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EFFECT OF LORAN C WAVE PROPAGATION ON LAND
AND PREPARATION OF
CORRECTION CHART BASED ON ITS EVALUATION

Fusakichi Ono} Kyozi Nagamori**
Abstract

The LLORAN C is a radio navigation aid system operated by the Coast Guard of the U.S.A.,
using long waves to measure the position of ships and airplanes. It gives hope for the usable range
of ground waves allowing stable propagation up to a radius of 2,000km from a LORAN C station
and permits a high-accuracy use over a wide area. However, a systematic error is caused in measu-
red results if land is included in the wave-propagation route, and the accuracy of position measuring
becomes lower. In this report, we analyze data from the LORAN C regarding the North-West Pacific
chain that were obtained by the survey ship “SYOYO” during navigation in the sea south of Hatizyo island
and from Simizu port via- Nozimazaki coast to Hatinohe coast. Also, the effects of land propagation
waves included in incoming waves are evaluated and the preparation of the correction chart of the

same chain in the Japanese waters bdsed on the analyzed results are described.
Evaluation results

(1) As a propagation speed of I.C waves in the sea, 299.715m/us (greater than the conventional
value, 299.691m/us) is suitable.

(2) The propagation speed of waves on land is less than that in the sea, and the wave-propagation
time increases by 6 ns/km compared with that in the sea. A conversion of this value to the

wave-propagation speed corresponds to 299.18m/us.
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TABLE 1. Example of calculations :Estimation of land propagation effect at LORAN-C waves "V&Z"
Coordinate :TOKYO Datum
Sea area :East to HATINOHE

Date ¥---measurement (, SEC,)------=--= * Latitude Longitude SD  REF. %~ SYSTEM ERROR (g SEC.)~-% Velocity
M DH M S M W X Y z ° ° m U4 SEC. M W X Y z KM/ 1 S

05/2819:55:00
05/2820:01:00
05/2820:06:00
05/2820:10:00
05/2820:16:00
0572820:21:00
05/2820:26:00
05/2820:31:00
05/2820:36:00
05/2820:41:00
05/2820:46:00
05/2820:51:00
05/2820:56:00
05/2821:01:00
05/2821:06:00
05/2821:11:00
05/2821:16:00
05/2821:20:00
05/2821:26:00
05/2821:31:0C
05/2821:36:00
05/2821:41:00
05/2821:46:00
05/2821:51:00
05/2821:56:00
B05/2822:01:00
05/2822:06:00
B5/2822:11:00
05/2822:16:00
05/2822:21:00
05/2822:25:00
05/2822:31:00
05/2822:35:00
05/2822:41:00
05/2822:46:00
05/2822:51:00
05/2822:56:00
0572823:01:00
05/2823:06:00
05/2823:11:00
05/2823:15:00
05/2823:21:00
05/2823:26:00
05/2823:31:00
05/2823:36:00

