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NATURAL WATER HAZARDS IN URBAN AREAS (4)

—— Disasters in Edo Period (continued) and a Mathematical

Model for Socio Changes Due to Natural Hazards ——

By Yoshito TsucHiva

Synopsis

In the 4th report, as part of the natural hazards in the Edo period and their
historical changes, fires and their changes due to population concentration in the
urban areas are first considered, and secondly historical changes in riots and farmer
disorders, and their localities are also studied by using Aocki's data of riots and

disorders.

In.relation to urbanization in Edo, population was concentrated there, resulting
in fire disasters which take seasonally place and increase annually. In the
occurrence frequencies of riots and farmer disorders, remarkable locality in the clans
exists due to their policy and rice currency which reflect social disturbances and

riots.

In the last part, a mathematical model for socio changes due to natural hazards
and related social environment is proposed by applying current knowledge of
synergetics. An application of the model through logistic models is made to the
population changes in the Jomon, Yayoi and Edo periods. It was concluded that the
population changes in these periods can be well explained by the model in relation

to the occurrence frequencies of natural hazards and related social disturbances.
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Fig.74. Historical changes of occurrence number of fires and its ten years
average in Edo.
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Fig.75. Seasonal changes of occurrence number of fires in Edo classified in
several periods mentioned.
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Fig.76. Historical changes in seasonal transition months in fire occurrence
from winter to summer, and summer to winter.
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Fig. 77. Changes in occurrence number of thunder disasters and number of
castles burned for every ten and fifty years.
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Tablel. Historical changes in occurrences of riots and farmer disorders and
their ratios relative to total population.

tyr AD |Farmer | Urban | Village | NX10° | Nas, 1 -l Nevoan-sl Navogn-| Ve |[Nr yqn-s
riot |disorder|disorder N X0 N X0 N X0 N X0
NRJ NRU NRV

169016001 3.1 — - 3.00 1.00 — - 3.1 1.00
1601—1610| 4.1 — — 3.21 1.28 - — 4.1 1.28
1611—1620| 6.5 — 1.0 3.42 1.90 — 0.29 7.5 | 219
1621—-1630| 5.8 — 2.0 3.70 1.57 — 0.54 7.8 | 2.11
1631—1640| 3.3 0.5 2.7 398 | 083 | 0.13 | 0.68 6.5 1.63
1641—1650) 3.6 0.1 1.0 429 | 0.84 | 0.02 | 0.23 4.7 1.10
16561—1660| 3.6 — 1.9 464 | 0.78 — 0.41 5.5 1.19
1661—1670, 5.4 0.1 2.9 5.06 1.07 | 0.02 0.57 8.4 1.66
1671—1680; 5.8 0.4 3.7 5.63 1.06 | 0.07 | 060 9.9 1.79
1681—1690| 5.5 0.2 6.4 6.10 { 090 | 0.03 | 0.25 12.1 1.98
1691—-17001 5.4 0.2 4.6 6.70 | 0.81 0.03 | 0.69 10.2 1.52
17011710 6.9 0.3 5.5 7.26 | 095 | 0.04 | 0.76 12.7 1.75
1711-1720, 9.1 0.6 7.0 7.60 1.20 | 0.08 | 0.92 16.7 | 2.20
1721-1730 8.2 0.4 7.1 7.78 1.05 | 0.05 | 0.91 15.7 | 2.02
1731—1740, 11.3 2.1 8.1 7.82 1.45 | 0.27 1.04 | 2156 | 2.75
1741—-1750| 14.7 0.9 7.8 7.80 1.88 | 0.12 1.00 | 23.6 | 3.03
1751—1760| 12.2 1.6 7.6 7.67 1.69 | 0.21 099 | 214 | 2.79
176117701 9.8 2.0 9.0 7.60 129 | 026 | 118 | 208 | 2.74
1771-1780] 8.4 1.4 12.0 7.52 1.12 0.19 160 | 21.8 | 2.90

