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Table 1. FHRHR, #HR 2 FiRE X O3 SR O X KT
Topographic factors of the SHOZAWA basin, SHOZAWA
sub-basin I and sub-basin III.

—_— = = ==
ORI 7 T | o owom o PURSARIRR | VRS SR
Topographic factors | SHOZAWA Bosin | Sub-basin I Sub-basin TI
WM E K (ha) | |
Basin area ‘ 117.90 4. 42 5. 17
o F g (m) |
Mean elevation above zea level \ 1067 981 1055
oo & | o ° °
Mean slope (degrees) - 2474 28730 8712
¥ m 5 . |
Mean aspect ‘ SSW ‘ SSW SSE
ES i F (km) | 2.70 | 0. 342 | 0. 416
1 l

Stream length
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1Anb6TH S,
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1963 £ & TR S iz, T OEIUKKER, (REMEL Table 3R L, DX CEARDOEF
106.03 ha %, PRABRKEDOAFHHERE 16.07 ha #Z LE[Welé R 50, XMk b0 Ky 2RL
Fro 1964 5E L D A, » T =Y OB EY, FOHKE &AF% Table 4 IE L, BREARITHR
EHED /2 Tt &Eiv, o LEMaEld Ly cHESh T3,

3-2 ¥R 2 BR& & U3 Bk

iR 2 5RWEE S L OMR 3 SRMEMOMKR Y, FMREKOH TR~ DEL<ELT, 7, +7
PEETEIRANRT, FREHERE LT, 2 a =BT LCWAEKTH S,

2ERBLUIBRMKOILATREIR 1959 F9 AicfTbhic, D& EDHEL Table 5 R,
Ferimlkrn o e, HENEL, HARORREISED LA, TTIT, BO%IREBKTLTERY, AW
et ha Y- EFECLOM BEOHFA TS -7

Table 2. RO 50% RIXFFIZ I 13 DEFURFER E MBEOKRSY X 5)
Cutover area and volume of timber cut per year for 50% selective cut
perlod on the SHOZAWA basin. (by Nacami et al’”)

i

R U« ® m fA A
Cutover area . Number of cut trees Volume of tlmber cut
Year (ha) l
1948 16. 19 1111 1780
1949 37. 81 1831 3690
1950 28. 26 1431 2614
1951 32. 64 1638 i 1992
1952 ’ — 1 853 J 1139
=t 1 ;
Total 117. 90 ’ 6864 ‘ 11195

Table 3. FIRIRHLOHRIFIZ I 5 EFURIRE G 12X 5)

Annual volume of timber cut for clear cut period on the
SHOZAWA basin. (by reference 12))

P o4 . pp o zE 153 Fa %) & (m%)
IR ‘ BROBL £ ’ EVEZ T Volume of timber cut
i
Year | Block - Cutover area @ wt 7 % i s 2
’ number ‘ (ha) Coniferous tree | Broad leaved tree Total
1961 ‘ 36 41.92 1199 4070 53269
1962 ; ” 27, 25 i 1310 2900 4210
1963 ‘ 7 36. 86 ‘ 1025 3226 4251
A TUTTE N B
Total L 106. 03 ‘ 3534 10196 13730
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Table 4. #IRFROEZWEREE, HERS IO U '® X D)
Planted area, species and number of trees on the
SHOZAWA basin. (by reference 12))

WREE | BB 4| R @ M@ ot i WO A K
Planting Block ‘ Planted area Number of
year number ‘ (ha) ‘ Species planted trees
1964 J 36 } 18. 32 2 o 67800
" 1 ”n 1. 41 # b < v 3800
1965 i " 24. 31 A Ed 97200
1966 ‘ /" 8. 50 7 7 = 4 19600
& it | 52. 54 188400
Total |

Note) = ¥ 1 Cryptomerza japonica D. Don
45t Larix leptolepis Murray

Table 5. #iR 2 5iR¥s L U8 3 SR 0 AT ER R (1959 4 9 AHE)
Number and volume of standing trees on SHOZAWA sub-basin II and II.
(Measured at Sept 1959)

T woR 2 % R TREEE
\‘\ SHOZAWA Sub-basin T SHOZAWA Sub-basin II
o iy T _Ailumberﬁ B (ms) 7t;\lumber ‘ # ﬁ (m?)
Spec1es of tree T of trees Volume of trees Volume
Thu]opsts dolabmta Sieb. et Zucc 2910 ) 148. 58 2511 ‘ 94.27
. i B e e N _
|4 A b4
Pinus pentaphylla Mayr. 211 : 83.05 i 354 44.08
> Z
Quercus sp. 2391 ( 89. 10 3987 145. 39
7 -+ ‘
Fagus sp. ‘ 922 1 15C. 16 1061 192. 99
b A e
Thuja standishii Carr. ) 14 J 0.75 51 4.58
» x|
Other species 3715 \ 61.35 7928 88.76
& T | |
Total 9763 482, 94 | 158>92 570.07
ha % 7= v % & (m¥/ha) |
Timber volume per ha. i 109. 26 110. 26
¥z oo oo X o # E # = F Acer sp. o= F Acer sp.
Details of other species W7y 3 Pterocarya rhoi-| ik + Magnolia obovata
Solia Sied. et Zucc. Thunb.
+ A Magnolia obovata |7 7'\ 3 Pterocarya rhoi-
Thunb. folia Sied. et Zucc.
a2 7 ¥ Magnolia Kobus |+ # 5 Prunus sp.
DC = 7 < Magnolia Kobus
3 & N Y Alnus firma DC
Sieb. et Zucc.




— 44 — HWERBBI RS H333 5

2 BRI 1963 4500 5 1964 Fic it €, HE, BRAFLAMED 60623 Sh DT, BHOFAE
iz BT 2 &, 5800 BEAER IR c kD, #O%, OB 1972 Fic i Sz, 60%
FURBE RS, RERENOEHL, FEIR TV AVOTTHTSH S, BET S5 1 SREEOEFY
EKEE3.39m¥/ha 2AVT, LROFTHFhOBRIEET2ER/EHEE L L D% Table 6 IKIRL T,
R, WERCREREY L Toy. Lo T, BEBENARERL, RESATW-2RBTH
%o

3 BRHBEL 1962 55 1963 i3 T, B, BELAHEO 0% MRk Shi, 2hT 4o
BUERR L B LT, MEDH XIS hA s b, 2 B REABOFETERLYHELL O
Table 6 i Lz,

4. RBREREIVER

41 @ R 5k &

B’ & A UHEE BV T RSO RRCH > M BE LA Ba L,

1938 4£4: 5 1978 £ 41 SEHO R % 3 HIRIC DT 7o, Ticd b, 1938 45 1947 SE ¥ T 10 4
Rt OFREBEBE IR T 20T, oMY & TN L s, 1948 D 1960 S0
MR (KB LERR 2EMB2) ik mBFOFKE S026IRIE L 22 TH 2 23, EEICIRIREE LT
RO, 1948 FENH 19583 F£ ¥ TT, ZoRIKBEI i, COREIRAHHS DT, 22Tk
IRECHART & Urco 1961 555 1978 4200 16 42/ (REIL 22928 1 ERIB 5) 1k, WEHOHEHKIEIRE R
7 MR CH B A%, EEOBRAENTORADIL 1961 E, 5 1963 EE TT, bERXHMELIKESH

