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Rainfall Intensity Formulas in Okinawa Islands

Seishu KINA

Synopsis

In designing a sewage system the determination of flood discharge is the first
requisite, Therefore, it is important to select and use the right rainfall intensity
formula which fit well for tke weather condition in the area concerned

The purpose of this study is to test the usefullness of some of popular rainfall
intensity formulas when applied in Okinawa Islands, The formulas considered
herein are those presented by A N, Talbot, C_.W, Sherman, and S, Hisano,

The weather records used in this study were collected from the weather
bureaus in three cities, that is, Naha (Okinawa Is,), Hirara (Miyako Is. ), and

Ishigaki (Yaeyama Is.) .

From the discussion prezented in this paper it was found that Talbot formula,
expressed as I=a/(t+b), is more suitable for weather condition in Naha and
Hirara, whereas Hisano’s formula, I=a/(vt —b), was found suitable in
Ishigaki. In these formulas the letter I means rainfall intensity in millimetre
per hour,t tke duration of rainfall in minute, and a, b are constants, The
values of the constants were determined from the weather data in those three
cities for sgecified frequency of occurence, say, 1,2,....... n year storm, It is
also found that five year storm frequency are more preferable to use in the

formulas as a standard in all of these cities,

The constants a and b in this case were determined as 9280 and 62,
resrectively for Naha, 5590 and49 for Hirara, and 674 and -1 3 for Ishigaki,
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BEREZEEIhTVAVISRAS,

FRERBERCPAPSL, BERKERONERENELERIRTOHAICI VED, LR
EHoBRREARBORN TRy, S£HE (BRE) T 2BWHREANERL,

b AHATOROEBK R HEABEMR, WHEI Y OB, Moms, HE, A2H
WHILRORBLE X > TRV, BBEENCL, Bt AKX VECIVRZOTHR
ﬁ#ﬁﬁﬁfbéobmb‘1ﬂﬁ®ﬁmﬁﬁ?6&mﬁgﬁﬁmwﬁgﬁ%ﬁ%ﬁﬁﬁo
ZOBEELTHS 2L ATE, #83k,. MWIEEU EORBAEFEREA TV S,

2 THRELAFEM R Talbotl & Shermanfl &, ZOMEOHEE L b b 2 AHFED
ZEoDRBIZOVWTWTFABR I BEATHPRFET, ZhELO=THcEL X CEET
BRI EZOMBFOBRRBREAR L LTHAL, 2hick - THREHEE2T -, ThiTk
> TFAREHELEROBE. A, NI/ R & 0RFEEO—IHZ AT
FTZLRBCEBLBY,

I BEm&EH

BRERHIIET. RARRE, HEEI3ER (1953~19654) . ERT. BEHRARE. &
204 (1947~1966)  AIEN. AEHUKEE. HH204ER (1946~1965%) kbl - T

Table 1. Intensily of heavy rainfall in Naha (mm “tr)

Serial |\ pERRE | s | 1o | 2 | 0 | 40 | 60 | 80 | 10

No. pér pear min min min | min min min min min

1 0,076923 | 156.0 | 199.8 | 120.3 | 118.0 | 114,0| 86.3| 68.3| B56.5
?g;fspef 10 0,100000 | 150.6 | 139.8 | 120.0 | 113.6 | 106.7 | 82.7| 67.9| 56.1
0,154846 | 142.8 | 139.8 | 120.0| 103.2 89,4 74.3| 67.1| 55.0

gggjspef 5 0,200000 | 141.4 | 131.5| 116.6 | 101.6 | 86.1 3.9 | 65.9 | 51.6
3 0,230769 | 140.4 | 126.0 | 114.3 | 100.6 | 84.0| 73.7| 65.1. 49.4

4 0,307692 | 135.6| 120.0 | 101.1| 93.2| 82.9| 73.3| 65.1| 48.3
gggispef 3 0,323323 | 134.4 | 120.0| 100.4| 92.1, 82.2| 73.3| 64.6| 48.1
5 0,384615 | 132.0 | 120.0| 99.0| 90.0| 78.8| 172.3| 63.6| 47.9