1781—-1790; 25.7 10.5 13.9 7.54 | 3.41 1.39 1.84 50.1 6.64
1791—1800| 11.8 1.2 15.5 7.62 155 | 0.16 | 2.03 | 28.5 | 3.74
1801—1810 11.0 1.1 16.9 7.76 | 142 | 0.14 | 2.18 | 200 | 3.74
1811—1820 17.4 0.8 20.8 789 | 2.21 0.10 | 264 | 39.0 | 4.94
1821—1830| 17.5 3.7 23.9 7.96 | 2.20 | 046 | 3.00 | 45.1 5.66
18311840} 35.3 8.9 33.9 8.00 | 4.41 11 424 | 78.1 9.76
1841—1850) 14.5 21 30.6 800 | 1.81 { 0.26 | 3.83 | 47.2 | 590
1851—1860, 18.3 33.5 802 | 228 | 0.36 | 4.18 | 54.7 | 6.82
1861—1867| 33.7 33.7 8.08 | 4.17 1.23 | 417 | 76.5 | 9.47
1868—1880 49.9 15.1 8.35 5.98 | 0.29 1.81 67.4 | 8.07
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Fig. 78. Historical changes in occurrence number of total riots, farmer disorders,
“ urban disorders, and village disorders relative to total population.
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Fig.79. Historical changes in occurrence number of riots and its ratio relative
to total population in relation to total population.
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Table 2. Historical changes in nominal occurrence number of all stages of riots and
disorders in every clan and district classified in relation to rice production and
total population (Aoki’s data of riots and disorders were used).
Nn, R, Ni/N Na IR*10" Ne
¢ yrAD 1590~ 1601 ~ 11626~ 11651 ~ 1676~ 1701~ 1726~ {1751~ [1776~ {1801 ~ (1826~ 1856~ in | ¥ 1801~ e
Clans 1600 | 1625 | 1650 | 1675 | 1700 | 1725 | 1750 | 1775 | 1800 | 1825 | 1850 | 1875 |koku| B |1g75 | N
» [Mutsu 1 0 0 0 0 0 1 4 911 12 12 38| — 35 —
-2 | Rikuchu 1 1 1 13 9 7 9 5 40 | 37 63 65 42 | — — —
% |Rikuzen 3 0 6 0 0 2 0 3 4 0 9 11 70 — — —
A |Ugo 3147 8 o 6| 3 1 4| 14| 6| 34| 13| 49| —|—| —
_g Uzen 8/ 1 |25 |17 | 6 |13 |11 |22 | 17| 6| 23| 38) 8| — | — | —
= Iwashiro 0 5 5 9 2 20 36 18 19 | 18 25 89 7% | — — -
& {Iwaki 0 2 3 2 3 13 41 2 17 1 17 21 29 61 | — — —
Subtotal | 16 56 48 41 26 58 99 58 | 120 | 95 | 197 | 257 | 416 | — — —
Abo 0 0 0 0 6 2 0 2 0 0 0 2 10 | 1693 2 1.18
» |Kamifusa 0 2 2 0 2 0 4 0 11 6 9 6 43 |1027( 21 4.75
':_,:) Shimofusa | 0 0 0 5 3 6 3 0 19 5 6 16 | 68 | 810 27 | 4.90
