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Kenryo ONAGA: Fundamental studies on farmland conservation in okinawa I.

On the properties of rainfall influenced on soil erosion
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Table 1. Rainfall in millimeters of each month

=~__ month |
S 1 2 3 { 4 5 6

_Position |
Naha 113.7 122.2 142.6 140.9 246.3 305.9
Ginoza 93.9 99.6 113.9 (177.6) (248.5) (235.2)
Nago 122.7 134.8 142.6 (181.8) 285.2 316.2
Yonahadake 180.3 166.4 194.7 262.6 402.7 424 .1
Yabu 117.6 116.8 131.4 170.4 (266.1) 289.1
Kawata 116.2 (126.3) 1 146.7 (179.0) 318.4 (300.3)
Izumi 157.9 174.3 163.6 205.5 323.2 319.3
Onna (77.1) (108.1) 91.4 150.0 ; 223.5 211.5
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w, BEEFEO 1, 28, B#O 1, 3 82k iz A 100mm U EOEEZRLUTV 3, T IERE
KEIZFAA L 2000mm LA LETHE L TIIMOFHIZHB/L b . ZOPRTEHBED 3000mm 2&ET
IEI A OMBE ZR LT LEEICR YV, H2KD REFAORRMADOARBOER{LERL
rrADTH 3D, FOMICE, FaEkLLE 2500mm 2B TERMEHS D 5. HROERRIZIZNG
WGEVMERRL TS L EiRE B,
BRBEOVHZECHESL, HE, ROVOFESHEMS L IRIRE BY TEEZLLTH S,
1 MicHE ABONNREOTEHESY RL, $3RCIfeTIBOFHOZNERRLUI. B
1RiCE3 X5 KB A#: bARASRAUELETRLTV S, H1OE~2ik 6 AL, FAHT
BEZ 120mm U ERTRL, E20¥—227THOTAH»S 8 ADHAICHEAL, F3IDL~27i3 11
AOBAC 80mm #BTHEEZRLT VS, F1OE -2 [/PIHEE] (RA—vr8—2—) L
DA L2 bDTHY, F2DZ2NIRERITI-THNLHINIZDOTH2, 1L ABHDOE~7
BRI 2 EOBERBIZ X 5 500mm ROFRI I3 D TH 3. LMOMOBRBTT A
FRICERBAE LN S,
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Table 2. Rainfall in milimeters of each month at prmcnple position in Japan (mm)

- montb ‘ T VM"' T l 1

12 | 3| 4 5 8 7 8 | 9 | 10 | 11 | 12 | year
Position } o | 7 | |
Kagosima 63| 108 | 147 | 197 | 216 | 892 | 321 | 224| 205| 120 88| 87| 2170
Fukuoka 64| 80| o4|116 116| 245| 227 | 152 | 241 | 97| 86 79| 159
Hiroshima 40| 68 (105|138 | 144 | 249 | 230 | 107 213 | 113 | 66| 51| 1527
Osaka 38| 57| 87|116| 117 | 183 | 148 102 | 170 | 124 | 81 51| 1274
Tokyo 41 77| 95|136| 138 | 177 | 146 | 148 220 226 96| 58 1568
Sendai 85! 43| 57| 108 | 10| 142\ 156 | 134! 102 135 66| 46| 1216
Kanazawa | 280 102 | 167 | 156 | 128 | 156 | 204 | 132 236 232 | 261 | 341 | 2486
Sapporo 103 | 78| 65| 59 59 58 95| 112 138 | 119 | 125 | 107 1119
Abashiri 70 l 44| 50| 53| 65| 59| 86| 98| 126 84| 80| 52| 867

e e DUV SR — R ! e e

AL AiEKE (mm)

at Naha and Northern parts in Okinawa (mm)

7 ‘ 8 l 9 ; 10 11 12 year Data period
175.2 i 271.3 182.0 161.3 | 155.1 128.8 2145.2 1952-1967
(179.8) | (214.4) 111.1 160.3 | (150.1) 107.9 (1938 .1 1958-1967
190.7 292.5 212.0 173.2 171.3 137.5 (2385.4) 1953-1967
196.9 328.2° 238.1 = 327.6 279.0 % 218.7 3219.7 1959-1967
190.5 (250.7) 193.0 148.1 146.9 117.7 (2182.3) 1953 -1967
(136.9) | (244.4) (176.8) ’ (171.2) (148.4) 125.0 (2228.3) 1955-1967
205.7 272.9 (178.1) | 196.1 179.8 171.8 (2578.5) ”
(171.0) (192.3) 134.1 \ (154.7) 137.3 | 114.3 (1880.0) 1958-1967
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Table 3. Every ten days’

