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Taizo Enpo : A Method to Evaluate the Change in Water
Balance for the Summer Period Following Forest Management
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Fig. 1 BERKME (0 oFEAOHMAK (Lesr & Brnk FROEER)
Graphical explanation of the equation of 8, in which S,
v and § represent available soil water, the critical point
or the ceasing point at which available soil water begins
to limit or stop evapotranspiration.
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Fig. 2 BHHMOKNZHED7 v —~F v~

Flow chart for water balance calculation of regenerating

forest land.
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Table . BRERBULOBERYME (0) otHE=ETFT v
The calculating models selected for determination of correction
coefficient (6).

REBOHRINT BRESILEE S
SHEET N 18k SE U2 L8Kk0E LBKSE
“ﬁ o | OBKIE The critical The ceasing 0 o F B R
= i ) ] poil:l'gl alnghi(':lh point_la‘tﬂwhit.:lh "
. ax. value of | available soil | available soi : .
Call;lncgéiti.mg effective soil |water begins towater begins tol c%?izlélt?g;n%oz%ﬁucﬁlrﬁl S( gf)
aumber water limit evapo- stop evapo-
transpiration | transpiration
(M, mm) (v, mm) (6, mm)
I (a) S=M, 6=10
CR D (b M>S>§7}M~,
120 1.0M M 4
Open or 4 B=—(S—-M+10
cutover M
area (¢) S_S_Biw, 0=0
(a) sz, 6-10
I
(B # 1) 120 M . (b) H>s5>0, |
) 2
Dense ~ 2 _M
forest area 6 “ﬁ( S ‘2_) +1.0
(¢) §=0, 6=0
AL (For each month of June to August)
il 20 ‘ ; l (a) S=0.7M, ©=1.0
1 0,.70M 0
@ 3w (b)  §<0.7M, 8=const.=0.5
Dense EW/KIE (For the summer period) .
forest area (c) §=0, 6=0
240 l 0.70M [ 0
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3) AWK

Fig. 5 R 1 5RHEEO @ & Q. L DR, Fig. 6 ZBRATD 2 BREEHD Q & Q. L DHBAERT,
M Sb» 5 &3, HHRROFTMMEO KIRZD g8, E=ETV No. I, M=120mm, C=

mm
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Fig. 3 EfMEEOHEMEEZAEOK Fig. 4 6, TABXUSHA © AFED
B (2 BRAROSREH) HEME ERAME - DIE: (2 SRk
Comparison of the calculated flow iﬁ@.%&@]ﬁﬂ’ﬂ)
(Q.) with observed flow (Q) for the Compaflson of the calculated flow
summer period (cutover land of No. (Qo) with observed flow (@) for each
2 watershed). month of June, July and August

(cutover land of No. 2 watershed).
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Comparison of the calculated flow
(Q.) with observed flow (@) for the
summer period (forested land of No.
1 watershed).
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Fig. 6 BRHHEOMEMEENED K
B (2 SRIROHRAD)
Comparison of the calculated flow
(Q.) with observed flow (Q) for the
summer period (before cuttings of
No. 2 watershed).
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Comparison of the calculated flow (Q.) with
observed flow (@) for each month of June,
July and August (forested land of No. 1 water-

shed).
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0.0060 WD EBHEL TS,

Fig. 7 & Fig. 8 t3etEE7 1, M=120mm, C=0.0055 S\ S EEHOTHEERTo L &
D1, 2ERESOARNBORTMEEEIEL OLBERT, CHhSOEMWRLTNE L SIC, HEME
CEAEE R X —HLTOEDT, LBEOEHRE TABLUSADKABIUINGEEINAD
AREOHBICHELTVEEEbN3, LHL, 98L 10 ORI LT C=0.0055 OB/
TdH 5.

No. Il QFEEFVEBEHFOHKICHT 2 AOKKKICHA SN @ DHEEFT AV TH B, &
BEROR P CELFHOFRNERO HEMEE ZRELBRHELTVSE Bbhd M BLU C OfE
ARETE, M=240mm, C=0.0060 T, CO&RME»SRDLEHRBEOHETEEEENEE LB L:
o Fig. 9 TH 3o

Fig. 10 i3 M=120mm, C=0.0055 &15/¢5 # — & DEEANT HEET- 2 & 2O AMMLED
HEEE ERAEE OBSEBRERT, COBA, M OE%: 180 mm F/oid 240mm & LT, HEME
EHEE OHABRICZ IELOERS NPT, CORMIEE 7TABXU 8 AoEAOKKE
BN OoDBEIHAD KNEOHEICHLTWAED, 9L 10 AOWAIK HLT C=0.0055 O
BRBEBNTD 5o

1.7. EBHAEOTHEOLE

EMOKREZOREE, NXOMME HELOREIC X - T, #HE=EF N No. I, No. I F/id
No. Il BFATEZCLEMBLIY, 25RMRO ERANRIC LY 2HHBOE» S M BEIUCO
&e5 2 — 2 OBEMEERFT L, BUTOXSBHEREA I,

2 BRFE O W R 6 FHOKEILCDONT, M=120mm, C=0.0055 & 5 —HDEEMH, &
Hxz5w No. I & No. I DENEFNROVTKNZOHEET-%. #1LC, HE=FV No. [ &
No. I EhoEMULHEERNEEE 2heh @1 &0 Qn THbl, 4Q=Q1 -1 2k,
T 4 Q BBFHOBREICHT BHEERBBMBERDT,

COXHBEEE M=120mm, 180mm & 240mm © 3FH, C=0.0055 & 0.0060 @ 2 BHi, &
S 6 HLICDVTHE L, FBID 4 Q FRD I, ZORREERLEDH Table 2 TH2, 6 PEDTIIY
KBz M=120mm, C=0.0060 LS5 EADEDL 2BBEKT, €0L 20 4Q OIZ 97.4mm T

Table2. M 8 & U C © fE & 44
The change of increasing flow with the value of M and C

Mo E oM oMk B @d mm AR
Cc © & Increasing flow in summer period 4 &
Value of Mean value
M Val‘ée of of incgeas-
1948 1949 1950 1951 1952 1953 ing flow
(mm) (mm})
120 71,9 106, 2 96, 6 96.1 56,3 90,0 86, 2
180 0. 0055 55.7 | 112,0 108, 9 86,4 40,0 68,6 78,6
240 ! 45,5 105, 0 110, 2 .75, 4 31.7 56.1 70,7
120 85.3 117, 7 102, 4 105, 6 68,0 105, 6 97.4
180 0, 0060 68.0 127.0 117. 4 104, 6 49,6 82,4 91,5
240 56,2 125,7 124,0 93.0 i 39.0 67.8 84,3
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b5,

HEZBRBUIERE H316 5

hE® 31, 2E5RFERO BHEREE (6 A~10 B2 TO 52 AM) oW T HEHHIRRIT & 1T
V), FEHREHREHEOKHBOERERN Lz, £hikcks s, 1 SRR BEHLE%. CD, 2
SREEOZNE D, TRbTE, MIENE I HFHRED & &0 BHHHED Micid D, =1.0203
CD, +6.56, HHEEFERIT0.995& 15 BEFRDEL D LD,
COBFERERONT, 2SRIBOMEE 6 £/ (1948~1953 &) OFHIMMBEHEET S L, 6 »EF
DOEZOELFEKEIT 106 mm 723,

Table 3.

