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Shoichi Yosuino and Akio Kixuya : Effect of Removal of

Forest Vegetation on Streamflow for Warm Season in
High-Elevation Watershed (1).

The HONRYU Basin in the TAKARAGAWA
Experimental Watershed.
[(Experiment on Forest Influence upon Streamflow
in TAKARAGAWA. The 4th Report]

R W ENEBRROFRRRIC ST 51938~ TBENKLRE 2 AW T, RIBAOEKLIRIC & 3
BREMM (8 ~10A) niHBELE KR BITL 72,

CORBTIEI7EN A AREBISEL, 19614 F TR RBRADHKIC I RIBED MEIT 2o o 72,
LAy L, RRFAHEHID 5 FMic, § Cic MM T ERA300ha, FRAKTMIC I L T23%, #Hid 3 o
DERDRREN T, ZORENVHHE~NBEL, RBHMGIED BABMEAOMETH 31938
~YIEILETR-TWBLNEAL L, ZOMMIC B 2 B8E0HBRIZIEE, 20BICHEL 10
8~ NWIMIC L L C, FEL WM Bo bkt o2, L2 LIRS ST, wliEs
HETHEMRNZ LR 2 & 25, 1938~'473 TORMAOH 247 .7an, 12.7% DD b L1z,

72, 1962~'784F % TIT, FIRPI THEMAYS00ha, TAKEMIZI L T38%, M 6 Fm HApEy %
RFATONLY, ZORRIC L A BEORBROMME, MohicBbdb LRk, LirL, —ommo
BER, CTLIRRENSDLHATILOTIREDr » 12, = ORI & 194861 £ E T
RBHMOZ SO T, FHELHET 2 EBREEBL 2 £ 25, RIFGMOHI278.3m, 23.2
%O Mmb RS LTz,

AR O BERE
IR DO BRI D EE T -+« rveerseveres s et ane oot st ea et e s
SRBRRE LGS L UV e e eeee e er ettt e e
4-1 Double-mass curve 1= X B HHET(LOMEL vvoerrrreremmniinencnn
4-2 EMBEEMORIRRIC X 2 RBEOERELLORKE
4-3 [EIREOHBAC L B HBEALOBH oo [T UPURRP
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Appendix-Table

1 XAAE

FNHBOXFABIEL, HEEORFBAFHHED 7 2E LT 5 RAMLIIRT 2w YD,
BRI RENAE L, FHEERLAEEL OBMBEYFBET2 W TRES A, 1987EILANBAT
BEEBIAL, SBRESTW5Y,

BIRIBALAY 519605 ¥ THRI204E 4 » OHIIE, RPN B FMRRRF OB s » 7o b,
19614F X b {ZERABEMR X h, 19784 % TICI500ha, 60000m*DERMAMEI I NIz, ZORETIE, O
BRI L - C, ARMROTHE LD X 5 B E Ulonk, FERFLLLIDTHS,

ABBGLIE, BET TCAMRBROMHEC VT, READ 231938K% (YFHROKETIL~
LR D LA 5 B19TKE ¥ TOIFERIC KT 5 KERKR & AERHE & OBE, ¥ X U1938KEN
H1948KE F TOIFHEIC 31T D BHE BN L 2 KOV TRE LR LY, ZhZhBEL T3,
LaL, cabizvThi, RRKOEFEORBCOGCTRALLLDTH-7,

O, KR IR1938KE L 1960KEF COBEEIR (8 ~10A) DME & BKE L OBER R
B, ZOFEE T, 1987511 ORBEALINC, 0K, FTREROBRMS OMLR (REEH
300 ha, fRERE @ 4930000 m*) HThbRh T, LichisT, kRAbi3, RBRBBEBCIVTUL, 20
SROFHHBE~DOHEN R > 5 LD EF L THITY T -7 20RE, ABRMGBYT T, BEEE
OFHETZMM LA, RREBE TIMEDRESC X - T, KHESFL B> TP L &y

HFLT3,

FHRETIE, ThHLORELRFOMRLEL, oI, 1962ENBIAE - LARBNLEEROBEL N
T, 19384 519784 ¥ TOLEMC DLW TRHF L b D TH B,

CORELEDF DD Y, ARMAYRL Y, FIRORES, BEREE T TOREERYE
BT LR ASHOREHTRHET S & & bic, ABOMR - B I8N S ERRBMEIE
DERCEROHUELET B,

2 FRMEOWE

FRFIR DM\ TEE, R E TOHEI DM R~ bhTWEDT, 22T, *
OIS T, TOMECNTDLEND,

TR D A TR LR B R FURES K LR K P B FAFIRE AR S 0, FURNI ERO—FZR T
HBHENMDBHER L% 5 5 HEREH1905.6ha, HIEEES 800m, FEELE 1945m D SR 70 IEHUIR T
»5,

WETEREEE E=0E 5 JOEMHR L e XAl s h 5, TERMEEE UTRHIESE, AXieE
Thb, H=RBCET S L OIBIRE T, FUROEEIHOKBY R L T\5, FNiEEcET 53
BHHIMRO L &AL A ERICHO L, HEHECTEBY L - T\ 5, TOMEREE DR E s
A HITE RS O fohic, DcERIZBKED BT\ 5,

BRI T, BARVERYEL, Wb ShBBcE AR LTl ), &FL LTH
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FEHoBHErELT\V5, HROBRILEEA» bERCRVGC-RABRTH S, HUSh-BEETY
Table 1 5T,

