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SOME PROBLEMS ON SUBMERSION DAMAGE IN
LOW-LYING DISTRICTS

by Dr. Eng. Katsumasa YANO and Dr. Agr. Mutsumi KADOYA
Synopsis

The aspect of submersion damage in the low-lying districts where towns, cities and
agricultural lands and so on are extended, now seems to be serious stage in Japan. In this
paper, the factors which cause such disasters were discussed from engineering standpoint.

It was pointed that the three natural factors which cause the submersion disaster are
the trend of concentration of heavy rain, the lower height of urban land compared with flood
level and the subsidence of ground.

As the cultural factors, the historical inevitability for the development of lowland, the
development of water works for the utilization of water and the prevention of flood damage,
and the high growth of various industries and so on delicately influence to such disasters.

In order to find the rational approaches to prevent or mitigate such disasters, the essen-
tiality of basic research program was emphasized and the main research subjects were shown
as follows. (1) Hydrological (hydrologic-statistical) study on rainfall and flood. (2) Study
on hydraulics of surface flow on lowland district. (3) Study on special sediment hydraulics.
(4) Study on behaviour of ground water and its controll. (5) Synthetical study on rational

approaches of prevention or mitigation for submersion damage in low-lying districts.
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Fig. 2 Danger zone for flood damage
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Fig. 4 History of cultivation for the lower reaches of Kiso River

Table 1 Rise and fall of the area of agricultural land in Japan
(1945-1955, except 1952)

Ric&aﬁ)eld Farm (ha) | Total (ha)

—~ Cultivation 11,045 221,399 232,444
= Land reclamation 4,982 2,194 7,176
2 Reclamation of waste river 43,985 28,537 72,522
~ Change to rice field or farm 25,150 33,578 57,728
”l\ Diversion 55,349 63,522 119,871
et Disaster 107,262 127,127 234,389
{;’ Change to rice field or farm 14,701 67,078 81,779

| Total —87907 | +26917 | —60,990

DTHDC, ARLHOEFN OFEEERDOKBAIL, CNAEEHHEOTH BT TH 5,

LAY, UEDXSICHREINBEHHEORMS, HFERZBOEO L VT ESE T, REGICHT#H
b, THHEACDERNBEF LB OTE I, WEOMNSEROHEIC bhLPb LT, &AL Table 1
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Table 2 Rise and fall of the area of agrlcultural land in Tokyo and Osaka

265

Prefecture (1895-1955)

¥ Tokyo Prefecture Osaka Prefecture
ear - -
Ric(i ;i)eld Farnljf(‘ila) Total (ha) Ric(% ;i)eld Farm (ha) | Total (ha)

1895 17,912 41,793 59,706 53,910 17,063 70,974
1898 17,514 42,894 60,408 53,676 16,993 70,669
1907 17,249 41,592 58,841 54,419 15,481 69,900
1920 14,832 44,364 59,196 53,789 12,412 66,201
1925 12,639 41,518 54, 157 51,793 11,558 63,350
1930 10,743 39,817 50, 561 49,847 10,702 60,549
1936 10,187 39,233 49,419 46,772 10,513 57,285
1940 8,509 34,667 43,176 43,769 9,867 53,636
1950 7,249 28,494 35,743 33,473 4,285 39,758
1955 7,146 27,402 34,548 31,803 4,623 36,426
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Fig. 6 Distribution of ground subsidence and so on

Table 3 Irrigation area used the ground water in Japan (1960)

o i1s Irrigation area utilized

Location (Prefecture) g‘:g::;%%;!::tg:ﬂgﬁgg the %zt;,gmv;eléh ;r)l left
Aichi 33,832 31,646
Gifu 25,980 20,713
Fukushima 20,356 2,546
Akita 16,381 8,236
Shiga 10,985 6,957
Gunma 9,061 39
Tochigi 7,964 360
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Table 4 Examples of obstruction for agricultural land caused by river workes