2 BREBOHRER 6 FHOEHKHEOESEKE

Increasing flow (4 @) for the summer period from June to October
for the six years after the cutting at No. 2 watershed

LERERO | 2BREHO | 2EREHO | 2EREMORN
& ERAHEHE #E W MR AWK LR LHERBBEDZE
- %bserved flow at | Estimated flow for | Observed flow at 4Q=Qs— 0,
ear 0. 1 watershed No. 2 watershed No. 2 watershed
(@1, mm) (Qs, mm) (Qs, mm) (4 Q, mm)
1948 706, 3 731, 4 841.8 110. 4
1949 261.9 290.1 380. 3 90,2
1950 429,7 456, 7 530.0 73.3
1951 251.9 280.1 373.2 93.1
1952 645, 2 670,7 768, 1 97.4
1953 703.7 728,7 838. 8 110.1
E B 499.8 526. 3 622.0 95.8
Table 4. 1 & R K B G W
Water balance for the summer period at
moOoB | REBA ) EERREER | wepng | zunss
® . Potential Estimated . ’
Rainfall evapotran- _ evapotran- Estimated flow | Observed flow
Year R s}ggatlon s%lratlon Q. Q
(mm) (mm) (mm) (mm) (mm)
1939 800. 3 522, 1 485, 9 301.0 240, 3
1940 1,233.8 482, 6 475,5 744, 1 674, 1
1941 1,059.1 469, 9 469, 9 585.7 577.9
1942 747.1 511.1 507, 6 227,7 228.7
1943 1,034.0 540, 9 408, 6 616, 2 580. 5
1944 1,132,5 S16.1 505.5 623.8 704, 9
1948 1,238.2 513,9 512, 6 722, 8 706, 3
1949 793.8 489, 9 444,9 323.7 261.9
1950 951,7 529, 1 464, 3 478.0 429,7
19561 720,7 498, 7 481, 5 243.5 251,9
1952 1,149,9 501.7 501.7 648, 2 645, 2
1953 1,184,0 479, 3 478, 4 694, 9 703.7
2 12, 045. 1 6,055, 3 5,736. 4 6,209, 6 6,005, 1
E ¥ fE 1,003.8 504, 6 478.0 517.5 500, 4
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1939 44 5 1944 £ ¥ TO 2 ERMBOBHHIRBICH - 72 6 DEKOVT, 15RE2EREDERR
HEZZNEN Q BIY Q TROT L, MHKOMICH Q=0.993 Q;+30.0, FMBFHI 0. 9960,
BROLD, COREANT, FREZRD 6 pFEOEHAMHBEMET 2L Table 3 OKHAMHES
20, ERMFENEOFEH/AKER 96 mm &75 5,

YtoLsutiRic ks s, HRER6 pEOERKLBOFEKEG 100 mm B L EESH S,
Lo T, KIREDHBEFETIE, M&ECED/T X —FOMEE, M=120mm, C=0.0060 &5
MEDEERA U, 138 M OEIR 120 mm SRBEE VI DY TRAV, FHKBDS5, 7.58KU10
% D 3SHEDEICDNTRETLIcE &, FRKBOSH IKHc 5 120 mm M ik U TRIFUERED
KAIENDTLETH B,

1.8, ERAEOKING

Table 4, 5 BLU 6 i, HELSRDK L, 2BREBOEHEOKRZETRT .

Table 4 i3 1 BREHOEEOKIRZOBEMTH 5. EHMOTREIX 720.7mm 4 5 1,238 2mm D
HWEAT, £O¥HIMHEIT 1,003.8mm TH D, KFEHAIL 469. 9mm 4» 5 540. 9 mm OHPET, ZDFH
f#id 504. 6 mm Th 5, HEEXREEIT 408.6 mm »» 5 512.6 mm T, £DFHEIT 478.0mm, HEE
WHE 227.7mm » 5 744. 1 mm ORFET, £OFHEMER 517.5mm L1535,

RICHHTHBE LI XD, BEICHIELE, EERHELERNRLBLRED Y, @WEI/NRR TR
FHELNWERNRTCENTE S, Table 4 KARINTWEEHIL, HERMES ICEARNED FH
EizZN £ 517.5mm & 500.4 mm T, HEOMHEIZR GEBLTVS,

1248 O WE, HEERRRE, HEERLE ITRKkIENE XU LBKFIBLROESTSHED,

o B B M o Kk R X
the forested watershed No. 1

kA EALE
B R RS E | RRMEE | Ekms | wmwms |
rigﬂa;?ete;t d?az:lletvivoege;t » =$E§§>< 100 f,=—QRi>< 100 f =_%>< 100
the period end | the period end Note
oy ey (%) %) %
13.4 ! — 93.1 37.6 30.0
14.2 — 98.5 60,3 54.6
3.5 - — 100. 0 55.3 54.6
11.8 — 99,3 30.5 30.6
9.2 — 75.5 59.6 56. 1
3.2 — 97.9 55. 1 62.2 O
2.8 — 99,7 56, 4 57.0 F‘i;iséed
25.2 — 90.8 40. 8 33.0
9.4 ! — 87.8 50. 2 45.2
— 4.3 9.6 33.8 34.9
0.0 | 0.0 100. 0 56. 4 56, 1
10.7 — 99.8 58.7 59. 4
103. 4 4.3 1,139.0 596. 7 573.7
8.6 0.4 94,9 49,7 47.8
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Table 5. 2 % R # #® & WM
Water balance for the summer period at
MO B | RREBM | EERRER | penap | wanos
i Potential Estimated
Rainfall evapotran- evapotran- Estimated flow | Observed flow
spiration spiration
Year R PE E Qe Q
(mm) (mm) (mm) (mm) (mm)
1939 800, 3 522, 1 485, 9 301.0 263. 9
1940 1,233.8 482, 6 475, 5 744, 1 712. 8
1941 1,059, 1 469, 9 469, 9 585,7 631, 4
1942 747, 1 511.1 507. 6 227,7 255, 4
1943 1,034, 0 540, 9 408, 6 616, 2 598. 4
1944 1,132.5 516, 1 505.5 623, 8 702, 8
&t 6,006, 8 3,042,7 2,853.0 3,098, 5 3,164.7
¥y A 1,001.1 507, 1 475.5 516, 4 527.5
Table 6. 2 5 R i H © & &K Bh #)
Water balance for the summer period at
W g RRBM ) EERRER | pepue | zanme
® Potential Estimated
Rainfall evapotran- evapotran- Estimated flow | Observed flow
Year R sf[);gatmn s%lratxon Q. Q
(mm) (mm) (mm) (mm) (mm)
1948 1,238.2 514,0 427, 2 808, 1 841.8
1949 793.8 489,9 334.7 441, 4 380. 3
1950 951,7 529, 1 362, 8 580, 4 530.0
1951 720.7 498, 7 375.6 349, 1 373,2
1952 1,149, 9 501,7 433.7 716, 2 768, 1
1953 1,184,0 479. 3 374.5 800. 5 838.8
2t 6,038, 3 3,012.7 2,308, 5 3,695, 7 3,732.2
SE 19 fE 1,006, 4 502. 1 384. 8 616.0 622.0
1,003.8, 478.0, 517.5, 8.6 B LU 0.4mm &7 3,
ERMBOWRICKHT 2 THRMIL 47.6%, AU RHBOTHRER 51.6%, LKA MEOH

