IS

=

RAL Mol ALNANE AZ|H v o™ (Spith et
al., 2016; Weckwerth et al., 2016), £35], AAE S

w50l Alg Sy Al AE olefdt Fo] Fast
o}, 083 Fuplel 20| Aol 828 nm
Hejol A5 ma} Aol felstel, AL A% 7]

S G E4 A 4 935 nm o] FE
Aol ARG Walel) w2 A5 1

— T o™
27} Qe ol S AdE ¥HE
828 nm&t 935 nme] AHZ £80]

X8 9% DIAL NAY 5
- 12" ]
ou

A~
CEE:

FH

<3

ok

DIAL Al2519] 452 Aeig
S4m ofuje} gold $AIF
e B2 A o o}, mfebx
TolHE 2ol M AET L5 W 537 B 3}
2 o T A4 7N 282 71HE DA

R ]

2~
e
%

o

>

-

:O:,
e fol
o R N

¢

2
=

=
o)

J. Korean Soc. Atmos. Environ., Vol. 42, No. 2, June 2026, pp.395-408



400 7|, A, ey, 44

&, Sergei Volkov, .=FaI

Table 1. System specifications of DIAL instruments used for temperature and water vapor measurements.

Target Water vapor Temperature
Specificati Spuler Spéath Newsom Mariani Stillwell Hayman Stillwell  Cruikshank  Stillwell
peciication oy 41,2015 etal, 2016  etal, 2020 etal,2021 etal, 2025 etal,2026 etal,2019 etal,2024 etal, 2025
Laser type Diode Tﬁ_z’:? Diode Diode Diode Lovc\i/i—c;))cci);/ver Diode Diode Diode
Repetition rate
(kHz2) 9 0.25 8 10 8 8 7 7 7
Pulse energy 5 8000 55 9 9 9 5 5
(W)
Wavelength 830 817.7~819.0 911.0, 911.0, 828.187, 828.187, 769.7958,  769.7958, 769.7958,
(nm) : ’ 910.6 910.6 828.302 828.302 770.1085 770.1085 770.1085
Telescope Near: 15 _ _ _ _
diameter (cm) 406 80 Far: 28 406 406
Time
resolutions 1~10 1 2~20 20 5 5 30 60 30
(min)
Range 150 30~300  100~500 50 75 225 300 225
resolution (m)
Max range (km) 16.5 4 3 3 3 6 4 3.5 4
2HO AT 5F SNR, A 5 A D 54 0% £ AL 452 thol 2.5 ¢flo]4 7|4t DIAL
2 no] Atstglch. £ o] BAe AA AH|o H  AAHE 7R Ao Ak, BA|u ], v
T AA NS FGsk= Ao] ot Bdoll Bl E, WEd A%, | Ik, A Aokt (field of
o AR AR "] HlollA A&2] DIAL AlIA'S] view: FOV), & Y E, A AH 58 W HEAIES
g 7HsAT ot -8 FAE Hrlet= ©l )l 8 KO WeE 1HsigIth AUz et RHEE
k. 2 A B o A o7 W, HdA A
Ae FA ATe AAste A4 wigoloh ® T
3.1 Zo| A4t = 2 MA| Hp ~H2h POV 9742 Ao gH 9 ESF Wi &
2 A9 As mo At M= A AFelA  Sloll FRE FH, TH d9gE2 AT FaEt by
AARE DIAL A A1) B AR A 7hsdS 73 oA 45 Abelo] 73 ARt
A areste] Frlskelet. WA & 19 ARt 7|E 2 AFolAe A o|A] 5~10 yj, BHEE 100~
DIAL A|A"O] ALQFS AESHY, ZF Mo HA 9 9,000 Hz, §974 A7 15~40 cm, ¥ 4HZF 0.3~0.4
gk o] Al4te] 712 o1 M2 ARSIt mrad HYolA AESHAE 7] 2L F9E B
o|F AA AL’ FA 7HsAEE st AUAA F dr2dS lioi A7st e, 7] St
E2 S, a1, B4 fAEE 21 @A x10° m™T s, 7] B (0.75), AL
o] 3FEE £ Wl A 71N GA 28 Al BE(0.)2 IE A Bt Hsct s FURt
2o 7] AA 2oz Aokex] g2 Ao g wd EghE 285kt oet AA di7]ol A= AEE
Skl T571 T, olo|2E Bk, 75 9 AAT 7Z, H

Sty et AstE|X| M 42 H M2 &
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Table 2. Simulated performance of the DIAL system under daytime and nighttime background conditions.

401

Wavelength . Pulse energy  Repetition Telescope Max. range Measurement
(nm) Target Period (W) rate (Hz) diameter (cm) (km) SNR uncertainty
Lower . »
828 tropospheric ~ Daytime 10 9000 40 3.38 20 +2.46 g kg
watervapor  Nighttime 10 9000 40 5.00 54  +092gkg”
Upper ) .
935 tropospheric  Daytime 10 9000 40 3.62 22 +231gkg
watervapor  Nighttime 10 7220 40 5.00 54  +093gkg”’
770 Temperature ~ Daytime 10 9000 40 3.25 1.9 +4.10K
Nighttime 10 9000 40 5.00 5.1 +1.57K
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(Npus)®ll @13} A HTHA 1),

Stota[ = Spulse(r)Npulse = pulse(r)ftint

SOEEN

HEE B

@

A7 f= WHE-E (repetition rate, f, T]: Hz), t =
HEAZ(s)olth. ARfsld s Hlo]A BAE (pulse
width, 7, ©&9]: ns)¥}t F<5 (c=3x10° m s7)of 25
ARE, 7 A7 §8 HAG (N9 HHEER
AlirRtet.

Ar=ct1/2

— -1
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©)

G A AT (Spyse)= BT B2 5 (Nphoton)
£ 7|9ro 2 ALtE, o)A o] o |q 2|5 B2t ol
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N laser energy E-1 @)
h - -
photon Ephaton h-c

O

15 o o "A Al Aes o3t 2ol
HHAHCTH(Spuler et al., 2015; Weitkamp, 2005; Mea-
sures, 1984) (4] 5).

AB (r)Ar
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