Table 6. #Jik 2 5k X O 3 SIFIROBERMORMA (7 » = NITHEZE)

Timber volume of stand on SHOZAWA sub-basin I and II.
(Estimated volume in parentheses)

4 mooR 2 % R ] o 3w R
) SHOZAWA Sub-basin II SHOZAWA Sub-basin I
% wlnavrvmml @ % | % & [ha Mz oER| fr %
Year Volume |Volume per ha Volume {Volume per ha
(m3) (m3/ha) | Remarks (m?) (m3/ha) Remarks
S WV'H%iZ‘fﬁﬁEMéﬁgfgi  |3rAK#EZE Measure-
1959 482. 94 109. 26 ment after 50% 570. 07 110. 26 ment after S0%
_ ) selectivecut | |selective cut
|
; 30% R{kH] Before
1962 (622. 60) ‘ (120.43)  [300 telective cut
60% LA Before 30% $R{RHE After
1963 (542. 84) (122.81) GO‘VE sélective cut (435. 82) (84. 30) 300/2 selective cut

60% R(kis After | ’

1964 (217.13) (49.31) 60% selective cut ’

| %I
1971 ‘ (321. 99) i (72.85)  |fotore clear cut ‘
1972 0 o |Efkik ’ ]

After clear cut

1981 0 0 (751.12) (145.28) |
B R B
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Cumuiative amount of precipitdtion for the warm season at the base weather station.
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Cumulative amount of runoff for the warm season on the SHOZAWA basin.
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Double-mass curve of runoff versus precipitation for the warm season on the SHOZAWA
basin,
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AR -
R=0.7209 Py+0. 1831 Py—105, 9F -+ uerereermmmetmeeatimtae ittt e ettt e 1
(FEHEBIGREL : 0.9697)
IRIKIA -
R=0.9414 Py+0.3719 Pg—3827. 18 «+-reertreriormstamitiiittie ittt (2)
(EMBIRE : 0.9907)
BRI -
R=0.8396 P1-F0. 0680 Pa— 189, A3 ---r+errrrerrerammtreiosimintes ettt (3)

(BEAFBAMREL - 0.9463)

TIC, P EMEBIC TS 8~10 IREKE (mm), Pp: AEBETS 7 ABEKE (mm), R: ¥
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HEL, ThEROYBOEMHEE L 0L ELEEL LTHETS L, Table7 DX A7, ¥,
FIURFEBECEHBRENF L OHE YRR LD Fig. 4 TH 5,

REHARD, B IMEB U T, MHBOED 5 B LOKETHER R 8- F3E it L,
R & FEBHOT 2, FRERREELE CATACHETDE LS TH D,

RERIARI B B fe - 724131963, 1958 F£D 2 T, TOMMBOMHE HEH) e/ T2EH42%F
bR LT 5 &, 26~26% (+80~+115mm) BEOHINE ot ZARM LT, FERMHCERC K-
7oL 1965, 1969, 1971, 1977 EEDKET, L OfHIT 22~849% (+67~+116 mm) OFH T, R{RIIR
I D AEROFHAMIEL foo ey, RFLERTER, E HLOBMEOHIE I, KHEEDH
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Table 7. #IRFEEIC K SR X 2B oML E
Changes in amount of runoff by selective cut or clear cut of

forest for the warm season on the SHOZAWA basin.

— 47 —

W F & Rﬁxof%ﬂfofaﬁthgﬁwa%m ;ieasgrr;m) fit e %@%%ﬁ%%
domofE M ofF (% o &[Z b % Expected
Changes of Changes of runoff by
Period : Year Measured | Expected m(ljilrl;ll;té? ;glrggg: (}’2) Probability equation(1)
1948 - — — — —
1949 319, 64 294. 73 + 24,91 + 8.5 0.5
50 1950 — — — -— —
1951 129. 26 115. 90 + 13.36 +11.5 . 0.7
§ % 1952 211.88 210. 60 - 1.28 - 06 | 0.9<
@ 1953 383.44 | 308.86 + 79.58 +26.2 0.05
(% iR 1954 165. 18 161. 01 + 417 + 2.6 0.
= 1955 299.76 277.88 | + 21.88 + 7.9 0.5 |
ot 1986 156. 61 171.49 | — 14.88 — 8.7 o.
& 1957 319.02 270.84 | + 48.18 +17.8 0.
Eo 14 1958 573, 10 457. 27 +115.03 +25.2 0.02
g 1959 404, 64 344. 59 + 60.05 +17. 4 0.1
m | 1960 185. 73 160. 23 + 25,50 +15.9 0. 4
i;era;'ig 286. 21 251.67 | + 34.54 +13.7
1961 279. 64 285. 83 ‘ — 6.19 — 2.2 0.9 297.28
1962 94. 43 91.54 . + 2.89 + 3.2 0.9< 80. 44
1963 194, 47 162. 77 + 31.70 +19.5 0.3 160. 20
1964 338,72 330. 17 + 855 + 2.6 0.9 320, 52
e 1965 155, 43 87. 80 + 67.63 +77.0 0.05 76. 48
1966 229. 15 171. 63 + 57.32 +33.5 0.1 172. 84
L1967 213.06 188, 57 + 24,49 +13.0 0.5 174. 05
S ‘ 1968 170. 88 114. 63 + 56.25 +49.1 0.1 113. 62
§ 1969 427. 33 311. 64 +115. 69 +37.1 0.01 328, 52
a 1970 172. 23 137. 58 + 34.65 +25.2 0.3 - 138, 52
- 1971 396.57 323. 89 + 72.68 +22, 4 0.05 329.03
g W 972 | — — — — — —
& I 1973 150.10 |  121.08 + 29.02 +24.0 0. 4 125, 87
1974 202. 26 164. 13 + 38.13 +23.2 0.3 151. 06
By 1975 102. 32 120. 77 — 18.45 —15.3 0.6 110. 92
1976 411, 47 348.02 + 63.45 +18.2 0.1 358. 40
1977 226. 02 122. 8O +103. 22 +84. 1 0.0l 125. 78
1978 136. 91 128. 15 + 876 + 6.8 0.8 181. 61
X"veraéﬁé 229. 47 188. 88 \ + 40. 59 +21.5 187. 66
|

* R S ROZELAMERIZED b 5 SR

Probability that the change in magnitude measured could have occurred by chance.
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Chronological changes in deviation from estimated runoff, meteorological factors for
the warm season and annual volume of timber cut of forest on the SHOZAWA basin.
Note) BEEMAARS S 7 EMFCHRIC A » LA LE
The black-colored rectangles indicate statistically significant change of runoff
at five percent level.

