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Z O TR—HABHFOEROBARMOEHHE, KBk ksl UZ0RRETEOHMBERN
T3 DHKERTOFE L BITERHC OO TEAT 2,

BB R T 5 oD/ NRBRIS TERAS N BRI AR, HKBIROREII T~ TBERE
AWTIT» o AEDIEFIZIZUDIC—BRE (R), HHE (Q) 3 XUWMBREASRER () £A
HLT Ly & b LDEERD S, b DL LTRBERED D SRUD LAMKBE TOBRRELZRAT 20
DRAITH A%, AXTR b icHE LT R OEHSASOT, BHEOEEL, =0 & L7,

Riz, HREBOR BKEHERTHKLNMOAMERHOWRL KB LEANL, HFIHE
TEREREHET 5.

AHNEEENRTZ2LROEBYTH 5,

D AZEE
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(1) —BRE (R

(2) BEt & (@

(3) PERBkSTRER (b

(4) —dkHIMOBRMFEMER (1)) LBRURMHHE (D), T 3EMHBERSIT T=1,
2, 3, - » NThs, )

2 WAORAE

(1) PRk RER (W)

(2) MmERKkIREE (Lo)

(3) HBKFFREE (Lo=lo+Lo)
4) BREHR KB

(5) MUWE (@)

(6) BMEFR (7 M)
(7) WIEXER (D)
(8) WHMEXHE (T1D)

(9) BEAHER (. (T) =7 T -1 D)
(10) HEARHTFE (L7 (D) = 27 (T)— 2 LT
=1 T=1 =1

Table5. BT H B O XN 2 HHER F

Main topographic factors for the two watersheds analyzed

#2555 RMRAR

BoOW « EBKE

Factor Yamagata, No. 2 Tatsunokuchiyama « Kitadani
[i5] # (ha)
Area 2,5 17,3
B B & (&m
Boundary length 0. 65 1.62
FMEOEX (km)
Length of channel 0.20 0.42
WO (km)
Average width 0.12 0. 41
FgE (%) 36 5
Average gradient
HEEE (m 160~240 45~-250

Height range

WEK + Clay loam

g:oil ABDOEIGE 15, 0cm iEE+ Clay loam
BEOYIGE : 33, 5cm 100~250cm deep
15~95 cm deep
W EELTEKE - HEESKSE, b | BEHER, TS 0AR
2 logy THICRERNE - BREREEE | BEN

L
Tuff, shale

Graywacke, granit,
quarzporphyry
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D) EMEHE @ @)
(12) HERGE (Tﬁlqm)

a3 ﬁiﬁ@GKb@KBﬁéﬁﬁﬁKE(SU?=§JAT%HéQUD

(14) BfRoRBEKE (H @D =7 D +ST~1)
15) WEAERR (4SO =SD~-ST-D)
16) WHoMME W T =ZI1(T)+ b+ L))

B AV ki ERBREF RO > ORBRNIRIS BB TERA LIt b DTH 5, WAR
HRBOMBHEFEE KT SE Table 5 DEBVTH B,

EHAKEBRICONT, TOMA, —HEE, RIHKE MBS JCHMONBKIRER, HER
2RBATER, 2HMRANLE, BXRENKE, SAREKROER D5 Uik 2 BHEAR
HEOHKDE S N LOFEEFIBINCEN L TRLUADHS Table 6 & Table 7 Tk 3,

Table 6 & 7 C, BAKLEDOB N0 &3, BRFRBEKE & 2 BRISARHE OB
HTHarrtiiL, BAMMBEBOBI NN &id, 2HMHBRAKLEDORERMBRATBE KB DS
AERRED 1 BARBHS ATV EE2RT 25REKRTIZ 20 Hlo Kk D 12D 17 Flid Rk
FEL, SPR1BENRHOB MEA LN, EOO « LAWK TIT 26 IO HKEBOEHT 11 4]
o HkiisRiZ 1 BAIMEO B <N, 15AOHKMBTRARICREL TN, KL, BAKHEDR
BoB B EOBMMMREE LT 2BEERALABATH - T, EBOBLNEET LOTIREN,

FEIC AV o KR T — TR E S 38mm 55 130mm O DT, KEicH 3 &, 2 ERMRO—
BB O®KAIT 38~108mm, FEDOOL « AEFRO—~BHEOHMIZ 39~130mm DD TH 5,

2HIBAROHBEMLEL I Table 6 & 7 SIKRENALIVAEIDOLDTH 5, 2BMHBEANR
WBAEA3 L, 2 SRMIRTIZ 22.132 mm/2-hrs, OO « AP T L 18.019 mm/2-hrs TH 3,
Fh, BAEKE (HT)) %5 &, 2 SRS T 52.284 mm, EO M » LBHETIZ 54. 805 mm
Th b,

4. BEMUREITHE (o (1)) LitEirkR (H(T)) & obff

RIES TR Lic & 5 A TR IR EET L, HEMAORBIICHT 3 7. (T), 4(T), ST,
H D OfgEkDlc, 2L7T, 40 & HD LOHMDERRBLT I & ST BLU 7. ()
E ORIDMBRRARY, TORBEIITTITHRE? Lo UL, BCHE LBERIIAMO HFH &
KBEEED—HKDLBMICHT BBEERTH - 7o Hin b, RBREAEEHNE L OEFKIZ—HIAEA
MTHRMD LRBMEBKEMETRETS L, —Hko2iicnd 3 LROBELLERD 2 &, &
W OB O ENDTE L, Bokif o BR ORBEBMICB DI, KL ERBHOLEDE
VERRBRES LV IRREL 5, ERTFIRIOM NS REKIEOBIF TIRIBTS 20T,
T T TRKELD LR GIMO Rk kR & BARRAHEE & OBRICESEBOTRIT L.