Ri I Change of river Obstructio Name of river ggjtf,?czfgf
1ver workes regime S ion (Prefecture) land (ha')‘
. . Drainage defect Tenryu (Nagano) 236
Rise of river bed Submersion damage Shigenobu (Ehime) 1,469
(upstream) vvvztzaal'figzle{) f ground Oyodo (Miyazaki) 541
Aya (Kagawa) 1,611
Kiso (Aichi) 22,736
Tenry (Shizuoka) 9,305
Sagami (Kanagawa) 714
Fall of river bed Ibo (Hyogo) 530
Yamato (Osaka) 100
Dam Mononobe (Kochi) 3,339
¢ Uji (Kyoto)
Difficuities for Shigenobu*
Variation of water-intake Shigex}ko (Niigata) 23,512
water-level Tenry
Sagami*
Tama (Tokyo) 2,172
Fall of Kando (Shimane) 15585
: ; Muromi (Fukuoka) 1,603
river-discharge Jyoganiji (Toyama)
Ibo*
Fall otferr‘iv:;farture Cold-water damage Sarugaishi (Iwate) 6,357
: Iwaki (Aomori) 3,990
Vanish of . ¢ A " g
Drainage defect Eai (Miyagi) 302
sbort cut of channel Tsurunuma (Fukushima) 1,218
channel
Fall of river bed Mogami (Yamagata) 4,855
Change of "Fall of .
river-basin|  river-discharge Aya (Miyagi) 405
Difficulties for Fuefuki (Yamanashi) 935
. Yamato (Nara) 750
Regulation of Fall of water-intake Mino (Hyogo) 1,000
Ibi (Gifu) 4,810
river regime water-level Sendai (Tottri) 1,603
Toyo (Aichi) 2,108
Kamikatsura (Kyoto) 1,517
Retarding basin | Arable inundation| Submersion damage Chikugo (Fukuoka) 565
PR : Shima (Hokkaido)
Gravel picking Fall of river bed Difficulties for Tama* 1,835
. Variation of water-intake Hakuta (Shimane)
Iron sand picking river bed Hii (Shimane) 653
. . Sand Burying of Kurobe (Toyama)
Basin denudation trensportation arable land | Ishi (Osaka) 4,000

* shown the

repetition example.

HEEOERBEDOREHITES IO OPHTNESONH DT, TR LZGBITHOBNAMS LT LR
FINTED, BEL DD CEMOETREN, Sl O@E, SEFRROMRESRICHEIN DD
HBTEFRMDELDTH 5o

UL LN F AR EBWEEEEREL TN L ) Thd. THbBIh o HBILM, Iz
HMTL, K, RHEBOTHEHEITHEH, & ITHNIHEOH KA T 2 ERICIREFRE LD
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HOHE L, & xiK3RbAEERER T2 Table 5 Area of agricultural land obstructed
LhH0S 3B, with new trafic line plan
CHAHR/ICHOTE, 5 LAHIROPIKRE Location New high way | New rail way
MICOVTRIEORECH U, HVRBHD (Prefecture) [Number of| Area [Number of| Area
HEBEZREBLEBOINTVE LS THEY, Bk location | (ha) | location | (ha)
BEHRE 2 O KR EOMEARL L TV 5, Kanazawa 0 Y
AT LI MBRRD 70, BHRETEY shizyoka 0 o 7 | o8
T B BEERIE Table 5 OX5TH 5, 2_‘:}“ . - ) 80
CORMI. 2 THNS LS, R A " >
o Shiga 3 1,239 7 478
FIEICRAES 2R E LT, I, MR EAt Kyoto .

7}(@@7.}(E(§?§@Fﬂg§iﬂ& 5 © C ﬂ‘iﬁ‘ < aﬂfﬁﬂ: osaka l 6 817 3 1’232
& DB DB TEH 508, & ITHEBOMRRE
WIS SEEOHER D, ChEBUMELSET Table 6 Area of agricultural land damaged by

WBEHITHb, c o3 AMTE, {L¥T dirty water

¥, @RINITE, % X "ongﬂTﬁQ—F*@ﬂ@ Year ‘ NFmb:Tr of Area (ha)

FERELICERT 2 DTH DT, &AM ocation

DA, ZOWEFERIL Table § 1R £ 51 1950 241 37,143

2HLTNED, F7 LAGEDES, Z0ORFR 1954 297 85,177
1958 304 99,165
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Table 7 Development of rice product in Japan

