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The Nδbi p1ain under1ain by younger sedirnents is situated in the cent-
z 

ra1 part of Japan and is about 1300 krnL in area. The year1y rates of sub-
sidence in this area were 1.4 -1.8 rnrn before 1925， 2 -5 rnrn during the 
period frorn 1925 to 1950， 10 -20 rnrn during the period frorn 1950 to 1960， 
20 -40 rnrn during the period frorn 1960 to 1965 and rnore than 100 rnrn at p1a-
ces having severe subsidence recent1y. The rnajor cause of this increasing 
subsidence is the increasing withdrawa1 of ground water for industria1， 
agricu1tura1 and other purposes. As a resu1t of such subsidence， an area 
of 250 krn2 subsided be10w the rnean sea 1eve1. The drainage during and 
after heavy rainfa11s has been becorning difficu1t day by day， and the po-
tentia1 danger' of tida1 f100d under a typhoon has been increasing year by 

year. Against such subsidence of the Nδbi p1ain， investigations are being 
done by officia1s of centra1 and prefectura1 governrnents and professors of 
universities in this area. Based on the investigations， withdrawa1 of 
ground water in this p1ain is now being contro11ed by regu1ations of the 
authorities concerned. 

The Nδbi p1ain under1ain by young-
er sedirnents is situated in the centra1 
part of Japan as shown in Fig. 1 and 
is about 1300 krnL in area. The 1and 
surface subsided 237 crn in 87 years 
frorn 1888 to 1975 at Yatorni (a p1ace in 
this p1ain). 

This area faces the工sebay， where 
工bi，Nagara， Kiso and Shδnai rivers 
find their ways， and is cornposed of 
a11uvia1 fans， f100d p1ains， de1taic 
p1ains， terraces， rec1airned 1ands and 
fi11ed-up grounds as shown in Fig. 2. 

The west-east profi1e of 
the southern part qf. .this 
area :i，s i11ustrated in 
Fig. 3. The basernent 
b10ck in the Nδbi 
p1ain area bounded 
by Yorδfau1t has 
ti1ted and is 
covered with 
sedirnents 
dipping west-
wards. The 
strata frorn a 
depth of abo-
ut 2000 rn to 
the ground Fig・ 1 'Ihe Nobi Plain 
surface in 

1. Mountain and ~i11 2. Terrace 
3. A11uvia1 Fan and Cone 
4. F100d P1ain 5. De1taic P1ain 
6. Fi11ed-up Ground 
7. Rec1airned Land 

Fig. 2 Topographic Features of 
the Nobi Plain 

*Paper presented to the Second Internationa1 Syrnposiurn on Land Subsidence， 
Anaheirn， Ca1ifornia， U.S.A.， Decernber 13-17， 1976 
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Fig. 3 West-East Profile of the Nobi Plain 

the western margin of the ti1ting 
b10ck are sediments since the P1io-
cene. The average rate of disp1ace申

ment of the basement， based on the 
geo1ogica1 profi1e， was estimated on1y 
about 1 mm/year at Yatomi as shown in 
Tab1e 1 (Kuwahara， 1968). Therefore， 
the recent subsidence of more than a 
few cm per year in this area is caused 
by conso1idation of younger sediments， 
in which the pore water pressure has 
been decreasing by increasing with-
drawa1 of ground water. 

Former1y， this p1ain was main1y 
farming 1ands. But recent1y， a 1arge 
number of texti1e mi11s and many kinds 
of factories using great quantities of 
ground water have been 10cated and 
many residentia1 quarters have a1so 
been deve1oped. Since 1963， there 

Submerqed Period 
liBJ 1 day 
匡ヨ 1-30days 
径週 31-120days 

Fig. 4 Submerged Area of the 
Nobi Plain after a Typhoon 
on 26 Sept.1959 

have been deve10ped severa1 hot-spring resorts pumping up hot water from 
depths of more than 1000 m. 