BERPMETO ¢ (T) 0BRR #T L K EROSDOERRLY, THROBALE TN, BMHEWO
FBIEKENME US) BT 206060, w41 F208085%, REORERICLE L, HHED
MOENR ELTH-+40T, BEHAKO H (D) 8X0 9@ o£EEHN, HEOBERRE R



Table 6. HH K # H © E # (UE- 2SRIRHKE
Summarization of flood analysis
2 L
pn Mok HERE| g ABRS HBE | gxmn | BxmE| Grmnm BARE | BAmmE
KES) Total KANER | Additional ; 2-hrs 2-hrs Max, water | P¥<H
No. Flood_flow rainfall | Yotal runoff Int?éﬁg?ter water Coefficient mragi‘:g‘i?l ma)é:)rznvum storage Time lag
- period deficit & o q H(T)
R (mm) Q (mm) lo (mm) | L, (mm) (mm/2-hrs)| (mm/2-hrs) (mm) (2-hrs)
1 1940, 9.11~14 84,7 64, 187 0.0 20, 87 0. 047907 24,3 11,745 27,031 0
2 1941, 6, 30~7,03 69,5 57, 885 0.0 11, 64 0, 085874 13,4 6,902 22, 449 0
3 1941, 7,03~06 76,6 60, 056 0.0 16,71 0, 059827 21,5 12, 332 37, 697 0
4 1943, 6, 03~06 64,6 43, 602 0.0 22,21 0, 045026 14,2 6.791 21,905 0
5 1943, 6,09~12 46, 8 27, 402 0.0 22,03 0. 045390 13.1 6.770 18.784 0
6 1943, 9,09~11 37.6 18,759 0.0 24,19 0, 041340 33.3 10, 568 ‘16,248 0
7 1945, 7,17~20 89.5 68, 630 0.0 21,18 0, 047216 19.3 12, 285 31.291 0
8 1947, 6, 28~7,01 78.0 64, 495 0.0 13,55 0. 073812 11,5 6,371 25, 567 0
9 1948, 8, 12~15 108. 2 95,0862 0.0 13,15 0, 076037 25.3 22,132 52,285 0
10 1948, 10, 25~28 77.5 58, 371 0.0 19. 50 0. 051295 20, 6 9, 260 32, 249 0
11 1949, 9, 01~04 74,6 39. 185 0,0 43, 00 0. 023255 52,5 16,197 26. 301 6]
12 1950, 7.12~15 46,5 31.‘023 0.0 16, 45 0. 060787 23. 4 11, 317 27,721 o]
13 1952, 6.11~14 45,1 26,523 0.0 21,05 0. 047515 17,0 4, 309 11, 824 ¢}
14 1952, 6, 30~7.03 88,3 58, 642 0.0 31,59 0, 031658 13.0 8. 251 27,881 0
15 1953, 9. 14~17 50. 1 34, 391 0.0 16, 50 0. 060601 14,5 7,543 22.860 1
16 1954, 10, 03~06 45,1 24, 409 0.0 24, 64 0. 040578 14,2 4,941 15,962 0
17 1956, 6.17~20 79.8 57.700 0.0 22,79 0, 043885 22,7 12, 399 36. 957 0
18 1956, 8,07~10 74.0 48,832 0.0 26, 88 0. 037200 14, 4 6,414 24,181 0
19 1958, 9, 17~20 83.5 65, 070 0.0 18, 64 0. 053644 29.0 16,217 44,172 1
20 1959, 9,01~04 54,0 39.743 0.0 14,62 0, 068395 11,5 5.876 17,151 1