1 2 3 4 5 6
__position " !
29.6 | 53.5 33.8 31.8 78.7 134.0
Naha 27.6 | 37.0 69.7 | 37.2 82.5 126.0
49.6 | 28.8 43.6 60.4 88.5 41.2
_ 18.9 39.5 19.7 44.7 (71.0) (99.3)
Ginoza 37.8 | 35.9 56.0 (45.5) (73.7) (98.2)
7.2 | 24.2 38.2 (84.2) (101.8) (37.7)
43.2 1 4.9 | 31.8 | 45.2 86.1 118.0
Nago 35.0 | 51.1 61.4 45.9 92.1 189.4
46.2 | 35.8 447 81.4 108.9 69.6
J R R | N R R _ - -
60.7 55.2 | 52.3 82.1 | 124.6 156.6
Yonahadake 46.0 | 58.7 82.3 70.2 131.8 174.8
73.9 51.5 60.1 110.3 146.3 93.3
34.1 | 43.1 | 3.6  42.3 89.1 | 98.1
Yabu 36.9 5.4 61.1 45.1 98.9 | 134.0
41.4 | 29.5 | 38.4 79.2 91.4 ©  53.2
o N — e |
35.3 47.1 343 | (50.7) |  94.9 ‘ (101.0)
Kawata 37.2 40.1 67.7 | (40.7) 110.2 | (127.4)
40.9 (31.2) 4.5 | (82.2) 13.2 | (57.7)
. 51.4 58.7 | 41.8 50.0 | 100.9 | 119.5
Izumi 42.3 64.4 | 76.9 58.5 | 102.2 | 169.6
63.0 51.7 | 47 .4 92.6 ; 2.5 | 544
ey @80 | (7.9 3.9 | s7.9 | 77.0
Onna | (20.3) (39.6) | 51.8 3.5 | 76.7 93.4
| (40.7) (22.5) 27.9 ‘ 69.6 | 92.0 41.1
R g b ] | . R e
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Fig. 1. Every ten days’ rainfall through the year
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B o F* g i (mm)

rainfall of each month (mm)

7 | 8 9 10 11 12 Data period

207 | 154 | 628 58.1 27.8 | 31.1

8.1 | 1015 | 52.3 76.9 81.6 49.0 19561967
111.8 45.9 | 69.3 40.4 19.5 61.7

I — PR S

28.8 | 72.4 32.4 64.5 | 57.2 | 33.7

(36.0) | 83.6 45.5 57.7 67.3 41.9 19581967
(.7) | 465 | 3.3 381 (20.4) | 44.5

31.9 1000 | 72.8 60.8 40.8 34.5

38.6 110.2 | 70.3 68 .1 108.3 50.2 19561967
9%6.3 | 58.2 665 52.8 26.7 62.5

55.2 1084 | a6 | 1085 75.0 59.9

40.4 46.1 | 91.6 ,  146.0 | 1537 81.3 19591967
101.4 | 748 | 1049 | 73.1 50.2 77.5

