R TFER Bull. For. & For. Prod. Res, Inst. No. 342, 1987 41~60

HBREAOFRBIC KT THEDOHRE €7 Vic &k 55

—%—E&:‘(l) . BEI %B ﬁ& ;E(g)

o

Makoto Tant and Toshio Ase : An Evaluation of the Effects of
Forest Change on Streamflow Using a Runoff Model

E B SMESHRBERRTERERIMFREECE - THRIFT 2 c0icid, [BE&HPLH
HMBEHETALERD S, COHEICHD, HEROABHFERERO I FEI DT Shiciil
EFAERNBHEERS T, 7 ORI ERRBRLFERKO B 0 LHHEKARBO
HACS ) aRENoRB~OZEEHA L LTT o, BHEFTVELTE Y7 EFAVERAL
295, TBAKSETHICEEBELIRCKB LI, COEFVMEANT 2ERKER, v=YOH
HERBIC—ER0.9ZRUIMEE Lir, MR LRTOREEBIKENT, GHieT Vv THESL
HHBRERREEE X —FK Lk, 22T, BHERUBROBEISNT, b LEhSELE
Dotk LEBAGOFTHBERMT T MICE - THE L TERMHE S HE L, WEhick 35HH
BLEHE L. BMENTTBLUOBRENBOARHEZZhEN Q, Q7 L95L, HEHED
13,

Qv’ /Qp=1.532 Qp0-%°
THREN, BENCE - THREENENT 2 &, 20EMOEAE, WHEBBKEL Y
NS BB Ehbvotc, RIC, HHEEFVICE - THIMARHENRL L BRTEERICES

&, EEOHENE LOHBERKBIC DOV TOERET -7z ZONER, KIXFIKEIWTHESE
INRBEREER, coRHETATEEINLERAFEENEL T3 & @/, ¥nd
BLEBRICREAEMMBEY, TARLZEBENEEPFHEMTEA LBIOEEEEL5 L
Zﬁibf))')ko

I I U & I

HHRREDOHMICRIZTEELY O BICT 27008, kP55 ORRMESTHN TS, DMK
WOFHE LTI, SWATHRRE MRS, EE G REENRT LN Y, WITHEER, 25
BB 2E[EET LTI, MEDHEADELKNBOEEZLE T 2 HETH 54, HELSORE
OEEZZIRIF LTI ENELL, BEBEZV, Lich-T, BMitEE BERBRESICAND
N3, 2DIH, ERPTEEMAL ORMNEERETZELOV S RVEEREER, Tho LB
FREICH, KB AELNAZY, FHROMNICRIZTEELE L ICH D, BERRELIR
LIEBOBT 2 HETH 5,

UL Lisdss, HEHRBIEEER T2, [, AXEHEORULZ>OBAIRKBEREL, —4T
DOBHIEETLEE U ST 2HENRD 5, —BIICH 2T, HEZEMIK L > THEBICEMSED - b E D
WERARLEA, FROISUHHABIRHELAERE T IBLSRPBVEEIONS, ThWA, KiRE—
DAETE LOERFEREDL, ©REEESE L ELTD, CORINER/ICHBRTE2FRIE RS
o T &I B,

L AT, BMEREEHEAT 5 ICE, BAEELINCENT, SREH» ORHBEHET 2 LELD
B, DBk, BEY BT -0 LD, COHEDLDIRFERABLLAOSNTE, UhEd, 2D

19864£9 A 3 H3E B $%—43 Forest Influences—43
(1) {2 B7EXE



— 42 — HRERBRBIEHRE $3425

FETR, IRABRICEINAMTIEFELTHERNSENEV D AT, BEBRBVELEEZETETSE
B, FIZE, BRICL- T 3N2EBRUOREERD B THL L, I L T—EERR
OHREMEFELTEETEIZERBNITTHRNY, £0IEIK, BRIUNORROELERELE LB
592, 43k, ZORRICETT2, WhYAETHEVZEREDERL L THNONTE 7D 28, &
THoMAHORNEOHRIREVPLT LSHRETIEIOL, 20BROBANFRIFHICL-TELS
b LN,

