9.15 Meteorological observation measurements

9.15.1 Introduction

Air poltution is closely related to the meteorology of loweratmosphere.  Here the meteorological measuring
methods which are necessary to understand the movements of air pollution and for which no particular special
knowledge or technology is needed have been chosen for explanation. Further, an overview of surface and high

altitude meteorological observation that is currently taking place is also shown.

9.15.2 Surface meteorological ocbservation

{1) Meteorological observation using buildings: Many meteorological observations are made using the rooftops of
buildings. When installing a meteorological tower, it isimportant to selecta site that avoids wind currents created
by the building itself, and where there are no building obstacles in the vicinity. Further, topographically also, a site
must be selected that preserves the regional character. As measurement items, wind direction and wind velocity,
temperature, humidity, solar intensity, intensity of the ultraviolet radiation, and air pressure must atl be measured

automatically.

(2) Meteorological measurements using a tower: Meteorological observation using a tower or chimney are often used
asamethod of learning the meteorological characteristics of that particularregion. Depending on the wind direction,
the meteorological tower can be affected, so that ideally, two or three identical measuring systems should be installed
at the same height, and depending on the main wind direction, measurement values should be used from the itself can
affect the result equipment that remains unaffected. Data on the vertical distribution of the ambient temperature is
extremely valuable because it elucidates the frequency of manifestation of the ground surface inversion layer.

Further, by installing constant air pollution monitoring equipments meteorological observation using a tower will

wake it possible to comprehend in detail the region’s composition of air pollution.

9.15.3 Upper air meteorological observation

(1) “Pilot balloon” observation: “Pilot balloon” observation is a simple and easy method for learning the wind
direction and wind velocity in the upper atmosphere. Because their practicability is also extremely high, they are
introduced hereindetail. Themethod is as follows.  Firsta balloon, called a pilot balloon, generally weighing 20
g and filled with helium, is allowed to rise after its buoyancy has beenadjusted. Next a balloon theadolite follows
the moments of the balloon and measures the azimuth and the angle of evaluation at fixed time intervals. Thewind
direction and wind velocity in the upper aimosphere are determined from changes in the numerical values.

The buoyancy is adjusted in a site on ground surface with no wind, using a plumb bob. When the speed of
elevation is set to 150 m/min,,a 57.6 g bobis used. Atnight, awater battery (13.3 gin weightin its water-laden

condition) is used whichemits light when being soaked in water and current flows throughit.  Atthistime,a74.9g

308




bob is used. Whenthe speed of elevationis setto 200 m/min., bobs of 136.4 g and 154.8 g are usedrespectively.
Since the speed of elevation is given, when readings are taken 20 seconds apart, if the speed of elevation is 150

m/min., the mean wind speed and wind direction are determined every 50 m in height.

(2) Non-lift balloon observation: This is used to determine the wind currents and the extent of their vertical turbulence
at afixed height. The movements of a non-lift balloon that has been balanced, between its buoyancy and its weight
are used. Its movements can be followed by the signals sentfrom a transmitter fitted to the balloon to the earth,

or helicopter can be used for following.

(3) Radio sonde observation: With pilot balloon observation, only the wind velocity and wind direction can be
determined. However by using low-level radiosonde, vertical distributions of temperature, humidity, can be
determined for up 1o two to three kilometers. The temperature distribution is indispensable in order to learn the
height of the temperature inversion layer and the stability of the air. Further, by learning the vertical distribution

of the humidity, it is possible to accurately determine the ceiling height and the history of the air layer above.

(4) Rawinsonde observation: This system can simultanecusly measure the wind direction and wind velocity by
catching the movements of the radiosonde by an antenna which follows them automatically. In the case of pilot
balloon observation, measurements from the upper air above the clouds can obtain data even when visibility is poor

or there is cloud cover, by implementing rawinsonde observation for data that otherwise could not be obtained.

(5) Ozonesonde observation: This system can measure vertical ozone distributicn up to 30 km high by further
attaching ozone measuring equipment to the rawinsonde measuring system. The ozone sensors use a potassium

iodide solution. Terrestrial sensor adjustment and calibration is required.