ZOWBREE RS B, LEMILLBAFBUESETH ), BEENSL, LFHORAH
FRIHEMBEHTIL3m, B TRs~6mETs, BEFRSIRAXALYEL, £F B U THEK
Bh%L, SHLBHOFRTS S, KFEsH (GE139°017, JLiR36°51’, ¥HHAEs16m) ikt 51938
~'B6EDKEES Table 2 i,

Bk EOBRIY, 1958F 0 L0 HLEAFROBAR hik
L, BREYOZ (4 AarbllFZA%ET) OBRHl Table 1. FHEHIROWPAT (KR LY
w7 Tl b, Topographik(:: i':aft)ors of the HONRYU
Bk s iBRNoBRKEOBRAIM AL, Fig. 1 watershed. (After Nacami et al.®)

cRT I OKR, BEUESoer, T, REE # B B T
B n Topographic factors
BEE, KARO&H 5 »HC RYEENEH*E -
WTRAR T TV 5, {%ﬂg’hg aﬁa( ) 1905, 66
BARBRCRANES EE, RO R ¥ B & E (m)
‘ Mean elevation 1391
NTHHDOT, BT 5, ) Lo above sea level
’ ‘ I\Z[Z i,%l ﬁ ﬁ‘ (E)} 24005/
3 XREFBORROEE ean slope (degrees

¥ B 5 fr o
Mean direction S72°31’E

AP O, B L5k, Frexed

" O k
BRRETED LR T B8, —HcBRRR Gtk S%rem?ﬁ,engﬁ (km) 6.43
#E1500m, Fig. 128 LLE b,
=353 m, Fig. 128R) D EOETRIIEI DS 5 & # & (km/km) s
FOEBEAE, WK 1905.6 ha 1, 37 Kt Drainage density :

592.4ha (31%), HBHHuL1313.2ha (69%) EiroT

Table 2. EFEBw BT 2EES (1937~1956)
Climatic data table at the Base weather station
in the HONRYU watershed (1937-1956).

A Month
e
Climatic factors

%ec?;itéiiio(nmm) ]254.3191.8‘143.8]26.7]25.2!71.3220.6150.8191.5168.7156.6233.0 2134.4

Jan.| Feb.

Mar.| Apr.| May| June| July|Aug.| Sep.| Oct.|Nov.|Dec. Annual

F B &R RO | ‘_ _ _

Mean temperature 4.2/—3.9—0.20 5.4 11,4 16.0[ 20.7| 22.0] 17.4 11.2] 5.1|—1.0 8.3

EEEEaRE (O

Mean maximum 0.0 0.4 4.2 10.8) 17.9| 21.4| 25.7| 27.1} 21.9] 16.0] 9.7, 2.9 13.2

) temperature

EERESE (O

Mean minimum —8.3|—8.1|—4.5 0.0 4.9] 10.6| 15.6] 16.9| 12.9| 6.3 0.4/—4.9 3.5
temperature

g7k E (mm)

Mean evaporation 1.1 1.6/ 2.2 3.1 3.9 3.4 3.9 4.2 2.7 1.8 1.3 1.0 2.5

oy B OE % !

Mean humidity 83l 82) 79| 76| 78 83 84 83 85 86 82 a4 82

F 45 B E (m/s) 1.3 1.4 1.6] 1.6] 1.5 0.9 o.el 0.8 c.7 0.8 1.0 1.1 1.1

Mean wind velocity
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AR
i

HONRYU watershed A6l

© MERNN S

Pracipitation-observed paint

@ AR E(1961~78)
’9 U}vtorested.L area
- PRBESE
Block boundary

WIR AR

SHOZAWA watershed

B 5107 3 %‘)RSUE}\A‘(atershed m
Yachidara\_] 2 & JRSubwatershed II

1 SR Subwatershed I

B
Base weather
station

Fig. 1 FHHHIT st 51961~ 7848 F TOERRIR IS X O EHIIHE
Cutting zone during the period from 1961 to 1978 and precipitation
observed points in the HONRYU watershed.

Table 3. ZFIHFHIC st} 5 ABRBAMAET O (EEK I L OCEEHE

Cut area and volume before the experiment on ‘the HONRYU watershed.

B B | fEhe) | SEHRMY ® B
Year Cutover area | . v "t Name of cutover place
1934 39,23 3564 b Itayuzawa
1935 79.35 7200 ” ”
1936 82.51 7900 ﬁﬁﬁ;ﬁﬁéﬁumi-irizawa
1937 66,86 6869 # R Ushirozawa
1938 28,59 2930 ” ”
G 296.54 28463
Total :




