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Change of soil properties and runoff characteristics
affected by deforestration to grassland in a mountainous area

Kinjiro Shibuya
National Research Institute of Agricultural Engineering

Summary

Change of landuse from forest to grassland somehow affects soil properties and runoff characteristics of
a watershed. Hence, in order to evaluate the effects of the change, two sets of study watersheds,
major landuse of which was forest and grassland respectively, were set up for comparison in the
Kitakami mountainous area; namely the Nawasirozawa and the Yamaya watersheds, and the Sotoyama—daiiti
and the Sotoyama—daini watersheds.

Following results were obtained from the research.

(1) The surface layer of grassland soil was shown to have different porosity from that of forest soil in
respect to macropores.

(2) Based on the measurements at the watersheds, infiltration capacity was evaluated as medium on
grassland soil, while it was large on forest soil.

(3) Regression analysis of direct runoff, lost rainfall and peak discharge vs. rainfall showed that there
were statistically significant differences in the regressions between the Sotoyama—daiiti watershed and
the Sotoyama—daini watershed. It was proved that these were caused by difference in proportion of
grassland and forest in the watersheds.

(4) Based on the measurements, it was analyzed that baseflow possibly decreased by the conversion in
the Nawasirozawa and the Yamaya watersheds, while it remained unchanged in the Sotoyama—daiiti
and the Sotoyama—daini watersheds.

(5) Distribution factors of the unit hydrograph for each watershed were presented. Runoff hydrographs
were also presented based on the typical storms on the watersheds.

(6) Runoff characteristics and their probable changes by the conversion were summarized based on the
original soil properties, and the historical, the present and the future landuse.

Keywords : porosity of soil, infiltration, compaction of soil, runoff, conversion of forest to grassland

(Soil Phys. Cond. Plant Growth, Jpn, 69, 39—47, 1994)
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-1 AEMBOEE
Table 1 Study watersheds
o B % | Fik(ha) ThEE, AR fz B | B | Ihnak | ILEAR
BWAR 67.4 | % ﬂ} P —_—. AFBXER | EEDE o — A 2.9% 17.1%
1 FN 50.0 | BREL, #HEMH ” ” 2.9 11.7
AILE 1 151.2 | & 73 . w | BFERELN | BEE, Fr—b 5.9 19.8
sz | 182.3 | % ﬁ} TSR ” ” 5.4 19.4
) ARBOESR, FhFhEARIS1~236m, [L£192~251m, #FILE 1 716~924m, FILUE 2 635~
877111’6&50
%x—-2 HAERBOLHFIE
Table 2 Landuse of the watersheds
R A | S EBA | EEBK | ¥ F M| ERER| Biizoff it S E R EE
AR 39.85 25.66 1.89 - - 67.40 -
(59.1) (38.1) (2.8) « =) C =) (100.0)
o # 14.34 - - 35.41 0.25 50.00 1970, 1972
( 28.7) ¢ =) «C = (70.8) (0.15) (100.0)
aiiy--3 | 151.21 - - — — 151.21
(100.0) ¢ =) C =) « =) « = (100.0)
SIS 2 — - 67.63 96.28 18.39 182.30 1969~71
C =) C =) (37.1) (52.8) (10.1) (100.0)
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Emb, HboEMmbe L5 TEOIBESHRLBAED
FLE Fh b RS RIETEEC OV TORFHR
PDErEZz bR, ZOLD, AEREERE L CEIE
Hgfeﬁﬁﬁ‘f%ﬁof:o
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FF B, WA D & 100mIRBELF N & B E5~10,
15~20, 25~30cm 6% 2 BERI L, RESH, Hit
#H, REERUDPF - &XkKEFRORERTT > 7o pF*

H BN B 140~43ton,/ ha / YEE T 5,
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Table 3 Soil of the watersheds

i B W H | W Bl# B
B R|PDERSE T B K| MENK
W = ” ol ofE | B OE M
SR L | MRIWLEE | KRILSE | K » H#
SIS 2 ” ol # | LR

¥) EREBX s 8 FE)Is, HESK LEEMK
WEER 7 L5 NEKSE
B R 7 + 8 LERUSNOEH

aKEZ, FhFnpFl.0, 1.5 4%, pF2.0, 2.5
%518, pF3.0, 4.0ILELER &> TRAE L.
R, WERUAILE 2 OEREMZ, ARz h
FRERBLI~3E, 2~ERLR L T,
(2) BAREDOFHI