COXIBEELAL, SBEREPOREBERETAICH2D, BRFERCRITHIEEFVERD
BLEILED, PIROWEING, HHEFTVE, LB LHEHBOBRRALEL, ThbbAA Fuss
7RFRTLHDIIERINE D TH B, LicdisT, EFVLIDEEINFHEHRER, Fhlfio
BACEY 2B EOTREMBOEELTNTRATVS, BV AOEEN, LOEVEAOEEL
D, REWEVLSREBHZIKLTH, BFFERTEONIKHBLERD, 328 EORFIITREN
BENSCERRY, O LR, EFNMCLOBONAREEDY, BRFERCLVELNZKTLER
B, SOBERBBIGENEZ 60 LEBKRL TV S, AL OBRAMIERRICL 3 HELD
HINTNBZ EBEHTEL I,

AR, LROBEHDS, BMBEREOHENICEL, REEFrvERANEIE4T3RETH 5, HH
Fiii, MERBUREE SR LR OB TILFABEKRRHOEAFIRTH D, BHRICE T 51980
OB VRICE BN E, BHRELSEALE LT, BIFE#ED,

I WNREZOBER

AKREOR E LicED NIEAOHBBEIC W THEIET9-0, YRREFLUTESoBIIEZR
OEERICH D, e 34°42/, FIE 133°58 IThrB T 5, WEEREE 22.6 ha T, WHEIHRRXELEBT
$b, WEOTBIRRTHRCEDY, BEHE LTOMIOHTII/NE{, HEEL (Clay loam) T3
%, TIOR3 m BETH S, FBN%E Fig. 1 KRd,

URBORREMIL, 1987T~TTFEOFLET, FHKEH 1228.7 mm, FFHKE 14.3°C TH 5,
BAKBOFEOMEES DL, LFRFPBABBRELAEHLATVDOEIL, BRBLVEROBET
6, 7, 9ARELLE TS, Lpl, BKBOHENEIL, —RICEESOLSEOMOMT &H<hi
MNEL, BFRFE LOTBRIRBICE 3ENS 0,

KIGEEDBAERRIC DO TR~ 29 (Fig. 1 BR), MAKEO S 5, b¥h 2% Dr / 5 (1928
FERR) 2L &, 2ESI5YFEICIIKFOPETHEALZ L - TED, FIBMEIC7 oy Ml INT
VB, 2D 5B, REROD 12% 137 XOWEIC LD, FESO 17% 121974ERE DL X E QK
X0, 7 oT Y BMEEL, SIS SORET BRI 5, TORE, 1975EEICIZS 0wy ATk
2 69% %= HDHRREITIE - T, BB, HEHMLKFEHICRINEFICE / 0K SN, CCTH
MEMNAE LTRHES TR WhDOEER, 3 TIC19734EED SIBARICE NS T A3, 1974~774F
D 4 FRBEMOEREA TN, WEOKRE L -72L5TH B, £0H, BENBEEREDOS
KICIEHD, 1980EDEICY =Y RT_THBTEICE -7, £ 3 LTk EERdkbiik
Fodh, BTOBMMS—FICHN, FhLlE, hTFRICMHE LT 3+ 75000 &3 3 IR dEssic i
BEHKBLTN S,



HMELDOHBICRETEEDHE T =T VIC

0 100 200 300m
= } J J h
Fig.1 % #® [ h

Map of the study area C .

A FEi Rain gauge, M E/kFT Stream gauge . 0 7 o e o P
—e— WA Watershed boundary

- - = 19804E4MEOREDIEAR Boundary of vegetation in 1980° - S
1: 20447 m= v AT#  Artificial 20-year-old forest of Pinus thzmberg‘u

2:19764FE £ / ¥ &M A Area reforested by Chamaecyparzs obtusa in 1976
3:EH Grass field

4:52EED e / F ATHK Artxﬁc:al 52—year~old forest of C obtusa

PLEDC &, AFETR, BENIOEIIZ1975~7%E0 5 FEHE L, 205
EFNVORHETS . Z
LT b,

SR X T
D%, KEERI80~BUES TOF— 2 Ik D, MREIICE ARIMELET~S

M FHETFILOEE
1. EFIOMEK
ARETE, 27, RLBEEEEUL OHETEARBEFTAVEIER LT,
T TR, WEBRDE DT E LB AOKLERHSET 5 C ENANTSH EH 0, FilieF LER

