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ABSTRACT 
 

This study examines the regional traits of the western coastal area of the Seto Inland Sea 
from the viewpoint of disaster prevention measures. Owing to its regional characteristics, 
the western coastal area of the Seto Inland Sea is a mine of rich natural resources. There are 
many large and small fishing ports with numerous dynamic communities along the coastal 
line in the area. It has been estimated that in the case of megathrust earthquakes, tsunamis 
higher than ten meters may hit the region (Cabinet Office, Government of Japan, 2012a). In 
order to avoid damages anticipated from the event of disasters such as earthquakes and 
tsunamis, viable prevention measures including the creation, replacement, and the efficient 
utilization of fishing ports must be considered. 

 
 

INTRODUCTION 
 
Since the Great East Japan Earthquake and the devastation of the Tohoku area, Tsunami 
protection measures have been reevaluated in Japan. The damage projections of Nankai 
Trough Great Earthquakes that are predicted on the pacific side of Japan in a near future 
went through extended modifications (Cabinet Office, Government of Japan, 2012b). Many 
communities situated in the coastal areas are planning prompt countermeasures, such as 
constructing evacuation facilities and moving communities to inland areas. 
However, many areas of the Tohoku region damaged by the earthquakes border oceanic 
fronts that are also rich fishing grounds. The abundance of the ocean resources originates in 
the complex geographical structure created by the series of seismic activities over time. In a 
sense, the danger of tsunamis and the ocean wealth work in close cooperation.  The 
formation of fishing grounds, depending on the existence of active faults and upwelling of 
deep-sea currents by the submarine valleys, is significantly related to seismic activities 
(Nakazawa and Miyazaki, 2011). Plans that involved the collective relocation of affected 
neighborhoods pertained to the importance of the existence of the societies: e.g., the long 
established fishing communities. Such arrangements of relation between fishing grounds 
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and fishing villages could accelerate the relocation of such established communities with 
growing senior populations. 
This study thus explores the possibility of the regionally planed solution to such problems 
by examining the current assessment of the rural villages in terms of the efficient utilization 
of ocean resources and disaster prevention, sampling the western region of the Seto Inland 
Sea where Nankai Trough Great Earthquakes are expected to strike. 
 
 

RESEARCH SETTING 
 
The target area 
The Seto Inland Sea region, enclosing the largest inland sea of Japan, has flourished since 
the development of fisheries and water transportation. However, various aspects of the 
region have become stagnant such as the decline of local industries and urban population, 
industry relocation, etc in recent years. Also, Nankai Trough Great Earthquakes with 
extensive damages are projected to leave the areas of the Pacific Ocean side of the Seto 
Inland Sea region. 
 
 

 
Figure 1. The target area. 
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The Seto Inland region, situated in the center of both the West Japan national axis and the 
Pacific Ocean new national axis, is a reserve of a substantial development potential. This 
paper samples the area around the Bungo Channel of the western Seto Inland Sea (Figure 1: 
long. 131° ~133° E and lat. 32° ~34° N). As a matter of convenience for analyses, the 
research divided the sampled region into five areas with: Nobeoka area, the Oita area, the 
Nakatsu area, the Matsuyama area and the Uwajima area 
 

Data 
Water-Depth Data 
The study employed “the 2-second grid water-depth data” issued by Japan Hydrographic 
Association (2009). Bungo Channel and the Pacific Ocean side, the south of the sampled 
area, are deep (Figure 2). 
 

Topographical Data 
“Numerical Value Map: the 50-meter grid altitude” created by the Geospatial Information 
Authority of Japan (2009) is used for the analysis. As in many average regions of the 
mountainous nature of Japan, Figure 2 indicates that there are not many plains in the area of 
the target area. Also, the bathymetric data together with the topographical map, the 
geographic relationship between the land and the sea bed is recognizable. Flatter sea beds 
are next to flatter lands, and steep sea beds beside mountainous lands. 
 