B, FRKOERIThoY i D 10m® & &SR TL 5,
FROBML AT 1T 5%, 19374 ORBBME I THES Tibh i REOTR S X RiRE

Bl BV MR L RBEAMORHBEL H1® GFF - &5

%, Teble 3 IRtz 73, TORBOMNBEIXRLYOWECFH LIBIOIA T,

O, 19604F & TRERA ieh o 1ot, 196148 HARBANCRERV\BIA X R, 19784E % Tiz, Table 4

et o, REEEE TH500ha, {REFR60000mAI A LI,

ofRL, Fig. 1 @Rt X5, £ LTHRRO FTREERCOWT, JMEEARcTHh, BR
efiEOF Y LTEACENR 2 BE S, i, RHoLHOREYARMCCELILT, £

LTI g 7BREC L AWM AT 51,
REEhix, Table 5 RT X5, AF, #»7=vEHRLL,

Table 4, XIRWIKIC BV 5 EEIHRERR
Annual volume of timber cut on the HONRYU watershed.
g [(RERER {%ﬁén*g?; X?tl "(l&s‘Sf
%ifg Block CL;&(;\;er ﬁcﬁ‘z Clear ?}vﬁez ?ﬁiec- &5 | thi¥g  Name of cutover place
number| (ha) N L N L Total
1961 36 2.96 27 20 47IHR IR Itayuzawa
1962 p 22.19 | 720| 2409 3129 # »
1963 ” 14.18 | 5200 538" 1058 ”
w 33 4.80 215 215 # P
u 36 7.11 213 213 P
1964 35 36.00 | 3342 5513 8855 K EF il Ovyachi
1965 P 4,00 | 370 617 987l » v
v ~ 53.46 | 738 4180 - 4918 p
1966 33 14.72 | 726] 2540 3266/ REET Bunddaira
” “ 0.99 200 85| 7H p
1967 “ 0.97 55 107] 1620 » ”
4 “ 1.00 49 490 ”
1968 P 16.83 | 1203 2381 3584 # "
” P 8.38 177 262) 439 ~ p
1969 p 18.68 48] 3123 31Tl P
” “ 16.26 1381 1381 ” ”
1970 i 14.66 | 988 2596 2884 » p
“ w 21.81 144) 1295 1439 p
w u 15.11 | 302 2720 3029 ~ p
1975 ” 28.08 | 1257 2815 37| 459| 4568 'j{‘ggﬂ *$55 Koborazawa
” p 4.05 | 114 236 72| 70| 492 P
1976 P 4.25 | 178 275 I (3t~ o - Hirogawara
" " 98.46 | 802 1408 98 269 2577 P
P 34 47.42 75/ 2515 2590,
1977 33 40.35 | 930 2167] 218 592 3907/IR - HMEE }{;‘;gg;f‘r‘ga
” ,, 5.17 47 498| 73 19| 637 ~ ”
v 36 12.22 1| 1237 19 11g 1369 # p
1978 | 33 | 33.23| 1908 3119 s0g7[& « #EA Ushirozawa
_ iR Suzumi-irizava
%tﬂ 477,34 60579 '
(Note) N: @#¥E#f  Coniferous tree, L : JA%#E Broad leaved tree
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Table 5. AHHIROFEFINERER
Annual planted area of the HONRYU watershed

WREE | KB4 | BREE gy | R 4 *
Planting Block ante Numbers
ear number area Species of planted Remark
Yy (ha) P tree
1963 36 1.00 A ¥ 3500
1964 " 2.65 " 9800
1965 " 7.78 | A¥, As=v 23300
1966 " 13,05 A F 52100
1967 35 34,65 | A%, AF=v 109200
1968 35, 36 32.41 " 89900 | (1404 ha 12 1970% IR
1969 33 10.84 " 30400 |{4.04ha within 10.84 ha
1976 v 5.81 A ¥ 1gsop | \Was planted in 1570
1977 " 20,09 | A¥, H5=V 73100
1978 " 24,32 A F 35700
-
Total 152,60 445500

(Note) =& : Cryptomena japonica D. Don.
# 5= : Lanx ledtoledis Murrey

4 BRERBIUER

AHETIE, BRI HHECRIFTELOBEYRIT 5 HEE LT, ERrLRALTERED
DFECH- T, ThER« iRl ERARIC, E20FEE TR T,

MHput, HHEEBAREOBEORERN (& ORE TIERMMO 8 A~100 DRFHM) o
T, double-mass curve i< & & X T, FLOTERMERLBETHEY TH5,

oo, RICHRNORROEER T, H6h LB LT ARBAEARCESCT,
BB, H—FETH 7= double-mass curve ¥#&Fic LT, BHOHML SQBEIRH (REMKE)
LB (2R, RRD) Leht s, oXCEAERRC VT, RHEYHET RN FEL L
TR EDOER) FEHT, CREAGCTAEMMC T,  LAE MThbhkd - B EORNE
SE) ARDDH, MESEOENHHES - OREHEL OXEYARBC X AEELEARL, ZORED
B E D DELR O TR T HHED TH 5,

w=oFENL, EooFE T RAR S LB #EET A ERRYRD, AR E 2w
T, ST AV THE oy L, BLeRET 2 HED Th D,

SEDEo0HEYAWT, ARSI SBEHRORHBE LA HN LIfRE, 2Rt

4—1 Double-mass curve (= k% FHBREL OB

ARHIRC 35\ Tid, KFEOBARBEOBENLYISBEDL L hELTWEDT, ZOHRE TRFOME
O RV BRI LY, OB - TRTE L.

BHREEANRS bhic B, Thbt, BRRRECHT X 5 BEA T < RBHRIL,
DR TIE? A FH~8 ALATH S, BRIEMELhLEIVATHLAETTHS, ORETILS
HmBl10AECco3nAfE L,

kEH® 12, ZOWIROBARE LT, BHES L ARSI CKAROFWZhOEMSOMKER
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RCTHRIRO SRR BEH LTV 528, BABKLLE BEMIAFER KGRESXARSHD
T, ZORETIE, REAIRELALRL, ¥, BUNECETL i\ W EMBEBC KT IMAKEDOLY A
WwhZ EimLiz,

