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Abstract

The measurements of direct solar radiation by a silver disc pyrheliometer and of

solar radiation at a wavelength of 0.5 μ by a Volz sunphotometer have been made at

Nagasaki since 1971 and 1969, respectively. Two kinds of turbidity coefficient are

evaluated from these data and the secular variation of atmospheric turbidity estimated

from two sets of direct solar radiation data taken at Nagasaki in the years 1937-38

and 1972-73 is also given. As a result, the atmospheric turbidity at Nagasaki is small

compared with those of other cities, but the present amount of aerosols is about 2.3

times as large as that of the prewar days.

1. Introduction

Atmospheric turbidity is an important factor not only of the radiation balance of

the earth-atmospheric system but also of local air pollution. The secular variation of

it over Japan has been studied by Yamamoto et al. (1971) and an extension of this

study was attempted by the present author (1974). According to these studies, the

atmospheric turbidity over Japan steadily increased after 1950 until it reached the

maximum in about 1966 and a noticeable decrease appeared in urban cities thereafter.

In order to estimate the secular and recent variations of it at Nagasaki from this point

of view, the measurements of direct solar radiation by a silver disc pyrheliometer and

by a Volz sunphotometer have been made since November 1971 and Octover 1969,

respectively. In this paper, two kinds of turbidity coefficient corresponding to the

measurements of these instruments are analyzed and their changes are discussed.

2. Locality of observation site

Nagasaki is located in the western part of Kyushu facing on the East China

Sea and has a population of about 440,000- Therefore, Nagasaki is characterized

as a middle-sized city situated in the west end of the Japanese Islands. Fig. 1 shows
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F,g. I Map of Nagasaki City. Shaded zone indicates the urban area. The 

contour line is drawn at intervals of 100 m. 

the map of Nagasaki City. Nagasaki University, wherc thc mcasurements of solar 

radiation werc made recently, is located in thc northern part of the city and has an 

elevation of 15 m. On the other hand, the site of Nagasaki Weather Station where 

the direct solar radiation measurements had been made in thc prewar days is in 

the south, and its elevation is 131 m. The urban area of this city is surrounded by 

hills but slightly opened in thc south. 

3. Secular variation of atmospheric turbidity at Nagasaki as estimated 

from direct solar radiation measurements without filters. 

The author have made the measurcments of direct solar radiation with a silver 

disc pyrheliometer at Nagasaki University since November 1971･ Since the same 
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mcasurcments had been made at Nagasaki Wcathcr Station beforo thc World War 11 , 

we can comparc thc turbidity valucs as a secular variation over a 35 ycar period. 

The data used in this investigation consist of two pcriods; 1937-38 and 1972-73･ Thc 

rocords of thc former period wcre made available by Japan Meteorological Agency in 

Tokyo. Thc numbcr of days of obscrvation in thc former and latter pcriod was 99 

and 134, rospcctively. The turbidity coefficient, p, was evaluated through the mcthod 

proposed by Yamamoto et al. (1968), but the precipitablc watcr was estimated from 

thc surface vapor pressure for both periods. Thc coefficient, p, used here is equivalent 

to Angstr6m's turbidity cofficient under thc assumption that thc size distribution of 

aerosols obeys thc Junge distribution. 
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The annual variations of p in both of the pcriods are shown in Fig. 3･ The 

seasonal changes in thesc periods wero almost thc same except for thc month of thc 

highest average turbidity, which appeared in April in the formcr period and in June 

in thc latter. The biennial mean valucs of p were 0.050 and 0.122 for the prewar and 

recent years, respectively. These valucs are both in lower levels compared with thosc 

of other cities in Japan (Arao, 1974) . In an attempt to evaluate the increasing ratc 

over a period of 35 years, an altitude correction should be performed. Sincc the 
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Fig. 2 Daily mean values of the turbibity coefficient, p, at Nagasaki 

in the two periods. 