i, REATHLIANB 2T 5,

Table 7 i X % &, HURHIBOFHMEINEIL 34. 54 mm, FEIEIO W BB O P& ME GRENThihie
Motc b LBE OMMEDEIEHE 25167 mm & LT 13. 7% DI E fe o foe THIZKE LY D#%
k5 30mm (13%) OfME—FKT 5. Fi, BERHEECOV TR, F1540.59mm OEMET @
AR O 3 B F 1S 188. 88 mm 1k LT 21 59 DIEIN & 7x - F2,

(3) EEEO LB X 2HHEE(LOKRE

BIETRO I BUEIPIR, SRR S L CE RO =20 RIBR1I~Bicoun T, 85 Ey B
W TR BTN B B 5 E 5 Bt LTz

¥, MAUER & R B 1 5 oo BRI on T Lick 25, ERRO IR ER
(AR C5XDKRETHERLENRD Y, BIRENLOSEPEBERIITEINTZ EMbhot, &
i, REERO R REELEEOMBHRE L DA RkEWND, WAE ki3 Y, REIHORK
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600 —
—O— HEILIBHAR Calibration period e
—-@—- iR 1% ¥ B Selective cut period //
500 —~--@-~8 {£ 2 B Clear cut period /

WRFK D 8 ~10A KB R (nm)
Runoff for the warm season on the SHOZAWA basin

0 | | [ [ | |
300 400 500 600 700 800 300

EFREBO 8 ~10AEKE P1 (mm)
Precipitation for the warm season at the Base
weather station
Fig. 5. #REROBELFC RT3 HEE S BKE - OBtk
Relation between runoff and precipitation for the warm season on the
SHOZAWA basin.

HWEN, EAEPRICHELT, £/ 2LE2RL TS, DI &L, BFIHTHENCHEEROBRIC
TLicFig. 5 # A TH WL TH D EUEIN & FURHIO 2 A D ENEHIL, 8~10 ARKEN S /e
Y, KECHENh, TOENKEL LD I Ehbhb,

Wiz, SEAIEIRE L BRI o RN & @)D LB T, BRHREICIZEN 25, BREE 5 %L
LOKETERRERD > 2O LT, BRHANTE, Woddrrbb T, HHENBLEHER-
KHELTECELC EEBRL TV 5,

PR & BRI o @R R(2) L Q)0 H# T, MM EERE e, £<{MLERRL AL T
b Iz Eabhot,

EAMFE RO ENRR & R X OB O BEURA ORCHETINCE B RER D D & L ibh oo
DT, EEHOCETOERFELL,

AEIIR &R & O HEDET, BARRLBEGRED Y, ROXNELRL,

AR=0, 2207 Py+0. 1838 Py 130, 55 ++-+rvsoessseresasssseresiissassistsssssatisessisiass s sassenianns (4)
(EEABIFREL : 0. 8755)

Z 2T, AR GELFEIN & RO MHEDZE, P, P i3iR{RHKO 8 ~10 ARKER L7 AR
KETHD,

RKWF AT, P, PO RATHE, HHEOZOEMAEEIWI b CtH B2, P& POES
hRERELDT, WOXIL L, WML EC TP OBEWEHE T 392.0~838.0mm (Appendix-
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Table 1 ) TH% O T, Table 8 RT L 512 400~800 mm & L7, Po i3RI D EHEH 217 mm
THBHOT, 200mm LFEFLT, RO LHHEELHELL,

FORBEBR LIS E, PLAH400mm &4 7cu & E0L, BAEBREZE LB RV 25, Py A 800 mm BEC e
DL, 20%@ EWMT B L Ahh oo Py ORBEMOFHEIL 500 mm BETHLDT, ZDLE
OEMET 16. 56 mm, HNRIL8.2H6TH D,

T IR L R & O R O LB T, RIR BRI EN R, ERERCENRVHER
DT, FBORBEHAGT, BRI ICBEEEXET L,

S BHAR
R=0.7914 P1+0. 1109 P2—216. (4 R R TR T R DR R R TR TR: (1)’
BRI -
R=0.7914 P1+0. 1109 P2_174. oI TR L I R LT RT R PR U PP PP PP PPT (3)’
st

C 0 2 EOFHRERROEE, FEREROETH DM, FOXZAL8Imm LD, OEETHE
IO R B ARCEFL BTV i D, AR THE L E KPR ORI EOF
WHIEHE (Table 7 2R) 187.66 mm 0 22. 3% CTH 3,

HEFS X EIR D 5026 IR (1958 4E ¥ ©) o FHiMHE (6 ~10 HHLE oF{kiconT,
1953 SERF D E RN BE LT L, EhEL26.56LHWEL T 5, AWE BT, 1953, 1958 &
DOWEIFE L MERLTWBDOT, 1958 FixhBofid s Rics, ¥, hHOHFRHEEDORITC
BT, 8, 9, 100 AD3ILAMOE{EE LS L, 8 F TIL1949 5 1958 D W0 LMD S HT6
FELBEERBMERL OB A EHEEhS, 2D 644131950, 52, '53, '54, 57, '58ETH B,
9 AT I0EM » 5, 1951, '52, 56 F CHER A RL, 0 AT I0ERM D> b 1FEI AR
BMERUCER oot FRETHEDLRAKR © Ihil, S0%IRMHIM L, BARBMC k& T35
L, ALY BB £2LRB L b o7 T, Appendix-Table 1 &iR3 8 9, 10§ D%
REND ABEKEOPSEY, EAEEM LR cHHET 5L, 8 B THENEM-<132.7, K
BRI 194.2mm, 9 JCi1182.4 &£ 215.0mm, 10 §-T%183.2 & 156. 5mm & 75 o, RRBIROH
A8 ATiX6l.5mm, 9 5 Tit32 6mm &\ A% 10 § il RERRIKIOJ 43 26. 7 mm A AU RSB AE

Table 8. iRt o SURERRART & 50% RILHIRIZ ki B KERIREE DRV
Difference of runoff by precipitation amount in calibration
and 50% selective cut periods on the SHOZAWA basin.

e sk B (mm) g o _® M W W & (mm)

Precipitation Runoff for the warm season
P, P, FOPI | SO%IRII | antes ot | Chonges of
(8~108) (7 ) Calibration 50% selective amount in amount in
(Aug.~Oct.) (July) period cut period milimeter per cent
400 200 129. C6 123.55 | — 5,51 - 4.3
500 200 201. 15 ! 217.71 + 16. 56 8.2

700 200 345. 33 406. 03 + 60.70 17. 6
800 200 | 417. 42 500. 19 + 82.77 19. 8

+
600 200 273.24 311.87 + 38.63 + 14.1
+
+
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Bt R HFIROEMER RDS D12 8~10 HOBRKETH B LE2 DI D,

fods, BIRDTHLELE LA, Fig 4TI 5K, BN 8 ~10 AFHKE (Wi Appen-
dix-Table 2 B) (1, MABGBOFHA LD L 07CREBVDOT, KREERILERTS &, HRY
it 2 BMBEOTTH, FHREKEOZR LB LD THD LT bV bELLhS, L
L, BEOCEHTE, COXROETFARBHECHERCSOBEOHELYRETIONTHETHED
T, TITE, SOREOVWTERIL Lo,