é‘ﬂ Hitachi 0 6 2 1 2 5 4 g 14 ] 10 9 21 {101 | 600| 40 | 6.59
o Shimozuke | 0 1 5 1 2 3 2 7 4 2 6 45 | 77 | 606 | 53 | 11.35
t |Kozuke 0 1 0 4 16 7 8 9 19 | 12 23 39| 64| 86| 74 |13.82
§ Musashi 2 6 2 4 4 11 4 13 16 | 22 26 34 | 128 | 1617 82 | 3.96
Sagami 1 1 0 2 1 5 2 2 6 2 9. 1 29 (1169 | 12 | 3.54
Subtotal 3 17 11 17 36 39 27 42 89 | 59 88 | 164 | 520 | — — —
o Iz 0 1 0 0 0 1 1 1 1 0 0 5 8 11910 51 3.27
-8 |Suruga 0 4 1 0 0 1 3 3 3 8 14 6 25 | 1382 | 28 | 8.10
3 |Totomi 0 1 0 2 5 2 5 2 4 6 11 16 37 11226 | 33 | 7.27
e Mikawa 0 1 2 2 7 4 20 3 10 3 20 28 47 {1110 ¢ 51 9.76
& |Owari 5 2 0 0 0 2 0 2 2 0 9 7 55 11396 16 | 2.08
g Mino 2 1 0 7 12 3 8 14 16 | 16 19 28 70 | 1016 | 63 | 8.85
Subtotal 7 10 3 11 24 13 37 25 36 | 33 73 90 | 242 | — — -
£ |Hida 0| 11 0] 2] 6| 3 4|14 5| 4 3| 10} 611770 17 | 16.00
5 Shinano 4 20 12 17 16 11 13 33 29 | 22 34 71 77 11222 | 127 | 13.49
.§ Kahi 1 1 0 6 2 0 2 0 2 6 9 9 31 | 1156 | 24 | 6.69
&S | Subtotal 5 22 12 25 24 14 19 47 36 | 32 46 90 | 114 | — — -
+ |Echigo 8 5 0 1 4 8 20 9 31| 33 31 47 | 114 | 1222 | 111 7.96
§ Sado 0 2 4 2 2 6 5 5 0 2 3 2 13 | 939 71 5.73
g Ecchu 0 2 1 0 1 4 1 4 3| 10 4 17 80 | 586 31 6.61
5 Noto 1 0 0 3 4 0 0 2 0 8 0 8 28 | 819 16 | 6.97
Fé Kaga 0 0 0 0 0 10 10 9 2 6 9 8 48 | 567 | 23 | 8.44
£ |Echizen 0 1 1 1 2 5 4 17 10 7 26 7 69 | 652 40 | 8.89
ﬁ Wakasa 0 0 3| 2 1 0 0 0 2 0 4 1 9 11078 5 5.15
Subtotal 9 10 9 9 14 33 20 37 8] 33 46 43 | 361 | — — —
Ohmi 2 7 2 5 4 7 3 9 12 9 20 20 85 | 779 40| 6.04
Yamashiro|] 0 2 1 0 0 0 0 4 4 0 2 4 23 12445 6 1.06
Tanba 0 3 0 2 11 12 17 19 14 9 14 3 32 |1075| 26 7.65
. |Awaji 0 0 0 0 0 0 0 0 4 7 0 6 10 | 1416 | 13 | 9.8
‘£ |Settsu 0 1 1 0 2 0 4 6 15 2 16 37 42 {2230} 56 | 5.97
2 |Tzumi 0 2 2 2 0 0 3 4 2 3 4 7 17 | 1430 14 5.75
e Kawachi 0 1 1 0 2 4 ) 12 6 4 14 16 29 | 981 34 | 11.95
< |Yamato 0 3 0 2 0 8 4 8 15 | 14 13 19 50 | 845 44 | 1041
¢ | Kii 0 7 1 0 1 2 0 0 4119 2 9 44 13771 30 | 4.95
Ise 0 0 0 4 0 0 6 2 7 3 4 14 72 | 820 21 3.85
Iga 0 0 0 0 0 0 0 0 2 0 0 0 11 | 959 0 0
Shima 0 0 0 0 0 0 0 0 0 0 0 0 2 12420 0 0
Subtotal 2 26 8 15 20 26 39 64 85 | 70 89 | 135 | 417 | — — —