HHRIEIZ0.9%, RABLEBOEHEEL0.0% L1335,
AR O BRAERE 6 FRICKHT 5 2 BRIBOKRKOHARIZ Table 5, 6 IRT,

HRAID 6 MECEIT B OTISEI #EEH 516. 4 mm,

THb, Fh, Hikk6 rEOHRERHEBOLSMEZ 616.0 mm,
BIEFITEN LT 3,

Table 7 REHSFRETEDL LI,

EHMEI 527.5mm T, £DEiTHED
ERED £NiT 622.0mm T,

&

2 ERMROEL 5 HAMDOKRZOENRTH D, EHMDKIX

XD 9% REXRBRBLIHFEHEBOHEATED W THY, HFRLSKDSOELBREMNER LS DT,
RBRORRT-ELBT0.23% L1535 T0 5,




Wit BHRoKNEOBEO TR (El — 141 —
o E BB o Kk R X
No. 2 watershed (before clear cuttings)
kS ERERE
R | RS B | RRMEE | EERmE | EWELR
Soil water Soil water _E _ @ _Q
recharge at depletion at 4 ——P—EXIOO fe °—T6X100 f= R X100 Note
the period end | the period end
(s a8 %) %) (%)
13,4 — 93.1 37.6 33,0 |
14.2 — 98.-5 60, 3 57.8
3.5 - 100, 0 55,3 59.6 #* #
Forested
11.8 — 99, 3 30.5 34,2 land
9.2 — 75,5 59,6 57.9
3.2 — 97.9 55,1 62,1
55.3 0 564, 3 298, 4 304. 6
9.2 0 94,1 49,7 50. 8
o E H M o Kk X
No. 2 watershed (after clear cuttings)
+tmAknEMLE
FE | Ro B | RREEE | EERME | EmmmE |
Soil water Soil water __E _Q. _Q
recharge at depletion at =pE~ 100 fe——I—;—Xloo f =5 100 Not
the period end | the period end ote
s > (%) €2 %)
2.9 —_— 83,1 65,3 68.0
17.7 — 68. 3 55,6 47,9
8.5 —_ 68. 6 61,0 55,7 E&Mﬁﬂ
— 4.0 75.3 48,4 51.8 Cutover
and
— — 86, 4 62,3 66, 8
9.0 —_ 78.1 67.6 70.8
38.1 4,0 459, 8 360. 2 361.0
6.4 0.7 76.6 60.0 60, 2
Table7. 1:25 RHE KX DO E M52 A DO KKXK
Water balance for the summer season from June to October
at No. 1, No. 2 watersheds
3 HREE | o TS EER
W R % M REAE DR KE iy - E t o i T NmE | BRAR
i : . vapotran- S m B
. Rainfall spiration| Flow Soil water | Soil water
Watershed [Vegetation type; R Q. recharge | depletion
o AS | DS
S @) %) ) & | 5
1 3
No. 1 watershed | Forested land 100. 00 47. 68 51.49 0.86 0.04
2 5 R F3 ®
No. 2 watershed| Forested land 100. 00 47.50 51.58 0.92 0.00
2 5 R & B
No. 2 watershed | Cutover land 100. 00 38.55 61.19 0.49 0.23
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HRBICH 5 1 BRI E 2 SRIERE OKRZE LB T 5 &, BHROKKRXOZEROFEES
REFFEFTEDULTO B,

B, FMOBRETRICET 5 2 SIRBOKIE BT &, REBEIEREICE 5% 128K
LU, WMHEIE9.6% BEBMLTN A,

wic, FEOHPRRBEAICH T2 HEERERBOTARES p(%)=;%x100 THbL, p DM
ZFHETSL Table 4, 5 BLY 6 KRLALSBHEER S,

Table 4 ILRENTNE LI, HAT BBbh/c 1 BREBO p © FHEEI 94.3% T, Z£OHH
275.5 5 100% £132, TIbb, BREAO 94.9% KN T IBEBERORABE LHEEIND,
L L, SFELC2PVTRZE, 1IM43FDEIK, p OEMNTE.5% EVHIFEGHBHL, 195240 X5
2 100% OFEbH 5,

P OEBBNCHZ 1943 E 0 AFEE A5 &, 6813148.2mm, 75 i3 7.0mm, 847 i 417.9
mm, 9 A3 250.6mm, 10 A2 210.3mm T, HHFNEBOEEHE 1,034.0mm Th-7, BEHFFEL
LTRELTOIRONETRIIV, RELORERTILE, VL2FE0BHFER 747.1mm & 375 &0
VA, TOED p DIER 99.3% Th -7,

1943 FE0EM s PABM OB NESNE 5L, 6 A3 23R»5RA0EBEITCOMMOBRNTER T
HIC1BT, ZOBWEK 0.3mm, 7 AREHEFASHEE, BNBEEAN Bobdr1H, 200
MR 7.0mm TH o7, F7, 8AR 1L AL TEBRNAMSESY, ThilBidast 417.9mm 0 AHE
MEH 5 Te

ZDEHI, 1943EZ6 ATA» 58 ALAETO 9 HHOBRAKROLT»DO 20T, EOHEBD
AEH27.3mm TH o7, £ORDIE, WERBEIICHERSS—FHRCBL LT, ERBESNZ S
TP OESREICNE B - bDEBbh 3,

HBHRRETD 1, 2 SREHRED p OFHEZ 94.9% T, HERRBEIERBRLIC L OEMLE
HEERLTCO 3, CHRBEPHOMESE L, BRBREBN—HRISHB LT b sBbh s,

UL, 194380 LIic, ERMASE CKER, FHED 20% /NS L 5Eb 55,

LOXHINREDRBEXEEHEETERDLTE, WE=100%, ZRBEEIL 39.5%, MUE9.6%, Li%
KAANEIZ 0.9% L85, TOEDKISTRIFAROBRIMOKIGIEEL LTS,

wic, HREMICONTO p OEE FERICHET 2L, 6 »FEHD » © E O FHER 76.6% T,
% DEEERIL 68.3% 5 86.4% TH B,

P OB/MEIZ 194987, COFFT7TAI6E»L8A0BICORMOBNARIIZET, BEFE
O5FIE 88.1mm Th -7, %72, p OHEKRMEIT19524ET, COFEOEMEOAFER 200 mm Zig
Z, BNEBREBH—RICOB LTS,

PDIEDAHH S, » DER, BREBCIEINSCEIOBAADCETE LY, BRMEBOIFRIC
KELEAINTOBT EMbh3,

AN B 2B LBMASORER R BB TEIILT 24, ZORKOEFHAESSHIC, 5
SHE LOOMKBDEADKBICE Y 2B TBKIFIORRERBER LIcD? Table 8 Th 3,

BYHLBEAGORERIZ FICLZEMALE LY, EROREBOREXEES 2L, 5Hid 25 mm,
63 74mm, 7HE1183mm, 8 A8 mm, 9 AKX 13mm, 10 ARKA T 6 mm &V HET, 10
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AREBBEEYDIBKAIOREEBBZELENEZ, CDLHK, ADBTCE3EHLEKIOAREED
EENC—E0EHESS SN b, BEOTEKSFREBERIAELHBINGY, IAORFTETOXRE
FMF/EINTN B,

Table 8. HHMOFLADKBDEHLBEBEKRKSARE
172721, C=0.0060 £
Estimated deficit of available soil water at each month end,

at the forested land (C=0.0060) (mm)
T A
E - __Month 5 6 7 8 9 10
Year i
1939 13.4 0.0 84,2 54.5 0.0 0.0
1940 15.8 68.2 12.7 0.2 13.6 1.6
1941 5.4 0.0 7.9 38.0 0.1 1.7
1942 17.8 29.6 32.6 68. 6 2.3 6,1
1943 9.3 46, 6 112,7 35.5 3.9 0.1
1944 8.3 50. 2 34,8 80.7 13,1 4.8
1948 .9 73.9 5.5 23. 4 4,7 0.1
1949 25, 4 0.1 66,5 16,1 0.1 0.1
1950 9.2 13,1 86,1 72,7 0.0 0.0
1951 .0 22.8 55.9 44,8 3.4 4,3
1952 . 0 0.0 0.0 4,2 1.9 0.0
1953 10.5 68.1 31.6 21,8 4,2 0.0
AV S - .8 18,7 44,2 39.0 3.9 1.6
e (N-1) + 7.5 + 39.1 + 36.7 + 27.6 + 4,7 + 2.2

2. MREAL LKL NENE

2.1. KR EOMKEE S
AR OERE ZOBHOATLHERIC L 2B FEMESROBEDHEELBEL, RIROELITES
K OHREELITICERT 5,

5 . b B 3

wi| mmws ool . PSS
Forest I m%m ;’:ﬁﬁt @ T
condition e 7 -

) to 11 2 e—— HHFT=t3—t) ———————>13
Passed o | |
years 0 .