Since old times， peop1e of this p1ain often suffered damages from f1o-
ods. Especia11y， they suffered severe1y from the f100d caused by a typhoon 
which passed this p1ain in the northeast direction from工sebay on the 26th 
of September， 1959. By this typhoon， 5，122 persons were put to death， 
15，384 persons were wounded， 127，625 houses were destroyed comp1ete1y or 
part1y， and 3，846 houses were washed away in the who1e of Japan. But the 
Nδbi p1ain suffered most of the damages. After this typhoon， considerab1y 
wider area of this p1ain was submerged for a 10ng time as shown ~n Fig. 4. 
工twas known by this submersion that there was an area of 186 kmιbe10w the 

Table 1 Geological Displacement of the Nobi Plain 

よメミ Age x104years B.P. Inc1ination 
Disp1acement Ave. Rate of 
at Yatomi Disp1acement 

Atsuta Surface 3.5 2.5 X 10-3 60m 1. 7mm/year 

Yagoto Surface 30-70 4 X 10-3 300m 1-0.4mm/year 

Base of 400:t 
2000m 0.5士/

Tδkai Group (200士) (LO士)mm/year
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mean sea 1eve1 at 
that time. 

The history of 
ground subsidence in 
this area is shown in ，_ 

Fig. 5 by the use of O 
three bench marks， ~ 

the 1ocations of whi-
ch are given in Figs. 
6 and 7. During the 
period from 1950 to 
1973， the subsidence 
increased exponen-
tia11y and some p1a-
ces subsided more 
than 20 cm/year in 
1973. 

Fig. 6 shows the 
comparison between 
the area subsided 
more than 2 cm/year from Feb.1961 to Feb.1962 and the one from Nov.1972 to 
Nov.1973. This figure exp1ains how the subsiding area in this p1ain en-
1arged from 1961 to 1973. 

The subsidence of this p1ain for about 15 years from Feb.1961 to Nov. 
1975 is shown in Fig. 7. The southern part of Nagashima facing the工sebay 
sett1ed 147 cm during these 15 years. The tota1 subsiding area is 1140 kmL 

(Environment Agency， Japan， I， 11 r /  

1976). By 1973， 363 km乙

has become 10wer than the 
mean high-sea 1eve1 (1.1 
m higher than the mean sea 
1eve1)， 248 km2 10wer than 
the mean sea 1eve1 and 37 
k皿2 10wer than the mean 
1ow-sea 1eve1 (1.4 m 10wer 
than.the mean sea 1eve1) as 
shown in Fig. 8. The area 
be10w the mean sea 1eve1 en-
larged from 186 km2 in 1961 
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Fig. 5 Subsidence of Bench Marks and Withdrawal 
of Ground Water in the Nδbi Plain 
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to 248 krn2 in 

1973. 
The increas-

ing withdrawa1 of 
ground water in 

the Nδbi p1ain is 
shown in Tab1e 2 
and Fig. 5. The 
use of ground wa-
ter is shown in 

Tab1e 3. The use 
for industry arno-

unts to 60 per 
cent of the total. 

The recent 
year1y withdrawa1 

of ground water 
in the Nδbi p1ain 
is equa1 to the 

vo1urne of 32 per 
cent of the year-
1y rainfa11 on 
this p1ain. This 

vo1urne is rnuch 
1arger than the 

natura1 recharge 
of ground water. 
Therefore， the 
withdra，va1 of ground water rnust be reduced to arrest the subsidence of this 
p1ain (Ueshita， 1976). 

In山日20's，the piezorne山 1叫 sof co山 edaq山 rs…山首i
than the ground surface in the rnost part of this p1ain. In the 1940's， 
f10wing we11s were sti11 observed in Ogaki， Kanie and Kasugai districts as 
shown in Fig. 9. But the piezornetric 1eve1s fe11 
down corresponding to the increase in nurnber of 

artesian we11s. The piezornetric 1eve1 of the 2nd 
confined aquifer (G2) was a1ready 10wered as shown 
in Fig. 10 (see Kuwahara et a1， 1976). 

