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Table 1. Out-look of the experimental watersheds.
| ; tem BT ; escription it # emark
wHoog I 2 Descripti . f % Remarl
. LR EERMAINZ I, B 1))| 1% Kamabuti,  38°56/ N.L., Long.
iL #t Locality Nozoki Village, Mogami County, Yamagata 140°15" E.
| Pref. Uppdr stream of the Mogami River. ‘
#i  E Geology | BEIKBR, EX; Tuif, Shale.
v m w e | 5° S X UERUKKET (1988 i ; 450
g, B . V-notch weir and water level recorder cmpleted
Stream gaging .
i in 1938. ‘
=+ E=4 | = lﬁﬁ@lﬂui< &I B Q}_‘. sE %lﬁ_ﬁfﬂ‘
: self recording and a usual rain gauge |
) Ral{:l agin ’ ifs 1f di d !
gaging matalled near the foot of the watersheds.
LS Average | R ! N
annual tJelmperature i 9.6°C 1930~50
! 1 %3R Watershed No.I I1/ZjR Watershed No. j[l
-
Area (ha) 3.060 2.482
e 2 |
oy @ 4 . o
Average slope I 347307 357507 |
_F‘L i’j 75 f_‘i i < o Q
_Average bearing | E21®S E 5" S
B Elevation | 160~245m 160~240m
£+BER Conifer 27m3/ha  £f3E[ Conifer 28ms3/ha ’ Sugi:  Cryptomeria

LTl &
Vegetation (1942)

AL
Treatment

I
Average soil depth(cm)|

B E oK E
Average annual
prec1p1tat10n~ (mm)
B OF W&
Average annual

) ruanf (mm)
Average annual
runoff-ratio (%)

(= + Sugi80%) , INEEH
Broad leaved tree 45
imdha (#5, 7+ l)
Nara, Buna etc)

(~# Sugi 60%) Broad

leaved tree 33m3/ha (7 |

Z,7 # 7t ¥ Nara, Buna
etc)

1947 ~48 SEVZE¥K, L&
BEAH 5 Woody Ve-

[ None | getation was clear cut
: y in 1947~48, regrowth
| has been cut annually
[ 45.6 | 48.0

| - ‘

1 2214 A 524
IFirst period :Seqond period First period Second period
| 1940~47 | 1948~52 | 1940~47 | 1948~52
| 2616 2408 2616 2408
| |
| 2017 " 1713 2075 1883

! »
| |
76 i 74 79 82

T,

T 72w,
(4) TOES5LT, &0 BFonre?thhI kiR
HHOWEIE 0.1~0.2mm JIFD L DAL D D723,

TlRrAEWwZ &iE, @)

1. W K i

b O LMW DR, 7c& 2 (EFHADWHE T &£ D TORHIE

japonica D. Don.
Nara: Quercus serrata
T hunb.
Buna: Fagus crenata
Blume.

Snow : About 40% of
annual precipitation.
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FTRIDIATH A~ L S, TERELTE

D BIFDBHTIKIT L S LD SILDIK :E 151: .. (Kiunfiate)

KOLDTH D, AAKEICIRKD & 5121 EE%F ““NWMMCW

720 Thibb, BEHOILAREE 96 DE émgﬁwé 1

S B BRI, HiEERF st Gask g mp ) Wag?n' Wheel Gap : J—
A 1o, PREHIMEL & ot 75| ”“Wmmgggsgfft)
HoKOBWID R E MY 2T L HO 602 Fiar L 2}5‘ B ’3;0
W L Dfz, T L5 ICE ORI, Mt “
BURCHBND 550, T RAD o] ()

B LB 1T ELE 1T W b D & (PR, LT ey

Wagon Wheel Gap®) TFHiT /i ?L E g: : 99

ryouh (FS, &, wRoms o o,

2, OREINC 2 LB B Y = 2 TR VWW l°%§ql

SEL7zk 5iT, HIF/KIC X 2HKEH2 % P R

T TR BENE B 243, BarnesPITd L 5 osl: s

i, PRI i B T, K £ °~j: * x “amafult;)_;R sttt o1
OB Z B Ly B, 2Fod ;;ém_ < . x 18R (Watershed No.It
BT ARDTEINDTH B % wh, (LD %m_ RO

Storm seepage i, PFRNHIC & 2ikHI T vgii: o | QO:C

I - I - MRS LD b0 (72 k s

2% Linsley IR4EY) 2L 2HhiT, FIK BRI Of)