T’FiﬂlL———_ B M S

Fig. 11 & ® o & ¥
Classification of forested land; @ Dense forest, @ Covering with
only litter just after clear cuttings, @ Cutover land covered with
wild grasses, @ Roomy forest under regeneration.
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BR-ATEREOSBED S LICHETAREIZ, Fig. 11 AT X, HiR—A, BEROMKH—
BRI A3 AR AT R K B EFMHS ORILY SSRGS ICEIET 5 T TORBISEKS B
Wy, KELIED XS ICKRITE 3,

WABROMREICS X 225, BABKSOEREROKKICRTESED TLIEL, A BLEITEEDL
NEMRPBHRT 288055, A BORKIZABERPHHOBAICK - THLRE{BBbh 5,
BREZCHEON 3 —D2OREINRERETH 5, THT M ¥ 4 —F I K2 HPEREZ D AN O LB
BRickzl, A BHEXTRRBENE Lh- TERBRER DL, 8K, BARBLUK
ARIZEDKNZEFELLRE ST S,

COHBRROBREBELCLT, A BROMEOKDIGIIBIRICHRTES € Lic Ui,

g1, BUAREBOHMD SFRERANBESR L THASEKRIIRILT 2 T TOHM, 230 3HkzofM
OFRAEIC K - TRE U o REASRS DSBS & 152 £ TOMBO KK OBIRRIC D TIIEFELE
RZEEOEELHEKBA Ch 2 EBOMBENEAE R LB b 2 RHERICE T 3 A oM EREmE R
OLEFTIRHERFD D DHEE BN TR - 2,

2.2, B{XEHO A. WEHH

1977 FIFETF A ¥ A — 22 AOT HKEREROERE 3B BRI B XX TR0 HERRY 217
STt 1EOFHFA VA —FDOREZIMXBEXES OREMH150X100X0cm TH B, T4 ¥4
— 2 ICER LR BALT, BTHOES 0cm 3B, 20 LMOES 65cm ZESAT, BHRLD
5cm OFSRAWKPHEOBRIRET 0 b LW RNERRKOERETH T 5100 EMTH 2,

#5754 Y2~ QEHICEBLFAKRHACED SN HAERNERN TERZENOBREICHAYT
5o BEFARRBEABOKLOEHUEN: BRERE D2 SOFETHRIN TS, BBIA ¥ 4
—2BBACRERLFEEO ATHBIRE SN, BAKEELXCRBOBASTOR T 2,

HEBRBICHO 8B OL O EHER (B7 <) REBLULERKD A BTH 5, b oD
BERSEEET, 2.0, LOBXUO0.5kg DIFEH, 54V A—20BREIXTHS, 2.0kg E
REsfib SeHickbhicdt, 0.5kg HERKE, MbHSOFEHABBSBO 0K, WELLR
boDFT ML LRENRZL ZRETH -7, [REM A BOBRBERIBRHERBD 6.0kg & 2024
AN T2 12.0kg TEIRERY oo #T7<Y A BOUBEIERERRICH S 6.0kg T, 54
YA—ZDRRIRTHD, B8, MboBIVE « L A BORBERRVTINOREERTH 2, 7
A4 ¥ A= RO EEM A BREEEEHRRORBKD S, #7<Y A BRATHOBASEKRI» S
BRLcbDTH 3,

HEFEBROFDO6 A1 B, 510A31 BETORNER 395 mm T, AHMOBTKHEIIRD S 2.0kg
PEXH 252mm, [ 1.0kg EXM 204 mm, [ 0.5kg FEXIZ 173 mm Th -7, HED 10 A3
—BICHBELTHAERORTHD, RROMOAKKBERKT 2L, 11 ALIEO AKLBOZERR
BLEIEZ0T, F4VA—FROIBOKITERIZI0BRAITR BEALERBEENG LAHATEN
£5THB, 618,510 31 RETOEMBORTED SRAHBLEIVABRELZRAMBOED
RRBETEE, EROFHARBRIIMOLS 2.0kg EKX S 143 mm, [ 1.0kg #E X 191 mm,
M 0.5kg BRI 222mm L#EFEsN 3,

§F « RTER Ao BERW WERERIC X 5L, EHERER 12.0kg HEKY 131 mm, 7.0kg #E
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KTt 148mm, #7<Y®6.0kg YRR CIZ 144mm ¢, BHERBIIIZIIE UEERL:

DSl L A BRREE LT, RIBRA DI VHEEETRE, Hsd S0RRRICHE D D
DHEFRELMD » TLRRBIIEMU, MHH BDT 51 Uichi > THRIER 50 RREICI O,
A BOWEBZHRHRBO 2B LT, HUXREZO LD BREEBOZNLRVE ST
EolEEB:.

b SEBOHERRIL 1978 I bEW N, COFOTD SHEREKEET 2.0kg, 0.5kg O
2BE, ChitBRKERELLY, HEOHRINFOLNEALTH -1,

A BOWERER LEMRTREREHED | BETALET3.16kg, 77 vV RKTR ARMEHEL
HAHEEOBLZ 2401 &0 2, MXOREERS.35kg & 2.68kg ThH 3,

Table 9 3 1978 & X T 1979 FFic Ao BHED FH 741 ¥ 4 — 4 THR L BHHO REFNKE,
HHRE, ZRE-BHE-RENKEBOEMEERT,

BEICRAWERES AdBRY IV, I XFF0BERRRD S, 777V Ay BIZATHOMH
KAWL OBRBMLIEbDTH S, Ay BOHERRER, BRCI-TELEIY, HEAKFEdICBLE
2.5~3.0cm TH - 17,

A, BOFHMKBRBIBARKERESERBOBRKRLEDELRILL, BABLU SEOWREDR
KBIZAERTHE L, BECED A B0 BARKRIE MRARESRIC A BELXZHEZANT 24
BrAETICL, REEBOOICHBED &84, BEMENKELTKIDET, COBOE
BEBKEAERE Uz, HETAD A BEHRIZENOKETERTL, 28MBRICABVEREZAEL, C
OROERERALERE L.

PIEDXI T LT REEL Ao B @ BHITKER 12 EHEM A @M 3. 4mm, H77Y A 4.1
mm TH - 72,

Table 9 it k3L, BHAREEBLZEH I LEHR AJBX» 50 YO EREIT 1978 £4¢ 89 mm,
1979412 116 mm Th 3, BREBEBEZHR: #5 <YK LOBHMOERERIZ 1978 45 73 mm,

Table 9, HEERY (A, B) BEXOFRMOKIXZ

Water balance for the summer period observed at plane lysimeters

\ & I % | 1978 June 1~Oct. 31 1979 June 1~Oct. 31
_ Water balance | % % B EGE

-~ N OB | BEKE W OB | BEKE
IR & # \ Rainfail | Outflow [EV3PPI2" | Rainfall | Outflow [&Y2POra-

Ground surface tion tion
condition (mm) (mm) (mm) (mm) (mm) (mm)

LR A, BREK

(BR%EME) |
Deciduous litter (natural 418,5 329, 6 88.9 618.0 501,7 116, 3

accumulation) plot

(T o
Coniferous litter (natural 418.5 345.7 72,8 618.0 528.0 90.0
accumulation) plot ‘

GRS
A D24D 1

Coniferous litter (one half of 418.5 319.3 9.2 618.0 498.9 19.1
natural accumulation) plot