|
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Table2. Continued.
Nz, R, Nz/N Ny [R+10* Ng

t yrAD 1590~ [1601~ [1626~ [1651~ [1676~ [1701~ [1726~ [1751 ~ 1776~ [1801 ~ |1826~ [1856~| P N 1801~ N
Clans 1600 | 1625 | 1650 | 1675 | 1700 | 1725 | 1750 | 1775 | 1800 | 1825 | 1850 | 1875 [koku| & | yg75 | N
Matsumae 0 0 0 0 0 0 0 4 2 0 0 6] — [ — | — -
‘g Awa 0 2 4 5 1 2 5 7 7 17 27 3| 27 (1987 | 47| 876
g Tosa 3 5 0 3 3 6 0 5 12 3 5 11} 33 j1637| 19| 351
o |Iyo 6 6 3 7 3 4 23 | 22 32 33 38 53| 46 11506 | 124 | 17.90
jq Sanuki 0 0 2 0 3 4 12 3 2 1 4 15| 29 |1733| 20 | 3.97
& | Subtotal 9 13 9 15 10 16 | 40 [ 37 53 54 74 82| 135 | — - -
Harima 0 0 0 1 4 6 16 5 14 8 20 24| 65 |1114| 52 | 1717
. |Bizen 0 0 0 3 0 2 0 3 5 3 6 20| 42| 901} 29 ; 7.66
;"; Mimasaku| 0 1 0 1 4 o 1 2 7 6 10 22| 25| 775{ 38 | 19.61
g Bichu 0 0 5 0 3 4 4 12 8 19 10 17| 36 1136 46 | 11.24
5 Bigo 0 0 0 0 2| 11 31 21| 23 3 9 17| 31 1352} 29 | 6.92
& | Aki 0 0 0 2 1 9 8 9 10 5 23 18| 31 2128 46 | 6.97
& |Subo 0 1 0 2 0| 2 2 2 6 11 16 4| 49 |1009| 31 | 6.27
Nagato 0 0 0 0 2 7 3 4 2 2 2 8| 40| 752 12 | 3.99
Subtotal 0 2 5 9 16| 656 | 31 50 | 54 57 70 | 130|819 | — | — —
» |Tango 0 0 1 2 2 2 6 1 6 4 0 5| 15 |1240 9| 483
§ Tajima 0 3 0 2 2 3 10 8 7 9 14 16 14 | 967 | 29 | 13.63
b‘ﬁ Hakubi 0 0 0 2 2 5 18 5 7 2 3 10 221 979 15| 6.96
o Inaba 0 0 0 2 4 2 4 0 2 2 2 8| 18| 872 12| 7.64
5 Izumo 0 0 0 0 0 2 6 5 5 8 2 8| 30 (1214 18 494
o2 |Iwami 0 0 0 0 2 8 3 0 6 9 7 18| 17 {1764 | 34 | 11.34
Subtotal 0 3 1 8 12 22 | 47 19 ] 33| 34 28 65| 116 | — | — —
Chikuzen 0 0 2 2 2 0 0 0 0 3 2 12| 65 | 650 17 | 4.47
- Chikugo 0 0 0 1 2 5 5 2 0 0 3 5| 38| 915 8| 230
.2 |Buzen 0 0 2 1 0 0 4 2 0 9 2 13 37 | 788 24 | 822
% {Bungo 2 1 0 3 1 1 12 5 0 33 1 25| 42 |1351) — —
A |Hyuga 0 3 0 8 9| 1 13| 11 7 8 8 32| 34| 860 [ 48 | 1641
2 |Ohsumi 0 0 0 0 0 0 4 6 1 2 0 41 17 | 737 6| 4.78
‘:’,; Satsuma 0 0 0 0 0 0 0 0 0 0 4 41 32| 928 8 269
X |Higo 0 0 4 1 0 1 6 7 17 19| 34 11| 61 |1443| 64 | 7.27
Hizen 0 2 4 3 4 0 14 4 5 3 5 8| 71 |1174| 16| 191
Subtotal 2 6 12 19 18 18| 44| 37 30 741 59 | 114 97 | — — —
Oki 0 2 0 0 1 0 0 1 0 0 0 3| — | — 3 -
2 |1k ot of o] o) of of o of of 2| 0| 2| 19| 166] 41265
&3 |Tsushima 0 0 0 0 0 ] 0 1 2 0 2 1{ =1 —= 3| —
Subtotal 0 2 0 0 1 0 0 2 2 2 2 6| — - | — —

Total Np | 43 | 161 | 118 | 169 | 205 | 295 | 403 | 422 | 548 | 543 | 691 | 1092

Ni/N 3.50%| 13.1 | 6.74 | 9.66 | 7.25 |10.43{12.8813.6118.20 {17.66 21.31 |33.68

10-¢
Na/N At [3.50X| 5.24 [ 2.70 | 3.86 | 2.90 | 4.17 | 5.15 | 5.44 | 7.28 | 7.07 | 8.52 |13.35
1077