AWHIRC 31T 5 8 ~10 4 DB D fFE 0 BEM L EHB B BV 2 WM OBKE OB O RFEM
(Appendix-Table 1 £M8) & DBIfH%, double-mass curve TR Liz®niFig. 2 TH 5B,

il Lic X 5, BRERBAMEE ¥ To 5 ERICHR THRHES OBERAKS L 300ha (REF LicD T, Rikp
Th b H19BEORRBULRICIL, FOHENE-TWELDE Bbh b, LichioT, double-mass
curve 1, 1960 ZAHE T, BEALIADERDOL IR 2 % 4 FMcis L, Erbhod s\
HELHCTE Y, BARCHE LT, MEEIROREMNL, TORERLTWLD1b0%, 20T
Li3, AR TCHE UBEE Lk RBY BB TS, 19614~'62 422 A5 b FHIRA Tl
RIEH IR E 572D T, Z® double-mass curve b, BHOHHR EFZFCELTWAHT N0, Th
FCOWBREBEAE L OBBRAEL LI EXRIEHED L 5B 2 b, LivL, 1961~'66%F % Tid
BENBE IO bbb, ERSERECELRE-T.

ko double-mass curve DELLHKIEOE BN D, & = OHE TIL 1938 G L1978 E TOHIM
%, OXOEO0HMICRS Lic, H-—0MINL, 1938F0H1U7FEF TOIMERLE L, = Otk
Bt RIBT O IR O W BN R - T BT, ChE RPN LTs LT,

X103— -,

AFAED 8 ~ 108 Fk MRHF (nm)

Cumulative amount of runoff for warm season on HONRYU watershed

111
20 x108

£ FHN 8 ~10AMKERIKA (n)

Fig. 2. ZFFWKc Kk 5BEHEMOMHE - B KE - D double-mass curve
Double-mass curve of runoff versus precipitation for warm season on
the HONRYU watershed.
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H ORI 1948E D bR AR ¥ 519614 ¥ TOMERDOHIRNC, = ORI HIEA O ZRMA
BKEIHOT, thExEAEHREELE LT3, FE0OHMXI2FELIBOHE T, WRATHREE
PEUBHBRINOT, R ERS T bt 5, (REPETRE L ELEIROX ML in R
v, BT AMEIFEY A CSBAT, EREL 7D MAEHM e 5N RGEE & hiuE, R
HoMEY I VBEIBRETELOTiicb 2 EL2 T, EREOL SRS Ui, Fio, 19615433
TARERDIEE 5 T\ B A, Table 4 K X hiTH 3 BETH DO T, oFELEQUBEIHOPCED I,

4—2 EAEEMORMRIC L FHBROEEELOBE

8 ~10H DEFEHRC BT 5 K RHEOMBE X TD 5 DL, XKD 8~10A BT HBRBETHS,
L, FRERO L 5, MRERISATVBE L, 8~1000 BXKED 3hic, 7H0OBKE (%
1TEKE) LBEENS D, HHEX8~I0A DB KEL 7 ABKE L DERRRTHETADONES X\
PO LWL 7,

BRI R A2 FHEYHET 2ERNELRDH L, 2FDIS5Kikst,

IR B

R=0.8500P;40,4362P;—88 .43 -++ereerereeerrrmrerrarerueanianans (1)
(EHEBIEREL & 0.9681)
fEALEIR
R=1,1544P1+0.4912P5—307 63+ -+ cerecrremneerrerarearsrirens @
(EL1EBALREL ¢ 0.9658)

{RERIIE :

R=1.3023P1—0.0149P5— 194 77 -++++r-revsereruoramraaessuivrannns (3)
(EARBS RS © 0.8895)

£ 2T Py nEMEST k0B 8 ~10ABAR (mm), P, RAZScRI 5 7 AlAkR (mm), Ri
AMPIRICHSIT 5 8 ~10AFiliE (mm) T 5,

%ﬂﬁﬁﬁmﬁﬁﬁmmlof,&%%%ﬁﬁk&ﬂﬂﬁo%h%hﬁﬁmiPhPz%ﬁvf.WM
BORHBELHE Ui, ZOfE, Mk -T, b1, REXh o s LcBE O HEOBIAE
THD, —7, BRI HRAGERE Z OMfHEL DXL, KHEORRC I ZEEEE AL,
T OEBEOFHETWIERBELRE L. ThE R LD Table 6 THB, Th, TOFLELEHHK
RIRBCKRIAT & OBE LR Lion, Fig. 3 Thh, '

REFFEYPN B\ TR, HMEHCHER (FEKEY 5 %5 T5) i s HBORIMLIh - ket
N%~M4$:6i?umwioﬁmiﬁi%<,E@ﬁ%&%OEMEQDEEET%6:&mB.$
BB ORBOBENIMEZ L E TR T bDEEL RS, Lvd, 1938FEIXEEIKT
LTHbh, TOBRBARELENBEY LT ERrdd EbEFB LTIV,

FRERHAMI L1968, 69, T4, 'TTO 4R AE WM (Fig. 3 0BREKE S 5 7, 132~282mm, 31
~129%) MEbLRhI, FOMDI64, 66, *T0, '73, 75, '760D 6 FHL HBIUA S L EMETH -
foo Eio, 1962~'64 EOUHRBIAED 3EMIT, WThLBOELLETH Y, HHICIERCADL
Bl DT, HIRHEBIRID 1045~"47 S0 3EM L 40T, MLTBIM & ke L TR HBIC B LA s

L sl Air s,
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Table 6. #ifitfiikic 1) 5 ke X 2 BRHMOMHEALE
Changes in amount of runoff by cutting of forest vegetation for warm
season on the HONRYU watershed.