— 146 — HREABRBTIERE B3165
@‘"
R(i) : B M &K
PE(1) ¢ BERRE
A 8 B X (},
™ T ERCFIATIAEG A WIRK B O WK
s{1) : ERCHATAELAHOKE
E(1) ¢ BERE
Qi) ¢ BRL &
as(i) skl
ps(i) @ TEARSEIR
F(1) ! TERaFRE
-
5(1-1)+B(1)5PM /_wm B(1-1)+R(1)>MM
8(1)+R(1)}PE(1)
5(1)+r(1)3PR(1) 8(1)+R(1)>PE(1) PE(L)>P
M-5(1-1)3PE(1)
R(1)5PB(1) R(1)>PE(1) FM-S(1-1)5PE(1} m™-s(i-1)>PE(1)
(£)=PE(1) E(1)=PE(1) E(1)=FM
E(1)=s(1-1)+A(1) (1 )=PR(i) E(1)=PE{1) E S( 1 a5{8-1)+R{1) ~1)+R(1)
qfil=.0 al1)=0.0 Q(1)=0.0 Ai)=s(t-1)enl1) At )esli-ae R
AS(1)=0.0 AS(1)=0.0 AS(1)=R(1)-PE(1) AS(1)=0.0 AS(4)=(FPM-5(i-1)) AS{1)=0.0
p3{i)=0.0 D5{1)=PE(1)-R(1) D8(1)=0.0 DS(1)*DE(1}-(FM -PE(1) ps{s)=8{1-1)
s(1)=0.0 5(1)=5(1-1)-p8{1) 8(1}=8(1-1)+a8{i) -s{1-1)) DS(1)=0.0 S(1)=0.0
r(i)=r F{1)=FM-5(1} P(1)=PN-S{1i} S(1)=5(1~1}-D8(1} S{1}=s(1-1)+A8(1) P(1)=FH
F(1)=FM-5(1} F(1)=FH-s(1)

13K

A

Fig. 12 #REO A BHHOKREFHED 7 0 —F ¢ — b

Flow chart for water balance calculation of litter
covering forest land.
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1979 4Eid 90mm TH YV, HAERBOBIZ 200 10BERNH 5 YR C0EHMORREIR
1978 4E4% 99 mm, 1979 4£(3 119 mm TH 5,

Ay BERHHICHT 2 KIEOBEREF VR FE 71 ¥ 4 — 2 OHBEROBRESE T LIEBLRD
EOREERBOL LB Lice THDE A BEFLCKFIOBADSfTbN, A BOTHICEL
THELEED D Ay B ORKRIBBAADCE, TEEEL SORRBIERTHILOREDOH LI
BREeFNERI L, REHEOHEOBMBEDRBZLRDEBDTH %,

Ay JBi —EORAER (FM, mm) 2FL, IXHAMO BHBELORATI BED ERE (RW,
mm) EHIED A BORFKE (SG—1), mm) EOMTHEHE SG—1) +RE) & 0=SGE—1) + R
ZFM Th0, SG-1D+RE>FM D& &, TOEHIMMS (QE), mm) L7835,

i FHORRBES LUOERRNEL20EN EG) B X U PE@, mm Bff, TRbOTEE, EG O
X, 0=S3E-1) + RG)=PE() DR LI, EG) =0, 0<EG) <PEG), EG) = PEG) &3
B, 158, i BEDOEKEE SG) TEhTE, S it SG=SG-1)+RE —EG) — QG ORXb»Db
RKHohb, Fig. 12 34 ABOKNXOFHICANL 79 —F v — F ETRT,

Fig. 12 RRLE7u—F v — bCHE-T, 19784 & 1979 EOWMEDBYH O KN ZEHE L 20

HECHWENEE B EERER 74 v A —2HET BRI LB TR0, RO £ALLTE
C=0.0055 & 0.0060 0 2 F¥E, AJBOF/KEBRTH S FM Offiid lmm »5 §mm FT O HIDD
TEHEZT- 1,

IWHEHE DR, C DEH0.0055 & 0.0060, FM OfEA 1mm 5 4mm OFFBICHT 2ERE
DOHEEMIZT AR & Table 10 DX HBHE L 5,

C OiEEM%E Table 9 ICRLU BB E KB TEE, COEIZ0.0055 £72i30.0060 DELLTHR
{, FM DI 1978 £0B AT 2mm, 1979 FICH LTI 370U 4mm OFEASERMECEIH L.
HRELIL5,

A BOBREAKBERBICOOTIREL DAL B BKES 3 ORAFABENTHEL TN S, TNOOME
BEEWTEE, A BOBYNKERIEEELIUHBLECI - THEDDOEENHD, ZOHHAR

Table 10. KIRZFHED xR - EHMOHEERRE

Estimated evaporation from lysimeter plots

EEEREGD
CoRMIE M © i stima e evaporation
Value of M 1978 1979
Value of C June 1~Oct. 31 |June 1~Oct. 31
(mm) (mm) (mm)
1 54 41
2 88 73
0, 0055
3 115 99
4 133 118
1 54 41
2 89 74
0. 0060
3 117 100
4 137 120
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0.5~11.2mm, F33MEI} 5mm BELL 2,

A BIRMHOZEREL A BRXUOEEDDELIKE S E (HEL T KIEDOHA TV 2K L7
B, 74 VAR AWRBROBREUB T L, BRET VL AMEHLEBRBROBRME L 3K
F—EFTE20T, RXCHALILIINBBREFLTH A BEMKBOKRZETRTZZEMnTE 3,
ZDBE, A BOBNKAERI 2~4mm T, ZOEHEIF 3mm, C D 0.0055 %73 0. 0060 24
AT3LR0, 270, A BOREEMELT, £LMBRLZLIUHATHEATELN, HAEKE
DI 2HBERXDSORRBIIARERER D SOERBRIABBETH 50, COXTRLE, DK
BRSBD, BERNCERMBEROPBEXROXRELRARLE - LOTEREVILEEL TN S,

2.3. B SN £ T OB

RIUAREBIC B 5 BB & AR & OAREFEIC OV TR TIREMI Lcds, #5595 oBEEw
S—DOMREROTENEREMZ T, HREH S RPAFERSERTHEHR S ICBET 2 T TOMHR
DEAICHES Hilo K OBREERD & 5 I ERIL Ui,

Fig. 11 T, to RBROEERDT. TO b b SR HEREE fs, FHEKIDTLICHYLEE &y
&9 5,

M

(O Re, 0-2Le snce, nponrcomme, v M-, 0 @0 kL, #

DI OHEE K THROTE, KI30.0-1L.0FTiELLTEb0ET 3,

hICKGE O DA, hicEY 3 O @ﬁm—?ﬁ THBEDD, i TTOMMEDO 7 T B O

@ﬁmﬁém(ﬁaj%)+%=j%&ﬂaaLkmqf,ﬁﬁmvmﬁ15¢@ﬁm(7)ﬁf§

hahz,

q)==7‘t/i.2_ .............................. (7)

o

wic, bt 2TOMMIC Y & M b5 BT A8, COMDHAR K Off, 0.0SK=1.0,

KERTE26DEFEET B E, 7 & K Eoficid (8) Rk h iz,
=M (1.0—0.5K) e (8)

Lredd-T, K2t 60—l (9) Kok HKFakbIn b,

9=4(1.0—0.5K){—1“97—(1.0—0.5K)}X1.0 ........................... (9)