BT CHRUABREERT B &IcL LS, £59 5L, Fig.83(a) BLU (b) IWRT & 5 SkERM
Bohz, $HbL, (a) FhFLtoMESTesy, (b) Bz oftotfics s 3 —BREERKEAD

b Np/N & AOXEARE N/R & OBRERT
THOLEE TIR—EREMEE AL No/N G ALNEAE N/R O#ENE & dig,

IhHhoEDISS I EGAEOMENE(ERT AL,

REEITEINS B 75,
BETRBOOEAETRT, COTLRROISKERINETH A, £7, hffittonigcid, X
ORBIIEL, F& L TEBOEELZOBRICRONATVWAEEHEVWEELNEDT, BAAEYD
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Fig.80. Historical changes in number of riots in several districts classified,

and total number of riots occurred.
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Fig. 81. Historical changes in number of riots in several districts classified,

relative to their populations denoted by where refers to district.
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433



434 AP KRR $345B-2 F¥3. 4 (1991

DOAOLHEMT 5L, ZOKRMERREEELB BB ERD, —BLEEOHLBHPERT AEAICK S
bDLEDLNE, ThICHLT, BEDRE, THRHLEKOBBIRZOTELEEMD SEHL DBE, XK
OB E LTOILF, AREZEOFBEHHAMASINTLES>OT, BULAEMYOAONDITVIRLE,
TRHBAOYMD OXKOIVEBMNEZ VI E, [EShKPEEREAICL » THBRIICBAI N 0T,
DA > THEAROFEREES T &I, BR—BREOHSBHLERT MR LE S - LOTRE,
550, LBbh3d,

7. KELLKBHEESERHETN

BT, BARRFICE T B Synergetics®™ OFAFAEHEE N, BRERMOHRNSHEEERLEET
5E5BEAH, MRERTHNT L RENLERNHEESRO KNS X5 ->TELD, bhbhs
EET AHET/HIE, ZROOER,LSBREN, ThBARBERLET AL LTEREOATV S,
D& RHLOKEEF VIE Weidlich 5®ick » TERILEh, HPHOLOFEL LTARSITVL S,
AEHTIR, HOOOHL20KMEBEEFAEEAY, hobhbhORL2sdhroAS, &2 ITHROAND
TERC & » T& CiF - BHRMCHEERSENS S Thid, H2BREBEMcHBETs LI’ S,
CDEIRMBELDS, FOANE L TRKELRILDIARANE L VBT, Thick 3E2LH%Fil
TEBLOBEFNOBELRAL DLV TH B, VERREREVINRETH B, COEFVICL-
THPETEZEFOEMIT>VLTIRNE,

7.1 #HEEMOBEREFIN

TITW, Weidlich 5®ift~>T, 95 2BHEMBR~OEROBAEHHEIER% b>EHOH
¥, HEFRTBEE LTEERY, fHISABET 5 L2 FRSPLT B L XITE, 20 & XDHLHEA
(socio—configulation) 2EEICANZRTLELT, FIREETA28EOEBHESRBEL®EZ, WX
WRORERD o HR2EA 2R TEHHBER (F4E, #iABERoikd) »PEohs T LERT,
HLEMD< 7 o REN, FIREAT S ABEOREICH L TIEOTEEIRESHELEL, X5
NA® LR 2HEMAEEL, ThN AL SEBRSh PEHOSHER TSN E T 0nE, PLHE
(20, [EHORES ABORECHIE T2 E L &95) Ldhild, TTichrdeiEMiEZzD
TEDO1LHELTERENS, THBbB, a=1, 2, P, i=1, 2, LT, ny CEEME < 2EM
KBT3EEREERTIELTHE, n=hESERBD, TDLEHIHLRNMnES D OMOERL (n
+k)ES ~DEBHRE wlk n] LRL, ROLIITERT 5,