4-2 ¥R 2 BiR$H & U 3 BiRl

WR 2 SR E XV 3 FREBC T, SHON S L L-BREMREG L&, 5F "A»510 A To
17 HEDHHETHSL, WR2EREISREB T, 5 FTREALHIHRBIIKDb>TLE 525,
BEOSHVERIL6 A CRMSOBENBLIBE1HL0T, 2ORETCHBENHELTTAMSI0 A
FTOAmHEE L,

2 SRFE T3, 1957 S5 5 1981 £ TO 25 %, ML LAHBRNORAEOEBCRL T, RO
3R 4o, Fiedot, 1957 S 1962 £ % T 6 FERIR S0 MM L Lic. Wi 1963 25
1971 £ TOIEH D55, READENIE SLOTEH 6 EMTH L, COHHEE, BFELK
MR T 606 DIREA WA TIThh, & T80XHKIL R -720T, ZDHik% B0XIRIKIAM L F.5 2
ERT D, 3L 1972 05 1981 4E ¥ T 10 SR, 1972 FRMEHAOBRHVERINAOT, FL
BRI &0 2 2 L,

3 SR T, 1957 25 1981 £ T0 25 FEM%Z, TR L ARBHORROEZBE LT, RO 2
R Tz, Findbeh, 1957 Eh D 1962 F ¥ CO 6 EMD 5 b, RFEL A 1 EL BT 5 ER% 50
QIRIKIAM & Urc, 1963 v 1981 2% THO 19 TR0 5 b, REIL 2= 7 FRER A 12 /L, 1962 4F
b 1963 2T THUIEA T HE, BELAHET 30%B0RMEAThh, &5HT 65XiRRI e -0
T, O 65 IR & PSS Lin Uiz,

SOMETE, 2 BIRTBONHILIIM, BIRPMO 2 il owvT, ¥, 3 BRTI 5% ML
DT, B LB R R %, S0%IRIRMM & i L T, ThERED L S b L2 R L
720 BAHOHERBRBBOHTHERLLDLER L TH S,

(1) Double-mass curve & X 2 HELLOBE

R 2 BREFHED 7 A5 S 103 ¥ coOBELRGHE E RMOEMTER BT 5B KE (Appendix-
Table 2 £fR) & ® double-mass curve %7~ L7-% D4\ Fig. 6 TH %,

SORND, EMEYBUT, BELEMAFPEAEREALR-0T, 1 AOHER TEBETE
ez &b, Ehe, FHH oG- TERELTRS,

502 RIXHAMD 6 /I Tix, 1958, ’59 FEDOFFEDMELLRLEAF DO LH Iz & T, 1961, '62 4 CHUE
BRECRHARVELCRD, 150HAHFLCEZERZOLAGL S T, SORREDOEEIDPPE > T
WE X sicBbhs,

SOR%IURMIRI T, (2L A LHIMS LWEENEZ B AT, It ED 1971 FOEMLER L H 2R
EHEHD, ML Z &390 h% B,

BRI T, B, SO%TRIRHIEI MR X b2 EH RSB L, #WmL ik k5 RBEE R
U743, YT, by, S THCEAMZE L.
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RO KT 3 BRIIED double-mass curve 2R L7043 Fig. 7 TH S, DRI TH 1957~1961
FOPED, HEL VLRI TR T b, SOBREBELELE LT EHemoligyEE, 50%65YKD
BE BT 530LEbRS, LOFEOHEIL BER—ER LD D, HETHBXOFRIIRIHE
~RETHEIHECRETELVLL5TH D,

UED XS, 20RE , S50%IRKH 5 65I6IR1R, BONRILPLER (100%6) ~ & {REFEHEmML TH,
i E~OBEL double-mass curve KX BMEITTIE, 12X VR TEh o, EHREKERUT
TERHCBHR L CLS et b,

(2) 509N o ERR I X % i HEELoOKH

MR 2 BRWRD 7 AH5 10 A ¥ coBEHMHEHE (R, mm) LEBER KT 2 AHHOBRKE
(P, mm) & DBH% Fig. 8 2R L, ThZhoiickit s BRR,

5026 IRERHAM

R=0.8957 P—340.36 (r=0.9740)

8026 tRELIAR -

R=0.9979 P—388.09 (r=0.9824)

EARIIRG

R=0.7657 P—207.05 (r=0.9653)
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Fig. 7 #R 3 BRifikics
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Double-mass curve of
runoff versus preci-
pitation for the warm
season on SHOZAWA
sub-basin M.
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Relation between runoff and precipitation for the warm season
on SHOZAWA sub-basin II.
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b, hirhBH-HEBEGR A ELR,

Tz ¢, 5096 RIRHAMDEIRA(G) R AV T, S0%IRIRIKHARM, kRO KENS, L, 80% R
ROEETOR I » R BEOEIHBO MFHEL RS, EMOWHE L OELEEE LT, TOME
BB EZRH L0 Table Th 5, T/, BB IV 7~10 ABRKELZHICR LD Fig. 9
Thb. BEKEZSHETDH L, 80%TILMME L OB HIMZE L€, BEAFHMCEEC -
PRI o T, T, 1971 ERPREEIMTAEr o2, T, BRI 2ELER
HER AR TRV, BLEAEDETHMLTWSZ Ehibhate, ZEiT, HREED 197243
T IGTTE T MEBR KR Eh 7, Table 91w i, S0%INIKEIMO LM MEIL 34 41mm T, F
WHARED 9. 1% & e 7o Fiz, BREIRICIE, 53.69mm OWME T, 20 1%DOWMELFLI,
hbik, WThIFHNCERRI S Rh o1,

Table 9. #R 2 FRFHICE T R C X 2BEHMORNELE
Changes in amount of runoff by selective cut or clear cut for
the warm season on SHOZAWA sub-basin II.