16623.7 33009.5 60563.9 86505.9 38 48.602 142 12.228
16621.0 32995.5 60563.1 86506.1 38 49.709 142 12.631
16618.1 32981.5 60562.2 86506.3 38 50.804 142 13.090
16615.3 32967.7 60561.3 86506.6 38 51.890 142 13.513
16612.7 32953.8 60560.7 86506.8 38 52.993 142 13.854
16609.9 32940.0 60559.9 86506.9 38 54.067 142 14.299
16607.1 32926.4 60559.1 86507.2 38 55.135 142 14.745
16604 .4 32912.5 60558.2 86507.3 38 56.230 142 15.138
16601.8 32899.1 60557.1 86507.5 38 57.284 142 15.523
16599.2 32885.6 60556.8 86507.7 38 58.351 142 15.907
16596.6 32872.0 60556.2 86507.8 38 59.418 142 16.300
16594.0 32858.4 60554.6 86507.9 39 0.496 142 16.683
16591.4 32844 .6 60554.0 865B88.1 39 1.583 142 17.071
16588.7 32830.9 60553.4 86508.2 39 2.659 142 17.471
16586.0 32817.3 60551.9 86508.3 39 3.727 142 17.894
16583.4 32803.7 60551.7 86508.4 39 4.795 142 18.292
16580.8 32789.9 60551.2 86508.6 39 5.879 142 18.695
16578.1 32776.1 60549.8 86508.7 39 6.96%9 142 19.099
16575.6 32762.0 60548.3 86508.8 39 8.084 142 19.460
16573.0 32748.2 60547.5 86509.0 39 9.168 142 19.855
16570.3 32734.5 60547.0 86509.1 39 10.253 142 20.252
16567.5 32720.5 60546.5 86509.3 39 11.348 142 20.728
16564.8 32706.3 60544.8 86509.4 39 12.459 142 21.134
16562.2 32692.3 60544.2 86509.4 39 13.564 142 21.518
16559.7 32678.5 60543.7 86509.6 39 14.658 142 21.895
16556.9 32664.5 60542.1 86509.6 39 15.753 142 22.355
16553.8 32651.0 60541.6 86509.9 39 16.792 142 22.906
16550.7 32637.5 60542.0 86510.1 39 17.823 142 23.520
16547.2 32624.1 60542.2 86510.4 39 18.841 142 24.218
16544.2 32610.4 60542.3 86510.7 39 19.896 142 24.757
16541.7 32596.4 60541.3 86510.8 39 21.004 142 25.137
16539.5 32582.5 60539.0 86510.9 39 22.117 142 25.387
16537.6 32568.5 60537.2 86511.1 39 23.246 142 25.583
16535.7 32554.5 60537.2 86511.2 39 24.374 142 25.765
16534.7 32541.2 60534.2 86511.0 -39 25.497 142 25.651
16534.9 32528.6 60529.0 86510.8 39 26.602 142 25.181
16535.2 32516.1 60525.9 86510.6 39 27.704 142 24.669
16535.1 32503.6 60523.2 86510.3 39 28.795 142 24.272
16535.4 32491.2 60519.9 86510.2 39 29.894 142 23.779
16535.4 32478.9 60516.6 86509.9 39 30.959 142 23.380
16535.4 32466.9 60512.0 86509.8 39 32.020 142 22.968
16535.7 32454.9 60508.2 86509.5 39 33.077 142 22.496
16535.7 32443.0 60506.5 86509.2 39 34.122 142 22.092
16535.9 32431.2 60503.4 86509.2 39 35.168 142 21.628
16536.0 32419.4 60499.2 86508.7 39 36.209 142 21.202

-5194.27 0.02 0.04 -0.00 4.10 45.77 .299715
-5201.21 0.02 0.04 -0.00 4.11 45.92 .299715
-5208.10 0.02 0.04 -0.00 4.15 46.07 .299715
-5214.92 0.02 0.04 -0.00 4.15 46.20 .299715
~-5221.82 0.02 0.05 -0.01 4.14 46.33 .299715
-5228.56 0.02 0.05 -0.01 4.23 46.46 .299715
-5235.28 0.02 0.05 -0.01 4.29 46.57 .299715
-5242.14 0.02 0.04 -0.01 4.32 46.67 .299715
-5248.76 0.02 0.04 -D0.01 4.35 46.77 .299715
-5255.44 0.02 0.04 -0.01 4.33 46.87 .299715
~5262.13 0.02 0.04 -0.00 4.42 46.96 .299715
-5268.88 0.02 0.04 -0.00 4.56 47.04 .299715
~-5275.72 0.02 0.04 -0.00 .4.54 47.11 .299715
~-5282.46 0.02 0.04 -0.01 4.59 47.19 .299715
-5289.19 0.02 0.04 -0.01 4.68 47.25 .299715
-5295.88 0.02 0.04 -0.01 4.61 47.30 .299715
-5302.68 0.02 0.04 -0.01 4.68 47.35 .299715
~5309.53 0.02 0.04 -0.01 4.81 47.38 .299715
~5316.517 0.02 0.04 -0.01 4.82 47.41 .299715
-5323.31 0.03- 0.04 -0.01 4.73 47.44 .299715
-5330.13 0.02 0.04 -0.01 4.67 47.47 .299715
-5337.01 0.02 0.03 -0.01 . 4.70 47.51 .299715
-5344 .00 0.02 0.03 -0.01 4.77 47.56 .299715
-5350.93 0.02 0.04 -0.01 4.67 47.59 .299715
-5357.79 0.02 0.04 -0.01 4.66 47.61 .299715
~-5364.68 0.02 D0.03 -N.01 4.74 47.64 .299715
-5371.27 0.02 0.03 -0.01 4.63 47.66 .299715
-5377.81 0.02 0.03 -0.01 4.49 47.68 .299715
-5384.32 0.02 0.03 -0.01 4.48 47.72 .299715
-5390.99 0.02 0.03 -0.01 4.47 47.75 .299715
-5397.94 0.02 0.03 -0.01 4.55 47.80 .299715
-5404.90 0.01 0.03 -0.01 4.61 47.86 .299715
-5411.89 0.01 0.03 -0.00 4.49 47.91 .299715
~5418.92 0.01 0.02 -0.00 4.35 47.99 .299715
-5425.80 0.0t 0.03 -0.01 4.58 48.09 .299715
-5432.47 0.01 0.03 -0.01 4.66 48.13 .299715
-5439.07 0.01 0.02 -0.01 '4.43 48.18 .299715
-5445.69 0.02 0.02 -0.01 4.38 48.23 .299715
-5452.30 0.02 0.03 -0.07 4.49 48.25 .299715
-5458.74 0.03 0.04 -0.02 4.65 48.30 .299715
~5465.15 0.02 0.03 -0.02 %.79 48.31 .299715
-5471.51 0.03 0.04 ~0.02 4.67 48.34 .299715
-5477.84 0.03 0.04 -0.02 4.51 48.36 .299715
~5484.14 0.02 0.04 -0.01 4.72 48.36 .299715
-5490.43 0.03 0.04 -0.02 4.97 48.40 .299715