6 0,461538 | 126.0 | 118.8{ 97.2| 90.0| 76.4| 69.0| 59.6| 41.0
;2gjspef 2 0,500000 | 123.0 | 118.8 | 96.6| 87.1| 75.6| 64.7| 59.6| 41.0
7 0,538461 | 120.0 | 118.8 | 96.0| 84.2 ’ 74.7| 60.3| 58.2| 40.9

8 0,615384 | 120.0| 117.6 | 90.0| 81.0| 69.0| 60.1| 52.2! 39.2

9 0,692207 | 120.0 | 111.0 | 84.0; 80.0 ! 68.0 | 59.6! 52.2| 39.1

10 0,769220 | 120.0 | 109.8 | 80.7 | 79.4| 65.7| 57.4| 452, 38.6

11 0,846153 | 116.4| 109.8 | 78.9| 78.8| 65.6| 57.3| 43.4| 38.3

12 0,923076 | 108.0 | 109.2 | 76.8 | 77.6| 60.0| 50.7| 42.8, 37.7

13 1,000000 | 108.0 | 108.0| 76.2| 71.6 ‘ §9.4 | 50.2| 42.2| 33.8
femrager 132.28 122.16| 100.26 91.96§ 80.42 | 68.63 | 59.65 45.56
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Table 2. Intensity of heavy rainfall in Hirara (mm ~hr)
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Average

- RN RN R
1 0,050000 | 198.0 | 187.2| 145.2 | 108.4| 107.6 | 100.2| 93.7| 79.3
(once per 20
years)
(once per 10 | 0,100000 | 177.6 | 163.8| 120.6| 106.8| 105.2| 9l.2| 82.9| 61.6
Fe 0,150000 | 156.0| 156.0 | 118.8 | 105.0| 108.1| 83.8| 73.1| 57.5
(once per 5 | 0,200000 | 156.0 | 153.6 | 116.7| 105.0| 100.8| 78.0| 70.1| 49.7
FEAIE) 0,250000 | 156.0| 139.2 | 115.8| 100.8| 92.1| 76.6| 63.8| 48.5
6 0,300000 | 156.0| 182.0| 115.8| 98.4| 90.0| 75.0| 6L.1| 48.4
once per 3 | 0,333333 | 154.8 | 131.4| 114.6| 96.2| 87.6| 72.2| 61.0| 47.4
pata 0,350000 | 154.8 | 131.4 | 114.0| 95.2| 86.4| 70.8| 60.9| 46.8
8 0,400000 | 151.2 | 130.8 | 104.7 | 94.4| 85.4| 70.1| 58.3| 45.5
9 0,450000 | 144.0 | 130.8 | 103.2| 94.0| 83.4| 69.0 58.3| 45.1
(once wer 2 | 0,500000 | 144.0| 126.0| 102.0| 88.8| 83.1 68.7| 58.2| 44.4
Py 0,580000 | 144.0| 124.8| 101.7| 86.0| 78.0| 68.1| 57.2| 44.3
12 0,600000 | 144.0| 120.0| 99.6| 84.0| 78.8| 65.4| 55.7| 42.3
13 0,650000 | 141.6 | 118.2| 96.0| 83.8| 77.4| 63.9| 55.6| 41.0
14 0,700000 | 139.2 | 117.6| 96.0| 82.4 | 75.8| 63.8| 55.6| 40.1
15 0,750000 | 132.0 | 117.0| 94.2| 80.0| 75.6| 63.0| 80.3| 39.8
16 0,800000 | 132.0| 115.2| 93.0| 78.2| 75.6| 61.9| 49.9| 38.5
17 0,850000 | 132.0| 114.6| 9lL.2| 77.6| 73.8| 89.0| 49.1| 38.4
18 0,900000 | 132.0| 114.6| 90.6  77.0| 172.9| 88.0| 48.8| 5.7
19 0,950000 | 132.0| 114.0| 89.7| 76.6| 72.9| 57.5| 48.3| 35.5
20 1,000000 | 132.0 | 114.0 | 9.1| 74.2| 72.8| 57.0| 46.4| 34.6
Average, 147,720 131.04 104.90 89.83 84.56| 70.05| 59.85 45.84