& 128 & SHENEETEERY



Table 7. Hf Kk 8 # © B # EoOl - t3RBRiHER)
Summarization of flood analysis
2 2 3
ook |-mmer| e (mmam SBAS masm |RxuR EARnE BAREE | mommm
ik S Total RANER | Additional . Zhrs Zhrs ) Max water | ¥ T
No Flood flow rainfall Total runoff Intg}éﬁgiﬁter water Coeflicient n}i’;‘gﬂn ma:é;rvr‘l,um storage Time lag
. period deficit & o p) H(T)
R (mm) Q@ (mm) lo (mm) | Ly, (mm) (mm/2-brs)| (mm/2-hrs) (mm) (2-hrs)
1 1937, 9, 10~13 113,0 26, 291 0.0 203. 50 0, 004914 31.6 6,991 19, 242 0
2 1940, 8, 25~29 108. 6 22,345 0.0 226, 31 0, 004419 24,9 5.018 17, 356 0
3 1941, 6,17~23 84,9 55, 301 0,0 31,80 0, 031444 16,7 7,522 30, 923 0
4 1941, 8,15~19 110, 9 54, 003 0.0 72,72 0,013751 64,0 14,552 38. 865 0
5 1941, 8.19~22 69, 4 21,705 0.0 86, 36 0, 011580 50,5 3.128 14, 421 0
6 1942, 9.19~23 116, 4 80. 614 0.0 37. 46 0, 026694 24,1 14, 057 36,310 0
7 1943, 6.13~17 101.0 71,129 0.0 31.08 0. 032179 35.2 18,019 54, 805 0
8 1943, 9, 19~24 127.9 87.070 0,0 43,03 0, 023238 38,7 9,712 24,673 o}
9 1945, 6,06~08 38.6 11,524 0,0 51.01 0. 019604 20.8 1.°300 10, 419 0
10 1945, 7,11~14 96,1 51,811 0.0 52,88 0, 018911 18,2 7.889 30,781 0
11 1945, 7,21~24 43,1 26, 445 0.0 18, 43 0, 054247 25,3 5. 698 24,955 1
12 1946, 7, 29~8, 01 130. 1 40, 840 0.0 161,10 0. 006207 41.6 7,237 28,011 1
13 1947, 6, 24~27 41.6 11, 440 0,0 61,02 0.016388 13.1 1. 619 10, 068 1
14 1947, 7.09~12 B6.6 50.753 0.0 40, 69 0. 024575 38.1 7.992 29, 491 1
15 1947, 7,19~22 40,5 19,017 0.0 28, 18 0, 035491 12,5 2,772 17,015 1
16 1948, 9,12~15 47.5 22.968 0.0 31.51 0.031735 27,8 5. 191 22,088 i
17 1948, 9, 26~2‘9 60, 1 28,053 0.0 42,21 0. 023690 23. 4 5.128 26, 429 1
18 1948, 10, 05~08 77.8 67.134 0.0 10, 67 0. 093092 34,5 13. 627 59,197 1
19 1949, 7.05~-08 62,6 35, 411 0.0 31.51 0.031735 19.9 5,076 24, 249 1
20 1949, 7, 30~8, 02 104, 8 31,956 0.0 132. 67 0, 007537 51.2 8. 452 31, 432 1
21 1952, 6.22~25 80.1 40, 916 0,0 48, 47 0. 020632 11,2 6. 058 26,727 0
22 1953, 9. 04~07 87.5 41,526 0.0 59. 84 0,016711 30, 4 12,376 33.123 0
23 1956, 9,25~29 98,5 51,562 0.0 57.12 0. 017506 14,8 4,932 21.956 0
24 1957, 6.26~29 100. 2 44, 265 0.0 76,71 0. 013035 30.5 5.185 21,955 [¢]
25 1957, 7.17~20 63.1 41,118 0.0 23. 61 0. 042348 31.3 9, 145 33. 859 0
26 1957, 8,23~26 93,5 18.716 0,0 201,21 0. 004970 52.2 4, 888 16. 529 1

(HE) HEHEY - REPPOWR Y CEY

— ST —
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oo 7t2l, H(T) DR 1mm BiyogEikicad,
THEDBERRERD ., Fig. b RILENHER,
ED

Fig. 5 HXU Fig. 6 IT7RLIc H (T) & 4 (T) LOBFEEUMIT—RAD (15) RTHRITC &8
T&5o

BHSHRD H (T) BT ¢ (T) OFEE R
Fig. 6 R 25REFE O H(T) L9 (T) L0 BEFEER

a(T)=fH(T)+&
(15) RT f & & LREHT, fRIEETKBICET2HHERY, ¢ TAECHHEBNERE 2507
EXRT, BmLb, 0B 0RKENMATH 5, StELORD f & & LDE% Table 8 {T/RT,
i, 4(T) & HT) LOBKR a=mH" OBRTRIC L6 TE3, OB, 2ERNBOR
B3 ¢ () =0.0776 H (7)1, JLBHIBOTNIZ ¢ (T) =0.0445H ()18 TH 3,
wic, BREMETS KO ERE, $hbb +45 DBAD () & H(T) LOBKERNT

mm/2-hrs mm/2-hrs.
25} 25¢
2 2 20f )
20F
w 20 !
©
" " s ° °
s 15[ o0 . - .
0 °%®
: 10f *°e ) * 10} & o
= 10 = ' M
— ° —_ L °
R o°°oo°°d, A o*°
5 L00 % 5r §o°w
o0
[ %o _ o e
00 10 20 30 40 50 60 70mm 0 10 20 30 40 50 60 70mm
GO ok R T OE OB K B

Fig. 5. BRI KE & 2 BT
HE L OBRFARGEDO DL « LB HER)

Relation between ¢ and H for the
rainfall period.

Fig. 6. MRHMOMERITKEE 2 R
ik & DBER (L - 2 BRMEED

Relation between ¢ and H for the
rainfall period.