In order to arrest the subsidence of the Nδbi 
p1ain， the Tδkai Three-Prefecture工nvestigation
Comrnittee on Land Subsidence was organized in 1971 
and reorganized to strengthen in 1975， and many in-
vestigations have been done by officia1s of centra1 
and prefectura1 governments and professors of uni-
versities in this area. Based on the investigaー

tions， the withdrawa1 of ground water in this p1ain 
is now contro11ed by regu1ations of the authorities 
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Fig. 8 Area below the Sea Levels in the Nobi Plain 

Table 2 Withdrawal 
of Ground Water in 
the Nobi Plain 

Year rn3/day 
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Table 3 Use of Ground Water for Each Purpose in the Nobi Plain (1973) 

Itern Tota1 工ndustry Buildings Wat巳rSupp1y Agricu1ture 

Withdrmva1 
of Ground Water 3802293 2 290015 343025 477 028 692 225 

(rn3/day) 

Percentage 100 60 9 13 18 
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密室~ AREA OF FLOWING WELLS IN 19日

A : OGAKI ZONE OF FLOWING WELLS 
B : KANIE ZONE OF FLOWING HELLS 
CKASUGA 1 ZONE OF FLOW 1 NG ¥HLS 

Fig. 10 Piezometric Level of the 
2nd-Confined Aquifer (G2) 

Fig. 9 Area where Flowing Wells 
existed in the Past 

conc己rnedas shown in Fig. 11. 

in 1973 
(measured in Meter based 
on the Mean Sea Level) 

Regu1ations of withdrawa1 of ground water in the Nδbi p1ain are as 
fo11ows: 
The Industria1 Water La~ (estab1ished in 1956) 

The areas designated by the Industria1 Water Law are supp1ied with 

Table 4 Regulations for the Areas designated by the Industrial Water Law 

Area 
Zone A110wed Depth of 工nsideArea of 

(See Fig.ll) Strainer Discharge Pipe 

Southern 
deeper than 80 m less than 46 cm 

z 
Industria1 Nl 
Area of deeper than 300 m greater than 46 cm 2 

Nagoya 
deeper than 90 m 1ess than 46 cm 

2 
designated N2 
in 1960 deeper than 180 m greater than 46 cm 2 

工ndustria1 deeper than 100 m 1ess than 21 cm 
2 

Area of Yl 
deeper than 230 m from 21 cm2 to 46 cm2 

Yokkaichi 
designated deeper than 50 m 1ess than 21 cm 

2 

in 1957 Y2 
deeper than 150 m from 21 cm2 to 46 cm 

2 
and 1963 
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industria1 water from sur-
face sources instead of 
restriction on pumping up 
of ground watero The regu-
1ations for these areas 
are shown in Tab1e 40 
Regulations by Ordinance 
of Aichi Prefecture 
(1) Aichi Regu1ation Zone工

(enforced on 30 Sept。

1974) 
This regu1ation zone 

was decided considering the 
rate of subsidence greater 
than 5 cm/year in 1972 and/ 
or 1973. In this zone， a 
new1y bored we11 must have 
the fo11owing conditions; 
a) The depth of strainer 

shou1d not be greater 
than 10 m. 

b) The inside area of dis-
charge pipe shou1d be 
1ess than 19 cm2 

c) The power of motor sho-
u1d be 1ess than 2.2 kW. 

d) Tota1 discharge shou1d 
be 1ess than 350 m3/dayo 

Concerning the we11s that 
existed before the regu1a-
tion， f10w meters were in-
sta11ed to them and the 
discharge records are re-
ported to the Prefectura1 
office every year. Since 
the 1st of January， 1976， 

Fi g. 11 Restriction of Withdrawal of 
Ground Water in the Nδbi Plain 

the withdrawa1 of ground water from existing we11s was restricted within 
80 percent of the discharge in the past. 