B OB M W OH R K2 IO @)1

RS & Runoff for warm season R X Z,%ﬁiﬁgigﬁfﬁ
EWE | HMeE | ELR | ELE runoff by

Changes of | Changes of |p equation
Period| Year Measured | Expected ﬁﬁ‘i‘;;g arr::u&tnltn bility () and (2)”
Com) )| Penmy | (mm)
1938 324,24 . 232,08 + 92.16 + 39.7 0.2 252.21
1939 365.17 286,33 + 78.84 + 27.5 0.2 299.19
g&: 1940 308. 44 215.72 + 92.72 + 43.0 0.2 237.61
g’ ¥ 1941 | 438.55 354,63 + 83.92 + 23.7 0.2 366.98
Tom | 1992 | 4046 | 426,94 | + 63.52 + 14,9 0.2 430.90
,33 1943 470,75 ’ 396.78 + 73.97 + 18.6 0.2 399.23
g = 1944 348,50 | 268.86 + 79.64 + 29.6 0.2 288,67
- BB | 1945 676.48 682.34 | — 5.86 - 0.9 0.9< 663.50
2y | 1946 371.63 331.89 | + 39.74 | + 12.0 | 0.5 345.36
a 1947 441,36 478.46 | — 37.10 - 7.8 | 0.5 474.62
* 5 423,56 367.40 + 56.16 + 15.3 375.83
Average
1962 173.65 193.33 — 19,68 — 10.2 0.8 186. 29
1963 283.79 ] 303.97 — 20.18 - 6.6 0.7 309.18
o® 1964 516.95 623,57 —106.62 - 7.1 0.2 550.50
E 1965 257.89 187.05 + 70.84 + 37.9 0.3 180.22
i 1966 389.51 JILTT | + TT.T4 | + 249 | 0.2 329. 24
2 L 1967 442,29 377.08 + 65,21 + 17.3 0.3 327.35
g- &% 1968 391.62 213.10 +178.52 + 83.8 0.01 238.96
a 1969 713.11 542.60 +170.51 + 31.4 0.01 560.15
1970 329.21 250,51 + 78.70 + 31.4 0.2 277.16
] 1971 638,13 579.69 + 58.44 + 10.1 0.3 566.90
1972 343.35 297.59 + 45,76 + 15.4 0.4 297.66
1973 313.2 212.08 +101.15 + 477 0.2 258.89
5 1974 46147 329.54 +131.93 + 40.0 0.05 292.84
1975 326.65 243,68 + 82.97 + 34.0 0.2 232.77
1976 729, 34 611.99 | +117.35 + 19.2 0.1 612,66
1977 501.34 219,20 | +4282.14 + 128.7 0.001 258, 32
1978 266,20 227,87 + 38.33 + 16.8 0.6 267,27
FoH| a6 336.74 | + 79.60 | + 23.6 338.02
Average

* WEXh-ROBECIMBRCECD ) HHE

Probability that the change in magnitude measured could have occurred by chance.
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1000 8 ~10RMKE -
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X108
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E 2 8k Annual volume =4 220
= of tmber cut E s
ws 6F || A s e R A 4210 E 3
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54 . F200 ™ £
X3 IR 8~ 10A % RuE &2
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— 8 ~10AFHRA
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<5 T § BELR
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T B Hp= W
°_ 100k (X B BHARY ELIBARR (R AR ]
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Fig, 3. FEHEIC x0T 5 BREPHOREELE SBIERTH L UEEEROBFENEL
Chronological variation of changes in amount of runoff, meteorological factors for
warm season and annual cut volume of forest vegetation on the HONRYU watershed.

(Note) BEtER 75 7 O ERE R o > B R
The black-colored rectangeles indicate statistically significant change of runoff at five
per cent level,

¥4z, Fig. 3 R L EFEOEE LEFORKEIRE L O WEERRE, £<AEFL TV Ed
oo T,

Table 6 k% &, RIFFENMZE LTOTEEMEL 56.16mm T, FHEDO G EEMAHED T
{367 .40mmizt LT15.3% DWMEBER Lice XL, Fflick 5, HEDOELEIREDELHET
BB T DI o tee — 7, REEHIEIC DG, RO ESYT5 &, FiE¥mEir 79.60mm
=, FHAR O EIAESS6 . T4mmic 3t LT 23.6% DML Lic, & D HEOHHESY X T
b, BEHICER LI E R LcEL B - 1.

B3, FHREFEROZCHEINDII» D THL, BAESLXTORDY, [ GGRE Swifk
BHBTERBDHRTL5,

SmEDFHOEE S, Fig. 3 iz, 8~10A D@ KkEL 8 ~10H 0 EHKHE (Appendix-Table 2 £
B) ZRLTEW, PHRKECLEARGRASTImm, REFEMMA499mm, RIFHR2472mm
Ll Tk b, (MMM ERAEMM L 0 5 LTH 100 mmb Al EKETH -, Lnd, KERH
HOHKHEIEMLTW50T, ZOEMIEFOEETHL LML TLIL Ok bDEES,
Lal, =4, 8~10HD3pHEOFSEREY A5 &, SABEMNE GREEHH L, Th £ h,
16.9°C TR UPHBEEL R Lizh, REMTit16.1CT, 3B FH5E T0.8CHENr -1z, ABlicA
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Effect of Removal of Forest Vegetation on Streamflow for Warm Season in
High-Elevation Watershed (1),
The HONRYU Basin in the TAKARAGAWA Experimental Watershed.
(Experiment on Forest Influence upon Streamflow in
TAKARAGAWA, The 4th Report.)
Shoichi YosHino¢?> and Akio Kikuya¢??

