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Abstract 

The monthly distribution of atmospherics sources in the Far East in 

1973 was obtained using the triangulation of the three direction finding 

stations. In general, the dispersive trend in the distribution appears 

in the region of the continent of China in summer, and in the region of 

the Pacific Ocean in winter . And the concentrative trend in the distri

bution appears around the Yangtze River in spring and in autumn. How

ever, it is clear from the directional distribution at Sakushima s tation 

that the fixing rate in the region a long the baselines is lower than in 

the other regions because of the distortion caused by the shape of the 

network. Therefore, the characteristics of the distribution in the r e 

gion along the baselines can not be obtained accurately. 

The calculation of the fixing error by means of computer was carried 

out under the conditions due to the measurement accuracy of the direct

ion finder and the arrangement of the three direction finding stati

ons. And also the fixing error was calculat ed from observational data 

in 1973 by using the error calculation equation. So that, it is esti

mated that the fixing error in the region perpendicular to the baselines 

depends main l y upon the measurement error of the direction finder and 

the arrangement of the three direction finding stations, and t hat that 

in the region along the baselines depends primarily upon t he conditions 

for the fixi n g of the triangulation and t he equati o n adopted for the 

error calculation. 
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1. Introduction 

Kamada (1953) previously described the seasonal variations of the 

arrival direction of atmospherics observed from July 1952 to December 

1953. He consequently suggested that the period showing seasonal 

peculiarities of the sources of atmospherics during one season was 

about two months. However, he could not distinctly describe the sea

sonal characteristics of the distribution of atmospher ics sources. 

Kimpara (1954) previously reported the distribution of atmospherics 

sources in the Far East obtained in summer and winter 1952- 1953, and 

discussed the relation between the occurrence of atmospherics and the 

active meteorological phenomena . 

A new automatic locating system of atmospherics sources was estab

lished in 1968 by using the network of the three direction finding sta

tions, Moshiri, Sakushima and Kagoshima . Since then , improvements of 

the direction finders (DF) and the data accessing process have been su-

ccessively made. The observations of the location o f atmospherics so-

urces have been made as routine work, and it has become possible to 

obtain a detailed distribution of atmospherics sources. 

In this paper, the authors first describe the monthly distribution 

o f atmospherics sources obtained in 1973 , and brie f ly discuss the lo

cating in the region along the baselines connecting Moshiri, Sakushima 

and Kagoshima . We will mention in future publications the meteorolo

gica l interpretation of the distribution of atmospherics sources obtain

ed. Second, we obtain the fixi ng error both hy using computer calcula

tion and by using numerical calculat ion from the observational data in 

1973 and compare the results. 

2 . The monthly dis tr ibution of atmospherics sou rces. 

The location system was already introduced in detail by Iwai et al. 

(1969). The main amplifiers tuned at the frequency of 8.6kHz, the dig

ital reading ci r cuits and t he electron ic clocks at the three stations were 

carefully adjusted just before every observation time. Routine obser-



3 

vation was carried out for one week every month. The observing dura-

tion is from 10 to 15 minutes every 3 hours from Oh, JST. The sensi-

tivity of the main amplifiers has an important effect on the distance 

over which atmospherics sources can be detected. In the case of rou

tine observation, it was adjusted so that the number of atmospherics 

received at the three DF stations became nearly equal . Usually, 40-

60 numbers per minute were chosen for locating atmospherics sources 

in the Far East. 

Fig.l shows the monthly rate of the number of atmospherics fixed to 

the total number of atmospherics received at Sakushima station. The 

rate is maximum in September and minimum in January . In general, the 

rate is high in spring, and it is low in winter. We show the base-

lines connecting the three observatories and the name of places in the 

Far East in Fig.2. Figs.3(a), (b) and (c) show the monthly distri

bution of atmospherics sources fixed by this location system. The 

numbers in th~se figures indicate the total number of atmospherics so

urces fixed in each region bounded by latitudinal and longitudinal lines 

at intervals of 5 degrees. We briefly describe the month ly distribu-
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tion of atmospherics sources. In January and February, the dispersive 