(2) Aichi Regu1ation Zones lland TII (enforced on 1 Apri1 1976) 
The regu1ations for new1y bored we11s and existing we11s are the same 

as those for Zone 1， excepting that for the existing we11s in Zone ll， the 
withdrawa1 from the 1st of Apri1， 1977 is going to be restricted within 80 
percent of the discharge in the past， and for the existing we11s in Zone ~ 
the withdrawa1 in future is going to be restricted within the discharge in 
the past. 
Regu1ations by 
Ordinance of Mie 
prefecture 
(enforced on 1 
April 1975) 

The regu-
1ations for 
new1y bored 
we11s and exis-
ting we11s are 
the same as 

Table 5 Dealing with Existing Wells ;n the Case where 
the strainers are deeper than 10 m ;n Nagoya 

Zone We11s for Bui1dings We11s for Industry 

工
Changed to use city water Change to the indu-
since 16 Nov. 1975 stria1 water supp1y 

Changed to use city water 
as soon as possib1e 

E 
since 16 Nov. 1976 

TII Increasing of withdrawa1 is forbidden. 



those exp1ained for 
Aichi Regu1ation Zones 
1I and m， where Mie 
Regu1ation Zones 1 and 語
1I correspond to Aichi副 20
Regu1ation Zones 1I ~ 

and m， respective1y. 司
Regu1ation bv Ordi四''; 40 
nance of Nagoya City つ

(enforced on l6Nov-3 
ember 1974) 山

According to the Q 
ordinance of Nagoya ~ 

City， a new we11 can .~ 

be a110wed on1y in ~ 

the case where the ~ 

strainer is not deeper 
than 10 m and the in-

ヂearea of di叫~r~e Fig; 12 Subsidence and Ground Water Condition 
pipe is 1ess than 19 

at Nagashima during Recent Years 
cmL

• Existing deep 
we11s are being treated as shown in Tab1e 5. The regu1ation zones ofNagoya 
City are over1apped by the regu1ation zones of Aichi Prefecture. Therefor~ 

the withdrawa1 of ground water in 
Nagoya is contro11ed by ordinances 
of Nagoya City and Aichi Prefecture. 

Fig. 12 shows the subsidence 
of Nagashima during the recent ten 
years and the piezometric 1eve1s of 
the 1st confined aquifer (Gl) and 
the 2nd confined aquifer (Gz) mea-
sured by Matsunaka observation we11 
during the recent five years. The 
confined aquifers Gl and Gz are 
10cated at depths between 40 m to 
60 m and 100 m to 115 m respective-
1y at the observation site. Con-
cerning the piezometric 1eve1s， 
seasona1 changes are superposed on 
tota1 trends of ground water 1eve1s. 
The seasona1 drops of piezometric 
1eve1s are caused by the increase 
of pumpage for coo1ing and irriga-
tion in summer. The piezometric 
1eve1 of the deeper confined aqui-
fer is 10wer than the one of the 
sha110wer confined aquifer， because 
ground water of better qua1ity is 
pumped up in p1enty from the deeper 
aquifer. 

The piezometric 1eve1s of aqui-
fers are having_recovering trends 
since 1974. Corresponding to this 
phenomenon， the rate of subsidence 
reduced in 1975. Ref1ecting this 
favorab1e turn in ground water 
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Matsunaka Observation We11 
(The 10cation is shown in Fig. 

40 100 

Subsidence and Rebound of the 
Nobi P1ain from Nov.1974 to 
Nov.1975 (Unit: cm/year) 

Fig. 13 
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situation， the subsiding area became sma11er and the rate of subsidence 
decreased for the period from Nov.1974 to Nov.1975 as shown in Fig. 13. 
Moreover， there appeared severa1 rebounding areas around the area having 
reduced subsidence. 

The organs and persons concerned are sti11 directing their efforts to 
stop the subsidence of this p1ain comp1ete1y. 

工n conc1usion， the authors wou1d 1ike to express their hearty gratftude 
to the members of the Tδkai Three-Prefecture Investigation Committee onLand 
Subsidence and to the organs and persons concerned， especia11y the Ministry 
of Construction， Aichi and Mie Prefectures for their cooperation and their 
agreement in presenting this paper at the Second Internationa1 Symposium on 
Land Subs工dence. The research grants from the Ministry of Education are 
a1so acknow1edged. 

The authors are thankfu1 to Professor M.S.I.Khan for his he1pfu1advice 
on Eng1ish expression of this paper. 
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