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Measurements of Temperature, Humidity, and Aerosol
Using Rayleigh/Raman Lidar System
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Abstract:

Eko Instruments have developed a LIDAR system since 2001 with University of Fukui as a joint
research. Fundamental R&D had been finished for the prototype model in 2003 and the engineering
model in 2004. The lidar system uses Nd: YAG laser system with injection seeder, center wavelength:
355nm, maximum pulse power: 300mJ, frequency: 20Hz, and maximum ranging altitude Skm. The
lidar is useful for measuring atmospheric temperature using Rayleigh scattering, water-vapor density
using Raman scattering, and aerosol property using Mie scattering simultaneously as a multi functions
system. In this report, we report temporal change of altitude profiles for temperature, relative
humidity and atmospheric scattering ratio measured at Shibuya-ku, Tokyo.
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Figure 1. Block diagram of the LIDAR System.

Table 1. Specifications of the Lidar System

ltem

Specifications

Laser system

Nd: YAG THG, Frequency: 20Hz,
Laser wavelength: 355nm,
Energy per pulse: maximum 300mJ

Telescope Diameter 250mm with UV coating,
FOV: Imrad

Etalon Mie channel: Frequency shift 0GHz
Rayleigh channel 1: Frequency shift 1.0GHz
Rayleigh channel 2: Frequency shift 3.5GHz

A/D 40MSample/sec, equipped in the PC

Measured range

300m~5km

Range resolution

20m(lower)~50m(higher)

Measuring Temperature [K], Water-vapor density [g/m’],

parameters Relative humidity [%RH], Aerosol; scattering
ratio, extinction coefficient, and LIDAR ratio

Measuring Temperature: Rayleigh scattering

principle Water-vapor density: Raman scattering

Aerosol: Mie scattering

Averaging time

<5 minutes (6000shot)

- Y.

Software

Measurement and analysis software

Picture 1. Picture of the Engineering model.
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Figure 2. Back scattering phenomena with respect to 355nm
wavelength laser. Mie and Rayleigh spectra are used for
temperature and aerosol measurement, and vibration Raman
spectrum of H,O is used for humidity measurement.
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Figure 3. Spectral characteristics of
Rayleigh and Mie scattering and
filters setting of the lidar system.
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Table 2. Specifications of measurement and analysis software.

- Seeder control
- PMT voltage adjusting
- Signal acquisition
- Noise acquisition
- Warning setting for Laser and A/D
configuration
- Data monitoring
- Current data
- Signal data
- Noise data

Item Measurement software Analyze software
Programming | Visual C++ 6.0 Enterprise edition <
Functions - Laser warming - Data calculation

- Data display and plotting

- Data search

- Data deletion

- Parameter setting for calculation
- Data export/import

- Temperature in degree C or K

- Water vapor density in g/m’ or relative humidity in %, which
is calculated using atmospheric model or fitting model

- Atmospheric scattering ratio, extinction coefficient, or lidar
ratio

- Altitude profiling for raw data, temperature, humidity, and
aerosol

- Time versus altitude for temperature, humidity, and aerosol

- Line graph for specified altitude for temperature, humidity,
and aerosol
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Figure 4. Temporal change of temperature profiling on
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2004/06/15 at Shibuya-ku, Tokyo. Vertical axis is altitude from O
to 5,000m, horizontal axis is time from 11:40 until 20:31, and
color scale is temperature from 0° to 30°C. Below line graph
shows time versus temperature changing at 2,500m, and right
line graph shows temperature versus altitude at 19:31.
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Figure 5. Temporal change of relative humidity profiling on
2004/06/15 at Shibuya-ku, Tokyo. Vertical axis is altitude from O
to 2,500m, horizontal axis is time from 11:40 until 20:31, and
color scale is relative humidity from 0 to 100%. Below line graph
shows time versus relative humidity changing at 1,250m, and
right line graph shows relative humidity versus altitude at 19:31.
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Figure 6. Time series atmospheric scattering ratio profiling
Vertical axis is altitude from 0 to 6,000m, horizontal axis is time
from 11:40 until 20:31, and color scale is scattering ratio from 0
to 10. Below line graph shows time versus atmospheric
scattering ratio changing at 2,500m, and right line graph shows
atmospheric scattering ratio versus altitude at 15:40.
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