1) —EIEBEICHT 2 EBHER COBAIE, n LERST A — 5 RITKET 3 BEBIERTE S
haELT KATHERT S,

na#;?i(n, R): k=1{-0 ey s (=D g0}

wilk, nj:{o; roton 2

2) HURi OERICET AEROWE - T IcHT 2EBHER TR, BERNic L 2 THAE
POHREAON & LIcL & Zhdlogistic DERIBE TN A &5 BERERLEZL S, Weidlich
SPDHIRV, RISRT L1, £TIEENINHBEEIC—BiEE2 - THIRL - 4D TH 515,
FEEH 1 ~DIREM 3 logistic FRRRORRICL>TVWEEWVWZ B, THbE, HAE, ECicxd 3E
BERLZZzAFh WL [k n] BXUTwElk n] &L, §iERnglc, 8B dn, &2 OMcEn?
nHHlTBELT, RATHERLTOVS,



T2 #rikEwm (4) 435

n.8%(n, k) ; B=1{-0-1,--0-+}

wﬁm”ﬂ=k-%@m@k

w“%”ﬂ_%,%@m@k

& 5iT, Volterra-Lotka OBBHERO L I, HAE HEOBFREBATIIEHTESY, £hid
Bk, ABIC & ZHIBRBREZ (LI S BRD SORMEFIC X 2HEEH LT L 2Pk BEcERTE S,
BHANIZVDT, T TRIROMEIELTSE '

CDLIN22DT 0 AR L AHLEMOEBHREEZ L, 20BBHERwk, n] 20 o
ofie LTRARTRENZ, LB,

w [k’ n] =i jz=1 aé:lw?i [k, n] +':Zl aél {u}‘iz+ [k, n] +w?7 (k’ n)} .................................... (4)

—H, REAEROEREAVT, GLRMPSEM BV TRE 7y 2L2BREp(R; ) &L,
Droe otk ny) ZEALTHFMNEV TN LTINERBE, pre otk no)=tw,lk n, &7 3,
2L, wngtk ny) BHESELIA ng 5 ng+k ICELTE L ZOEBERELT, LEd-T, R
(4) CL2EPHRLBEL CRINIBERERp(n; O ORFAEMES L, zhizBPERMRRT
R&Ehs,

dp(n D _ )( t)+< ) (71 ) sorererereerereenire e )

i, HUEL 2HRENEFAAQ) BLU 3) TRINIBEBIUHLE B OBBERICH
TAEROEERLTVE, TOFERETHVTERIC

L ®

CEHRI N THEOEHHERSRD 5N L, $EAROEE,» 52 OHERARES 55 4TS
%

Wz, 1 LT Weidlich ¥k » TREINZHE « FEBRBIE>VLWTHNRE S, Z0EARR
@ BLUY B EBOVTWENLETLE 2HAETOIKAZLL, 1 »oEMicdLTRG) BKRO
EricEkash s,

dp(0; D

dr =wp(1; 1)
dp(;t. 2 —FuDpQ: O 4up (28 b e D
ﬂgﬁﬁ“*rﬂnl D= @t t)d; O +tyep(nt15 )

ITiT, bl oicHisE, FECBRERE logistic FRERICHIET 2 6D & LT n kG2 HEiTwL
TIRIW, I LTII2RETEZIAEILT, HAERIFETRE ORI TEEN S,

/’lﬂ:ln’ Up=un +Q—?n2 .............................................................................. (8)

72120, A>n, A u, K>0TH0, K ZRAOOHERBOBRICHIET 5, BRAKp(n; 1) HELHE
B EDTHBETHIE, Aw=Am, U =lhew ERELTEVDT,

b, = n{;o PID(RL 1 £) weeeveererererssnasstsie sttt @

TERINLIHBOBERBEEZ, FHE W, =N BIUN on®) =nD,—micxtd 3 HREA %KD
2L, THhELROE S LREND,



436 BRI KRR $3¢45B-2 F3. 4 (199D

21 4)

dm’ =2 ﬂN+—ﬁW+mm(1~——)

coRickhiE, FHEELTOAON 3E 1 R0 &SI logistic FIBRE LTERS N, ZOHEH
WoORTCHBETES I EARLTWVWS, Weidlich 5®zR(10) 1tk 3B2R() Tk 2EBOHERSH