BAERE IR, HEAOREZBR CTEE30cmD M
BAGEAV, BAFONBALEE20cm, HXE
5cm (R B - TIXBEAKEN 5 cm) DRETT -
fro 1 HUEOREREIZI~1.58/8THH, BALV—b
NRE—ECk->ROEXBARESE Lz, &k, BA
L TEOHBRA A TTY, mEOBGREHANT,
(H—188)

(3) MEBNRUHENE

MEBAZ, wHKMEE —FEETK > ¢1l4cm
OFBRRRBHYAVED, ITKOBELBHII LD
BRBEBF % BBHCERD ¢ 20cm DEEBE I T8
Lo
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Fig. 1 Macropores vs. infiltration capacity

WERAEIX, =SAEF LIRS AVT, EoBK
K% BREKAETCHE LTRARC L OB CHREL
oo HRR « IUAFIRIC BV TR E X80cmOEA=R
EA AV, MUEL « AHLUE 2 R BV T IR IESO
cmDEAERHV, RBEARE LT, BEA=AE
ikiBE - Bl - BIRARE, MAEC WL TIIHE -
FEAREB VL. tk, REBEARDHERLHLENILAE
RBFT 2 EDhWEdiE, FBKED FFRCII#HK
AR, KBREIEZ S ORIBEA10cmbl F > &
S BEERERL D OBBRI B,

3. FERKOTEDABERUBALED F— 4
HAEMEOLEAR T — 22K -4 1R T, RO
K, pFO~1.70HABEE CHIBEER) LoBE»S
4 R E G LTERR Lice BID, HILBEEA 5 %L
TiBE T AMILZ L, 5~10% 38k D DR
B, 10~15% 13 BEkED BT, 15% b LT Bk »58

KX (F) &Li, BRKS BT, pF2.5~4.0DFLHER
LOBERD, 45FL, T.5%LT Ty, 7.5~
12.5% TR0\, 12.5~17.5% Thr, 17.5%LLE
THWIEES L, SKMERUERDKS BIIR—4CH
it LT
AEFROBAENE[ERXER— 57T, BAKER,
HEET & O ENRR L B o HEIEETH 5
B, ZZTRTAYIEREIERERBOGR25E
LT, 254mm/hl E*JEH W HE, 127~254mm/h
ZHE\, 63~127Tmm/h% 2 2E\, 20~63mm/h% &
fiI, 5~20mm/h% &\, 1~5mm/h%EL, 1
mm/hIA T %I FFECE & L,

4. BERROHHT — %
BRRUHEHT — 2 @4 TR ERWA, BROm
& - EEREEBROFITCA VW ERKRLMROE
AR C253EFE, FRBER - ¥ — 2 RHEBEROMITIC
AW REREIE, 106[RTH 5, EEREEZ, Bkl
BOBEBECRTAFE2HMEELUDEND AL 2ES
ERTHEL,

M. HHOEMECLDHEIER, RAERD
FHORMHERE OV T ORI

1. TEOHEE DL

(1) +HRULEOHE

BAR - LB fiE <k, ®Er—4, HILE2.16~
2.71, {RHHE0.462~0.875TH h, SHLUE 1 - 5 2 FiR
Tk, WEo—4, o—4, v MEr—LA, HHE
2.36~2.65, {RH.E0.418~0.590TH %, AR HAL
TREVWOTEE IR TE VA, WLUE20 L
BB L (L, SiL) THBOENLT, *0
LDtk i AR+ (SL) bl b, QELER
BEHOEE (FE5~10cm) TPhEL, 2.19~2.36
Th B, BHRHLEH0.4~0.50/MX Ipflid, BHARDH
ILEE 1 OMHOEKB - TERUMNLUE 2 OBERHOF -
TR (B¥15~30cm) KRbh 5, RHE0.5~0.9D
HERA & fEl, SRR - IWB0&EBRUMLE2 O
BEMOREBLAELN S,
2 +EOAKSH
EHBERTRB L, BEAFDOHIKTH0~80%TH D,
ERI RV, HAKREK TR S &, BAR - WaHiiRk<
i3, 7.8~27.1%, SHLUE 1 - F2 HIRTE, 3.9~20.8
KTHD. WEMDERE (BE 5~10cm) T, WLE
T7.8~10.4%, MU 2 T3.9~11.0% &\~ - I- HEH
PNERERAELORD, (K—4BR)