o # ! % E—:unf?f f%E]r vz&rfzrmtﬁsegi;on () f #
‘ 5O 1A W 5 fH %z = Z b ¥
‘ Changes of Changes of
Period Year ‘ Measured Expected ﬁﬁlrlrrllgté? nglelg: ( ‘1’/‘:) Probability
1963 216. 63 230, 92 — 14,29 ! - 6.2 0.9
o 80 1964 | 67245 612.84 +59.61 |+ 9.7 0.4
= % 1965 — — — — —
@2 N 1966 — — — — —
g 1967 360. 36 370. 29 - 9.9 | -2z 0.9
g & 1968 — — - — —
g 1969 448.73 | 416.69 + 32.04 o+ 77 0.6
o Wi 1970 205. 27 : 155. 32 + 49.95 +32.2 0.5
g 1971 579. 95 490.85 + 89.10 +18.2 | 0.2
2y _— |
Average 413,90 379. 49 + 34.41 + 9.1
1972 347.90 232.71 | +115.19 +49.5 0.1
1973 160. 70 94.32 | 4 66.38 +70. 4 0.4
o 1974 341. 50 311.53 + 29,97 + 9.6 0.6
o 1975 240. 69 202, 26 + 38.43 +19.0 0.6
:g: % 1976 523. 65 499. 45 + 24.20 + 4.8 0.7
a 1977 211. 20 111. 16 +100. 04 +90.0 0.2
=S 1978 140. 58 118.15 + 22,43 +19.0 0.8
B W 1979 393, 65 399. 04 — 539 — 1.4 0.9<
g a +-1980 375.77 276. 47 - 0.70 - 0.3 0.9<
1981 470. 69 424. 30 + 46.39 +10.9 0.5
qu erayge 320. 63 266. 94 + 53.69 +20. 1

* Table 7. [FL
The same as in Table 7.
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W 3 BRME T, 5096 s LU, 65% R ckD & 3 kEIRLAB B,

5096 IREX AR

R=0.8382 P—340.12 (1=0.8952) rrerrererrrrrnm ettt (8)
6526 IREX AR

R=0.7229 P—256.85 (r=0. 9603) .............................................................................. (9)

ZZTC, RIBFRIZFRFEFEO 7 FHH 10 A TOBRFHMBHNE (mm), P IXHMBEBRTLH
OB AE (mm) THB, 2hboBHEY Fig. 10 KR L,

SO RO EHRISIA I T, & L, 659 IRMA T AL Inhs » 785 O 656 IR MR i i D A
FHiExYRD, RAKHEEOELXB(EL LT, TOFMINAEELRI LicL D% Table10 @Rl 7,
T, 2HBREALISEEERLICS D%, Fi#O Fig. 9TmR L1z,

S - T, BEREMNE L OB LizEithot. 3 BRSO 65% I 13 5
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Table 10. iR 3 SHRytEIZ 17 2RI L 2 BFEIHRIORHZELE
Changes in amount of runoff by selective cut for the warm season
on SHOZAWA sub-basin II.

| - N
Wom & & R{%nofﬁg foF?l1 thzii wﬁm %eaegrr;m) fie #
CFE Al A B o+ (@ % b & % fb #*
% Changes of | Changes of
Period | Year Measured Expected ?rrlr;f’ilgt:tel? ;trarxl'?:gl?: (1°2) Probability
1963 165. 66 194, 49 —28.83 — 14.8 0.8
1964 560. 73 551. 90 + 8.83 + 1.6 0.9<
1965 — — —_ — —_
1966 — — — — —
65 1967 253. 99 324.91 —70.92 — 21.8 0.5
% 1968 — — — — —
o iR 1969 — — - — -
R 1970 147. 84 123. 74 +24. 10 + 19.5 0.9
2 1971 421.00 437.73 —16.73 — 3.8 0.9
g ﬁi 1972 — — — — —
A 1973 | — — — — —
2 1974 227.07 269, 93 —42. 86 — 15.9 Q.7
- 1975 198. 55 167. 67 +30. 88 + 18.4 0.8
3 0H 1976 409. 31 445.78 —36. 47 — 8.2 0.7
g“ 1977 167. 57 82.42 +85. 15 +103.3 0.6
1978 — — — — —_—
] 1979 336. 57 351. 82 —15.25 — 4.3 0.9
1980 331, 54 330. 70 + 0.84 + 0.3 0.9«
1981 371. 69 375. 46 — 3.77 - 1.0 0.9<
Axgeraige 299. 29 304,71 — 5.42 — 1.8

* Table 7. ¢ C
The same as in Table 7.

TAEIHEMEBP R ELE LT, S0BREHECHEL T, HHECELRED -7 L@ Ddbhiso
o
(3) ERH O L 2 BE LOMKH

R 2 BREEOE LB O EIFRE), (6), (NE{HEAFEELACT, AL i-L b, EOHH
DS, HENCEELRERRVIHT Z 3 TEh -7 (Fig. 828,

FHEE L, ARARNLORESDI L, HERBOREVCERAAELRLLL20b 5T, BIRERHE
CREVWREYRVHTC L@ T kd ok, BED IS5, ZoFELHAGTY, FIR2ERERTE
W3 7~1070BEHMTHED, FHL BB T50%2580%IRRcmL T, FikE LT, 50%iR
RPEcHBEL <, AR DLARGCEELRBL R, BT, oo T, ©—7HBLED
EREMOT oW T, BRABOBELRH LT3, Ik, FREDWREROF AL,
WMRWE TS, S0 & BRI & DEIRB OB T, MHBRZEIBHI NI -12DT, R
BoR1BLRELTTH D,
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Fig. 10. #)iR 3 BiRFE O BEMM S 5 RIHE & BKE & OBtk
Relation between runoff and precipitation for the warm season on
SHOZAWA sub-basin II.

Table5 it X 5 &, ZOFHBRICET 5 S0RFEMM O ARAELRETIL, T T, S0%RE2 TR T
D, HALLTE TV IO TIAEL, FED ha %) 109m® T, »icHTFLL IVFE TRk
Mot, THIT, ZOWBROLIBIELD, HAMRLIELL, BRNEZELKKHELTLE S &5 K
THEDT, TOREDL K, SLEEEL 80 HmML, T, HFRLTL, MHBECELIZEDH
TR b0 EBbh3,

R 3 BRERCROEAHBOEIRRE), 922 T, £XBIHET - BRE, ERrLOSE
w5 BABRTEELERD D, COFETRERBLEIVCERTS LR TERNT Edtbhot, D
% b, SO%INKIARI & 656K TiL, BROSBIKRE S RBito T3 LW I BRBBLRL, VT
RIELTh, BIEOHELEThbn5 X5k, 50%READ, ISRy #EmL Tes%Rk LT
3, MERCAELHEMI kb DEELLND,

5 B #

FNRBHOPMRIIL, TR 2 BRIk X 083 FRFEM I 5 BEMRERK L EOBKRRC L E(LE
HstH BT L,

N LA 33, double-mass curve i X 374, SABBIHORRRK X 5k L UERR
DORE (EOBOFE) R HEDZ0THS, BONLBRIRDLE Y THD,

TRFEETE 2RBEMEE SO0 MM . Tihbb, 1938~'47 &£ T, WIRHOBRMILHE
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IhieDT, ThyBNBE L, 1948~60 % TiF, b OBHMI M T 50%I 1k (1948~753
EETRE HEAHRE) Shi0T, RIRPME Lic, 1961~78 Fik, =Dt 5 =20/ AR
Wik (A3 HEH 16. 07 ha) % BR\ - THIK (1961~63 &£ % TR, BLIIAF L A 5= Y& FH) Shio
T, R L L.