Fig. 1 Some examples of depletion
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5. BIOUE, TLEEBHTELE 100m £+ &, 12F 50 BRI, FAbb, 2HAT-G
ThIEASHE D 2 L it 243, R0 H 3 2 &, HRKBIHDKEAGEDKLEL BEICWLS
L, bDOEHETOO C E@REATHENZA, LT, K& RIMmHICH LT iR i
CHIRD#S T LR THMINZ T L TH S
FRD#E2 TrHS 5 &, BOKOERE LTEZ LN DFEEETH DT, IHHEIOHD
KOE B Lz,

A= QOE™ e e e e (1D
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Zzic q: EOEETHOT, FRELTE D BEFBNOWA & b 1 A0 R kREED

T, e FAAREDIS, c: IEDWE, t:q PHORHE 0 &1 ’CJD“’&@H#(, q:t Hlicet

LHMETH D, %7z, TOHHRI, IWEM IO TILE, @HAESEVDIRSETH 3,

Ak, TOWAEONECEELT, () K0 t=1 OF X b ificMFEREIN2TE 55 3
Ak, R0 X 5 RfEKEEE 2 0TRE, ThAbb @ - ERHKLLT

\t

qQ=qe Qe e (2)
WASRTHEST 2 &, BFHOILAZZAR L b OWE L L AT 2. ZiUdhIFKR»
ESDERHT DWW TGS Lei e b RO R Z AL TV
DESICLTbNZ @ ¢ DRIDOREEEZ I LzDAH 2R TH 5,

A3

(V _{Hr

2R W OB @ t c O &
Table 2. Values of counstant gy and ¢

Moo % ® g (mm) { c Com %
. o | F B @ W T B o#m M
Period Watershed | Average  Range Average Range Remark
| . e L
= 1 %] [ No. I (A) ‘i 0.115 0.024~0.280 [ 0.207 I 0.088~0.385 | ¥~ 7°)L D 12

No. I (B) | 0.155 |0.072~0.333 | 0.097 | 0.044~0. 145

First period

I B/A [ 1.35 i ‘ 0.47 )
—— C No. 1 (C) \, 0.157 | 0.057~0.335 | 0.152 | 0. 074~0.269 | P 5
No. T (D) | 0.237 | 0.120~0.372 | 0.114 1 0.083~0.168’
Second perlod

D/C 1.51 0.75 ! ‘

2. ROEHE @ T RE TS

W2RKITHOND L ST, FF1W CLSTUEIRRT - 4 200 CIB-0URtE) il T @ &
[5REKE VA, FHDOILEH S &, —IMEIRICL DT @ BRKEL ADRDTREVWSE
Bbis,

AR LG CTORWIMD T+ [5RD qo UATF qu - s & F2) OHIOHIBIREL
JRCHOLND L SKHETH S, 22K E & qu WHIST S qo OWHEHITE LT, 2]

DiEYR LR E S

E=0.860qun+0.070 ......ovvviiiriinnienna.n(3)

5%, THLOHTW - 2WOMEOENEREL L b, ttest ¥ T2 &, t=1.51>1.341
(a=0.2) &b, RIRC L VIENELREZVZ RV

LREDBELRIC X OTIRMIRIT L 23532 Lidvwa v ey, 1MW - 45 2ico
WTDOMBER T &5 &, 3RO L 5 ICHETHIOT, HEHREES &

AR E,=0.681qn+0.077 \
o T, (4)
52 1) E. =0.950qy:+0.089 J

b C2EBND, RRTL DV ELEHRINIE Lqe & E.—E, LD
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Table 3. Correlation coefficients

m1H | mam | M
| First period Second period Entire period
Qon & doz | % | % %
Between gy and oz | 0.713 0.883*% 0.801
o & G 0.310 i 0.902% . 0.352

Between c; and ca | |
!

=k Note: 1. l21¥ dou (X T BIRD q ¥ EF3$ %, For example, qo is qo of watershed No. T.
2. Symbols * and ** mean significant and highly significant reapectively.

: ) FI8 (Fost period. )
Aqoa=0.269qn X - F28 (Second period),

+0.012......(5)

ELT2BM3, T o
H7 2 WD qnd 451 0,157 u ol .
mmI¥Wwiltsd & Aqu= (,%,0:) G oo -7 f w
0.054mm &7 3, 0 e

3. fRFEOFH ciT — — NI IQ |

0.1 02 03 04 01 02 03 04
VAR For (mm) o
W @ DU LR Fig. 2 ige?a:onﬁgﬁgeenﬁqqunﬁ {)gwfeeri: l<7:)E;)gf{?-watershed

L 1 2 WD No- 1 and o 1t
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HTNHEL (Y33, @ PUAD L SHERCRATRETH 2, 261, H1IHE 521D
BRMESD L, FIRDOZTLLTHOT, q OHA LI LTRIRIC X 2 c OFTINEY
HEETDOCHBD L LS5 T LB LATHIND A3, HEOHTET5 & (H2-HBH)