No.l to 20
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Table 3. Intensity of heavy rainfall in Ishigaki (mm, ~hr)

S mme | 5| A DRSS ®
per vear
. ;er - 0,030000 % 204.0 | 186.0 | 154.5| 121.2| 101.7 | 95.4| 89.3| 79.8
years)
(once per 10 | 0,100000 | 186.0 | 174.0 | 127.8 | 108.2| 100.7 | 86.3| 79.5| 69.8
years) 0,150000 | 180.0 | 159.6| 119.4 | 104.4| 93.0| 79.0| 66.8| 55.0
(once ger 5 0,200000 || 170.4 | 150.0 | 118.2| 97.6 | 81.9| 71.0| 62.4| 52.9
yearsé 0,250000 || 168.0 | 144.0| 114.0 | 92.6 | 80.1| 68.1| 6l.4| 49.3
6 0,300000 || 136.0 | 138.6| 107.7 | 91.0| 77.3! 67.5| 58.4 - 48.4
once per 3 0,333333 | 156.0| 137.4 | 105.7| 89.4| 76.3| 67.5| 57.5| 47.4
vears 0,350000 | 156.0 | 136.8 | 104.7| 88.6| 75.8| 67.5| 57.0| 46.9
8 0,400000 || 156.0 | 136.2| 97.5| 88.0| 75.0| 61.3| 53.6| 45.5
9 0,450000 || 153.6 | 130.2| 96.6| 80.8| 74.0| 60.2| 53.6| 43.5
10
(once per 2 0,500000 | 130.0 | 126.0| 94.8 80.0| 71.0| 59.3| 52.5| 43.5
yeatsgl 0,530000 || 147.6 | 123.6| 93.9| 79.0| 70.1| 57.4| 52.4  40.7
1 0,600000 | 144.0 | 120.6| 88.2| 78.8| 69.9| 56.7| 5l.4| 38.5
13 0,650000 || 144.0 | 120.0| 87.0 78.4| 69.9| 56.5| 50.3' 38.0
14 0,700000 32.0| 116.4| 86.4| 71.0| 63.8| 55.9| 48.8 37.3
15 0,750000 | 132.0 | 116.4| 83.8| 76.2| 68.7: 55.7| 48.6| 3Ll
16 0,800000 || 132.0| 114.0| 84.9| 74.0| 66.0 53.2| 48.0! 36.2
17 0,830000 |- 126.0 | 114.0| 84.8| 71.4| 63.3] 52.0| 47.7 3.8
18 0,900000 j 126.0 | 114.0| 83.1| 70.0| 62.1| 51.8| 46.5 35.6
19 0,950000 || 123.6 | 112.2| 82.8| 63.2| 61.2| B5lL.1| 449  24.9
20 ‘ 1,000000 | 122.4| 108.0 | 82.5| 67.6| 6L.1| 50.7| 44.9 1 4.7
Auerage, 150.48 132,03 99.69] 84.63 74.57 62.83 55.85l 43,16

No.l to 20
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RELc, WEFRMY 0K 5, 10, 20, 30, 40, 60, 80, 12043 0K RkEEREEIz o\
T, A (mm) 2—EMORED., HAEPS AMETOLOEEH O H DB
E»bHEL LD, AMUTORFETHERAE VL OISOV TIX, BEHOES13EE T
13MIEAA, FERTE X CRETIZ2UERP0MEUANOEICZLZ VR ES 2 B 72, (10
S L0FHOERRREMEAI X 2 HBEOREREREEA LD D TERE E A L
o )

RERGEE 1% [ =Rx60/t (ELRIZEFRE (mm), tIBERIAEGRE (min)) 2 5 EH
U, ikmersiifgic iz & 23, BBETORSBEMO ST b RS S oEZ 1615 5136 %
TEMHL TIRRERZD 2 Table1 Th 5, (EMSEHE) » TR, GHEARZZE b £ 1
Table 2, 3IZRT, ThoDOERPL, FHE (el xid 1., 2, 5, 4 1 BOKXH)
A3 2ENBEARNE X5,