Table 8. BMiB X UBKEMEOD f & g L OHER
The calculated values of f and g for each
period of rainfall and recession

Table 9. +4S(T)DE&D f &
g OHEME

The calculated values of f and

B EERR : g for the data of +45 (T)
Watershed ; h
Flood stage f £ (mm) WBTT? iﬁd aT)=fHD) +&
tershe
%W 8 m 2 f | &(mm)
2 2 R ¥ 8 |Rainfall period| *-39 | —2.%
No. 2 watershed | 3 & #§ [ — 2 5 iR R
Recession period 0.1848 0.0511 No. 2 watershed °- >80 —~0, 34
& % & R?infﬁfn%erf??)d 0.326 | —1.67 It B % B
Kitagvzrtl‘iarshed BOK B | 813] —0,0493 Kitadant 0.324 | —1.33
Recession period| ™ : watershed
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mm/2-hrs mm/2-hrs

25- 25

-]
2 20 2 20}
LI ¢ B
M 15' n 15
i p.A
H
H 10 . 1of °
b of =
~—~ ° ° —~
a st % a s} 0/5‘0
s /
8
o+ . . 0 e
0 10 20 30 40 50 60 70 mm 0 10 20 30 40 50 60 70 mm
o B ok R W : o R KRG :
Fig. 7. #fiBirKkBOEMBONRTKE Fig. 8. BB KEOBMEORIRTKE
L2 iR L OBR EoOw & 2EREME - OBk (L - 2
- e Fis) SRR
Relation between ¢ and H for the increasing  Relation between ¢ and / for the increasing
period of basin water storage. period of basin water storage.

Table 10. BNRKHBAOEHRBUENILED r (T), 7.(D), ¢ (D,
ST-1), H() LU ST o (UE - 2 SRMEE)
Values of 7 (T), 7. (T), 2 (T, S(T—1), H (T) and S (T) at
the unit time of maximum effective rainfall

2EMEEYRE BB EARho |BAREORD

asmmR |ZOOEHER ol (DmBE AR | SEOKR | O RS kE

HAES 2-hrs rainfall rainfall 2-hrs flow Water storagefWater storage Water storage

Flood at the end during the at the end
No. r (T) r (T) r (D of T—1 time T of T
(mm/2hrs) | (mm/2hrs) | (mm/2hrs) S(gn:)l) fim(ng Esm(rjr?)

1 24,3 19, 66 11,745 7.371 27,031 15, 286
2 13. 4 12,78 6.902 9. 669 22, 449 15, 547
3 21.0 20, 30 12,332 17,397 37. 697 25, 365
4 13.8 9,97 3. 965 6. 645 16,615 12, 650
5 13.1 8.89 2,736 5.197 14, 087 11, 351
6 33.3 15, 22 1, 408 . 0,000 15,220 13. 812
7 15.7 14,77 12,285 16,521 31,291 19,006
8 11,5 10, 96 4,759 12,531 23, 491 18,732
9 25,3 25,22 16, 435 26,214 51,434 34, 999
10 20,6 16, 87 8. 147 8,368 25,238 17,091
11 52,5 24,62 7.063 0,147 24,767 17,704
12 23.4 19,79 11,317 7.931 27,72} 16, 404
13 17.0 8. 64 1,707 1.014 9. 654 7,947
14 13.0 11,14 7.916 16,194 27,334 19,418
15 14,5 12.86 6, 049 10. 000 22, 860 16,811
16 14,2 9.80 4,941 6,162 15,962 11,021
17 22,7 20.00 12, 399 14,736 34.736 22,337
18 10,6 9.68 6,414 14,501 24,181 17,767
19 29.0 27,65 ©12,934 16, 522 44,172 31,238
20 11,5 9.73 5.876 7,421 17,151 11,275
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Table 11. BEMBAOEHRBSENILEED 7 (T), r. D), 4D,
S(T-1), HT) LTS (T) O GEoOW « LBKR)
Values of 7 (T), 7. (T), ¢ (T), S (T—1), H (T) and § (T) at