2.4 EH¥gRRE 5 ONE L ORIE

(9) RIKRLK @ O—BREFNT, I OMEH0.026 L0 TTORMAE 0.1 x¥HIC, FIEL12
SEQEEORHEOKRNK A AR THE L2, WROHRFEIRFEREXU S SHENORRE, BHE
SeRhr, AAZENE, BRNE, 6YLBkS0BMMEL ARLE, EROBHLBRASORERED 7]
BTh2%, EHMoRLBOHEELGERD LT, 5 SHENOBHRLEDHEMERT & Table
11 OXS51EEE B,

g, FEOIOHEN1LODEHRHEL Quo, RAFEDOEED > SHEICH T 2HMRIER Qx T
EbL, 4Qr=Qx— Quo BHEL, ThERLDOM Table 12 TH %, ZOERPEANTEART
B OHEL OBBRZLUTICHTT 5.
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Table1ll. 5 - A E ¢ EHH KU E & 0 B £

The relation between crown closure (X) and estimated flow

(Q.) for the twelve years

7(;;’0%;2 B B ¥ # B  Estimated low  (Q, mm)

CI?;(“)re 1939 | 1940 | 1941 | 1942 | 1943 | 1944 | 1948 | 1949 | 1950 | 1951 | 1952 | 1953
0.0 | 487.0 860.8 642.4 360.8 742.3 746.1) 808.1 441.4 580.4 349.1 716.2 800.5
0.1 | 459,0| 841.0 621.1| 329,3 718.2 720.3 78,2 419.2 556.4/ 327.3 687.8] 768.6
0.2 | 433.7| 825.7] 612.1| 303.8 702.0 702.8 764.2] 402.9 542.6 310.8 670.8) 747.8
0.3 | 410.9| 812.2 605.3| 283.7 689.5 687.6 752.6| 389.3 533.6| 297.0| 660.3 7329
0.4 | 390.3 799.3 599.6| 267.6| 677.8 674.7 745.9| 377.4| 525.9| 285.3 653.5 7222
0.5 | 371.5| 787.0] 594.7| 256.3| 666.7| 662.9 740.3| 366.1 518.1 276.3 649.7] 714,0
0.6 | 354.4| 775.7| 590.4| 247.4 656.0] 651.8 735.3 355.7| 510.2| 268.8 648.4| 707.3
0.7 | 338.6| 765.6| 587.3 240.3| 646.3] 642.4| 730.9| 346.5 502.3 2620, 648.2 7021
0.8 | 324.2| 756.7| 585.8 234.6| 636.7| 634.9 727,2| 338.6] 494.3 255.4 648.2] 698.6
0.9 | 311.7| 749.4 585.7] 230.6| 626.7| 628.9 724.5 331.1] 486.2 249.2 648,2 696, 4
1.0 | 301.0f 744,0 585, 7| 227.8 616.3] 623.7| 722.7| 323.6] 478.0 243.4| 648.2| 694.9

Table 12. &% 4 @ 4Qg & K & o B #
The relation between crown closure (K) and increasing flow (4 Qg)

5 - AR

Value of! 4Qx D H Value of 4 Qx (mm)

crown ‘

Clé’sK“)re 1939 | 1940 | 1941 | 1942 | 1943 | 1944 | 1948 | 1949 | 1950 | 1951 | 1952 | 1953
0.0 | 186.0 116,8] 6.7 133.0 126,00 122.4] 85.4 117.8 102.4 105.7| 68.0 105.6
0.1 | 158.0 97,00 35.4 101.5 101.9] 96.6 58.5 95.6 78.4| 83.9 39.6 73.7
0.2 | 132.7] 817 26.4 76.0 857 79,1 41,5 79.3 64.6 67.4 22.6 52.9
0.3 | 109.9] 68.2] 19.6 55.9] 73.2 63.9] 29.9 65.7] 556 53.6 12.1 38,0
0. 4 89.3 55.3 13.9] 39.8 61.85 51.00 23.2 53.8 479 41.9 5.3 27.3
0.5 70,5 43.00 9.0 285 50.4 39.2 17.6 42.5 40.1] 32.9 1.5 19,1
0.6 53,4 31,7 4.7 19.6 39.71 28.1 126 321 322 25.4 0.2 12.4
0.7 37.6 21.6] 1.6 12.5 30.0 18,7 8.2 22,9 243 186 0.0 7.2
0.8 23.20 12,7 0.1 6.8/ 20.4 11.2| 45 150 163 120 00 3.7
0.9 10.7 .4 0.0 .8 10.4/ 5.2 1.8 7.5| 82 58 00 L5
1.0 0.0 .0 0.0 .00 o0 00 09 00 00 00 00 00
1) 4Q DAXXLZDEH
BEDOI SHEROBLU LD EDRPHO RIBEBOESL 4 Q THRHLT L, 2 SRINHOBERE

%6 PED 4 Q DEEHMEIZ, TTIRHPFLALISIC, F&% 100mm L7235,
BRE-TELOEND S, §id 12 Fo iRt BRE2Hy

D 4, DIEL,

A UHMBRTS,
THRELIMRITL B E, 4 Q OF/MEWR 56.7 mm, HAfEIL 186.0 mm T,

DAQ DBEXE3IBEEIL TN E,

4Q DHEDFICLZEROFRER BT i, AWNEL DI SHEOOEML S R/ ARREBED
BEFRBAICHT 3 hRES JUCFHLEKSIORRERD 3EROZNENICONT, EADMEL 4 Qo
EOMOBERMIET >, T, ERHORE, EFMHOBRBMNICHT 2 ERAUBORBEL LY

BAED 4 @ IZB/NE
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BPMOBFY LB AIREBOGHEDTNLENE 4 @ LOMDEFHHTET - 72,

ERRATTE, 6, 7, 8, IABLVIOADS RO P L, MHANEEEDH 2 JOHAEDE
HRERERD I, ZORR, ERERESROEP DR D SHEN0 LN IEEL RO LB LE
KADARRREEE 4 Q DT, EBFRIIZ0.9805, HEERERE (10) XRTRHLING,

4Qo=0.048F5+0. 131 Fy + 0. 185 4 + 0. 545 Fap — 419 wvevvvsvmvree 10)
w1 1% OKBOMEME R, *: 5 % kEEOMEA R
10) AT, F, F, F8XU Fuiz7 8 9A 810 BoZA0EHLBAkIOARREEEED
U, &R LbiC 1% KETHERESBED OIS, (10) Ric6 B o AFE24¢r B&0 ERYRFRHEER
0.9845 L2508, T DFA 6 ARHAHNARE (5% KHE) 8B o5hiu,
RERSBORERBMICHT 2 LBHELE 4 Q LOMOERBMAT, HEKDD A OEHBREK
13.0.9430, EEPRFRZAD) RO &> TH %,

4 Qo =758 — (1_ 15*;;8 +1. 57?; +4. 631}'!;10) .............................. (11)

A1) AT, Py, Py BLU P 35 OMEN0 EVIRGEHSORD8, 9 BBLV 10 AOKADOESR
BALIER (B) 2&HT,
AREBERFETIEMRMTO FBRTIE, 6 LS 10 TTO 20 ARBETFE 4 Q0 LD
EHEBRNIT0.8237 L1258, 5% KEDHAHNERESED ONZARTRIEETH 5,
KICEHEONE, BRBNELLCEHTHKSREELE 4 Q LOMOBEBENMNIET /2o Z0
R, WEE 4Q LOMOMEBEAREIIIDEL, RREMBLOHEO HEFEHIZ0.7934 LB, B
HEMFOLENT, 4Q tORBEEDCENDIZD DHENO VS KL LRDEBEHTBKAIREE
ThHbd, BHHOEYLEARIREREL 4 Qo & OHEDHEBKEIL0.8952 T, WHOMD MHFERIIRD
(12) RTHbEN B,

4 Qo=0' 082}‘?_2‘9 ................. ERRRALELLLEE (12)

(12) RXC, F (mm) FEMMHOFHLEKFIOREGEHEERDLT,

P EO RSOOSR, BREE N THEYLEKSORERBSA E LB KSOREIRES
RABESFRE 4Q DERKRE2Y, KK, BREMNS  TRRRBCHIESN KGRI T+
SickhEh, TEAAREEBDITOERE 4Q OER/NSBIZEEBH 2, Lick-T, 4QD
EOFIC L BEMIEMNHNO EERMOAHLEOBIC LSOO THBENVA B,

2) 4Qk & K EDBF

Table 12 IC3BEDEED > DPEICHT 5 4 Qg D% RUKD, Hihic K Off, #EiC 4 Qx
DEEBEED, KOJESHEMT 31 Lichi>T 4 Qg DEMBRLDT 5T ER LDy Fig. 13 Th 3,

%7, Fig. 11 3 495 0BARE (PH) & K DL DBEERT .