Sz - T, 8~10 B E L AR EMES k1T 2B KR L D double-mass curve %
A5k, RIRHHS X OB T, Hoac ENEMCHE L T, MEEIEML A Z & blbh
<726

ENEPC 375 BRMGLE & BKkE L 0FRRE BT, HIEHE L SRkt 2 8580
WHELEELHELCE 25, FRIKHH TREFHCERECHEMT 2 F1 2 FTH oo RILHMHOF
BHRHE R RENOT ECd -, HECEM L AFOBMEL 80~115mm (WK T25~26%) T
B otoo BWILMIEITI, WEOCEBICEMT5ENSL, £ OMINEIL 68~116 mm (N T 22~84
%) Thoto, MHBE BN LAFR, bk, VTR EREBZHBL L,

BEMORHEEBAKE L OMIBRLEIEI T L » THEL T -7 25, EAFEHE & RIREIR
Tit, SELEBERCEN WA, ERERCEEEN B, chid, BKERX-T, HH
FBCENDDZERFRL T D, WE, BREOREMIC ST 5 FHECHETS L, 166mm,
(8.2%) DHMARD LRI,

Wiz, WAL BRPE O LB T, SBPERARICIEN VY, EREBCHRREND S
ZEMbhote, FOERHETS L, 41.81mm (22.3%) T, OEZFEFRERHOKHENRS - Z L
oIS 5Y/IXC% i

R 2 SRR T, 1957 EORBBIANS 1981 £ TD 25 Ff (5 b, REENIEDLD) b
7o 7~10 A O BEHRG HES, WIS OFHE MBI T 80% IR, BT 5 bick » T, 50%iR%
Pk L, EOBEEMLT IR L,

RO TFEIVMREH L AL THE, BOhABERARDERY TH D,

MR 2 BREED 7 ~10 A OBRFHIBHE RS, BN OHEKY 502604 S8 % B L T 80% R
ELTH, BEL TS, S0GINRMMIC R L T, —I5, HWOBEENCH 525, Mt HE LBt
otee EDOOHBEELGEU I S Ik E e ot

COBBRE LT, HEELX S 0%REMFCE LT, ZOREAOHEKRER T TRBIFLL DT
koD T, b, 80%IRKLTh, FAEXRLTL, MHEBEREK LTz d, ¥i, ZTOK
W HIBRARL, LA EIABEMSD Y, e LTRAENEE LV Z L diFbhs,

MR 3 BRI TIL, 1957 £ORBRBAE S 1981 F£F TD 25 ER] (55, RAENRTEDSS) Tl
5 7~10 ADEFEHETHEL, REAOFREHE T S0GHRELRELS, S5, 65%RKOI
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Effect of Removal of Forest Vegetation on Streamflow for the Warm Season
in High-Elevation Watershed (II)

—The SHOZAWA Basin, SHOZAWA Sub-basin II and SHOZAWA Sub-basin III
in the TAKARAGAWA Experimental Watershed. —

[Experiment on Forest Influence upon Streamflow in TAKARAGAWA. The 5th Report]

Shoichi Yosumno( and Akio Kikuya‘®

Summary

Effects of selective cut and clear cut of forest vegetation on streamflow for the warm season
were studied on the SHOZAWA basin, SHOZAWA sub-basin II and III in the TAKARAGAWA
Experimental Watershed.

Before the start of the watershed experiment on the SHOZAWA basin, the forest was establi-
shed naturally and the major species present were Fagus sp., Quercus sp. and Thujopsis dolabrata
Sies, et Zucc., but in the SHOZAWA sub-basins II and III, the above mentioned forest vegetation
was selectively cut by fifty percent (in volume) at the start of the watershed experiment.

The treatment of forest vegetation and analysis period for each basins are as follows:

(1) The SHOZAWA basin:

Runoff from the SHOZAWA basin during the warm season (August through October) for the
41-year period of 1938-1978 were analyzed by three different statistical methods.

The 41-year period of study was divided into three sub-periods.

The first sub-period (1938-1947) is the non-treatment period or calibration period. Forest
vegetation on the basin was not cut during this period.

Forest vegetation on the basin was cut fifty percent (in volume) during the second sub-period
(1948-1960).

The residual forest vegetation on the basin was clear cut during the third sub-period (1961-
1978) except the forest vegetation on sub-basin II and III, and Cryptomeria japonica D. Don and
Lariz leptolepis Murray was planted on the half of the cutover area during this period.

(2) SHOZAWA sub-basin II

Runoff from SHOZAWA sub-basin II during the warm season (July through October) for the
25-year period of 1957-1981 was analyzed by the same method as used in the SHOZAWA basin.

The 25-year period of study was divided into three sub-periods.

The first sub-period (1957-1962) is the fifty percent selective cut period. Forest vegetation
on the basin was cut by fifty percent (in volume) during 1948-1953, before the start of the experi-
ment.

The second sub-period (1963-1971) is the eighty percent selective cut period. Sixty percent
(in volume) of the residual timber was felled during this period, therefore, a total of about eighty

percent of the original forest vegetation on the basin had been cut untill the end of this period.

Received November 5, 1984
{1} Takaragawa Experimental Site
(2) Forest Influences Division



B RTRIC BT DARIR L BB oKL 2L B2l FF %) — 6l —

The residual forest vegetation on the basin was clear cut during the third sub-period (1972-
1981) and subsequently natural regrowth was allowed to develop.

(38) SHOZAWA sub-basin III

Runoff from SHOZAWA sub-basin III during the warm season (July through October) for 25-
year period of 1957-1981 was analyzed by the above mentioned method.

The 25-year period of study was divided into two sub-periods.

The first sub-period (1957-1962) is the fifty percent selective cut period. Forest vegetation
in the basin was cut in the same way as on sub-basin IL

The second sub-period (1963-1981) is the sixty-five percent selective cut period. Forest
vegetation on the basin was cut by thirty percent (in volume) during this period.

The analytical methods employed and the results obtained are as follows:

(A) The SHOZAWA basin

(1) Double-mass analysis:

The double-mass curve of runoff versus precipitation was constructed for the warm season (August
to October) over the whole period of study. The curve suggests that both selective cut and clear
cut of the forest stands brought increased runoff.

{2) Multiple linear regression analysis:

A regression equation was developed for each of the three different periods;

for the calibration period :

R=0.7209 P,+0. 1831 P;—195. 92 1
for the fifty percent selective cut period :

R=0.9414 P,+0. 3719 P,—327.13 (2)
for the clear cut period :

R =0. 8396 P,+0. 0680 P,—189. 43 (3)

where R (in mm) is the seasonal (August to October) amount of runoff, P, (in mm) is the amount
of rainfall during the corresponding period and Py (in mm) is the amount of rainfall during July.

Equation (1) was used to compute the expected runoff values for the other two periods (the
fifty percent selective cut period and the clear cut period). The difference between individual ex-
pected and measured values was tested for significance (see Table 7). There were two significant
years in the fifty percent selective cut period and four significant years in the clear cut period.