Summary

Effect of partial removal of forest vegetation on streamflow was stuided on the HONRYU
Basin in the TAKARAGAWA Experimental Watershed.

Before the start of the watershed experiment, the forest was established naturally and the
major species present were Fagus sp., Quercus sp. and Thujopsis dolabrata SiEB. et Zucc..

Runoff from the HONRYU Basin during warm seasons (August through October) for
the 41-year period 1938-1978 were analysed by three different statistical methods,

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

The first sub-period 1938-1947 is the cutting-affected period or after-treatment period,
because the forest vegetation in the lower part of the HONRYU Basin was cut during the
5-year period 1934-1938 (just prior to this sub-period).

The second sub-period 1948-1961 is the non-treatment period or calibration period. Forest
vegetation on the basin was not cut during this period.

The third sub-period 1962—1978 is the cutting period or treatment period. Forest vegetat-
ion on the basin was extensively cut during this period. The cutover area totaled to 500ha,
and the harvested volume amounted to 60,000m?,

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

(1) Double-mass analysis:

The double-mass curve of runoff versus precipitation is constructed for the warm seasons

(August to October) of the whole period of study, The curve suggests that cutting of the
forest stands brought about an increase of runoff and their regrowth had an effect in the
opposite direction. ’

(2) Multiple linear regression analysis :

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

for the cutting-affected period

R=0.8500P,+0.4362P,—88.43 1
for the non-treatment period

R=1,1544P1+0.4921P; —307.63 @
for the cutting period

R=1,3023P,—0.0149P.— 194,44 3

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

Equation (2) was used to compute expected values of runoff for the other two periods (the

Received June 25. 1984
(1} Takaragawa Experimental Station
(20 Forest Influence Division
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cutting-affected period and the cutting period).
The difference between indviidual expected and measured values was tested for significance
(see Table 6 ).

For the cutting-affected period, there occurred no significant changes in runoff at 5 percent
level. But the measured values of runoff during the 7-th period 1938-1944 were apperently
larger than the expected values, though their differences tended to become smaller as the
forest vegetation was regenerated.

For the cutting period, on the other hand there were significant increases in the Aug.-Oct.
runoff in the ’68, ’69, '74 and ’77 years.

(3) Analysis of covariance :

From the results of covariance analysis, it was concluded that the Aug.-Oct. runoff
increased by 47.7 mm or 12.7 percent in the cutting-affected period and by 78.3 mm or
23.2 percent in the cutting period as compared with the corresponding runoff in the non-

treatment period,



Appendix-Table 1,

AW B3 OEBLE (8 ~107) WLE L EHMEHT ST 2MKE

Runoff for warm season from the HONRYU watershed and precipitation for the corresponding season at the Base weather station

N W o O R (m o B B B oK BE(m)
W g 4 Runoff from the HONRYU watershed Precipitation on the Base weather station
= = & &
I\Hi{onﬁlyﬂiunoff & &t B M Monthly prec?;itati?n 15%? E

Period Year ﬁugfj Sgept).q ]Cgct.ﬁ Total Cumulative ‘]7uly},q ?\ugﬁ S9ept)? gct.ﬁ gé%t?\l» Cumulative

1938 47,27 101. 36 175.61 324,24 324,24 155. 4 96.6 99.7 205.1 401, 4 401.4
9 v 1939 180. 67 137.65 46,85 365,17 689,41 84.4 223.0 176.4 79.2 478.6 880.0
:g. 7 1940 98.23 105. 06 105. 15 308. 44 997.85 161.8 170.8 73.4 140, 3, 384. 5 1264.5
"3 . 1941 54.53 228.92 155,10 438.55 1436.40 294.2 92.3 268.8 87.4 4485 1713.0
n':q ¥ 1942 91.09 105. 66 293.71 490, 46 1926.86 244.7 181,14 113.8 237. 3 532.2 2245. 2
g' = 1943 37.01 200. 29 233. 45 470,75 2397, 61 92.1 79.6 263.1 228. 3 571.0 2816.2
,:' 1 1944 86.92 134. 41 127,17 348.50 2746. 11 266.7 102.7 126.8 156.4 385.9 3202. 1
8_ 1945 55.45 165. 64 455,39 676,48 3422.59 306.6 115.0 195.2 416.9 727, 1 3929.2
8. fH 1946 128. 91 70.69 172.03 371.63 3794.22 257.3 144.9 115.4 184.2 4445 4373.7

1947 58,73 299,92 89.71 441,36 4235, 58 146. 3 130.5 391.5 96.7, 618.7 4992, 4

1948 90, 36| 346,07 123.87 560.30 4795, 88 372.4 120.8 368.8 159.6 649,2 5641.6

1949 49,17 264. 35! 151,41 464,93 5260.81 108.7 235.1 221.3] 196.6 653.0 6294.6
Z 1% 1950 208.54{  101.9¢] 136,67  447.17 5707.98 926. 6 231.0 127.3 139.2 497.5 6792.1
'i 1951 27.30 56.22 111,57 195.09 5903.07 159.6 100.3 144, 1 147.6 392.0 7184.1
§ P 1952 155,30 96.01 126.14 377. 45 6280, 52 278.0 153.5) 190.4 149.4 493.3 7677.4
"3' 1953 266.96 267,79 76,15 610.90 6891.42 267.2 299.5 256.6 £9.3 625.4 8302.8
% H 1954 80.74 144.41 87.62 312,77 7204.19 166.6 173.7 156.4 122.7 452.8 8755.6
2 1955 42.75 128.75 307.38 478,88 7683.07 131.2 130.6 225, 4 267.9 623.9 9379.5
g' ] 1956 56.08 119,33 114.70 290,11 7973.18 219.9 127.5 204.6 121.7 453.8 9833.3
= 1957 141.08 175.19 137.59 453,86 8427. 04 260.5 228.4 231.6 121.3 581.3 10414.6
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i 1958 178,27 398. 38 245.73 822.38 9249,42 268.0 280.5 335.0 222.5 838.0 11252.6
1959 241.35 181,29 190. 52 613.16 9862.58 266.8 276.9 222.0 183.1 682.0 11934, 6