trend of the distribution is found in two regions : south of the Yangtze 

River and south of the Philippine Sea. In March, April and May, the 

concentrative trend of the distribution is found in the regions from 

south of the Yangtze River to the East China Sea, and it seems to move 

slightly toward the north-east direction from March to May. In June 

and July, the dispersive trend of the distribution is found over all the 

continent of China, and in July the trend toward the concentration app

ears in the region from north of the Yangtze River to the East China 

Sea. In August and September, the movement of the dispersive distribu

tion from the Philippine Sea to the north-west region of the Pacific 

Ocean is found. From October to December, the dispersion of the dist-

ribution is found over the north-west region of the Pacific Ocean. 

The observation wasn't carried out continuously , however, the monthly 

distribution obtained clearly show seasonal peculiarities which roughly 

correspond to those suggested by Kamada . It is summarized that the 

dispersive trend in the distribution appears in the region of the con 

tinent of China in summer and in the region of the Pacific Ocean in win

ter. \nd, the concentrative trend in the distribution appears from 

the East China Sea along the Yangtze River in spring and autumn. 

However, it must be noted that the fixed number in the regions from 

Taiwan to the Philippines is relatively few. The reason is that the 

baselines lie in the south-east direction, so that the fixed number in 

the region along the baselines decreases remarkably. This unavoida

ble demerit is caused by the shape of the network. Therefore, in order 

to discuss the distribution of atmospherics sources in this region, it 

is necessar y to take into account the directional distribution of the 

received atmospherics. So, we use the directional distribution obtain

ed by the uni-directional DF at Sakushima station, situated in the cen

tral region among the three stations. 

Fig.4 shows the histograms f0r the arrival direction and for the 

fixed number of atmospherics observed in 1973. The solid line shows 

the rate of the number in the azimuthal range of 10 degrees to the to

tal number of the received atmospherics. The dotted line shows the 

rate of the fixed number to the fixed total number. It is clear from 

this figure that most of the distant atmospherics occur in the region 

of the west side seen from Japan, and that the occurrence rate of atmos

pherics in the region along the baselines, corresponding to the azimu

th 200°-240°, is about 33% of the total number . However, the fixing rate 

in this region is less than about 16% of the total fixed number. A 

steep cliff in the azimuth of 240° depends on the abovementioned differ-
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Fig.3(a) The monthl y distribution of atmospherics sources . 



N 
I 2 I I 

I I 4 2 5 I 2 I 
60° 

• 5 2 6 I 2 I 

I 7 8 12 15 15 13 

4 7 22 43 28 II 10 10 I 

I 3 3 12 54 21 4/ 2 !:;> 
4 ., • 12 43''~~12 17~1 

;{I!~~~ 
2 II lS~ 123:5!J 109 2 

2 3 22 2714099 83 68 18 

4 2 4,1o6 56 49 31 

(21, ~· .. " zz ' 

N ;~·:·:, 
~U""" 

2 

2 I 2 

I I 

F 

2 I I 

6 4 4 .3 I .3 I I I 2 
Jun. 197.3 

17 II 4 2 I 6 5 10 3 7 

4 2 6/r 27 58 73 32 21 

3 16 

10 10 

8 3 

2 2 

2 

Aug . 1973 

3 2 2 

2 I 

I 5 

2 6 8 17 3 I 

2 7 23 20 5 2 

4 I 

Fig .3 (b) Th e monthly distribution of atmospherics sources. 



7 

I 

4 4 ll 2 2 
j 

I 2 3 1 4 8 3 

2 I I 

2 3 I 

2 I 3 5 3 5 I 

!I 11 I 
5 4 4 2 I 20 2 

4 9 I 
13 16 3 2 I 13 

2 2 2 5 

4 3 2 3 2 3 

I 2 I 12 14 !I 

3 6 6 

4 2 I 

N 

60° 
2 

j I~ 

2 
40° 

I I 

9 I I I 

I 3 6 3 2 2 I 2 1 3 2 

2 6 2 2 14 II 6 4 2 2 3 3 

.. 3 14 1 13 5 1 3 4 4 6 2 2 I 2 

20° 
4 8 8 

2 I 5 5 8 8 

1 5 6 1 10 5 

4 2 I oo 8 4 5 

3 s 
5 

90° 11 0 ° 130° 1S0 ° E 

Fig. 3(c ) The monthly distribution of atmospherics sources. 