 
Figure 2. Bathymetric and Topographic Map. 
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Land Use Data 
“The national land numerical information: Land use details grid data” published by the 

Ministry of Land, Infrastructure, Transport and Tourism (2000) was analyzed in the 
research. The categories are : rice fields, farming fields, orchards, forests, wastelands, lands 
for buildings, lands for main traffic, lakes and marshes, rivers, golf courses, beaches, and 
sea areas. Figure 3 indicates that “Lands for buildings” with concentrated populations are 
distributed on the coastline. The composition ratios of land use are described in Table 1. 
 

 
Figure 3 Land Use Map. Black area indicates lands for buildings 

 
Table 1.  Composition Ratios of Land Use.  

 

(ha) (%) (ha) (%) (ha) (%) (ha) (%) (ha) (%) (ha) (%)
Rice Fields 205,840 7.3% 29,261 4.5% 71,453 8.0% 53,917 15.0% 33,642 6.4% 17,567 4.3%
Ｆarming Fields 166,967 5.9% 26,813 4.2% 43,361 4.8% 27,522 7.7% 52,573 10.0% 16,698 4.1%
Forests 2,192,471 77.3% 544,040 84.4% 669,961 74.6% 231,057 64.3% 393,612 74.8% 353,801 86.2%
Waste Lands 64,859 2.3% 11,060 1.7% 40,887 4.6% 2,680 0.7% 5,955 1.1% 4,277 1.0%
Buildings 124,114 4.4% 17,288 2.7% 38,085 4.2% 29,687 8.3% 29,581 5.6% 9,473 2.3%
Roads 1,316 0.0% 53 0.0% 442 0.0% 288 0.1% 372 0.1% 161 0.0%
Rails 333 0.0% 63 0.0% 109 0.0% 56 0.0% 85 0.0% 20 0.0%
Others 38,173 1.3% 3,532 0.5% 21,769 2.4% 7,348 2.0% 3,934 0.7% 1,590 0.4%
Water Areas 36,909 1.3% 10,624 1.6% 8,599 1.0% 6,037 1.7% 5,071 1.0% 6,578 1.6%
Beaches 1,352 0.0% 677 0.1% 96 0.0% 225 0.1% 231 0.0% 123 0.0%
Golf Courses 5,764 0.2% 1,219 0.2% 2,757 0.3% 554 0.2% 1,090 0.2% 144 0.0%

2,838,098 100.0% 644,630 100.0% 897,519 100.0% 359,371 100.0% 526,146 100.0% 410,432 100.0%

UwajimaOverall Nobeoka Oita Nakatsu Matsuyama
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Fishing Port Data 
The paper examines 61 fishing ports with large hauls of the specific third-kind ports and the 
specific second-kind ports from the region of our study. 
 

Formulation of the fishing ground location data  
Studies show that the upwelling of deep-sea currents forms the sea areas that are suited for 
fishing grounds, and that 0.1 % upwelling areas represent just 0.1% of the entire marine 
surface, but produce 50% of the fish. (John H. Ryther, 1969). John Ryther and his 
colleagues defined the locations where upwelling currents are expected to occur, as areas; 
1) with sea-bottom slopes greater than 0.20 2) that are shallower than the depth of 400 
meters where phytoplankton can photosynthesize. This paper, following this study, 
classifies the abstracted grids as the “locations for fishing ground formation.” 

 
 