1960 143,17 112.29 107,40 362.86 10225. 44 264.3 130.6 177.2 119.1 426.9 12361.5

1961 126.19 88.07 268.76 483.02 10708. 46 166. 0 236.2 162.4 227.5 626.1 12987.6

1962 33.05 35,43 105.17 173.65 10882. 11 205. 3 111.8 70.0 164.8 346.6 13334.2

1963 85.73 68, 99, 129,07 283,79, 11165. 90 188.0 239.5 64.8 145. 5 449.8 13784.0

1964 71.94 246.49 198.52 516.95 11682,85 448, 3 172.7 283. 4 159.8 615.9 14399.9

1965 40.36 178,62 38.91 257.89 11940.74 203.8 67.5 190.7 83.6 341.8 14741,7

% 1966 80.17 192,08 117,26 389,51 12330.25 155.7 122.1 241.7 106.5 470. 3] 15212.0

a 1967 165.18 138. 36 138.75 442,29 12772,54 348.6 160.2 111.8 172.8 444.8 15656.8
g 1968 166.45 84,08 141.09 391.62 13164.16 118, 4 214.9 48.7 137.1 400.7 16057.5
0_3“ £ 1969 434.10 162,93 116.08 713.11 13877. 27 189.2 316.9 216.8 122.3 656.0 16713.5
9 1970 44,42 154.95 129.84 329.21 14206. 48 121.7 100. 4 233.1 98.2 431.7 17145.2
g- 1 1971 117,15 327,27 193.71 638.13 1484461 277. 4 176.9) 284.8 188.9 650.6 17795.8
" 1972 86.88 192,82 63.65 343, 35 15187.96 201. 1 172.3 176.4 90.0 438.7| 18234.5
1973 101,17 82.50 129.56 313.23 15501.19 6l1.1 192.5 86.5 145.2 424.2 18658.7

5] 1974 212,99 149,01 99.47 461.47 15962. 66 306. 1 169.8 154.7 97.2 421.7 19080. 4
1975 111,87 53,09 161.69 326,65 16289. 31 223.2 148.9 79.1 154.6 382.6 19463.0

1976 239.68 303.58 186.08 729,34 17018.65 245, 4 348.0 196. 9 147. 3 692.2 20155.2

1977 184,31 275.25 41.78 501,34 17519.99 83. 1 191.9 188.1 41.0 421.0 20576.2

1978 22.59 91.10 152,53 266.22 17786. 21 83.6 65.2 207.7] 155.4 428.3 21004.5
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Mean monthly temperature, mean maximum and minimum temperature at the Base weather station.

N LIPA i A¥HEHECC) 8~1073| AFEBESE(C) 8 ~10A S TIRELIR(C) 8~108
Mean monthly temperature F ] terc:I::rr:tct’Jnrteh v maximum L ] ?gg‘ar::rr:&l};h y mimmwm " ]
y P P , p
Ave, Ave, Ave,
Period Vear | 7. B |8 Al9 A|10 A|Aug~ |7 8 B|9 Bl AlAw~|7 H|8 A|9 A |10 A|Aug~
July Aug. | Sept. | Oct. [Oct. July Aug. | Sept. | Oct. |(Oct, July Aug. | Sep. Oct, Oct.

1938 20.2 21.6 16.5 10.9 16.3 25.2 26.0 20.7 15. 4 20.7 15.2 17.2 12,3 6.3 11.9

o ® 1939 22.0 21.3 18.4 12.2 17.3 27.8 26.2 23.2 17.6 22.3] 16.1 16.3 13.6 6.7 12.2
g 1940 21.3 20.4 17.2 12. 4 16.7] 27.3 25.1 22.1 18.3 21.8 15.3 15,7 12.2 6.4 11.4
05;. & 1941 19.8 21.6 16.0 10.8 16.1 24.2 26.0 20.0 16.8 20.9 15.4 17.1 12.0 4.7 11.3
é’q 27 1942 22.7 21.9 18.3 10.3 16.8 28.6 26.8 23.0 15.8 21.9 16.8 17.0 13. 6 4.7 11.8
g s 1943 21.0 22.9 18.8 1.7 17.8 25.9 28.2 22.9 16. 4 22.5 16.0 17.6 14.7 6.9 13.1
a 1944 20.2 22.6 17.5 11.2 17.1 25.2 28.0 22.8 15.7 22.2 15,2 17.2 12.1 6.7 12.0
9 # 1945 17.4 23.2 17.4 11.5 17.4 21,17 28.6 21.5 15.7 21.9 13.0 17.7] 13.3 7.3 12.8
E' 5| 1946 21.4 22.0 16.8 11.4 16.7 26.8 27.2 21.9 16.9 22.0 15.9 16.8 11.7] 5.8 1.4
- 1947 20.9 22.8 17.1 9.4 16.4 26.3 28,7 21.7) 13.8 21.4 15.5 16.9 12.4 5.0 11.4
izve?s 20. 7 22.0 17.4 11.2 16.9 25.9 27.1 22.0 16.2 21.8 15.4 17.0 12.8 6.1 11.9