.
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Figure 2 The wave propagation speed where (O-C) is minimized is obtained.

A rise near 139° 40’ E seems affected by the Hatizyo island and a
steep rise in the west of the island by the land from Inobozaki to

Boso peninsula.
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LAND PROPAGATION EFFECT
AT STATION "X~
Q.........

"Q- 5 T ¥ 3 T T 1 ¥ T T T [ 1 3 T 1 ) ) T | 1 1] T 1 T
139, 2@ 139. 30 140. 00 EAST

Figure 3 Increase of a delay of LC wave propagation on land. A rise near
139° 40" E seems affected by the Hatizyo island and a rise in the
west of the same island by the Boso peninsula. A circle (O} shows
the navigation to the west and box (7)) shows the navigation to the
east. Note the reproducibility in accordance with locations.
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Figure 4

Increase of a delay by LC propagation on land. Data in the north

navigation in the east sea off east Japan.
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Table 2 Outline of the land propagation distance at each point and increment

Stn. Latitude Longitude Land D. Increase Rate of Inc. Average
N E km us ns/km ns/km
Y 37.8° 141.9 447 2.69 6.0
38.9 142.2 664 4.02 6.1
39.1 142.3 740 4.67 6.3 6.0+0.05
39.4 142.4 809 4.13 5.1
39.6 142.3 853 5.25 6.1
40.0 142.2 913 5.52 6.0

Z 2T XRI & BFHEGNIB & v A,

10. BIEERICHTIRELDREM

EIEERR 2R TH -2 2

LEMARELTHL.

W LEREFOTEKBRBMAT (LI SHO & K& [ ir7Eth - FIFLEIREENT) &, L CAblERFETF

=Y 5RDIb—RDH, KE{EMIEETFE T I ZERMEL,
IZHEOBVEE I ZLZ > Twd. LAy SHO CITliEE 5 ¥+ A0, [EFIHLEBEN
T A0, EMEAL T Y CEBBOZE
R A5 OFRERIZIE, H880knDEE RIS AR ThT VRS,

BITH>TWwW5.

P LA ORE 2FHEY 50

TS W E HE TR

ZZTOREF—DI b, dbiEE (X
ZD0-Ch ok HEIEIC L 510 & &



160 F.ONO, K. NAGAMORI

BLCADZETFEOLIIZAD, FIHOFMEFEI: LIS —HLTWBEZ LM GH B,
THKREHRFS = 33° 34" 39" N
A=135 56 12 E

Table 3 Land distance at the Simosato Hydrographic Observatory and increase

ratio of the wave propagation time based on the effect

LC Stn. Measured Cal Land D. | Rate Of Inc.
“s us km ns/km
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Figure 5 Seasonal Variation of LORAN C in phase observed at the Simosato Hydrographic

Observatory.
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