(b-OBSOMERE LI, HBNEAHERET 5 L E e SIHRVERTEILERL
TW3, CCTRELAZDE D ICHARMICH L TEBRROHBAIC X v ERRHEORFUZEMT 5
ClitkoT, logistic FERSEANS C LICEKE D, HRKFLSCHFELIC L 2a1EE
LA, AOREERREELT) OBERBNOERERASEICL LD,

7.2 KEICLIAONEHOEFTIN
TR L - 2L HOHEL L TOALON OZEEF VAR LA &S IKRALD) K&k » TEMHICRS
nad CITREFOBEIRCEITEELT, BRKEL LI ANOED &2 NS BEINR
EDEAEMML TRATERL &L S0

N<1——°>— FWN, £ + G(N, 1) reerrerseersssmininn aon

Lognstxc term Natura‘lL forces Contrgl term
vwouszhug, K1) REOFLEOEEHERE LT, ADN OREFEN logistic term itk »>T
HElxh, FhsKEREARAN, H2BE, SRRT 3540E LTO natural forces &, &5ICC
hE$EL &5 &4 2 ASEHOHEL control term &ic X AHEHR L LTHEDS T 5h 5B, ##Zl, T
12 natural forces F(N, £), control term GV, ) W bAYIIBEMEEHE L, — AN
NibBRT 3 THAHH, IITREMWUBEADIZDVTRSRORELSSH T L LL, logistic
term L& biZ, THEFNRDLHIIKRT I &LitlL &,
1) BEOFEREANRF v v v

39, logistic term O& & h HFhiE, RAD FRK /
L1 B,
dN __ 8V v
T a2 K
“dt  oN 05l-
#2721, V it logistic potential & LT, RO X Hick
sha,

V I 3 g0y wooeeesrsrsns ] '
-6 BT (13) ! 0 \/N/K 2

ik, N=N/K T 5%, Fig. 84 3X(13) itk 3
logistic potential ZEIR L&D TH 50, VWIETH 05
S 0<KN<L 1 ieBWTOAADOKHERESRSH, N
=1 EBVTRIITAI &I B, 12720, dLIOFRD
SHITLTRREART VY v VOBRE L ZGEPHE L -1
vhid, %Ojﬁﬁ‘f KOEHEHLICLIED, R Fig.84. Logistic potential and its
o REBLOVALDOLESE LTOER, BOEETETHA existence.

5L, FANERBUISEMERT L6559,




LR @nkE®R (4) 431

Natural forces F(N, 1) 2 EIFRRTEhE, RESHEETHLNM, TITR—RHUFRELTHS
natural force IZXHHG L7z threshold F 3FAET A& L, #OfELZHEBLABEICRY, EEBLEKTE
23, $HbLB,

NF(@t); F(t) >F.
FN, D=N{F@® —F} =1 s 14
N, D=N{F@® —F} {0; P(O)<F. (14)
ZoEA, AONEH L TEERICS 2 &RE L, %59 hid Natural force-potential Vi i3k
ROLHILEEN B,

%2%1\72 {F(f) —F,}  oreveererensemmonimieiienii e e (15)
FLT, — IR F @ IHEEAy—VZIBL T TR Fig. 4 IR Lz LS KEFHT I3 HBO DT
H 5B,