8 

% 

30 

20 

10 

0 
oo 

Fig.4 

200 " 240" 

l l 1973 

AZIMUTH 

The 

for 

histograms for the arrival direction (solid line) and 

the fixed number (dotted line) of atmospherics observed 

in 1973 . 

200° : Direction of the baseline between Moshiri and 

Sakushima. 

Direction of the baseline between Sakushima and 

Kagoshima . 

ence . This difference in the rate of 17% had to be equally allotted 

to the azimuth except the azimuth 200°-240°. But, 7% of the 17% is 

equally allotted in the azimuth of 240° to 270°. This may cause the 

fixing rates in the azimuth of 240° to 270° in March, April and May to 

appear remarkably higher compared with other months. ':'his is also 

confirmed from the high concentration of the distribution in the reg ion 

from south of the Yangtze River to the East China Sea, as shown in Fig. 

2. It is suggested that the fixing rate of atmospherics sources in 

the region along the baselines becomes lower than those in the other 

regions through the use of this location system, so a larger number of 

atmospherics than that are fixed is thought to occur in reality. 

3. Consider at ion of tht> fixing error. 

Some kinds of fixing errors arecontained for the location of atmosph

erics sources observed by this system. In order to investigate the fix 

ing error, we first calculate the fixing error under the condi~ion due 

to the measurement accuracy of DF and the arrangement of the three dire-



ction finding stations. Second, we calculate the fixing error with the 

use of the estimation equation from the observational data in 1973. 

Then, comparing both the results, we discuss briefly the cause of the 

fixing error. 

3-1. Fixing error with the co mputer calculation. 

Nakai (1957) obtained the 50 % probability ellipses in order to estima

te the error of position of atmospherics sources, taking t he network of 

the direction finders at Toyokawa, Kumamoto and Akita. And also, he 

described the contour of the reciprocal of the root-mean-square error 

in fixing position. He concluded that the error in the region along 

the baselines was very large, while that in the region perpendicular to 

the baselines was relatively small. In this section, we calculate the 

fixing error of atmospherics sources with a different method from that 

of Nakai, taking the network of the direction finders at Moshiri, Sakushi-

rna and Kagoshima. The error obtained by the following method is due to 

the measurement accuracy of 1 degree of OF and the arrangement of the 

t~rPe direction finding stations, excluding site and propagation errors 

for direction finding. 

The fixing process is described in detail by Iwai et al. (1969). The 

coordinate of atmospherics sources is determined by the center of gravi

ty of the spherical triangle, called a "cocked hat", formed by the three 

crossing points. The reading of the bearing angle is digital, and its 

resolution is 1 degree. We obtain the fixing error of atmospherics 

sources by computer calculation, using the following method. 

Three directional lines (PM, PS and PK) are drawn from the point P, 

as shown in Fig.S. For example, if the true azimuth of PM is 268.3 

degrees, the bearing angle gM obtained by the OF is 268 or 269 degrees. 

The bearing angle e5 and eK are obtained as same way as eM . As a re 

sult, eight cocked hats are formed by the triangulation, and eight co

rresponding fixing points P
1

, P
2 
... P

8 
are obtained, so that the number 

of the mutual distances d. . (i=l, 2, ... 8, i;olj) between h'O points P. 
1] 1 

and P. become 28. 
J 

We determine the maximum value in all mutual distan-

ces d .. as the fixing error at this point. 
1] 

each intersection point of latitudinal and 

vals of 5 degrees by using the computer. 

The error is calculated at 

longitudinal lines at inter

The calculated results are 

shown as equi- error curves by making use of interpolation and extra

polation methods, as shown in Fig.6. The dotted curves in this figure 
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indicate the equi-distance at intervals of lOOOKm from Sakushima station. 

