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B 1 A Comparison of Tropospheric Humidity Profiles derived from Raman Lidar,
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We made a comparison study of the tropospheric humidity profiles by using a Raman lidar, two radiosonde
sensors (RS2-91, Meisei Electric Co. and RS80-15, Vaisala Oy), and GPS. Good agreements were found in
the relative concentration profiles of water vapor obtained with the Raman lidar and the radiosondes up to
an altitude of 10 km except for low humidity regions. The lidar-derived water vapor mixing ratio (w)
calibrated with the system constant was closer to that obtained with RS2-91 than that obtained with
RS80-15 at w>0.5 g kg'', whereas it differed significantly from those sonde data at w<0.5 g kg'. We also
compared the temporal variation of precipitable water vapor obtained with the lidar and the GPS.
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Table 1 Specification of Raman lidar at Meteorological Research Institute at Tsukuba (36.0°N, 140.1°E)

Transmitter: Receiver:
Laser type Nd:YAG Telescope type Nasmyth
Wavelength (nm) 532 Diameter (m) 1.0
Energy/pulse (mJ) 800 (maximum) Field of view (mrad) 0.1-2.0
Repetition rate (Hz) 30 Detector PMT
Beam divergence (mrad) 0.125 (after collimator) Signal detection Photon counting
Range resolution (m) 6
Detection species Water vapor  Nitrogen Mie/
Raman Raman Rayleigh
Interference filter
center wavelength (nm)  660.5 607.3 532.0
FWHM (nm) 0.55 0.49 0.49
Transmission at 532 nm <10 <1079 -
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Fig. 2 Comparison of vertical profiles of water vapor mixing ratio obtained with Raman lidar (solid line)
and radiosondes (dashed line: Meisei RS2-91; dotted line: Vaisala RS80-15) at Tsukuba on February 28,
2001.
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Fig. 3 Scatter plot of water vapor mixing ratio obtained with the Raman lidar and the radiosondes
(+: Vaisala RS80-15; o: Meisei RS2-91) at Tsukuba for the period October to November 2000.

4. GPS "[[EKE & O BRI R

GPS ld, BENLH EIZREINI~A 7 nEORERMOBNEZHETHZ LIk, Tk
KEZERFMOBETHET AN TE D, 74 X —THBEISNDIES A 7r—ILDOKEZEE
B2 RIET 57201, GPS & T4 ¥ —F — & THEIE SN FBKEDOLE AT - =R % Fig. 4
VRS T — X ORI DEREIX T A X —23 3.3 3. GPS M S A T B, 723 20:19-23:17 & 3:16-4:48
DIA L —F = ZIZONWTIEHZEFEENMEMENSEE 1.6-1.7km £ TR LTW2H, =
DOEEFHEHDOKBRKIEILY T (RS291)7T —& & H\ 7= (Fig. 4a Ak, £/ 410HICTA & —F
— I DPRRIRICEVMEZ R L TCWDD, ZHUIEE 6 km FHTICEVWENRHBR L, Rl EoEE
TOREFEBRENREL RS> TNDTDTH 5 (Fig. 4b), 7 A X — & GPS TR - AR &I, 19:00
25 000 EHE TIZRSHIG LTV AN, ZORAEBEKIENEINT SN T, T4 & —72 GPS
Vb 2~3mm EBWMEEZRLZ, ZORREICOWTIIBRERSTTH A,

5. ¢ EABOBE

T2 TAFX—E2FBEOT VA T - GPS I L HKERIBE SO BRI 21T\ . &k
D EDNPpnoT,

1) I=r A48 =T 0FY T THEI SN KEKBRA O ZRAESFIL. EEED

BIEAERVZEE 1I0km F TTOEBRTEVL—ER RO,
2YEEBEERE I~V U BEMERE T — 4 AV TKRELZ T4 ¥ —RIEEZ. KEKRE LK

05gkg’ £V REVEBTIZIRS291 VU FF—& LB —F L. RS§0-15 Y v FF—# |2k

ARIEE TR 20%EVMEE R LTz, £72 05 gkg! U TOBEHRTIZY U FHIEE L OENKE <

7220 RS291 F—# LD K<, RS80-15F — & LV & EVMERZ TR L,

3) 74X —& GPS THIE L= AIB/KElZ, ZRTH3Imm OENRH -7,

SEIOHEBRITIX, 747 —OREBREE LTEBERL 7~ U BELERET — 205k
TEZMAWZ, L, 7~ o BELBAEERBEOREN SOZERFER(T A VL —72 2 \DE
B L 2EEFEROEMENEEZ DL, T4 X —CLVERRBERT Y =DI2IE. FEELK
EFEPLBETHDEZEZOND, WEFEL LTRAEZHOLNEDITZY VFF—2Ln 7
AT 4T THLIN, EREIOERDO L SV U FOREEIC L - THIEEN 10%F< B s b
Mo, ZOFECHMBERDH D LEZX BN D, 5HBITHHEE DRI E FTRE/R ES WIS A #—=0,
BEEICRE SNTRES L ORBEEIZITV., I~ F4 X —IC L ARSI ERER FO7- 5
DIFEEED TNEFZNEEZ TV B,

— 14—



24 October 2000 Precipitable Water Vapor
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Fig. 4 (a) Temporal variation of precipitable water vapor obtained with the Raman lidar (solid line), GPS
(dashed line), and Radiosondes (0: RS2-91, +: RS80-15) at Tsukuba for the period 24-25 October 2000.
The dotted line shows the data calculated from the lidar data above 1.6-1.7 km and from the RS2-91 data
below the height because of the saturation of the lidar signal at the lower altitude. (b) Temporal and vertical
cross section of water vapor mixing ratio obtained with the Raman lidar for the same period as Fig. 4a.

SOF YV F-GPS F—& AR LU TIEVV - GPS < ISHEE R 7 v — 7 OERBIC RS LE T,

51 FSCHR

[1] Whiteman, D. N., S. H. Melfi, and R. A. Ferrare (1992): Raman liar system for the measurement of water
vapor and aerosols in the earth’s atmosphere, Appl. Opt., 31, 3068-3082.

[2] Goldsmith, J. E. M., E H. Blair, S. E. Bisson, D. Tumer (1998): Turn-key Raman lidar for profiling
atmospheric water vapor, clouds, and aerosols, Appl. Opt., 37, 4979-4990.

[3] Sherlock, V., A. Hauchecorne, and J. Lenoble (1999): Methodology for the independent calibration of
Raman backscatter water-vapor lidar systems, Appl. Opt., 38, 5816-5837.

[4] Avila, G., J. M. Fernandez, B. Mate, G. Tejeda, and S. Montero (1999): Ro-vibrational Raman cross sections
of water vapor in the OH stretching region, J. Mol. Spectrosc., 196, 77-92.

[5] Penny, C. M. and M. Lapp (1976): Raman-scattering cross sections for water vapor, J. Opt. Soc. Am., 66,
422-425.

[6] Inaba, H. (1976): Detection of atoms and molecules by Raman and resonance fluorescence, In Laser
Monitoring of the Atmosphere, edited by E. D. Hinkley, pp.153-236.

[71 HF— - W54 (2001): GPS -5 < {ZFAEEE 2000: 77 A $5 > 7 RS80-15G D KT A - 34 T
A, BARRETE 2001 FEKFERETHRE, 80,327