LR (4% « Bl ER) — 43 —



— 44 — HERREWTTHSE $325

OEBRAR, FLD b, BHRKEZEHECO - CTHERTEIHIE 2P EIPIREDRINETRS
B, bEERBOTE, COLIBERRPESEFVELTR, EROZ V7 270" BEA{AVD
N3, £CT, FELS, FUI/EFVEBOOLEALER UL RSN, HEHN L X
720 #DOERE LTH, YHBRGEBELHOSREHOHIRITHE L, WBICHT 3 LBk OREE
DO TREND 2 EMBEI NS, 20, FEMSERLTOWEESE, BREOH % LT LLhEEM
MRICE S in—F, BEEEER, BETNTONESEERMICAE S 20 30 3, EAMLs v
7EFNTCHETHCLPRETH S, COLIBDHLIT, & v7 EFVEFERIC, LEKSOEEL
DR L LIV ETNVEERT S LI,

AT, RUMOHHNBEERTIEFT VLB TR, BRUBOMENEETH 3, HHERKE
JAEREIL, AKX IR, EYOES LICER SN BKkOER, TER»SOXRICLIDBRS
N0, KA ZBYICTHMTRESDTH S, LELENS, RRERETNCNERCEEZEFVTELE
ELTH, TNICEENAMEEY, BAT~EYEBORREL, ARRTCOLIREFVERBRT
&R, BURKEETHI. 2T, RRERELHELTREEHLORDZFELERAT S, D
KEELTELOLNZOR, V—YAT 24 'R, ~EVR, RveYyREETHEY, H-ERKED
AERAOTHBOBETIIH S, BHE, BE, RERXSOBENERTELV, ThiORREHOM
BRESAMILETCERBRAFTE, 2OEFHEBCINEAFORES RS T VBB SRORS,
CZTRINSOEREHOEINIY=VYRERNEC LR LI,

PUEDEFAMBRICE - T, HEAELHOBPECENTHESNAMEBESHIMEICAS X Sike5 2
— 2 OEZREY, HEAEEMRICEY 2FHARHNREANKNE L BB T LKL, TR, Hilies
NOEMEBERICERBC EICT B,

2. FHBEREFI

Rk, Fv7EFNVERBETVELT, BOOUEEOREEHER T HMET v 2
BHEUIHRE, Fig. 2 WRTEFVERK, EFVBERPPEHETH LY, BANKIR ERD £ v
EFNT LEROHEBENE OGNS, RROAPLOT Y + 7y M BErESHALOEIEZBALES,
MBEDOEZCIDODIb SR INEFEREULMICE 5, 518 mm By, BB TTS, 23, W
BIBRBODZ2 Y2 Ahbhb, —kDE V7 EFVTR, AIBEXODTY 7y PRTRTHEEER
2, REFTUVOIRHEBWTE, TY My B » ZRULABBRBBELENR S, (-7 28Uk
BRE, BEEXVOTY My PEEBR2ZEE~NRBET D, 7 O, 2,3, 4BE0HTRICL-T
EED, THOD3 2 V7 OREEMWNIVIZENILNLZ, T8bB, TROZ V7 OFERRTEKS
OREEF L, PMEVHEEITSLECBRNINTEERBCE LBV EERELTVE, 13, k%
i REOZ2 V) DrEEET B LE,

he>55mm D& &

12=0.02(h3—55)+0.0005(hs+ hy) = ceereereeenieenninn, (1)
he<55 mm DX X
2=0.0005Chs+7) e (2

12720,
=l e (3)



BREMOHEBIKRZTEEOHKH =T VI DT (B - FIHE)

mm
30 — 0.5
10 — 0.1 *7
0 | —0.05
LT
x(1—7)
e
0.0004
0 — I_U__
o ! L0.0004
oot
100 [0.0004
0 0.0002

Fig. 2 WRHEEBHEBEETL

Model for the runoff simulation

A number on the right of each outlet indicates the ratio
of the outflow to the difference between the storage and
the height of the outlet whose value is shown on its left

side.
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Table 1. £ R K& W X

Annual water budget
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Comparison between the observed and simulated hydrographs before killing
of pine trees (on semilogarithmic graph papers)
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Comparison between the observed and simulated hydrographs
after killing of pine trees (on semilogarithmic graph papers)
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Relationships between the observed (@, @»’) and
simulated (Q,, @.”) daily runoffs before and after
the killing of pine trees
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An Evaluation of the Effects of Forest Change
on Streamflow Using a Runoff Model

Makoto Tani® and Toshio Ase®

Summary

It is difficult for a hydrologist to check effects of a forest change on streamflow in a
watershed when he doesn’t have a control watershed. In that case, he has to estimate the
runoff from the climatic conditions. We applied a runoff model for this process.