THE RELATIONSHIP BETWEEN FISHING GROUNDS AND LAND USE 
 
Figure 4 indicates the estimated results of the locations for fishing ground formation 
defined in the previous section of Research Settings, and the distribution of “lands for 
building.” The figure shows that the connecting sea area of Bungo Channel and the Pacific 
Ocean produces many locations for fishing ground formation. Also, there are many urban 
populated areas with “the designated lands for buildings” near some of the locations for 
fishing ground formation. The locations of the fishing ports also show that the fishing 
communities are sited near the positions of the fishing ground formation. 
Table 2-1 and Table2-2 shows the results of the analysis of the land use that is overplayed 
with the Euclidean distances calculated from the locations for fishing ground formation. 
The graph reads the percentages of the grid numbers of the “designated lands for buildings” 
in each zone of 0 to 5 km, 5 to 10 km, 10 to 15 km and 15 to 20 km from the locations for 
fishing ground formation., to all the “designated lands for buildings” of each area. 
In the entire sampled area, there are most “designated lands for buildings” in the zone of 0 
to 5 km from a location for fishing ground formation, and those places are urban. The 
results are not always consistent because the distances between locations for fishing ground 
formation and inland locations vary depending on the area in question. Cities and fishing 
grounds are relatively close in the Oita area and the Matsuyama area. In these areas, the 
urban formation and the fish ground formation are intimately correlated. 
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Figure 4. Map of Locations for Fishing Ground Formation. Black areas in the ocean 
indicate “locations for fishing ground formation”. Blue lines indicate 5 km buffa zones 
from the fishing grounds formation. 
 
 

Table 2-1. The Relations between Locations for Fishing Ground Formation  
and Land Use. 

 
 
 

(ha) (%) (ha) (%) (ha) (%) (ha) (%) (ha) (%)
Rice Fields 205,840 100.0% 13,485 6.6% 24,256 11.8% 25,815 12.5% 24,843 12.1%
Ｆarming Fields 166,967 100.0% 40,821 24.4% 22,725 13.6% 24,898 14.9% 15,974 9.6%
Forests 2,192,471 100.0% 183,993 8.4% 177,950 8.1% 197,409 9.0% 197,942 9.0%
Waste Lands 64,859 100.0% 2,915 4.5% 3,306 5.1% 3,162 4.9% 2,692 4.2%
Buildings 124,114 100.0% 30,554 24.6% 27,281 22.0% 15,788 12.7% 8,861 7.1%
Roads 1,316 100.0% 191 14.5% 332 25.2% 115 8.7% 155 11.8%
Rails 333 100.0% 71 21.3% 83 24.9% 52 15.6% 16 4.8%
Others 38,173 100.0% 6,227 16.3% 4,051 10.6% 2,559 6.7% 2,315 6.1%
Water Areas 36,909 100.0% 3,073 8.3% 5,149 14.0% 5,368 14.5% 4,082 11.1%
Beaches 1,352 100.0% 487 36.0% 585 43.3% 204 15.1% 0 0.0%
Golf Courses 5,764 100.0% 369 6.4% 1,416 24.6% 481 8.3% 864 15.0%

2,838,098 100.0% 282,186 9.9% 267,134 9.4% 275,851 9.7% 257,744 9.1%

zone of
10 to 15 km

zone of
15 to 20 kmOverall zone of

0 to 5 km
zone of

5 to 10 km
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Table 2-2. The Relations between Locations for Fishing Ground Formation  
and Land Use of Buildings by area. 

 
 
 

THE RELATIONS BETWEEN ELEVATIONS AND LAND USE 
 
In the sampled area of our research, especially, the southern parts, the Oita area, the 
Nobeoka area, and the Uwajima area, tsunami waves over 10 meters high are predicted in 
the case of massive earthquakes (Cabinet Office, Government of Japan, 2012a). There have 
been plans to move the communities of small low-land villages to higher grounds where the 
constructions of high-rise buildings and evacuation towers are not practical.  
Figure 5 indicates the ports, urban areas, the zones of the altitude between 0 and 10 meters 
and the zones of the altitude between 10 and 20 meters. This illustrates that many fishing 
communities with fishing ports are located in the low-lands of the ravines on the ria 
coastline. 
Table 3-1 and Table 3-2 shows ratios of the grid numbers of the “designated lands for 
building,” in the zones with the elevation of 0 to 10 meters and 10 to 20 meters, to all the 
“lands for buildings” of each area. 
In the entire sampled area, 39.2 % of the “designated lands for building” are in the 
elevation of 0 to 10 meters, and 10.9 % of the “designated lands for building” are situated 
in the elevation of 10 to 20 meters. In the Nobeoka area, the Nakatu area and Uwajima area 
approximately 45 % of the “designated lands for buildings,” are concentrated in the 
elevation of less than 10 meters. If tsunamis over 10 meters high strike these areas, 
approximately half the designated lands for buildings will be destroyed. There must be 
some effective counter-measures against such disasters. 
 