(8) Analysis of covariance:

From the results of covariance analysis, it was concluded that the Aug -Oct. runoff increased
by 16. 6 mm or 8.2 percent in the fifty percent selective cut period and by 41. 8 mm or 22. 3 percent
in the clear cut period as compared with the corresponding runoff in the calibration period.

(B) SHOZAWA sub-basin II and III

From the results of double-mass curve analysis, multiple linear regression and analysis of
covariance for SHOZAWA sub-basin II and III, it was conclnded that the July-Oct. runoff from
these basins showed no significance when additional cuting was given to the original (50-percent

selective cut) forest (see Figs. 6, 7 and 9, Tables 9 and 10).
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Runoff in the warm season from the SHOZAWA basin and precipitation for the
corresponding season at the Base weather station.

o A R ®OR O o O W = (mm) # N A 7K B2 (mm)
| unoff from the SHOZAWA basin Precipitation at the Base weather station
| - .
5 £ =3
{ A Morzlﬁ:tbhly xlfllnoff - G ab | & B A A Monthlyﬁprecipitat/ion = 1 (/g;w 10 fu;) F F M
! - : SR — 777*1 Total
Period { Year| 8 Au g).Ej QSeptFj } 100 ct. A Total Cumulative | ’ July ‘ 8 Au g_ﬂ QSept.ﬂ ’ 100 ct.H 1‘ (Augézt.) iCumulative
| 1938 5.16 23.34 87.16 |  115.66 115.66 |  155.4 9.6 | 99.7 - 205.1 | 4014 401.4
1939 66.79 76. 38 17.21 | 160. 38 276.04 84. 4 223.0 176. 4 79.2 i 478. 6 880. 0
9 4 1940 37.31 30. 42 39. 22 107.15 383.19 161.8 170. 8 73.4 140. 3 384.5 1264. 5
g g 1941 26. 14 140. 01 55. 77 221.92 605. 11 294.2 92.8 268.8 87.4 448.5 1713.0
& 1942 41.62 27. 81 143. 19 212.62 | 817.73 244, 7 181. 1 113.8 237.3 | 532.2 | 2245. 2
g 1 ;1943 ¢ 11.44 91. 10 150. 24 252.78 ! 1070. 31 92.1 79.6 263. 1 i 228.3 } 571.0 2816. 2
B ﬁﬁ% 1944 30.71 . 50.50 61.58 142. 79 i 1213. 30 266.7 102. 7 i 126.8 156.4 385. 9 3202, 1
é: i ‘ 1945 15.91 77. 30 ; 288. 22 381. 43 E 1594. 73 ' 306. 6 115.0 | 195, 2 ‘ 416.9 727, 1 3929.2
1946 56. 83 14.75 63. 56 135. 14 ! 1729. 87 z 257.3 144.9 115. 4 i 184.2 | 444.5 4373.7
. 1947 12.12 223.29 42. 64 278.035 | 2007.92 ! 146. 3 130. 5 391.5 1 96.7 ‘ 618.7 4992. 4
1948 T x * . * . a72.4 120.8  368.8 | 159.6 649, 2 *
. 1949 24. 20 196. 81 98. 63 319.64 | 2327. 56 108.7 235. 1 221.38 196. 6 653.0 5645. 4
w IR 1950 i 120. 21 * * % * 226. 6 231.0 127, 3 139, 2 497.5 *
% 1951 | 17.78 42, 81 68. 67 129.26 2456.82 159. 6 100. 3 144. 1 147.6 | 392.0 6037. 4
g". *® 1952 83. 28 60. 67 67.93 211.88 : 2668, 70 | 278.0 153.5 ‘ 190. 4 149. 4 ‘ 493.3 6530. 7
: 1953 183.02 160. 47 39.95 383.44 | 3052. 14 | 267.2 299.5 | 256. 6 69.3 f 625. 4 7156.1
=3 ] 11954 ‘ 46, 41 ! 69. 04 49,73 165. 18 3217. 32 166. 6 173.7 ‘ 156. 4 122.7 ! 452.8 7608. 9
: | 1955 ‘ 20,60 . 86.09 % 193. 07 299. 76 3517.08 131, 2 130.6 | 225. 4 267.9 t 623.9 8232. 8
g ] i 1956 | 23. 69 i 81.33 1 51. 59 156. 61 3673. 69 219.9 127.5 204. 6 121.7 i 453.8 8686. 6
! 1957 ‘ 123,79 1 114.32 ‘ 80, 91 319.02 3992, 71 | 260. 5 228. 4 | 231.6 121.3 1 581.3 9267. 9
| 1958 180.50 | 272.00 | 170. 60 573.10 4565. 81 268.0 280. 5 335.0 222. 5 838.0 10105. 9
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1959 152. 89 116.70 135. 05 404. 64 4970. 45 266.8 276.9 ;’ 222.0 183. 1 682.0 10787.9
1960 86. 26 55.85 43, 62 185.73 5156. 18 264.3 130. 6 ; 177.2 119.1 426.9 11214.8
1961 96. 95 41,70 140, 99 279. 64 5435. 82 166.C 236.2 162. 4 227.5 626. 1 11840.9
1962 16. 87 11.92 65. 64 94, 43 5530. 25 205. 3 111.8 70.0 164.8 346. 6 12187.5
1963 82. 46 40. 32 71.69 194, 47 5724,72 188.0 239.5 64.8 145.5 449.8 12637. 3
£ 1964 32. 32 185. 53 120. 87 338. 72 6063. 44 448. 3 172.7 283. 4 159.8 | 615.9 1325638, 2
1965 22. 26 115.08 18. 09 155. 43 6218. 87 203.8 67.5 190. 7 83. 6 341.8 13595.0
1966 56. 70 116.77 55. 68 229.15 6448, 02 155.7 122.1 241.7 106.5 470.3 14065. 3
Q 1967 56. 64 71.83 84, 59 213.06 6661.08 348.6 160. 2 111.8 172. 8 444, 8 14510. 1
E"‘; X 1968 82. 49 25.13 63. 26 170. 88 6831. 96 118.4 214.9 48,7 137.1 400.7 14910.8
g 1969 247,35 108. 64 71.34 427. 33 7259. 29 189.2 316.9 216.8 122. 3 656.0 15566. 8
.: 1970 23.18 91,58 57. 47 172.23 7431. 52 121.7 100. 4 233.1 98,2 431.7 15998. 5
%. #1971 68. 92 208.11 119. 54 396, 57 7828. 09 277. 4 176.9 284.8 188.9 650. 6 16649. 1
Q& 1972 50. 10 * * * *® 201.1 172.3 176. 4 90.0 438.7 *
1973 71.31 21.14 57. 65 150. 10 7978. 19 61.1 192. 5 86.5 145, 2 424, 2 17073. 3
i 1974 93. 36 65. 31 43, 59 202. 26 8180. 45 306. 1 169.8 154,7 97.2 ! 421.7 17495.0
1975 30. 90 8.94 62. 48 102. 32 8282.77 223.2 148.9 79.1 154. 6 382.6 17877.6
1976 179. 21 149. 99 82.27 411. 47 8694. 24 245. 4 348.0 196.9 147. 3 692.2 18569.8
1977 78. 25 129.15 18. 62 226.02 8920. 26 83. 191.9 188. 1 41.0 421.0 18990, 8
1978 9. 60 48,17 79. 14 136. 91 9057. 17 83.6 65. 2 207.7 155. 4 428.3 19419.1
Note) »: /K, Missing N B o - -
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Appendix-Table 2. HJiR 2 23 & 0° 3 S iRIKERIC 31 % BB B
Runoffs in the warm season from SHOZAWA sub-basin I and Il and
e | IR 2 SRR (mm) IR 3 SRR
Runoff from SHOZAWA sub-basin 1 Ruoff from SHOZAWA
77 8H E 108 | & & % fE Ao 71 8J1 9R 104
Year July | Aug. | Sept. Oct. Total | Cumulative July | Aug. | Sept. | Oct.
1957 . 183.25| 186.13| 101.00 63.39 533.77 533.77 178.92| 166.31| 94.99| 56.85
1958 . 118.96| 116.25| 249.63 163.04] 647.88 1181. 94.15; 100. 11| 211.15| 114.95
1959 146. 74| 130.58| 91. lli 99.09 467.52 1649. 17 194.88| 122.74| 96.15/ 86.78
1960 ; 162. 68 39.50 33. 701 22,27/ 258.15 1907, 32 o 112.88 33.20 27.94 17.42
1961 93.27' 86.65 36. | 133. 26| 349.28 2256. %’ 86.37| 73.05] 30.46 113.08|
1962 96. 93 9. 36 3. 53.77| 163.40 2420. = * * * *
1963 78.30 76,01 15. ) 47,21 216.63 2636. 61.01| 53. 16{ 12.90 38.89
1964 | 370.86 39.43) 172. 89,33 672,45 3309. ® 318.00] 25. 36i 135. 30' 82.07
1965 | 114. 47 % * * * * °\c§/o * * * *
‘ » %
1966 55. 42 * * 27. 80 * * %TR * * | * 11.95
1967 | 216. 14! 39.36 40. 64. 37| 360. 36 3669, é ® 157.53] 27.97 - 26.01| 42,48
1968 33. 31 71.38 * 44, 42 * * g"ﬁﬁ 30.79] 53. 24{ * 30.72
1969 77.21; 234. 52i 86.30 50.70 448.73 4118. §.ﬁzﬁ * 181. OO? 65.39| 38.70
1970 61.62 16, 46‘ 92. 35.10 205. 24 4323. 8‘ 50.72! 13. 29‘ 60,12 23.71
1971 | 221. 92‘ 56.71] 202. 99.30 579.95 4903. 165,20 36.24) 142,02 77.54
1972 © 175. 46 4647.;3; 90. 77‘17. 26| 347. 96 5261, 104. 66| 26.25 47.89 *
1973~ 24.18| 63.52 14. 58.22| 160.70 5411, * * * *
1974 | 177.78 81.68 53. 28.40 341.50 5753. " 122.05] 51.02| 34.35 19.65
1975 | 134.65] 49.01 4, 52.77| 240. 69 5994. % 124. 66| 35.04 3.49| 35.36
1976 | 146.13 192, 91| 121. 63. 11 523. 65 6517. E& 112.58) 144. 14] 103. 25 45. 34,
1977 32.25| 71.47| 101. 6.11 211.20 6729. E" 27.42) 50.80 83.35 6. Q0
1978 15. 65 2. SSi 54. 67. 69 140. 58 6869. g.ﬁﬁ 13.88 * * 49.11
1979 94. 87, 107. 601 51. 139.83 393.65 7263. & 79,15 80.26| 51.18] 125.98
1980 | 128.86, &51. 59; 94, 101.09| 375.77 7639. fil 108. 28| 48.92' 83.00| 91.34
1981 129,42 95. 14} 80. 165.87 470. 69 8109. 116.68 64.49| 63. Oli 127. 51
|