29.1 | 847 | 67.2 55.8 36.6 31.3

36.8 | 99.2 |  €6.6 57.0 86.4 48.7 1956~1967
9.9 443 619 48.9 27.3 49.7

25.0 |  86.8 5.1 | 6.2 26.3 32.1

27.8 |  95.5 51.4 66.8 (88.1) 47.0 19561967
58.9 440 | 4.l 9.4 | 22.8 56.1

34.0 98.5 | 76.0 67.2 | 38.8 48.8

37.6 116.4 | 72.4 77.0 107.9 61.2 p,
109.3 49.7 | 625 52.3 35.5 71.8

426 | 654 | 359 49.2 38.1 32.2

309 | 698 | 514 72.1 78.8 46.5 10581967
2.0y | 455 | 448 (20.6) 20.6 35.6

— ! B S, S R

# 4 5% 10 HA5%KED ARKME (FH)

Table 4. Max. of ten mnutes rainfall intensity of each month at Naha

—— e l e e : == s
! Rainfall in millimeters to be |
\ Max. of | Max. of 1 : - i
N mean | expected 10 minutes once in :
N | 11&11(:{ llci)gﬁ' value I data period
Month - l 10 years 5 years 2 years
1 200 | 1.8 | 87 | 177 14.0 8.8 1953-1968
2 20.0 2.4 8.8 17.0 ! 13.5 8.9 1952-1968
3 23.3 2.7 9.1 19.0 ! 14.5 ‘ 8.3 n
4 17.6 2.2 8.8 18.5 14.3 } 8.4 ”
5 18.8 4.2 11.9 l 18.0 15.5 11.5 ”
[¢] 23.3 5.6 13.2 \ 21.5 17.0 13.0 1961-1968
7 16.3 1.5 8.4 15.5 12.5 8.4 n”
8 21.0 | 5.4 11.9 19.0 16.2 12.0 ”
9 13.7 | 4.6 9.3 14.0 12.2 9.4 ”
10 13.8 | 2.6 8.4 14.2 11.6 8.3 ”
11 18.0 | 2.3 9.3 16.0 14.0 9.0 "
12 19.6 | 1.8 7.6 16.2 12.8 7.7 ”
|
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K3 10 HURERARETH Y, FRIZFAL CRKEOR /I ZHETH 5. 3 - FHEIZ LR 5
TRITHMU I BEKEDOEETH 3, RRETRERSH D 16~18 ORGSR b & 1T 2HEREREE
L >TRDOIETH 2, RIZEBE 65D 10 HEERFBRED 10 4F, 54, 2 EOHBEIZ ZHE
N 21.5mm/10min, 17.0mm/10min, 13.0mm/10min &5 h, HE 5.6mm/10 min DL EDRERME
DR E S IEHERT B LT3,

3. MER MRENEY

THREAPOIELTEEAONIREL ORI TR IR ARIER AT, THER/ 0
FECTEBOELL LTS, H5RD 3EE EE BRICH 2 EREFRER 2 REMICTE L
1ZbDThH3, LDEPS bO®»B L HIC 3mm P EOBFREREIENE 50 HTHE, BHOZ
NOZNENIMFABRE S > TR VB THOHBHEEK S 2T 3,

4. BRKER 30mm W EDHRAK
B AL 5 rPNic 1) 5 BIKE 30mm LA EDARIASKS H2 K, %3 RICRT. &Hie b 5,

WS RENLREWNE K

Table 5. Frequency of dangerous rain (mm/10min,)

QO minutes '—_Wi 777777777777 B
; m tensity | 4 mms 4dmm=<' 6 mm< 8mm=<{10 mm<|12 mm <16 mm< Period
_ Position - | !
Takamatu 11.5 8.8 ‘ 4.7 3.4 2.4 1.6 0.4 years 12
Hiroshima 16.6 | 11.5 | 6.1 3.3 | 2.1 1.3 0.3 n 15
Mana 50.1 39.1 25.6 15.8 9.0 5.6 2.3 » 8

#6kx HBKE lmm, Smm, 10mm LD BB A

Table 6. Frequency of daily rainfall over 1mm, 3 mm, 10 mm of each month

S~ _ month ’*‘ | |~
. 112I3 4/ 5/ 6| 7| 8 9’10'11 12 Data period
Position . Raipfali\ R I o |
1.0 [12.2]11.411.810.913.018.710.414.111.2] 9.4] 9.611.6! 1931-1967 1945 2
Naha 10.0< 13.63.7 4.5 4.5 5.8 7.2 4.2 5.8 3.8 3.1 3.4 3.9 24¢ 2. 3. 4. 0
30.0= [ 0.8 o.s[ 0.9 1.5 2.6 3.6 1.6 2.3 1.3 1.2 1.0, 0.9 12 35 4%
1.0< 13.7'11.312.3‘11.3'14.215.2'10.815.1(12.1‘10.55 8.513.6| 1956~1967
Nago 10.0< |3.4/3.54.3 4.58.3 8.4 3.5 6.7 4.3 3.5 3.3 4.0
30.05 07 1.1/1.2 1.8 3.3 3.7 1.3 23 1.4 1.6' 1.3 1.3
| I S SO T DU S
1.0< 18.810.211.310.313.314.3 9.3‘13.8’12.2’10.1\ 9.3/13.5 "
Yabu 10.05 |3.3 3.0 4.2 4.3 7.3 7.3 3.3 5.6/4.7 3.3 2.8 3.2
30-05 0.80.90.0/1.82.83.11323151.31.31.3
1.0< 114.812.7)12.811.514.414.610.4/13.811.8/10.310.4/14.8 »
Tzumi 10.05 | 4.45.005.4 5.38.28.3 4.16.0 4.5 4.1 3.4/ 5.4
20.05 | 1.31.4/1.22.18:9 8.7 1.5 2.4 1.3 1.4 1.7 1.7
| -
1.05 | 9.5 8.3 9.7 8.113.314.010.212.710.6] 9.0/ 7.713.1] 1961-1967 1. 2. 3.
Onna 10.05 1.8 1.7 2.4 3.9 6.9/6.13.55.3 8.7 2.0 2.6/ 3.7 7. 8 g3 65457
30.05 |0.20.8 0.5 101 2.4 2.4 1.71.5 1.7/ 0.9 1.1 08|
. 1.05 |9.96.610.3 9.013.3'13.7[ 8.212.810.9 8.9/ 8.4/10.6 1961-1967
Ginoza 10.05 2.3 2.1 4.0 4.0/ 7.5/6.5 8.2 4.5 3.4/ 2.9 2.4| 4.1
30.05 0.4 1.00.61.72.7 28 1.5 1.7 1.1 0.6‘ 11 10
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Fig. 2. Frequency of daily rainfall over 30 mm
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Fig. 3. Frequency of daily rainfall over 30 mm