2 &IZ, control term iIZDWVWTDRREEZEZ S, THICRBE2DOHESFET3LEZ LN,
FD 1213, EZAEHREROE S I, BEEROMEBIE-TASE 20K T 328 KEEHES
BRI ->TL 3L 5730, ENOEBIEKETZDTH 3, ZDEEIL, control term iZEFREHIC
%kﬁ%&éﬂﬂﬁmﬁﬁ&tf%ienéﬁ,t%&Lf%mﬁﬁﬂﬁd<ﬁ%%ﬁiiéﬁ¢ﬁﬁw
r,miofﬁﬁgmﬁﬂ&ﬁégééQm<ﬁmo#ubé,c@;éﬁﬁ%@%ﬁk@ﬁﬁﬁ%?f
Y, BOSERLTRUDTHHOPESPESNZDOTH B, £ LT, TRBIGEVSHEELEE L,
22BN 7 OBBESEREDSICRDT A I3, — B, ToXk5RER%E S control
term /AT B EETFRETH B, ERIRBZHUOOELWHSEHOLMEBEL L ETHAS, VWE
1o, HASIOL S mERTHY, BRI & A 1664 yr AD IS ni TR 14
bhd&kdie, TOURVHZPEOAPFSNZEED E’i)nli EFJ%F'?GL. ble-THITEN2bD08H
5o§t,%namm%%aaﬁmt«g#mtmiﬁ«g tmm&<mw#,:CTiﬁ¥%Kmf

HHBTNESROESLEBELTEL, THbb, HERO—EHERI 2 bd THNHESHFS
na@m&bf,&ﬁéﬁaxao

LT, 3B TRHRIPIRENEY, 20RZOYNBIBOTELD0ELT, KRNEFRABILE
L&,

ngM D=Go[G,() —G,(t—t) {L—e F] rreeerrereeeen an
Th 5 ORHRE L Fig. 85 IWBEHNCRT A, S SR L RS, BifoESicib L b ODEH
EBATHANG, ROLICHTIELOTELS,

G3(N, 1) =Go()Ga(F—1g) +vwrrrrerrereasrmtrmemieir ittt s 18
2) Logistic 52X & £ DR
KA TREN3 logistic FEROMBEZ, I<HShTVE&IiC, TOvFERl 1 EHAAERT
Hrcbphbsd, BHIRATRENS,

N= - L e e 19

l_No
1+ oA exp(—7)

—80—1

ST, Nol3t=0DQLEDN, TRRLLIHETS 5, ‘
1z, LLHISNTVAXS I, TOHEROENFBEROEEI M, 1o & - TEEEAER BT



438 FARKE# $£345B-2 3.4 (199D

0 1 T 0 A F
(a) (b)

Fig.85. Schematic presentation of control term in socio change model proposed.
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Fig. 86. Classification of possible time evolution solutions for logistic-difference
equation (after May, 1976).
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Table3. Characteristic values of logistic evolution difference equation applied
to population growth of cranes in Hokkaido and Japanese population
growth in Jomon, Yayoi and Edo periods

Applications pSelziri‘;zd, Y K K, a=1+ 7 At
1/3yr
Population growth Ne, 0.7 164 12 3.1
of cranes Ne, ¢ 170 ” ”
Japanese Population
growth 1/20yr
1) Jomon period Ne, 0.0016 3.33x10° | 1.2x10° 1.03
Ne: 0.0020 3.5x10° ’” 1.04
2) Yayoi period N 0.007 9x10° 0.75x10° 1.14
3) Edo period Ne 0.031 3.38x10" | 1.6x107 1.62
: Nes 0.031 3.26x10" ” ”
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Fig.87. Changes in number of tancho cranes in Hokkaido in comparison with
theoretical ones predicted by logistic evolution difference equation.
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Fig.88. Historical changes in total population in Jomon, Yayoi and Edo

periods on log-normal diagram.
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Fig.89. Changes in total population in Jomon period in comparison with
theoretical ones predicted by logistic evolution difference equation
(tyr should be by a factor of 10°).
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Fig.90. Changes in difference population between actual and predicted ones in
relation to average temperature difference in the northern hemisphere
and tree weather change index in Jomon period (¢yr should be by a
factor of 10° and solid line indicates 7).
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Fig.91. Changes in total population in Yayoi period in comparison with
theoretical one predicted by logistic evolution difference equation, and
in difference population between them in relation to changes in occurrence
number of natural disasters and plagues.
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Fig.92. Changes in total population in Edo period in comparison with theoretical
ones predicted by logistic evolution difference equation, and in difference
population between them in relation to changes in occurrence number
of flood disasters, fires, plagues and farmer disorders.
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