1948 21.6 21.6 17.6 1.8 17.0 26.6 26.6 21.7 16.3 21. 5 16. 6 16.6 13. 6 7.2 12.5

1949 21.1 22.7 17.7 10.4 16.9 26.7 28.4 22.5 15.0 22,0 15.5 16.9 12.8 5.8 .8

g = 1950 21.6 22.5 18.3 10.3 17.0 27.2 27.2 23.2 14.9 21.8 15.9 17.7 13.3 5.7 12.2
i 1951 20.0 23.1 15.3 12.7 17.0 25.2 28.5 19.7 7.6 21.9 14,8 17.7 10.8 7.7 12,1
§ u 1952 20. 3] 22.4 17.4 10.7 16.8 24.6 27.8 21.5 15.9 21,7 16.0 17.0 13.2 5.5 1.9
5 1953 19.6 20.5 17.3 11.3 16.4 23.7 24. 4 21,5 16.9 20.9 15.5 16. 6 13.1 5.7 1.8
E i 1954 18.8 22.1 19. 31 10.0 17.1 23.3 27.0 23,6 14.0 21.58 14.3 17.2 15.0 6.0 12.7
9 1955 22,3 2.4 16.7 1.9 16.7 27.8 26.7] 21t 15.5 21,1 16.9 6. 1 12.2 8.3 12.2
g' i} 1956 20,3 20.6 18.1 12.1 16.9 24.9 25,4 22.6 16.5 21.5 15.7] 15.8 13.5 7.7 12.3
o 1957 19.8 22.4 15.5 1.1 16.3 24.1 27.1 18.9 16.5 20.8 15, 4 7.6 12.0 5.7 11.8
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1958 21.0 21.3 17.9 10,2 16.5 25,9 25,5 22,0 14.4 20.6 16.0 17.0 13.7 6.0 12.2

] 1959 20.8 21.5 18.3 11.3 17.0 26. 1 26.8 22.6 15.9 21.2 15.4 16,2 14,0 6.6 12.3
1960 20.3 22.0 i7.9 10.5 16.8 26.1 26.7 22.9 15.6 21.7 14.5 17.3 12.9 5.3 1.8

1961 22.1 22.1 19.6 13.0 18.2 27.5 27.1 24,2 17,1 22.8 16.6 17.0 15.0 8.8 13.6

izve% 20.7 21.9 17.6 1.2 16,9 25,7 26.8 22.0‘ 15.9 21,5 15.7 16.9 13.2 6.6 12.2

1962 20.8 22.4 17.5 10.3 16.7 25.6 28.3 22.9 15,4 22,2 16.0 16. 4 12.0 5.1 1.2

1963 21.3 21.3 4.9 10.0 15. 4 26.1 26,1 19.2 14.7 20.0 16.4 16. 4 10.5 5.3 10.7

1964 21.3 23.6 16.7 10.8 17.0 25.7 28.4 20.5 15.3 21.4 16.8 18.8 12.8 6.3 12.6

1965 19.3 21.6 16.5) 10. 5 16.2 23.9 27.8 21.1 16.5 21.8 14,7 15,4 11.8 4.4 10.5

1966 20.5 22,2 17.1 11.8 17.0 25.2 27.7 21.3 16. 3 21.8 15.7 16.6 12.8 7.2 12.2

& 1967 20.9 21,2 17.2 9.8 6.1 25.7 26.2 21.4 14.7 20.8 16.0 6.1 13.0 4.9 11.3

9 1968 21.1 211 16.0 9.3 15.5 25.8 25.5 20.1 14,0 19.9 16,4 16.7 11.8 4.6 1.0
"g'_ 7 1969 19.9 20.5 16.8 9.6 15.6 24.4 25.6 21,4 14.7 20.6 15.4 15. 4 12.1 4.5 10.7
o 1970 20.1 21.5 17.1 10.0 16.2 24.8 26.4 21.6 15.6 21.2 15.3 16.9 12.6 4.4 11.2
Ep 1971 20.3 22.3 15.5 8.9 15.6 25. 1 27.9 19.6 13.3 20.3 15.4 16.6 1.4 4.5 10.8
é_: iij| 1972 19.6 20.8 16,4 10.3 15.8 24.2 26.2 21.6 16.4 21.4 15.0 15, 4 1.1 4.2 10.2
1973 21.5 22,8 16.3 9.7 16.3 27.0 28.3 20.7] 15.2 21.4 15.9 17.2 1.9 4.1 11,1

1974 18.5 21.7 16.3 10.3 16,1 22.5 26.9 21.0 15.0 21,0 14,4 16. 4 1.6 5.5 1.2

i 1975 20.1 21.7 18.7 10.3 16.9 26.0 27.4 24.0 14.7 22.0 14.2 16.0 13.4 5.9 11.8
1976 18.8 19.1 15,4 10.0 14.8 23.9 23.8 19.5 15.5 19.6 13.7 14.3 11.3 4.4 10.0

1977 20.5 19.5 17.5 12.0 16.3 26.5 24,0 22.9 18.2 21,7 14.5 15,0 12.1 5.8 11.0

1978 22.1 22.3 16,7 9.8 16.3 27.6 28.0 20.6 15.6 21.4 16.6 16.5 12.7 4.0 1.1

leve.ﬂa 20.4 21.5 16.6 10.2 16.1 25.3 26.7 21.1 15.4 21.1 15.4 16.2 12.1 5.0 1.1
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