Note)

* 1 /KJl, Missing
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precipitation for the corresponding season at the Base weather station.
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& (mm) * o B B B K B (mm)
sub-basin I Precipitation in base weather station
& G| mmoA A | e oA | oA | & w [ g%&ﬁﬁ%;] T
Cumulative | Cumulative
Total | Cumulative July | Aug. | Sept. | Oct. ‘ Total sub-bfaosrin I sub-bf;srin m
497.07 497,07 C.: 260. 5! 278.4| 231.6 121. 899. 8 891.8 891.8
520. 36 1017, 43 ZEO 268.0, 280.5 335.0 222. 1106.0 1997.8 1997. 8
500. 55 1517.98 g?}/% 266.8 276.9 222.0 183. 948, 8 2946. 6 2946. 6
191. 44 1709. 42 o SD % 264.3| 130.6| 177.20 119, 691.2 3637.8 3637.8
302, 96 2012. 38 g. 2 & 166.0| 236.2] 162.4] 227, 792. 1 4429.9 4429, 9
* * o 205.3| 111, 8 70.0] 164. 551.9 4981. 8 —
165.66 | 2178.04 188.0] 239.5 64.8 145.5 637.8 |  5619.6 5067. 7
560. 73 2738.77 448,3| 172.7) 283.4 159. | 1064. 2 6683. 8 6131.9
* * 203. 8 67.5 190.7 83. 545. 6 — —
* * 155.7) 122.1] 241.71 106, 626, 0 — —
253. 99 2992. 76 65 348.6! 160.2 111.8 172, 793. 4 7477.2 6925, 3
* * 118.4; 214.9 48.7) 137, 519.1 — —_
* * o 189.2 316.9 216.8 122. 845.2 8322, 4 ‘ —
& ° 1 ‘
147.84 3140. 60 R 121.7; 100.4] 233.1 98. 553. 4 8875. 8 7478.7
421.00 3561. 60 § R 277, 4‘ 176.9) 284.8 188. 928.0 9803. 8 8406. 7
* * ;%‘ 201.1 172.3] 176.4 90. 639.8 10443. 6 -—
* * g ® 61.1 192.5 86.5 145. 485. 3 10928. 9 —
227.07 3788. 67 '(3 306. 1 169.8 154.7 97. 727.8 11656. 7 9134.5
198. 55 3987. 22 g e 223.2| 148.9 79. 1 154. 605. 8 12262. 5 9740. 3
409. 31 4396. 53 245. 4| 348. O1 196.9 147. 937.6 13200. 1 10677.9
167.57 4564. 10 5 83.1 191.9 188.1 41. 504. 1 13704. 2 11182.0
* * 83. 6 65.2| 207.74 155. 511.9 14216. 1 —_
336. 57 4900. 67 197.5] 236.3] 166.1 225. 825.5 15041. 6 12007. 5
331.54 5232. 21 265.7 151.4 171.7, 211 800. 3 15841.9 12807.8
371.69 5603. 9C J 214. 8‘ 224.0] 185.7, 229. } 853.7 16695. 6 13661.5