It is clear from this figure that the error is relatively larger in the 

region along the baselines, while that it is relatively smaller in the 

region perpendicular to the baselines. For example , the error in Tai

wan which is situated about 2000Km from Sakushima station is about 400Km, 

while that at latitude 50°N and longitude 120°E in the continent of Chi-

na is about lOOKm. It is also clear from this figure that the curves 

in the continent of China are smooth except in the region around lati~ude 

60°N and longitude 130°E , while several convex and concave curves are 

seen in the region of the Pacific Ocean. 

:\-2. Fixing error calculated from the observational data. 

T'H~ coord~natcs of atmospherics sources obtained from the fixing cal

culation is indicated in latitude and longitude, and the values of sym

bols shown in Fig . 7 are also indicated. We calculate the fixing error 

with the use of these symbols. As to the estimation of the error of 

locating by the triangulation method, it is basically considered that 

the smaller the dimensi ons of the cocked hat are, the smaller the fix-

ing error becomes. Now, as a standard to consider the fixing error, 

we assume the following equation. 

where GM, G5 and GK distance from the station indicated in subscript 

to the center of gravity of the spherical trian9le. 

DAN(M), DAN(S) and DAN(K) angle between the bearing measured at the 

station in subscript and the bearing angle seen from this 

station to the crossing point fixed by bearing angles at 

the two other stations. 

Each item approximately means the deviation from the line connected 

between the center of g ravity and the station indicated in the round 

bracket, if the value of D~N is small . We use in this paper the mean 

value of the three items in order to compare with the error curves ob

tained by computer calculation. The value calculated from the above 

equation is not the absolute error, but the relative e rror to consider 

the cause of the fixing error. We calculate the value of error usins 

the above eq·.1ation for all atmospherics sources fixed, and then obtain 

the mean value for each region bounded by latitudinal and longitudinal 

lines at intervals of 5 degrees. The mean values are drawn as equi-
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Fig.7 Symbols given by the triangulation method 

error curves by making use of interpolation and extrapolation methods, 

and are shown in Fig.B and Fig.9. Fig.8 shows the error curves for 

the data observed in the daytime, and Fig.9 shows those for data observ

ed at night. 

Comparing the curves in Fig.S and Fig.9, on the whole , Lhe error cur

ve of 200Km at night is more snakelike than the one of in the daytime, 

and it comes near to the Japanese Islands except in the region along 

the baselines , that is, the error is larger at night than in the day

time. 

Observing the error curves in the continent of China, a loop of the 

error curve of lOOKm is found in the region of latitude 40°-50°N and 

longitude 105°E in the daytime, but it is found to move near latitude 

40°N and longitude ll0°E at night. The error curves more than the 

value of 200Km are found in the region of the latitude 45°-50°N and lon

gitude 120°- l25°E at night. This is probably caused by the fact that 

the number fixed in this region is very low. The error curves more 

than 300Km are found in the region of latitude 30°N and longitude ll0°E 

in the daytime, but they are not.found at night. 

observing the error curves in the region of the Pacific Ocean, the 

error curve of lOOKm is found in the region of latitude 25°N and longi 

tude 160°E in the daitime, but the error of the small error is not found 

at night. The error curves of 200Km with long bootlike shape are found 

in the south region far from Japan in the daytime and at night too . 
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These differnces seem to depend upon the error of the measurement 

of the bearing angle. It is suggested that the propagation error main

ly affect the fixing error at night. 

Comparing the error curves in the region along the baselines in the 

daytime with those at night, both patterns are considerably similnr. 

Namely, in the daytime and at night too, the error curves of 50Km are 

found to the west side of the Philippines, while that of 400Km is found 

in the east side of the Philippines . Judging from the principle of the 

triangulation method, the error in the region along the b~selines had 

to be relatively large. However, the error in the west side of the 

Philippines is very small. The reason for this is considered to be 

as follows. As described above, the measurement resolution of the bea

ring angle is 1 degree, so that the fixed number in the region along the 

baselines becomes few, which is due to the restriction of the shape of 

the cocked hats formed. Two typical cocked hats formed in this region 

are shown in Fig.lO. In the west side of the Ph;lippines, the shape 

of most of the cocked hats is near flat, and the l e ngth of the base is 

relatively small. Cocked hats with the long bases can not be formed. 