the unit time of maximum effective rainfall

2 ESIE 2 EE YRR ﬁﬂ?—}l’g‘id)ké}&b BUATERE R mﬁﬁﬁ@f@b
A 2 H - & 2-hrs.eﬁictive 2 Rfgnh & %ﬁ%ﬁiﬂfgge V@?gﬁ?;}t(c;%age %ﬁ@%ﬁgggﬁé
Flood | 2hrs rainfall|  rainfall - 2-hrs flow at the end | during the | at the end
No. r (T) r (T) r (T) of T—1 time T of T
(mm/2-hrs) | (mm/2-hrs) | (mm/2-hrs) S((Ifnj)‘) {{m(g ggl))
1 31,2 11, 46 6. 991 7.778 19,238 12,247
2 24,9 8.02 5,018 9,338 17,358 12, 340
3 16,7 13,12 5,986 14, 480 27, 600 21,614
4 64,0 34, 68 14, 552 4,185 38. 865 24, 313
5 50.5 14, 33 3.128 Q. 090 14, 420 11,292
6 24,1 22, 47 14,057 13.836 36, 306 22,249
7 35.2 31,81 18,019 22,991 54, 801 36,782
8 16.3 14,18 6,927 12,181 26, 361 19, 434
9 20,8 7.09 0,151 1,027 8,117 7,966
10 18.2 12,05 3.012 12,744 24,794 21,782
11 25,3 19,65 2,520 5. 309 24,959 22, 439
12 41,6 13.10 2,546 4,548 17, 648 15,102
13 8.4 3.83 1,114 6,238 10, 068 8, 954
14 38.1 24,18 6, 004 5,310 29, 490 23, 486
15 9.0 6,39 2,057 10. 625 17,015 14,958
16 27.8 17,60 4,519 4, 491 22,091 17,572
17 19.1 13.23 3.828 13. 201 26, 431 22,603
18 32.2 31,94 11,748 27,260 59, 200 47,452
19 16,0 12,09 4, 662 12, 164 24,254 19, 592
20 51,2 22,82 7.537 8.614 31, 434 23,897
21 9.4 7.06 4,883 18, 382 25, 442 20, 559
22 30,4 18,72 4, 807 8.733 27,453 22,646
23 11,7 7.45 3. 009 10, 889 18, 339 15, 330
24 30.5 12,61 1,571 3.782 16,392 14,821
25 31.3 23.77 1,981 2,732 26,502 24,521
26 52,2 13,83 2.817 2,698 16, 528 13,711
Table 12. 2KMAEDREBEORAEIERN 7=z, Table 6 BLU 7 iwRLc H (D) O
EE0 f L& LORTE EH#IC, () OEARBMICEED, HEOH
The values of f and g in the experimental
equation for the unit time of maximum BERICRY & Fig. 7820 8 0L 5iciaD,
efffective rainfall 4 (T) 12 H(T) O—RET ELGIC BT ¢ &
" = %%ﬁ;ﬂuﬂ+g TX%, COBAD f & & LDOEH Table 9
Watershed R XA3BEEE S,
f £ (mm)
REB DR HAKIC DT 2EIEDTBOREK
2.5 R WM 0.352 | —0.90
No. 2 watershed : : ESENI BAEED » (1), 7. (D), 4(D),
& & W o’ 0.317 —2 43 S(T-D, HD BXU ST) O &l % =T
Kitadani watershed : :
& Table 10 X ¥ 11 ITRULA- KSR {EER
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%, Table 10 & 11 Lit7/RL7z ¢ (D) & HT) Lo ZzROEHRBINOBFERERD 2L, ¢(M &
H (D) o—RATERIN, TDOEAED f & & LOEHKIT Table 12 IWRLILHIELE S,

ZOMTRBRPHDD ¢ (D) &L HT) LOBRK, (D 8LV H () ORMEKRED MOBRFKE X
V7. (1) OBRAENHBELIL 2D ¢(T) & H (D) LOBRERIT LI, £LT, BUKEANORO
B Dbt & DEYRBOREME, HIVRHAOBLNELOBERICE I bDLEDLNZ, HIBE
OEBIHZH, ¢(T) B H D) O—RATEUMICRT T EMNTED EV I #FRER

BT BROERIT 2.5 B X ¥ 17.3ha, WEOREIR 2BRKBML X2 200m, kBFHHOEZNIIE
Xz 420m, LEHEOARRILBNEAT 2 BREBOEEEMNER B L2 36°, RO ZNIIB L
Z31°TH B, —ETVHUESHE, BFFRRBILEENORZINEET, ASKMPOR1IKRETH S,
WK OREITD HRD I RS f O, BEUREORIR X > THRIT 2, 2HHMENT +4S
DBAD f O 2 SRMIKTIZ0.38, OO » LAFHBICH LTIiZ0.32BETH %,

5. BEEERHE (o (T) LETEMAREORDL ) OFERRTK
B (S(T-D) & s CEARMADER (1 (1)) & ORORAER

15) KD H D) F ST -1 & 7. () LOMITHELY, LT, (15 Hid (16) Kok
CEEWDHBENTES,
M =flre M +ST=DI+& o, 16)
Table 10 & 11 LiTRLE D), 7.(T) BLXU ST -1 OBREZRVCTHELLER, AN R
KRLE X I BEXE—ROBRRRER
G =81 (T +bST =1 +C v, an
A7) KD a, b BLU ¢ OREHKIE Table 13 KR UL XS EKMETH %,
2BREED a & b OEHMERBELALEMET, HFKEHO f OETH50.35:—FKL, ¢+ &&+D
EREL—KLTWV 3, LBHED ¢ & b OMERBEDHICIZ L DHEENS 505, RIEBO f DET
$50.RIGELLTEY, ¢ & & LOEBEITI—FHLTS,
A7) XD a IFBANT 2HAEE, b BEKBRICHT 2REEYK, ¢ JFHERFRTS 3,

Table 13. ¢ (M) =ar, (D +bS T —-1) +c XD a, b
BXU c DFHEMA

The values of &, b and ¢ in the experimental equation
of (M) =ar,(T)+bS T -1 +c¢

¥ 5 I (T)=ar, (T)+bS(T—1)+c
Watershed a ) "
2 5 R B B
No. 2 watershed 0.354 0.351 —0.91
dr & W B
Kitadani watershed 0,339 0. 287 —2.53
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6. MHFEHK () OBE