K OfEMEMT 2 Lcdt->T 4 Qx DEIREEBENICBLT 548, 0B E&TFT L i b
L, #Ths, 2OMBOEAZA2L, 4Qkx OBLISHELBRBNICEIT IELE, K OMES
0.381% F TRELBBIICHRD T 2N ZORREERBENICHD T EIBA LN 5,

ERD Kitxid % 4 Qx OBFEBEATHRDLT L, MEOBEKIR (13) ATHEbIN B,
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/
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0.0 0.2 0.
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8

4'05'0 r.0

35 BARE(K)
Fig. 13 5oHE (K) (HBkRO#

EfE (4 Qo)

EDBRFR

The relation between crown closure
(K) and calculated value of increas-
ing flow (4 Q,) for summer period.

(o) ok

0.4 06 0.8 1.0
3 2BAE(K)

Fig. 14 5> oHE (K) tHKkEBOBSRME
(P(%)=%XIOO) s OB

The relation between crown closure
(K) and the value (P, %) of ratio of
4 Qg to 4 @, in percent.

Table 13, BEICHT S 4Qy, A BXU B OHEEME

The values of 4 Q,, A and B in the experimental equation,
4Qrg=4dQ, (1—X Ae BK), for each calculated year

40, 18 B8 4F %
Year A B Correlation

(mm) coefficient
1939 186.0 0, 168 1.0159 0, 9973
1940 116.8 0,182 1, 2003 0, 9678
1941 56.7 0. 650 4, 7008 0. 8703
1942 133.0 0, 329 2, 6547 0, 9973
1943 126,0 0, 149 0, 8029 0,7878
1944 122, 4 0, 217 1, 6021 0. 9869
1948 85,4 0,316 2, 6830 0. 9768
1949 117.8 0.176 1.1389 0. 9687
1950 102. 4 0, 147 0, 8428 0.6912
1951 105.7 0.203 1. 4704 09668
1952 68.0 0.131 7.4915 0. 9558
1953 105. 6 0. 395 3, 2085 0. 9953
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) 4Qx=4Qu(l— 3 AeBK) .....(13)
1001 o, K=0.1, 0.2, 0.3, - , 0.9T 5
\ %,
13 Ah D A L BLEEHT, RECHT
5 AX BLoffid Table 13 i{ LA L DI

oo
o

(D) i
n " 8 e

\- BTHB, T, Table 13 itRLIz LS5, K
* \-\' & 4Qx EOMOHBRERES THOENSL
a0 \_\ b5, 19414E, 3EBLTS0ED LS, HE
N BROEVELH B, 4Qx DROHSRELH
T T o e BT LUTBOK S S 15 X 1cHh A &
IR K) N, 4Qx ORAHHROBRICEMT 2 D LA

Fig. 15 5OHE (K) & FEMAkBOE b3,

: P, ) FE
AEM (P, B) & OBK Fo, 4 Qo OHA NS BBIC LisdisT,
The relation between crown closure

(K) and mean value of increasing BAPEaxEbdT BOMEI K52 HA»NH
flow (P=%X100) in percent. Z,
4 Qg DERBFICE DB KENL, HE 12
FEOFGME 4 Qx ML, 4Qx & 4Q LDKDEARME (PH) & K OBFER LzDs Fig. 15
Thb,

3. EERXEAVE O 0—BR

—EHERD 2 0HF X & Y SO, LIRS, TR, BRICEAERLSKELT, &
BRINIZ, Y=aX? DRXB KOO TEMBHMONTNE, CORZEMEE (Allometry) R&EFFNT
BY, EHOLEBEROZLBMOMOBNERERDTOE{AVONTO S, COHEMERRIIFA
DOEERWA O & b E EEREE L ORICDOVTHR DI ODT, > OHEEHKEE »HE OB
TEbhTE, O0—-BRTHES (9) KBLUTOX KFEROLTENTES,

R ATHEEOKS TR, HERUATOMRBBEEREET S ¢ L (RAFORBICH 208, £H
DD > THEPHEBRU THERLET X500, HMEOHBL KD &12 2, KHFIRERIC
b ZHAROERIL, BMADEFTREICIHELT, MBS ERHAKE - TRET S, ki, =&V
BTV ONTO/NMOIE Ik 5L, BE (H, m) LE5EE (W, m) Lokt (14) RTH
hEINd X5 NHAMEROBEBRMEED 122,

W=0.636H%86L e, 14)
ZOXH» SHAROMBERETE (S, m?) 2RpH5L, Sit (15) XTHZLohs,
S=0.318HL™ e a1s)

PRI 1 ~10 D b Fo Y ERBMTOREZR L, S & H EoMoMEEERIR 16) RT
Ebahs,
S =0. 324H1.6558 .............................. (16)
Fig. 16 BH 7 = VKRR BLU KB 3EL S 10FED + F= vk a6E (7, £) & #5
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H, m) LoBRZE WEEE L RUE: bOT Irg
b5, MEOBBREAMEERATHRDbT RO L /
SicEsRbENS, s | 7 /
A7 =YRIEDOVTRH, 3 8 /) .
] ,A./ \/
H=0.657T1160 ... an ] >1(1/ A
H - A4
Li#tsT, S& T EoBFR (18) AT % >
| F 3
baNz, / /./
S=0.157%0 ... (18) 0.5.
F K=o T,
H=0.21T114 (3T) --evvveee 19)
LichisT, S& T LoD B (20) &
0.1 N L
TEbih3, I 5 10 15 20 Year
H4(T)
S =0.02971.787 (3§T) ...... (20)
Fig. 16 #7=v& b Fov Ol i
ha DD ARABE I XK L4258, FEig L OBE%
B H KR T OS5 < vKDdD S5 SEHEIR The relation between stand ages (7))

1) REMiz (22) RTH7Z O Be and tree height (H).

K =10,000 _ 3.1447 % 104}1—1.79:2 .............................. @
St ! B
EFMTS
K =10,000 _ 6. 8027 X 10¢ T=3079 e 22)
St i
7212L, 0.0ZK=1.0Th 3,
b FTYRAICHT S5 DHIEER (23) Rt 20 RTHRHDINSB,
Kk=10,000 _3.086 X10¢ 188 e, (23)
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A Method to Evaluate the Change in Water Balance for

the Summer Period Following Forest Management

Taizo Expo®

Summary

This report described a simulation model to evaluate the change in water balance of the
summer period for a given watershed under forest management.

For making a more suitable simulation model of water balance, the conditions of forest
watersheds were classified roughly into two groups on the basis of characteristic water balance.

One is characterized by forest litter covering the watershed grown on scarce vegetation.
This condition sometimes appears on forest land just after the clear cutting of dense, tolerant
forest stands and lasts usually one summer period at the longest.

The other is designated as regenerating forest land in which such vegetative conditions
as the coverage of wild grasses following the clear cutting of forest trees, the progression to
litter covering the forest land, the establishment of regenerate young trees and the whole
period of their growth are included.