2 shows thc variation of daily mcan valucs of p in thc two pcriods. As sccn 

figurc, the values of p in thc prewar days had been ncarly in a rangc 

0.001 and 0.150. On the othcr hand, those of reccnt ycars were in a rangc 

0.050 and 0.250. It is evident that thc values of p less than 0.050, which 

vcry frequently in the formcr pcriod, could hardly bc seen in the 
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Flg. 5 Annual variations of the turbidity coefficient, p, at Nagasaki 

in the two periods. 

measurcmcnts of solar radiation in thc recent ycars werc made on thc roof of a 

university building, the differencc in altitude betwcen Nagasaki University and 

Nagasaki Weather Station is about 100 m. Applying the Elterman distribution to the 

profile of vertical aerosol densities (Elterman, 1964), the figure of 0.050 at thc 

weather station comes to 0.054 at the level of thc university. Accordingly, it is 

inferred that the present amount of aerosols at Nagasaki is 2.3 times as largc as that 

of thc prewar days. 

4. Recent variation of atmospheric turbidity at Nagasaki as estimated 

from the measurements of a Volz sunphotometer. 

The mcasurements of solar radiation at 0.5 ,b by a Volz sunphotometer have 

been also made at Nagasaki University since October 1969. This instrument was 

developed by Volz (1959) for the purpose of estimating the so-called decadic turbidity 

coefficient, B, which was introduced by Schij:epp (1949)･ Thc same measurements 

were only made by Fujimoto (1966) in Japan but extensive turbity networks using 

the instrumcnt have been established over the United States (Flowers et al., 1969). 

Although the Volz sunphotomctry is attended with some errors as reported recently 

by Laulainen and Taylor (1974), it seems useful to obtain a broad view of turbidity 

change if treated carefully. 

In practice, thc value of B was evaluated after the following corrections were made. 

(1) Correction of air mass; Air mass values obtained from a diopter which is 

attached to the side of the instrument were checked by calculated values from local 

times of observation, geographic coordinates and the known celestrial coordinates 

of the sun, and then a regression curve was formulated. 
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(2) Corrcction of thc mctcr dcflcction; Sincc the fact that some dcparturcs 

lincarity occur for highcr dcflcctions was imformcd by Volz (1972), this 

was madc by chccking thc mctcr deflcction by a Epply dual wavelcngth 

meter. Thc rcsult of this chcck is shown in Fig. 4. Consequcntly, 
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Flg. 4 Relation between the meter deflection of the Volz sunphotometer 

(Jv) and that of the Epply dual wavelength sunphotometer at 0.5u 

(JE) . The solid line indicates the linearity applied in this study. 

deflection which would be expccted outsido the atmosphere was also rcvised on thc 

basis of this result. 

(3) Correction of the sun-carth distancc; This was performcd not by scason but by day. 

The cvaluation of B was pcrformcd by thc usc of a computer so as to avoid the 

crrors due to diagrammatic readings. The number of days of obscrvation in 

each of the years was in a rangc between 100 and 150. 

Fig. 5 shows the time series of the monthly mean values of B in the recent four 

years. The annual mean values of it were in a levcl of 0.065 and any marked changc 

could not be scen during thc years. Sincc thc differcncc betwccn thc annual mean 

values of p and B dcpends on thcir dcfinitions, thc spectral mcasurcmcnts of dircct 

solar radiation should bc dcsired to relate them exactly. Hcncc, only thc changc of B 

in thc recent years would be notcworthy in this study. Togcther with the result 

obtainod in tho abovc scction, thc fact that atmosphcric turbidity at Nagasaki kopt 

the same lcvcl during the reccnt four years would lcad a conclusivc rcmark that 

Nagasaki has been comparatively frec from thc air pollution due to acrosols, bccause 
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Flg. 5 Time series of the nionthly mean values of the decadic turbidity 

coefficlent, B, at Nagasaki. 

the atmospheric turbidity in urban citles m Japan showed a noticeablc decrease m thc 

same years. 
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