I EEEOKRE

APE L 7c & 5 T BT v 72 R B EE A IZ )k o Talbot®!, Sherman®, 5 L CABFEID
=0T B

[=a/ (b+t) -eeeeeenn (1)
I=a/ (t0) «erininnin, 9)
I=a/ (vt —b) -eeeeen (3)

I =FEMsE (mm hr) | t=#kEERE (min) | a. b={&%,
HEBREICHCERERT, B0 A7 Y20 aL L, Z20OMBROBREEY ST
leHCHBETORE Table 10 1251002 T, ZAH, BLCREHOBLRTLEN
1P 20 E CTOEHEE b - T, RFHL Lz, ERERoBEREICE, &8T5

RV, ZThboxXh b &/kEERER (5. 10, 20, 30, 40, 60. 80, 1204}) icowT®
] 156

q
230
1= t8+ 0.0 M, =2.23

252
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\ Ts=verzs Ma
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Fig.1 Comparison of gcodness of fit for Talbot’s, Sherman’s and Hisano’s Formulas
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Table 4. Examples of calcillation of curve fittings for Naha

) ® ® ® ® ® @ ®
EEEET | ARBERE | (ORBEEE | 900K | OREEE | @00F=E | OREEM | @DnfF=E
t (min) | (mm/h) |(mm/h) 11| & v (mm/b) I 2 v (mm/h) I3 v

5 131.3 128.0 | — 2.3 149.0 | + 17.7 144.8 | + 13.5

10 122.2 118.7 | — 3.5 18.8 | — 3.4 120.8 | — 1.4

20 100.3 103.6 | + 3.3 8 | — 55 97.9 | — 2.4

30 92.0 9.9 | — 0.1 83.0 | — 9.0 85.4 | — 6.6

40 80.4 82.6 | + 2.2 5.6 | — 4.8 772 | - 3.2°

60 68.6 8.7 | + 0.1 66.2 2.4 6.4 | — 2.2

80 [ 59.7 5.8 | + 0.9 60.3 | + 0.6 59.4 | — 0.3

120 7 45.6 45,7 | + 0.1 528 | + 7.2 505 | + 4.9
o e e W e o | T

RRBEXYREL. BELHEEL ORZEV 2RO, EXRFHREMEM =y 3v2/N

(N=8RBAEE) »oROZORKNNCE - THEELRKTZZLATES, BETHO
BAOBAERB B %R+ L Table, 4L Fig, 10X5Th3s, LB, AETIC>
WTHLRERFETEHE LR E £ L ®» TTable, 5257,

EFHREHOSA, Fig, 1Kk UTable, 4 »5HH0X 5 iz Talbot BIRM=2 23CE& b
ISBELTV D, ELICRHERRES300 L VB 5 L ERE L HEERZ I —HKLTY
%, AB, ShermaB3604% &P Wi ETIRIETFh Tv&, 604P LT ikktR N &<
BBACLER> THFRENTWLERED 5,

Fi B e =} a H
= Eivl M ¥ bl M = H M
8,230 7,860 7,510
T +60.0 2.23 4 - t+50.3 4,78 “t+53.4 9.21
252 293 303
t 0.33 i t +0.36 7.2 t 0.39 Bl
676 647 574
PNy 5.84 S S 4,84 | T T 3.63
v t+2.43 vV t+1.84 Jt+1.38

KICEBRTOHE TH 525, Sherman BZM=7 20CRIEIc & b7, Talbot %I & A B
BZHE®T 5L, ThEAM=478, M=4 84TZDEDLTH0.06TH 5, HRVTHIZL
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TUBEERThBELRZVOT, H 1410 Tablot BE L3z LicLi, 4% BH0OL
BRH3LB5, AENIERMEIC5S, 10MBERKEL, AN LLEALT
Vwh, BRI, EEROBRSM I TablotRl L ABRIOR, £33 20RE 5L
&5, ShermanBizH £V HTRES AV ES KBS, REMFET, %%gﬂﬁmén
-(cz)wz@z‘STalbotﬁv%omcShermaﬁrbigv‘ BRI L T, FERE, AFE
—BRIIRHFOLEZRFAL TV 3,