(6) Kytoon observation: A kytoonis a large balloon shaped like anairship, and possessing buoyancy. By operating
a winch on earth and raising and lowering the kytoon sensor, the kytoon can be raised to the target height, and
measurements taken. Kytoons come in all different sizes, from small, lightweight models that measure air
temperature, humidity, and ozone, to those that measure wind current composition, and wind speed and wind direction.
Signal transmission can be either by wireless, or by fiberoptic cable. By using the large model kytoons, an air
sampling pipe can be raised, and it is possible to take all types of air pollutant measurements using automatic air
pollutant measuring equipment installed on earth, while sampling the air of the upper atmosphere. The

measurement height is approximately 1 km, but at times of strong wind or rain, measurements are problematic.

(7) Aircraft observation: Inorder to understand the layered distribution of air pollution, and the meteorology thereof,
the most effective measurements can be taken by usingan aircraft.  Aircraft used include aircrafts with fixedwings,
helicopter with rotary wing, and airships. According to aviation law, generally measurements may not be taken
below 300 m.  Fixed-wing aircrafts are used for measurements over a wide area, helicopters for measurements

centering on vertical distribution, and airships prove to be most effective for measurements at low speed. In any
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case, the greatest problem is a stable power source.
9.15.4 Continuous remote sensing of upper atmosphere meteorology

(1) Laser radar: If changes over time to the mixed layers of the atmosphere can be understood, it would be useful in
monitoring and forecasting air pollution.  To this end,a Mie scattering laser radar canbe used. Mie scattering is
the name given to the diffusion of light due to airborne particulate matter, but this system determines the vertical
distribution of particulate matter in the upper atmosphere by receiving and amplifying through a telescope on the
ground the Mie scattering intensity following the firing of a laser into the upper atmosphere.  The possibility of
installing this system in asmall vanor othersuch vehicle has already been made practicable, and it is now possible

10 make continuous measurements to a height of 3 km.

(2) Doppler acoustic radar: Information pertaining to the wind velocity and direction in the upper atmosphere are most
useful in elucidating the movements of air pollution. The movements of vertical wind direction are especially
important. By using Doppleracoustic radar, itis possibie to determine in real time the composition of windin the
upper atmosphere.  Doppler acoustic radar emits a sound wave into the upper atmosphere, which is reflected back
byairborne particulate matter, and from changesin the sound frequency it is possible to determine both the vertical
wind velocity and the horizontal wind velocity. Specifically, witha 2,100 Hz, 30 W output, measurements can be
made up to approximately 1.000 m aloft. Measurement accuracy is good, and it is possible to measure up to weak
breeze with approximately 0.01 m/s velocity both in the horizontal and vertical directions. By increasing the
output, an even higheraltitude measurement can be obtained, but it is important to consider the sound disruption to
the neighborhood. Further, measurements at a site where major noise is generated in the surroundings are interfered

with by that noise.
9.15.5 Meteorological network

The regional meteorological measuring system known colloquially as AMeDAS (Automated Meteorological
Data Acquisition System) has been developed at approximately 1,300 sites throughout Japan, and the mean distance
between stations ina square is 17 km. Of these, approximately 840 sites measure wind velocity and direction, air
temperature, duration of sunshine, and amount of precipitation, and the data obtained is useful in analyzing the
regional distribution of air pollution. However, because weak breeze cannot be measured, the system is only
suitable for measuring the movement of air pollution over a widearea. The mean distance between the statigns with
meteorological measuring functions for these four main ina square is 21 km,  On the other hand, meteorological
elements such as wind speed and direction, air temperature, and humidity are also continuously measured at
atmospheric pollution regular measuring stations. Nevertheless, these measuring sites are concentrated in urban
areas, and are insufficient foranalysis overa wide area, but are extremely useful in the analysis of plane distribution
of high concentrations of air pollution in urban areas when the breeze is weak.

In Japan, radiosonde observation is conducted two to four times a day at upper air observations. The
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measuring times are at 3:00,9:00, 15:00, and 21:00. Thetime of the upper air observation is based on midnight

and noon of Greenwich mean time, which are 9:00 and 21:00 respectively in Japan.
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