Hr1 E,=:0.116¢;+0.073 \
i (8D
55 2 4 E,=0.490c;+0.040 -~ [

, BRI L B Ac 1 E.—~-E, LD
ANCy=0.374¢;—-0.033 .. ..o (T
9%, THIUCH 2D ¢ Dy 0.152 T vwild & £c:=0.024 %53

4 Z £

BB Z YR T2 &, RIRIC L 28 LTIk, BRIEICLBZRIAELIVI AV,
—ISHE Qo C DHIIMLTWB L SR 22T ETH D, LiesioT, KIF L 03T aDH
T X B EOKPHIGIRE DR AR E L B0 LML & 5IT, WSROk SICH2 BT LT
b5,
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Z O EOFHIT DWW T, WEEOREIT k 2R - KRS LU
BREEORHNZRE I TV ARVWDOT, BREMicvws izt b5

FROWAATERE T T2z it 2,

W

SRARIT & D MRS 8
5 ARERT & 243, BT D

1. W%k qu O

Qv OFMLIZ LS DHMELTCH2zbNZ T &, HRIC L DETEDRD 21 D
DFRERDTVD T LR DEVWTETHSH 5, A, TOHRCOWTEERLZEEY
2, BAFREOTVwSZ &TH Y, WHEBEAL ADkEZVwazve, RIRITCILL,
CHLTWRE ERHEELTLETES 5,

SHEHAMDIDELT, HIRIC L 2BBREORLERBT CLWTHAL S5, TORITDOVT

&, WEICOWTEHOIEY LTuwhEwWOTH 24, IWEIHCED OLEHSSmaiinos
R (AR EMEbRAL (5 4ERTD 2 FIRD KB T35 2 R A R H DMK - FIKEE
DETFEHHELTED, EERIC L 2BEREC THRE BN Tw3 ELTLw
TH5HS

F72, TORBROH L MR, ST OIRAKILITE & HyKE DM AR & /Nl 6 & &
WRARLTWS, THBIEEZFREROERLE /e s i, TORBMOAEETR W & 20
DHBE, WEDOY — 7LD E DFICENL T W WSS (ke DEPEET 213 L
i+ ﬁn*mamcakﬂ%T7)qoﬁk§w® IR LR DI D AT &5
2TEVDOTEDD Vi, LehsoT, KIRIC L 258 q DOHIMER % ARHLAOKE D2
DHEFEEDTTELZ T LRTHTD A5, WFIFCED AT MM BB KEICAZEDT
OLNENDRT EEHRELTVD

2. W c D

ZDRICDVTIE, FFIRY OIIEARH OB O FAREIRFI R D W E clcdovwTzhg
A1 0.03279 - 0.03845 & L7zfiitfk L@ PEICZ &< M MM E R LTV 528, a3 D1EzD
BN, @ DER 1% BFTHOT, $FEEAVELTLWE 2 Th5,
C ZOMELTHEZ N0, KRERCETHIhLMNRVEILE b, FEIC & 25K
DRIRICE O TR O L OREIKERICAED RV ET D &, WKDIEIN] GELE - ZEXE
CIbl, FHOBKERDDRKEZ L LOTOLIBHEERT 2) kv, Kffick vw
¥ oqo BEIN L7z B2 BILDHRRDOIKAATHOT, cORETVI ELEHATHA S,
L L, D86, MLEDHEBTHIKIC L 238 7K - ZZFIT L 2 RILOEMBMBIC 22D TH
DT, WHTED LHEWEIRED T i & 2o, »2Ric zOmE 23 O
T, ZOHAWOROHERIFIICICbD 2 D LB 270, F7, L - 73810 X DHIK

PR ALHEDBIKED TN E R D EB2 bNBWKOEWIC W THIKICREL TS

TELTHEN, 2O LS5 ITHE2D &, KIRIT L D —EH 2 &L c O b MEFERR B A2
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EAL DDV RE/MITETVZ 20 ESHRITH A5, Thibb, TTTE)BFEROR
D% &, HWTFKIC X KD HEHITHICKOTWS LbNZDTH 2,

3. HE Q- C ITOWTDOBRANEEY

W 2T BEEEIMZ 728 qu - ¢ ITDOWT, MERCHEFICHEEE TTH2IcE, @ & c&D
MOBROMALAYCET S 243, Qui+ G 3 X T qua » Co [OHST L7z BIRA & SLT T DA, W
HMTHDOIT, MEERFNELRD L ST LTHEREEMZ 72,