A CRERETAR EHHE L OMIC 15 ROBEBRVIL DT L RALLY, RPD fFBED
Ly xoRBEkRIcHT 2HHRAAERL, U-0) AFRENTKBROBRREEEE2RT,

LIt T, (15) AOBEBRMKILT2HETIE, f OEXKRENVEZEFKORIBEE R L TERKES
BI@AL, RBHFABINICEZEVI XHIB—EOBEMSHRED, MROHKBIEIRZ/NELES,
e, f OfEWNIVER ERRHEHBRED L TRKORM ZFRLL, HBikBR3EMNT2XL571
B LY, RBOHKEBRERIEZEAEVLE, UL, ENKTKEROBIRC/NETHRL LR
MOBAKRREEF KARERBASCEBTFHEINEDT, f OEDANMNIG THRIBHKEBEEFMT S
CERBERTHIBEAIEAONS,

Table 14 & 15 LRFFEBROEHAKIC OV TORMEAKLE, REFKBEOSAMES JIUKEEX
HRHBOBENEME TORITRRBEOSHIRAERT. CHWE6DRTH @), RM © T REKHKN
Bk & B> b BRI - TEHEAI L RERFIOEROKEEZRL, T=0,1, 2, 3, -~ , TH
3, T=0 RBAFKHEBOBRNIHHE, T=1, 2, - , BRED 1 BAk ko2 BArFRET, BT,
2#F LT, f OEHR0IZLLOFIRTI, BRKERITRITRTENOZE TS X2 15 B
FTT, 2NLFIOBRRBORERELTRERTEADT, H(O) BXU (0 OFHETR T=15 T
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Table 14. BARHMEBEARLEOENS LXCZhRTOBHNEBOSH (LE « 2 BRI

Distribution of effective rainfall antecedent to the unit time of maximum flow

RSk W kR 2 B WA Y EE
AT w}@ﬁ‘, i | Water stmiage Effictive ra%nfall
No, ax. flow|H (T), mm : 2-hrs r. (T), mm : 2-hrs
imax, 4 (0)
mm:2-hrs| 0 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13

1 11.745 27.031 0, 9445| 19, 66 9,07 0. 40

2 6. 902 22,4491 11, 489 12,78 5.13 1.21 6. 86 0. 69| 0,07 0.27 0. 00 1,49 3.34/ 0.01

3 12, 332 37,697] 27,649 20,30, 18,95 12,13 0,64 0. 04 0. 00|

4 6.791 21,905 16,615 9,26 9,97, 6,78 1. 19

5 6.770 18,784 14,087 7,43 8. 89 4,77 0. 82 0. 14 0,23 0. 19 0.09 Q. 00

6 10, 568 16,248 13,808 2, 44| 15,22

7 12, 285 31.291] 25,61 14,77, 11,74 14,33 4,18 2.66 0,05 0, 05

8 6,371 25.567| 26,64 4,96 8. 37 5.46 10,94 3. 49 6.57 7.41 4,02 1.03 0,84 0.04

9 22,132 52,285 51,434 17,29] 25,220 11.95 13,53 4,12 5.95 12,80 2. 34 0. 66

10 9. 260 32,249 30,789 9,25 11, 46 9.39] 16,87 8.11 1,71 0,31 0,01

11 16,197 26,301 24,767 8.60| 24.62 0,15 0,00

12 11.317]  27.721] 7,931 19,79 8.71 )

13 4, 309 11,824 9, 374 3.88 8. 64 1. 05

14 8. 251 27.881| 27,334 8.46| 11,14 6, 34 6. 60 4,68 0. 44 0. 43 0. 85] 0.94) 3.33] 3.80 1.52 0,15 0,04
15 7.543 20,937 22, 860 4,13 12,86 7. 66 2,71 2, 56 0. 65| 1. 25 0. 24 0. 45

16 4,941 15,962 7,441 9.80 6.11 1.39 0.0l

17 12, 399 36.957F 34.736 14,620 20,00 14,89 2,47 1, 98, 0. 26|

18 6. 414 24,1811 18,056 9, 68, 5.9 4.09 7,27 3. 17| 2,93 2,09 0. 65| 1,01 0,61 3,09 5.18 0.42 0.03
19 16, 217 39.607| 44,172 8.37 27.65 7.51] 12,00 3.09 1. 08 0. 004 3. 59 0.21] 0.04 0.03 0.02 0.01

20  5.876  17.151 10.192| 9.73| 7.3¢ 3.27

(CHE) SEH¥EY? BRI OWRY I




Table 15. BfrRRISARNBOERS XCENLHOAHTEDONH EoOL « LB FHED)