NV FHDOERRE

SERATHTREBOMRER., HZDEILBEAETHRMicx Y, zh¥h1l, 2--YearStormiz
2V, BMEREIC X VERBEAREZRY, 20ARIC X ) FREGREICET 3H0E %
WHL, #HE% Table, 6 LFig, 2. 3., 427+,
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Fig.2 Intesity-duration-freguency of Fig.3 Intensity - duration - frequency of heavy

heavy rainfalls in Naha city, raifes in Hirara city
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Fig.4 Intensily - duration - freguency of heavy
rainfalls in Ishigaki city
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Table 6. Intensity - duration - frequency of heavy rainfalls

VE1ED | 28 1H0 | 5E1E | 1061 H | w =

s z'zc @'ﬁg o fﬁg SElTC mnEk | W B
oy oo | 5530 7360 9280 9990 | 9960 | #mbmAk

A B Tavotll) —The | s | tg60 ]‘?Im‘}‘ziw* 135 1 18 L

s 5530 7610 8590 11700 1590 ﬂ%i#ﬁ%jiki2oiﬁ
* = [Tabl"@) T+ | Tt452 J t149 | £469 | Ttyol | 1EORE

5 m\awymj . e ,~5@—m‘ﬂﬁ \ﬂgﬁg@m*

Jt+12 | vt4L2 | yT4l3 | vt42.3 | JE42.4 | LEORE

M obEbr0X 5 ICHEEROHAE, MERRZS5, 10aFTRr Y REREE
RLEDREVDE, ZOH0SETIIAKCETL, ZoMETEE8TO Y b, FEiTkAD
h->TWvd, RAEELZRD 2 EIO0FTBEE L LT 2008 FETH 50 CRERN
BEARZ IO IRELI—TORELEERT 2 LERD 5, FET ORGSR
TAHAEEL T BB L2EL LTHRER/NS v, FRTOHAIHE, AEATOPEEL
wx k5, BBEH D —7 Ctl0year storm & max, storm & OEBEIELL TWwa DX, 13
EFLIERIEL LD 5T (o ZMHTIX204ES) 72, 10, IMELEPEEL TS
12D Th D,

L AHACHEIFEMELRRT—o0 AR TRTIZLNTERVORYBAR T D 2
2B, WREBOEALUEDERZ b Db2E L5, LEZHHE LRBIc Wb 0ER
BB,

B — B SR MIC (2 2 B L b BB BRI 7 2B T B 28, 4
BEERARETHEREFARE D —BRCREVILETFRIL A, WEESICB VTR
BEOLABEEOBMC L EERBRRIZVOTREALS 5, ZRRERORESHHR, ER
E, EFW. BW, 8RE2HTH Y. L{CEROBE BN ZRFERRICLDZ 1S
Wb THHI,

BEYORFHC D o THRER L HEOBEOH 2 A CEE L dhiXkbiva
LEVOIETHRY, MEIEONRLRHEECT 20 I TOBROEEMSEL Z MO
BeMiC X B 25, Bk R (R TEEH Tix10~15year storm ¥ BRI+ = L 2
bB, ) BERVTIL, KfE2 ~5year storm#EERTNRELAR L LT 5, (FAKERZ
HHETX 3 ~ 5year storm & HE) .