(D~(T) KRITH 2WIDHH qui - ¢ D2y 0.157mm - 0.152 T, [ESREMEFRL
BODO7A DU 2 WDEIKRILZHEE L, 15RDH 2 HOBEDOEICIRG & L HT 2

E, XkE 52,

{RIRRG Qua=0.184e0-001¢ (8)
feiR% qu:=0.237e—0- 14|

4 (8) DA que L WERL &, t=10H% 5%, Thbb, —EZOXEFTIZI0N
HIZZITEE LWIERICAR D, DRERBOMENNS A RD T ELAED, LhL, $BHAHS
2HRITHBND & 5 RIHROIIHRIEOAFOHEED 7z DIT, t43 10 HaTROBI%Z b bz
Ao, I« [ BROMENLLL T 2B ERBEOSFIT I Db\,

Fic (8) Xk bH 10 HZTOHKBEOME T2 &, (EFRET 1.03mm {4 1.17 mm
Ehh, xoklid 1.17/1.03=1.14 &7%, %7z, TOEUKPOMWROMAES 1 mm DL
hiciE LS Ao bidmeE (Biimm) 3] - [ SR ovnTENLN 18 1.43-1.74,
#5238 1.33-1.84 THOT, [ERO I SFRITHFTBHIZH 1 WO b D 1.74/1.43=1.22
Ezb, 1.33mmx1.22=1.62mm % 721D [ SR & KR Lin\v E00E L7228 A 048
MELE2D L, TILORREBEORIFENCT T2k 1.84/1.62=1.14 2 b, kRO
rak 1.14 LIBIE—FT 5,
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(B2 EMIRT, HKOEAEOKRE L AEDRLsiIKEbiLd, Lirl, THEZHTFKIC L 2
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BRICHET 2 L2 bID & 5 RRIEC R D &, ROREEMBLNLNE LNK,
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Iwazo Marvuvama, Kazuo Nera: Experiment of forest influences
upon streamflow at Kamabuti. The second report.

—On the depletion due to by ground water—

1. This paper deals with effects of clear cutting upon depletion of stream-
flow due to the ground water after rain. The conditions of the experimental
watersheds are summarized in Table 1 (p. 124).

2. Exponential function presumed for discussion is as follows:

A=Que ™" e (9)
where q is daily runoff; q, is a positive constant representing daily runoff
of the first day in millimeter of water height though it is not always of the
first day after rain; e is the base of natural logarithm, c is a positive constant,
t is the number of days passed from the day of qu.

Table 2 (p. 126) shows the values of constants qy and c. These constants
seem to become larger by clear cutting, although not of statistical significance.
Correlation coefficients between qy and qy: and c¢; and c; are shown in Table 3
(p. 127). Here, we made regression equation about gy and qy: and about c¢; and
c:; as shown in Fig. 2 (p. 126)

First period »=0.681qy+0.077 E,=0.116c:+0.073 |
Second period E.=0.950qy,+0.089 E,=0.490c;+0.040 [
where E, and E, are estimated values of constants qy: and c: of watershed

...(10)

No. . Effects of clear cutting upon constants cy: and c: (AQu: and AC:)

were estimated as the difference between E. and E, as follows:
A2 =0.2699,40.012

~Acs =0.374¢; -0.033 [T

Formulas (11) are considered to represent the changes of q, and c due to

e (D

clear cutting. Substituting average qu (=0.157 mm) and average c: (=0.152)
for second period in formulas (11) we get normal depletion curve of watershed
No. [ under an untouched condition as:
qua=0.184e "0 . (12)
When actual average qy and c¢; are substituted in exponential equation above
mentioned, the following formula is obtained.
q:=0.237 011 o (A8
Values of quu in formulas (12) and (13) become equal when t=10 days.
Total runoff computed from formulas (12) and (13) ranging t=1 to t=10 are
1.03 and 1.17 mm respectively. The ratio of 1.17 to 1.03 is 1.14.
The ratio of the averags total runoif of watershed No. ] to that of water-
shed No. [ is 1.22 for the first period and the average total runoff of watershed



—132— R WIZERELE 68 B

No. [ is 1.33mm for the second period. If watershed No. | were not clear
cut, the average total runoff would be the product of 1.33 and 1.22 i. e,
1.62mm. The ratio of the actual average total runoff of watershed No. [ for
the second period is 1.84 mm, the ratio of 1.84 mm to 1.62mm is 1.14 and this
is equal to the ratio 1.14 above metioned.

It is considered that the data of this paper are based upon those for
comparatively early period in the depletion due to the ground water. However,
a different result may be obtained under less soil moisture as well as more
vegetative transpiration.