Distribution of effective rainfall antecedent to the unit time of maximum flow

sk o K & 2 B M % W OB
HKES Mﬁh‘, H B | Water storage Effictive rainfal
No. ax. flow| H (T"), mm/2-hrs 7 (T), mm/2-hrs
max. 4 (0)
mm : 2-hrs| o] 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 6,991 19, 242 9.317] 11, 44 3. 37| 2, 36 1, 96 0.09‘ 0. 50 1, 15 0.23 0.15 3.24 0,07, 0.02 0,01
2 5,018 17, 356 10, 754 8,02 5.91 3. 36 1. 40 0. 45 0. 20
3 7. 522 30, 923 27.601 9.831 13,12 7,32 1. 84 6. 27 1, 95 0, 55 0.03
4 14, 552 38. 865 4,185 34. 68 4,02 0.40| 0,06
5 3.128 14,421 0.093 14,33 0, 00 0.000 0.12 0.01
6 14, 057 36, 310 20.778 22,47 2.71 8. 25 8. 46 9.51 7. 96 4,42 3.83 2,92 2,14 1,50, 0,53 1.26/ 0.58 0,41 0.21
7 18,019 54, 805 27, 74(J 31.81f 13,720 14,12 2,82 0. 62, 0,000 0,01 0.02
8 9.712 24,673 13.741] 11,49 13.7§ 0.01
9 1, 300 10. 419 8.113 2. 46 . 09| 1. 04 0, 10
10 7,889 30.781 30. 664 6,75 13 8.96 12,05 2,45 2? 68 1. 63] 1,63 1.890 0,17 0,16 2.79 2.84 0.43 0,01} 0.06
11 5. 698 23, 695 24, 955 1,26] 19. 65 5.31 0. 23 0, 0qy
12 7,237 22,6200 28,011 1,100 5.79 11,000 13.10 4.31 0.11 0.221 0,06/ 0.00
13 1.619 9. 004 10, 068 0, 05] 3.83 1,55 3. 26 0, 36 0.100 2.09 0. 14
14 7,992 29, 491 29, 149 5,66/ 24,18 5.58 0,03
15 2,772 17,015 11. 567 0. 00 6. 39 4, 42| 5.62 1,66 0.10 0,05 0.02
16 5.191 18, 344 22, 088 0,77 17, 60y 4, 41 0. 16| 0, Oi 0. Oq 0, 00
17 5.128 22,904 26, 429, 0,.30] 13,23 11.45 2,92 0. 15 0. ool 0. 00
18 13, 627 47,949 59.197, 0,50 31.94 27.77| 0.83 0.00
19 5.076 24, 054 24, 249 4,47 12,09 3. 88 9, 46| 0.77 0.77 0. 14
20 8. 452 23. 950, 31,432 0.05 22,82 7.91 1,56 0,01
21 6, 058 26,727 25, 438 6, 17| 7. 06 5. 28 5.28 2,42 3.21 5. 12 3. 95 1.57] 0,68 0,00
22 12,376 33. 123 27,456 10,47] 18.72 8. 49| 0. 60 0. 06| 2,22 0,81 0, 00|
23 4,932 21,956 19, 616 5.81 7.18] 3. 37| 2.14 2,10 2,32 7. 45] 2. 68 4,61 0.34 0.43] 4.82 2,64 2.34 0,00 0.03
24 5,185 21,955 20,719 5. 59 3. 09 7,23 12,61 0. 98 1. 09 0. 18 0.76 0.88 0,03 0.08 0.00 0.00
25 9. 145 33. 859 26, 503 9.34 23.77 0.00 0,00 0.00 0.00, 0,06 0. 39 5,88 0.01 0.00 0.00
26 4, 888 14,177 16,529 0,47 13.83 1.43 0.121 0.11 1.11 0.320 0.02
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Maximum runoff coefficient-rainfall duration
curves for different values of f.
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Functional Theory and Management Objectives of

Headwater Conservation Forest

Taizo Enpo®

So-called protection forests established to satisfy the various administrative purposes
include seventeen kinds of forest in Japan. The total area of them reaches to about seven
million, one handred and fourty thousand hectare in 1980. But seventy-five percent of the
total area of the protection forests or about five million, one hundred fourty thousand hectares
are occupied by only a kind of the protection forest designated headwater conservation forest
which is widely distributed on the headwater areas all over the country. As is this statistic
figure, headwater conservation forest is regarded as a major importance among the seventeen
kinds of protection forests.

On the effect of forest upon water problems which include three aspects such as water
quality, water yield and flood flow control, numerous reports written by many people have been
published and discussed individually or synthetically. So scientific knowledge on the qualitative
function of forest upon the water problems have been considerably accumulated, but few re-
ports have dealt with mathematical expression of the function of headwater conservation forest.

This report describes a functional theory and management objectives of headwater con-
servation forest by mathematical expression based on the analytical results of hydrographs
which were observed at two small experimental watersheds for forest hydrology.

Every watershed has a function of water control or a reservoir-like effect in regard to
rain or thawing water. Let S, 7, and ¢ denote the change in basin water storage, effective
rainfall and flow for a unit time. This function may be expressed as equation (1)

+AS=r,—q e (1)

Equation (1) simply states the change in water storage is equal to- the difference in ef-
fective rainfall and flow for a unit time in a given watershed.

Taking one or two hours as the time unit of calculation, equation (1) for the whole period
of a flood can be rewritten in the term of difference equation (2), in which the symbol of T
represents the time series which was obtained by dividing a flood period into any unit time.