Two different simulation models were made for each of the classified forest lands, re-
spectively.

A system of water balance for the summer period was considered to be composed of three
such components as the air layer, the soil layer or the litter layer and vegetation.

The role of the air layer was represented by the two factors of daily mean air tempera-
ture and daily rainfall, the former being used to calculate the daily potential evapotranspira-
tion from Hamon’s equation.

Tha coefficient in Haumon’s equation, represented by C in this report, was determind by
comparing the observation flow and the calculated flow. The value of C was given as 0.0060
for the summer period from June to October and as 0.0055 for each of the months of June,
July and August.

The role of the soil layer and the litter layer was regarded just like a reservoir having a
limited capacity. The available water capacity of the soil layer was determined after many
trial calculations in comparison with the observation flow and estimated flow. In conclusion,
a water depth corresponding to five percent of the annual precipitation gave a fairly good
result for the water balance calculation.

For the available water capacity of the litter layer, an experimental result by the lysi-
meter showed that a water depth equivalent to the water holding capacity of the litter layer
exceeding the air dried content chiefly contributed to evapotranspiration in the litter covering
forest land.

An equation showing evapotranspiration as a function of available soil water for open
conditions and all kinds of forest conditions, developed by Leaf and Brink, was a very useful

tool to estimate daily evapotranspiration in the simulation model.

Received May 29, 1981
{1} Hokkaido Branch Station
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The items involved in the water balance calculation are eight in total : daily rainfall, daily
potential evapotranspiration or evaporation, generated flow, daily soil water recharge, daily

soil water deplation, available soil water and soil water deficit.

The meaning of the symbols used in this report are as follows :

PE (mm/day)
C

: Potential evapotranspiration computed by Hawmon’s equation.
: The coeflicient of HamoN’s equation taking a value of 0.0060 for the summer
period or 0.0055 for each of the months of June, July and August.

t CC) : Daily mean air temperature.

P (grjm) : Saturated water vapor density at the daily mean temperature of ¢ °C.
E (mm/day) : Actual evaporation or evapotranspiration.

e : The ratio of E to PE. 0=<6 =10, Further details of 8 will be given later.
R (mm/day) : Daily rainfall.

@ (mm/day) : Generated flow.

AS (mm/day)
DS (mm/day)

: Soil water recharge.
: Soil water depletion.

S (mm) : Available soil water.

F (mm) : Total soil water deficit.

M (mm) : Maximum capacity of available soil water.

FM (mm) : Maximum water holding capacity of the litter layer exceeding the air
dried content.

v (mm) : The critical point at which the available soil water begins to limit
evapotranspiration.

5 (mm) : The critical point at which the available soil water ceases evapotrans-
piration.

K : Forest crown closure expressed as a decimal.

i : Number of trees per hectare.

H (m) : Tree height.

T (year) : Forest age.

A (m?) : The shaded area by the crown of a single tree.

m, n : The coefhcients in the case of A equals m times H to the » th power.

m', n : The coefficients in the case of A equals m’ times 7 to the »’ th power.

The equation of 6 proposed by Leaf and Brink can be expressed as follows :

1
6= 7-%

(s—=7)+10

Assuming the decreasing rate of 7 is in propotion to the amount of forest crown closure,

the equation of 6 can be represented as follows :

6=4(1.0—05 K)(—ASY—(I.O —05 K))+1.0

Further introducing number of trees per hectare and tree height or forest age of a re-

generate forest as descriptive parameters of forest crown closure until it reaches a fully close

stand, the above equation can be written as follows :

6-4(10- 20 gr-n){S —(10- 20 r-n)} +10

6=4(1.0- 30 T—"’){%-—(l. —%r—n')}ﬂ.o

im’
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With these equations for §, we can evaluate the change in water balance of man-made
forest land.
The following are the mathematical expressions of the simulation models for each of the
two different groups of forest conditions.
1. Litter covering watershed.
A SG-D+RO=FM. SG-1D+RBH=PE®)
R (i) =observation value
PE()=254-C-D*-P(t(i))
E@=SG-D+R®
QW) =00
AS(G) =00
DS =SG~-1D
S@ =0.0
FGO=FM
B. SG—-D+ROFM,SG-1D+RGE>PE(U), RODSPE®
R () = observation value
PE() =254-C-D* P(t(i))
E@=PE®
Q) =00
AS(@) =00
DSG)=PEQG) — R(G)
S@=SGE-1—-DSH
FG@=FM-S@)
C. SG-D+RO=E=FM©G. SG—D+RW>PEG), RG)>PE®G
R (i) =observation value
PE() =254-C-D* P(t(D))
E(@H=RE®)
Q) =00
ASG) =R — PE®
DS(G) =00
SEO=8SG—-1+ ASG
FG)=FM-S@
D. S(G—D+RGD>FM, PEGSXFM, FM—-SG—-1)<PEG)
R (i) =observation value
PE(i)=254-C-D2-P(Ut())
EG)=PE®G)
Q) =SG-1D+RGH—-—FM
AS(@G) =0.0
DS@H =PEG) —(FM-S3G—-1))
S@E=SG—-1—-DSG
F(@)=FM-S@)
E. SG-1D+RHO>FM. PEHEFM. FM-SG—-1)>PE@)
R (i) =observation value
PE(G) =254-C-D* P(())
E()=PE®
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F.

MESBREUI S

QW =SG-D+RH-FM
ASHD =(FM—SG—1)—PE®G)
DS() =00

S@O=8SG-1D+ A4S
FG=FM-S5@G)

SG-1D+ R >FM, PEWD>FM
R (i) =observation value
E@Q=FM

QW =SG—-VD+RG—-FM
AS() =00

DS =SG—-D

S =0.0

F(@)=FM

2. Regenerating forest watershed

A,

A,

As.

B.

R@D=0 M<SG-1D=7
R(@ =00
PE(i)=254-C-D% P(t(3)
E@) =PE®

QG)=00

AS(GE) =00

DS(H=E®W
S@W=SG—1D-DSW
F@A=M-5@
R@®=0,7>8GE-1>3
R =00

PE() =254-C-D* P(t(i))
E() =0-RE()

Q3) =00

AS() =00

DS =E@®

S@ =SG—1 —DSGE)
FH=M-50

R@) =0, SG-1=s

R =00

PE() =254.C-D2 P(t())
E@)=00

QG =00

AS(G) =00

DS(5) =00

S@O=SG—-1
FG@)=M-S0@
ROKPEG, M=SG—-1D=7
R(?) =observation value
PE(G)=254-C-D? P(t(4))
E@=R3G +(PEG —RG)

$365
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Bs.

C.
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QU)=00

AS@E) =00

DSG)=PEG —R@
SE=SGE-1~-DSE
F@=M-50@
ROCPEW, v>SG-D>s
R (%) = observation value
PE() =254-C-D*- P(())
E@ =RG +6(PEG) —R3G))
QG =00

AS({) =00

DSG) =8(PE® — R(D)

S =SG—-1D—-DSH
F@=M-5@
RGHOHCPEW, SG—-D=s
R(5) = observation value
PE() =254-C-D* P(()
E@O=RG)

QG =00

AS(G) =00

DS =00

S@) =3

F@O=M-S

RGO ZPEG), ROZPEWO+FG-1)
R{(i) =observation value
PE(i)=254-C-D* P(t(s))
E(G) =PEG)

QGE)=00

AS@O =R —-EQG)

DS@G) =00
SH=8SG-1)+ASG)
F@=M-50)

RGO >PEGW), ROD>PED+FGE-D
R{4) =observation value
PE(G) =254-C-D?- P(®)i))
EG) =PEG)

QW =RGE - (E@+FG-1))
AS@D=M—-SG-1)

DS(G) =00

S@=M

F(#@) =00
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