 

(ha) (%) (ha) (%) (ha) (%) (ha) (%) (ha) (%)
Nobeoka 17,288 100% 106 0.6% 5,530 32.0% 4,911 28.4% 1,693 9.8%
Oita 38,085 100% 13,845 36.4% 8,028 21.1% 2,392 6.3% 1,275 3.3%
Nakatsu 29,687 100% 3,531 11.9% 3,240 10.9% 1,695 5.7% 1,742 5.9%
Matsuyama 29,581 100% 8,811 29.8% 8,925 30.2% 6,081 20.6% 2,498 8.4%
Uwajima 9,473 100% 4,261 45.0% 1,558 16.4% 709 7.5% 1,653 17.4%

124,114 100% 30,554 24.6% 27,281 22.0% 15,788 12.7% 8,861 7.1%

Overall zone of
0 to 5 km

zone of
5 to 10 km

zone of
10 to 15 km

zone of
15 to 20 km
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Figure 5. The relationship between Elevations and Land Use. Light green area indicates 
the zones of the altitude between 0 and 10 meters. Deep green area indicates the zones of 
the altitude between 10 and 20 meters. 

 
 

Table 3-1.  The relationship between Elevations and Land Use. 

 
 
 
 

(ha) (%) (ha) (%) (ha) (%)
Rice Fields 205,840 100.0% 32,915 16.0% 16,242 7.9%
Farming Fields 166,967 100.0% 9,074 5.4% 11,738 7.0%
Forests 2,192,471 100.0% 11,997 0.5% 14,415 0.7%
Waste Lands 64,859 100.0% 1,697 2.6% 8,153 12.6%
Buildings 124,114 100.0% 48,607 39.2% 13,467 10.9%
Roads 1,316 100.0% 209 15.9% 84 6.4%
Rails 333 100.0% 174 52.3% 38 11.4%
Others 38,173 100.0% 9,091 23.8% 1,161 3.0%
Water Areas 36,909 100.0% 13,816 37.4% 3,539 9.6%
Beaches 1,352 100.0% 891 65.9% 165 12.2%
Golf Courses 5,764 100.0% 9,700 0.8% 3,551 0.3%

2,838,098 100.0% 138,171 4.9% 72,553 2.6%

Overall Elevation of
0 to 10 meters

Elevation of
10 to 20 meters
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Table 3-2.  The relationship between Elevations and Land Use of Buildings by area. 

 
 
 

CONCLUSION 
 

In this paper, this research has investigated the relationship between the urban formation, 
the elevations, and the fishing ground formation, using GIS analyses. The conclusion of 
this systematic approach to the efficient utilization of the ocean resources and the disaster 
prevention, follows below.  
In the areas where fisheries are the chief industry such as the Nobeoka area, Nakatsu area 
and the Uwajima area, most urban quarters are located in the low-lands elevation of less 
than 10 meters. In the case of megathrust earthquakes, tsunamis over 10 meters high are 
predicted to hit in these areas (Cabinet Office, Government of Japan, 2012a), and there 
must be effective counter-measures such as moving to higher grounds far from fishing ports 
or fishing grounds. On the other hand, plans without much consideration to merely relocate 
the communities whose livelihood depends on the fisheries, would destroy the way of their 
life, since their mode of production is based on living close to the waters. Therefore, in the 
case of the relocation of such communities to the higher grounds, there must be sensible 
plans such as moving them to places close to fishing ports with easy access, relocating 
fishing ports, and creating new fishing grounds.  
Proposing concrete planning policies requires studies that excavate deeper and more 
particular levels of individual cities, towns and villages. The writer and the collaborators of 
this paper plan to expand the applications of their research concerning the efficient 
utilization of resources and disaster prevention measure to such levels. 
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