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Lightning current distribution into water is clarified by means of finite difference time domain (FDTD) method, which is one of 

numerical electromagnetic analysis methods. The lightning current is concentrated on the sea surface due to skin effect. The tendency 

becomes notable with the increase of salinity of seawater. On the other hand, the lightning current diffuses toward the seabed with 

the decrease of the salinity. A ship on the sea has to release a lightning current into a surface portion of seawater, and has to have 

earth-plate(s) for grounding installed apparatus as deep as possible to protect from a lightning. The independent earthing is difficult 

to realize for the ship on the lake or river due to the skin depth of the freshwater. The area of the earth-plate for the lightning 

protection should be increased as much as possible to decrease its grounding resistance. 
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Table 1.  Coefficients for conductivity approximation 

of saline solution.  

Density 5% 10% 

0 4.30 7.79 

C1 0.0295 0.0293 

C2 1.03×104 0.950×104 

 

 
Fig. 1. Conductivity vs. salinity characteristic. 

 

(a) effect of salinity. 

 
(b) effect of water temperature. 

Fig. 2. Skin depth of seawater. 
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水中への雷電流拡散様相
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Fig. 3 FDTD
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Fig. 3. FDTD model. 

 

 

(a) Salinity 3.5% 

 

 
(b) Salinity 0.01% 

Fig. 4. Current distribution. 
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Fig. 5 (a) (b)

Table 2

20 m 5 m

 

 

 
(a) Conductivity changes   (b) Conductivity changes 

at 5 m depth.             at 10 m depth. 

Fig. 5. Current distribution within double layer water. 

 
Table 2.  Current density at seawater surface [ A/m2]. 

Boundary 
depth 

Distance from current injection point 

5 m 10 m 15 m 20 m 

5m (a) 362 48 10 3 

10m (b) 410 88 30 12 

 

Table 2

 

 

Fig. 6 14.3 mS/m

4.99 S/m

5 s

Fig. 6

 

Fig. 7

Fig. 7 Fig. 7

2

5 m 15 m

 

Fig. 7

10 m

 A : 362 A/m2 
B : 722 A/m2 A 

B 

Current injection point Current injection point 



水中への雷電流拡散様相

( 53 )

353

 

 

 

Fig. 6. Current diffusing to high conductivity water area. 

 
Fig. 7. Current density vs. distance characteristics when 

a current diffusing to high conductivity water area. 
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Fig. 8. Current diffusing to low conductivity water area. 

Fig. 9. Current density vs. distance characteristics when 

a current diffusing to low conductivity water area. 
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