+dS(T) =7, (T)—q(D), T=1,2 8, oo , N e (2)

To determine equation (2) empirically, many flood hydrographs observed at the two ex-
perimental watersheds No. 2 watershed of 248 ha and Kitadani watershed of 17.3ha, were
analysed every two hours over the whole period of a flood flow with respect to necessary factors
such as rainfall (# (7)), lossed rainfall (((T)), effective reinfall (r,(T) =7(T) —((T)), flow
(2), change in basin water storage (S(T) =7.(T) —a(T)), basin water storage (S(T)=ST
—1) +7,(T) —a(T)) at the end of any unit time and basin water storage (H (T)=S{T-1)
+7,(T)) during any unit time of calculation. The total amount of a rainfall and a flood flow
are represented with the symbols of R (mm) and @ (mm) respectively. The remainder which
R minus @ denotes basin water loss (L, mm) for a rainfall of R.

At the beginning of a rainfall, every watershed has a certain amount of water deficit (L,

mm) and some or the whole of it should be supplied with a rainfall (R, mm). As for the

Received May 6, 1982
(1) Kansai Branch Station
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L value, it is possible to consider that it is composed of both initial water loss (/,, mm) and
additional water loss (Lo, mm).

In the calculation, the values of » (7)) and ¢(T) were used as the observed values and the
values of [ (T) was computed from equation (6) as described later.

An experimental equation on the relation among R, L and L.=/¢+ Lo was derived as
equation (3)

hZR; L=R }
1b<lRi; L=Iy+ Lo(1 — e7*E-lp?)

Where % is an experimental constant that seems to depends on the total amount of basin
water deficit at the beginning of a rainfall. The relation between L and % is represented by
equation (4) emprically :

Lock=10 e (4)

In this report the values of [ (T) for every unit time was calculated by equation (5) under
the condition that the value of /o equals zero because of the smallness compared with the
amount of a rainfall. The value of Ly = L. and k for every flood was estimated by substituting
the measured values of R, Q and L= R — @ into equation (3) and (4)

I(T=1)=L.(—exp(kr(D)) »
I(T22) = La(exp — & 57 (D) — exp(— k27 (1)) }

The regression analysis between ¢(7T) and H () in mm per two hours showed that this
relation can be written as equation (6)

M) =fH@T)+E& e (6)
Where f is a runoff coefficient, £ is a resistance coefficient to runoff. f and £ depend not

only on the watershed but also on the length of the unit time employed. The following table
shows the values of f and & for each of the two watersheds.

Equation: ¢(T)=fHT) + &
Watershad Flood stage .
S & (mm)
Rainfall period 0.396 —2,37
No. 2
Recession period 0.1848 . —0,0511
" Rainfall period 0. 326 —1,67
Kitadani - -
Recession period 0.1813 —0, 0493

The values of f and £ obtained from the data of ¢(7) and H (T) when 7.(T) value had

a maximum one in a rainfall period are as follows.

Equation: q() =fHT)+ &
Watershed
f £ (mm)
No. 2 0. 352 —0.90
Kitadani 0,317 —2,43

As equation (6) can be rewritten in the from of ¢(T) =f (ST —-1) +7.(T)) + &, another
regression analysis was made among the values of £(T), S(T—1) and 7, (T). As the result,
equation (7) was obtained as the best regression one within the data used.

(M) =ar,(T)+b6S(T =1 4+¢ v, 7
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Where @ and b represent runoff coefficients related on effective rainfall and basin water
storage at the beginning of any unit time of calculation and ¢ is @ resistance coefficient to
runoff. The values of ¢, » and ¢ depend on both the watershed and the length of analysed
unit time and those values obtained from the data of ¢ (7, r,(T) and S(T— 1) when 7.(T)
value had a maximum one during a rainfall period are as follows.

Equation : ¢(T) =ar, (T) +b6S(T—1) +¢
Watershed
a b [
No. 2 0, 354 0, 351 —0.91
Kitadani 0,339 0,287 —2.53

Let P denote the ratio of the maximum value of the 7,(T) to the corresponding value of
4 (T) during a rainfall period. The relation among f, P and T, which is the duration hours
of antecedent heavy rainfall, is shown roughly by the following ‘inequality (8)
FEPZ1—-A=HT e, (8)
Putting equation (6) and (7) into equation (1), the water control! function of a small water-
shed could be formulated experimentally as shown in equation (9) and (10)

ils:’e(T)“(fH(T)‘l'g): .............................. (g)
£4S=ro(T)— (ar(T) +5S@ -1 +¢ R— a0
=ar,(T)—pSt—-1—¢, a'=0—-a)

For the recession period after the rainfall ends, equation (9) and (10) can be united into
equation (11)

—dS=fS(T—1)+& = e, an

From the study described above, it may be concluded that equation (9) as a more simpified
one and equation (10) would be -applicable to represent the watre control function of any small
watershed and the runoff coefficients showed by the symbols, f, @ and 5 in those equations
are very useful in the evalution of the effect of change in various land usage and vegetation
cover on the water control function of watershed.

It is considered that the function theory of headwater conservation forest may be expres-
sed by equation (9) or (10) without hesitation. These equations show clearly that management
objectives of the forest claésify into two groups. One is closely connected with increase or
decrease in effective rainfall. The other is related to the problem of water control and it may
be subdivided into two aspects, one is to keep the values of f or @ and b reasonably low and
the other is to heighten the water storage capacity of watershed or to maintain the present
situation of it,