Therefore, the value of the error calculated from above equation become 

very much smaller. While, the cocked hat s formed are very large in the 
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Fig.lO Two typical shape of the cocked hats of the 

direction along the basalines around the 

Philippines. 
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east of the Philippines, and so the error becomes relatively larger. 

It is summarized that th~ patterns in the daytime and at night in the 

region along the baselines distinctly depend upon the above equation. 

Finally, we compare the patterns of Fig.6 and Fig.B. The two patt

erns are not similar on the whole. Observing in detail, the error 

curves of 150Km and 200Km in Fig.6 and those in Fig.B have similar trends 

in the region perpendicular to the baselines, and some loops are found 

in and out of the curves of 200Km in Fig.S. It is suggested from these 

results that the fixing error from the observational data is due not 

onl~- to the instrumental error and the arrangement of the DF stations 

but also to site and propagation errors, except in the region along the 

baselines. 

The remarkable difference between Fig.6 and Fig.B is found in the re

gion along the baselines. For example, the curves of 200Km is drawn 

from the East China Sea to the Philippine Sea in Fig.6, while it extends 

to the South China Sea in Fig.B. This difference is mainly caused by 

the condition for the fixing of the triangulation in this region and the 

equation used in the error calculation, as discussed above. 

4. Concluding remarks and future problems. 

It is clear that the distribution of atmospherics sources in the Far 

Ea~t have seasonal peculiarities. However, the fixing rate in the re

gion along the base lines becomes lower than that in the other regions 

because of the distortion caused by the shape of the three stations DF 

network. Therefore, we can not accurately describe the characteristics 

of the distribution in the region along the baselines. 

It is confirmed from the computer error calculation and from the er

ror calculated from the observational data that the fixing error ih the 

region perpendicular to the baselines mainly depends upon the measurement 

error of the DF and the arrangement of the three DF stations, and that 

that in the region along the baselines depends upon the condition for 

the fixing of t he triangulation and the equation adopted in the error 

calculation. 

In order to solve these problems, a detailed investigation of site 

and propagation e rrors is necessary. And the development of the GDD* 

method and others is necessary. The observational plan for locating 

using a fourth station far from the Japanese Islands must be also carr-
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ied out, in the future. 

5. Acknowledgement. 

The authors wish to express their thanks to Prof. A. Iwai and Dr. Y. 

Tanaka for their kind guidance and advice. The authors appreciate 

very much the faithful assistance of Mrs. K. Honda and of the observers 

at the three observatories . 

Ref errnces 

Iwai , A. et al . : A New Direction Finding Network for Locating the Sour

ces of Atmospherics, Proc. Res. Inst. Atmospherics, Nagoya Univ., 

16, 17 (1969). 

Kamada, T and J. Nakajima.: On the Direction of Arrival of Atmospherics 

at Toyokawa (IT), Bulletin of the Res. Inst. Atmospherics, Nagoya 

Univ., 4, 110 (1953). 

Kimpara, A.: Atmospherics in the Far East (I) -Summer-, Bulletin of the 

Res. Inst. Atmospherics, Nagoya Univ., 5 , 1, J (1954) . 

Kimpara , A.: Atmospherics in the Far East (I) -Winter- , Bulletin og the 

Res. Inst. Atmospherics, Nagoya Univ., 5, 2, 1 (1954) . 

Nakai, T.: The Calculation of the Error of Positions derived from the 

Location of Thunderstorms in the Use of the Radio Direction Finders, 

Bulletin of the Res. Inst. Atmospherics, Nagoya Univ., 7, 45 (1957) . 

Nishino , M., M. Kashiwagi and A. Iwai.: Error Investigation for the Lo

cation of the Sources of Atmospherics by Radio Direction Finder, 

Pro . Res. Inst. Atmos., Nagoya Univ., 19 , 1 (1972). 

* GOD is the difference between the group delay times of the spectral 

components at two frequencies that can be chosen in the lower VLF 

range (5 to 10KHz). 