Year Area ratio Total yield ! Yield per unit area
1883 - 1892 100.0 100.0 100.0
1893 - 1902 103.6 109.6 106.3
1903 - 1912 107.1 131.9 123.6
1913 - 1922 111.7 154.3 138.7
1923 - 1932 1155 160.3 139.4
1933 - 1942 115.3 1711 149.1
1943 - 1947 107.8 153.7 1431
1948 - 1952 109.5 173.6 159.2
1953 - 1957 113.8 187.7 165.1
1955 - 1959 116.6 208.7 179.1
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Table 8 Area of agricultural land required for the melioration in Japan (1960)
Location Rice field (ha) o Farm (ha)

(Prefecture) Drainage grr;(iig;ge Irrigation Drainage | g;:gs;ge Irrigation cr"i}:;n%;ao
Hokkaido 45,880 46,110 119,065 78,039 127,246 2,481 47,349
Aomori 22,631 10,717 39,526 — 65 382 9,847
Iwate 23,870 10,197 18,631 119 80 29,930 5,542
Miyagi 24,390 6,719 29,110 1,114 2 1,408 1,166
Akita 26,766 18,267 39,567 427 2,384 1,378
Yamagata 16,493 24,952 72,265 602 34 3,410 2,351
Fukushima 9,902 8,883 44,229 510 35 2,452 3,000
Ibaraki 24,264 13,342 37,135 1,350 111 24,359 973
Tochigi 16,116 11,364 42,072 259 17 14,997 15,392
Gunma 1,583 838 8,862 164 155 8,665 6,957
Saitama 12,440 11,014 17,739 3,436 38 4,684 4,462
Chiba 32,318 7,004 25,210 781 10 21,720 398
Tokyo 215 148 2,372 574 1,148 6
Kanagawa 3,245 2,697 7,357 80 1,911 88
Yamanashi 1,921 453 6,540 341 62 4,406 749
Nagano 7,215 3,430 33,251 2,624 265 12,244 6,960
Shizuoka 17,632 1,343 16,559 4,530 120 6,040 3,365
Niigata 47,316 36,321 38,356 302 190 1,061 3,290
Toyama 28,673 10,825 34,462 150 502 348
Ishikawa 6,141 4,422 20,488 9 2 1,068 738
Fukui 17,488 600 14,396 53 1 510 771
Gifu 13,716 886 33,288 1,482 3 549 1,994
Aichi 11,745 1,993 28,992 1,021 69 7,511 1,225
Mie 20,899 906 25,267 2,497 15 3,192 244
Shiga 20,943 2,273 20,408 195 516 397
Kyoto 4,342 1,111 14,670 415 7 638 552
Osaka 8,480 186 12,184 129 6 367 55
Hyogo 11,595 1,969 44,332 200 22 698 597
Nara 2,076 1,248 12,805 22 1 566 19
Wakayama 3,087 184 9,977 212 5 4,045 248
Tottori 2,906 4,649 12,585 1,549 3,319 185
Shimane 4,935 7,552 17,826 298 9 1,572 136
Okayama 14,449 5,382 35,816 93 7 4,147 1,025
Hiroshima 7,889 4,951 18,314 689 3,549 219
Yamaguchi 7,151 1,768 19,822 258 832 101
Tokushima 6,151 209 14,048 875 13 4,954 1,829
Kagawa 4,120 616 37,335 102 11 3,939 331
Ehime 5,685 1,847 26,819 1,021 2 7,873 1,011
Kochi 3,755 426 12,629 5 531 412
Fukuoka 16,751 3,411 53,666 113 3,132 679
Saga 11,102 3,657 28,595 6 853 124
Nagasaki 1,771 1,438 10,529 67 5 4,993 2,198
Kumamoto 14,063 2,202 26,017 157 9,922 2,243
Qitta 1,326 1,070 21,739 243 2 9,933 1,248
Miyazaki 1,941 1,305 23,113 268 10,118 1,454
Kagoshim 8,686 3,406 21,888 2,893 43 14,537 1,195

Total 594,022 284,292 1,213,959 109,420 128,669 240,059 134,947
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