WBHEEOHTHEK TR EOBREONELEECTAHE I VAR L THS, Table, 7
X 1RGN TR EoBRoOR S B L ofFEERT, (E¥RiE Tablel, 2, 3 0#
ME»5H5) . Table, 7hbbh 5k 5iz, 5year storm & R EEIGERZ L 2AE
LEEATHDIE OB S, Tabb, HETTIX75mm, hr (5 year storm) LLEDORE
WMoBZ 3EIIEMPIL -2 1TSS, LiHrLbTh5mm hrikiEz FiF7omm/
hre+2LEHix1%¥c4BEL, 5EEARD, ZDZ LiZ7T0mm  hr2EH iz T 5 L 134
FH 5 EIOINEE FREL B LichB, T5mm hrPl Lt EEZOEH T TH, ek
IEDREEZBE 2B LT TRELREEZR LSS, LEXPSDECR 20T R 3 #
FeEhv, ¥R, FEHETHBER L2 LBOHEMEZRTL T3, T & b b, 5year
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Table 7. 1 hour rainfall intensily and frequency of cccurrance that was aqual to Or
more than stated magnitute.

il 1 I B el S|
1 5 1R | [ 3 1MsE | B %K
lﬁ ﬂ (134}5'13) & | (20EH) W & | (205
53 il 63 19 55 15
|
oo - S e - !
! | ¥ 2 year % 2 year
62 i 8 ! 20 3 storm 69 3 storm
= ¥ 2 year | = =
63 6 pel 73 6 65 7
| % 5 year %’\J 5 year
n 8 80 3 storm 0 % storm
= %9 5 year - -
73 1 i 85 2 73 3

storm#Z LMz 5mm hrEEZF|ETIF2 L, Wb 3EIEEERZML, S5mm  hri
#EFE LT Th o 1BIONEERES XY BT &R, BR=Z=>0#8H ik L@ <5
year storm&¥ BEIGBEZ L AR LAENTH 52 Bbh b, (AN VCETHEZES,
BEHCLH/RTHS I,

REOFRLLTERARI A ERS L, EkAKRIIZL D, 2year storm% 2 5 Z L3k
v L2L ZoHERENZAHBETI3EMIC 68, FRH20EMIC 8E., FEM04ER/ I
QEDOFEROILEEZ TFHEL TV 3,

V& U

1) BB, ERH, AEHFCSCTHEREARRUEOBAEOREL L, 1, 2, 5,
10, yearstormp X CHRARFEMIC 2V T, BRBEARL & O, BEHEL T- 7.

2) WEERENHKRZ., HBHM=2.23 (Talbot®) , FRAM=478 (Talbot®) FiH
HiM=3.63 (AFED) CTHEEEIHEGRY

3) kR 5 ~ 120 I T= oW & T 5 L AET S ERFFRETE, FRT SRR
MR TS v X5, BBTNRBESREL/PMEV,

4) BEEFREARE L TEEWHiv-Fh b 5year storm B3I X f, Mk OMEY:
PORLEBENTH D,

5) MlTA#2 L, FRT MO oOH L BAELBVWTRAREAZT RV, LALID
HOBRL, AFETHLM=484CTalbothl (M=4.78) LI VEREV, FExOKR
BEANRICB VW TIX, &< iz 5year stormd 10 year stormd 7 — 7 i3 GRS &2
Bl THEEL S OB TRHEE LR LTV 30T, ZOERFHICOVTREICHRHN
DEMPED 5,

6) B, TR, FETZVEMSR 2523, BEHOSBERBAECEFTCBEL T
PHEDF—F—ThH YV IMEMALLEREP 5,
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7) AKBZRERSZS 5N Z ZTCRBRE-> Ty, EMBREOBRRS A 1k 1600~
2600mm /year T W K LB o TREL BTV 3, BRBELEZIE-TLSZ
ERTFRENZBEHICIBECRHETFLEL ., TP RVCOREETHD, §RT—F
ODEBIZLI VB EPVRASIBETHSH,

8) MBRENONEITZ Z TREE-RICAVOA TV IR/PEREC L o722, TTILE
HEA, FEEBES I >TEEBEhTV3L5ic, §80FME L CRAIH 2R
FREOEAO—BORE, ¥RV OZINS,

BERECH - TO, BRIKFFEFOERBANFEES X CRAKRO KR, EHERR
REMR, NBEUKREEHREOF « 0@l /1. HEICEHEL 3,

5 B X R
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