The study area is Minamitani Watershed (22, 6 ha) on the Tatsunokuchiyama Experimental
Forest (Fig. 1). The annual precipitation is 1228.7 mm, the annual mean-temperature is
14.3°C and the soil is Clay loam derived from Palaeozoic formations. An artificial forest of
20-year-old Japanese black pine (Pinus thunbergii Parv), which had covered 69% of the
watershed, was killed completely by the pine-wood nematode (Bursaphelenchus xylophilus
(Strmner et Bunrer) Nickie) in 1980.

The 5 years (1975-1979) before the killing of the pine were regarded as the calibration
period, and the values of runoff-model parameters were determined by the trial and error
method. The Sucawara’s Tank Model was selected, but some modifications had to be added.
A good model, which could simulate the runoff of the watershed before the killing, is expla-
ined as follows (Fig. 2).

The basic algorithm of this model follows that of the Suecawara’s model. The unit of the
time for the calculation is day. Rain enters the top tank first. An outflow from each outlet
on the side wall of the tank contributes to runoff, and that, from an outlet on the base
contributes to infiltration. However, the outflow from the side outlets of the top tank doesn’t
always contribute to the runoff, but part of the outflow infiltrates into the second tank with
the outflow from the outlet of its bottom. The ratio (%) of the runoff to the outflow from
them depends on the storage in the second (k&g), third (kg) and fourth (%y) tanks. 7 is

determined as

hg>55 mm 17=0, 02(hg—55) +0. 0005 (ks + hy)
hy<<55 mm 71=0. 0005(As+ hy)
But
n=1
The outlet size (v) on the base of the second tank depends on the storage in the third tank.
A5 >100 mm v=0, 02
£3=100 mm v=0,0240. 0015(100— kg)
But
r<1

The techniques above mentioned express effects of soil moisture deficit.
Evapotranspiration is deduced from storage in the third tank. The value is equal to the

Received September 3, 1986
(1) (2) Kansai Branch Station
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potential evapotranspiration. When the third tank is empty, half of the potential value is
deduced from the fourth tank. The potential evapotranspiration (£r) is given by Penman’s
potential evaporation (Ep) as
Er=pEp

p was estimated at 0.9 through the annual water budget (Table 1). The daily potential
evaporation values were calculated by the Penman Equation from the daily mean values of
air temperature, vapor pressure and wind velocity, and the durations of sunshine, observed
at a meteorological observatory 7km from the watershed.

The observed hydrograph during the calibration period was simulated successfully by
our runoff model (Fig. 3). Therefore, we were able to obtain the hydrograph after 1980
estimated on the assumption that the killing had not occurred. It was believed that the
differences between the observed and simulated hydrographs indicated the changes in the
runoff caused by the killing of the pine (Fig. 4, 5, 6).

The correlations between the observed (@;) and simulated (@;) daily runoff values were
expressed as follows :

Before the killing (1975~1979)
Qp=0. 768 Q.0-878
After the killing (1981~1984)
Q’b':l- 195 Q/c0.826
Since Q.=@Q’.,
Q’p=1.532 Q094
Or

r=9 _1 532 Q;-0.08
&

It was found that the runoff increased after the killing and that the rate of the increase
decreased with the runoff size.

Next, we have a discussion on the estimation of the actual evapotranspiration in the
watershed. The evapotranspiration used on the basis of the Penman Equation in our runoff
simulation was compared with that obtained through the water budget. Annual evapotran-
spiration values estimated at the annual losses differed from those used in the simulation
(Fig. 7). A seasonal variation in evapotranspiration estimated through the short-term water
budget method® was in discord with that used in the simulation (Fig. 8). The disagree-
ments between the evapotranspiration estimated from the simulated runoff through the water
budget, and that used in the simulation, were owing to the changes in the total storage in
the tanks of our runoff model(Fig. 9). Therefore, it was seemed that the evapotranspiration
estimated from the observed runoff through the water budget might have some errors due
to the changes in the water storage in the watershed. The estimation of the actual evapo-
transpiration in a watershed calls for a future study, considering the results of this study.

(3) See, Suvzukr, M. and Y. Fuxusuiva : Estimates of evapotranspiration from the land surface
of Shiga Prefecture using a digitalized square-grid map database. Lake Biwa Study
Monographs 2, Lake Biwa Research Institute, 55 pp., (1985);