6, 8 Bizi3 42 BLLE 30mm LA EORMBHIRT 2 Liwisy, AMMKE. 10 SHERMBEL b
i, BRREED 100 index T3 EMBTESB, 10mm LAE, 1mm UL EDOREICDOVTIAALE
B EmBALNS (F6R).
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1. SREEHIEE LT 1955451 Ad 5 1967 4 12 A 3 COHMBRARITRITORRER, HEOD
SR (1963 4EFRIT) B IUMRBBEDOKER (1964 F£51T) % b LB LI

2. #1ZOAERBAKROESEDOHTT () RRIRAOERRCIEHETHH, fhoMas
BLTKEDD 2 AREHEEPEVEDD ZWEORRCERTZ D TH 3. T HEWBEDOW
BOEIIC K X DIER 498 m THRMIN TR Y, IWEFFORRICLIZDLBbN S,

3. $4FD 10 HERLBBFRBECOT EAOLYHEL 2 FRROEVRA ERILEZFLT
WBEDIR, HBOZDFICK ZBRMECERKEDIE S D AVERSMT 3 & ORETEHEIN,
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BOBEDO BB ot Eink B,

4 [RAMERREER DHOBEMPLTBMOME I L > TR 23, BASHOERERICLS L, M
#15° T 2mm~3mm/10min. HBRABTRETH 3. EEVATHEFIC LY, HE~—vL8 (8
+) ROVTERUNKER, HA 7° O LB TEKLEY 32% D& 3 25mm~35mm/10min. T
runoff %2 R72o MRBIZEBWT S 2mm~3mm »BRGRNREL LTHELXA LV EEbR 3,

5. HIRIZHEBHINTZWILEOMOBRTT, SHOMs SIZFEk Rl ERI%AED 2500
mm Y bEET 2Ty, WHETLAE > TIBESHLOEMNI PERO 206 X h, +HERD
fERRIENKTH 3 LA B,

2 £ x ®

) —Ft 1963, BBV B UMEAROIRT LA (%) hEsE 2(1) : 80-89,
2) FRENEEEATIMEES 1967 THEAROEAME: LAYE (E%) p. 80,
3) /N #1963 KEKEAEMAF 1% p. 408,
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Summary

The characteristics of rainfall influencing soil erosion were studied. The results obtained
from the data of precipitation on Okinawa are as follows:

1. The average annual precipitation in the Ryukyu Islands is slightly above 2,000
millimeters, and it is as much as that at Kochi and Wakayama, Japan.

2. Rainfall for each month at Naha and in the Northern part of Okinawa is generally
estimated at above 100 millimeters.

3. The annual precipitation as well as its monthly and every 10-day amount on Okinawa is
not favorable for the soil conservation. The maximum monthly precipitation as well as ten
minutes rainfall intensity is received in June, and the next to these monthly rainfall and 10-
minute intensity in August.

4. Dangerous rainfall (3 mm/10 min) frequency affecting soil erosion is extremely high
compared to that at Takamatsu and Hiroshima, Japan.

5. In May, June and August, two or more days a month are expected to have daily rainfall
over 30 millimeters. Therefore, soil erosion is liable to take place in these three months.