42

THROYEM H 69T (1994)

F— 4 RERBOLEOABREOWIB L B L 5 ER

Table 4 Porosity of the soils of forests and grasslands in the watersheds

I I8 4 | B X (om) | £ PRI & | SRR (R) | pFO~1.7(%) |pF2.5~4.0(%) | BF &K | GDKDB
HARIT7TH < v 5—10| SL 0.462] 72.0 27.1 15.8 * h
15 — 20 ~# 0.615| 70.7 15.5 9.8 B g
25 — 30| ~# 0.587| 68.2 17.1 11.5 Ei3 ”
” 2 + 3| 5-—10| ~# 0.644 | 67.5 14.3 13.4 B &
Aov w15 — 20| ~# 0.611| 68.0 17.5 13.7 b ”
25 — 30| ~# 0.534| 71.3 11.8 6.7 B &P
W s BE®Y| 5~ 10] ~# 0.638| 70.3 10.4 16.5 ” a3
15 — 20] # 0.609| 69.4 10.6 9.4 ” R
25 — 30| 0.566 | 70.0 13.5 9.2 ” ”
” WEGEH)| 5 — 10 »# 0.875| 66.9 7.8 15.0 PRBORE 3
15 — 20| ~» 0.785| 68.5 8.0 12.8 ” ”
25 — 30| ~# 0.662| 75.9 11.2 8.7 B PP
” 37 B 5—-10| ~» 0.601| 76.6 18.4 12.1 % ”
15 — 20| ~ 0.569 | 78.8 20.1 10.0 ” ”
25 — 30| ~# 0.533| 79.9 24.4 7.8 ” ”
” bicH #*|5—10 ~ 0.7121 72.0 19.2 12.5 ” ”
15 — 20| ~» 0.778{ 70.8 15.0 10.9 B ”
25 — 30| ~# 0.832! 71.5 18.7 10.2 % ”
ALl A 5 = ¥ | 5 —10] SL 0.443| 81.0 20.8 16.3 ” s
15 — 20| ~» 0.510| 76.4 12.9 15.1 B ”
25 — 30| 0.418| 81.8 11.7 19.1 ” %
g2 (MEE®) ! 5 — 10 L 0.519| 74.1 7.2 25.0 PRRR ”
15 — 20| SL 0.434| 78.7 10.0 16.0 B t
25 — 30| # 0.436| 78.6 15.5 13.2 ” ”
” HEGERAE)| 5 — 10| SiL 0.575| 75.9 3.9 15.8 - ”
15 — 20| ~» 0.519| 81.9 10.7 16.9 B ”
25 — 30| ~# 0.496 | 80.5 13.6 12.5 " ”
” BREGER)| 5 — 10| ~ 0.5%0| 75.4 11.0 18.2 ” %
15 — 20| »# 0.456 | 80.3 18.6 16.4 * a3
25 — 30| ~» 0.4801 82.0 16.1 8.8 Vi R
*x—5 WAEHRBOBAHENERE
Table 5 Infiltration capacity
WK G| THFH | BRBAKE |BAEOSE | M £ [ ¥l|ak | tEaEBESTR)
HARIEB K 682mm/h |FEHEE W | THTY tfE 3 | 14° [10YR 2/1 /10YR 3/3
” 3 N 223 P WwWlarz, pvw ifEehER | 13 | 10YR 1.7/1/10YR 2/2
” i | 18 B p R | IR ¥ EH| ¥ -
& #AEK 234 JFEBIE |~V F, 2FT ILiE+ER | 5 |10YR 3/4 /10YR 4/6
” LI X 349 ” H¥, nF (e L&) 12 |7.5YR 4/4 /T.5YR 3/2
” B (RO 57 oL D |F—Fr—F, IO/ ” 15 |7.5YR 3/4
” v (3E) 47 ” ” ” ” 14 |7.5YR 5/4 /7.5YR 4/6
AHIEEL |8 K& 212 H WO TATY IS TEF | 8 |10YR 2/2 /10YR 3/4
Hhlgg2 | WED 43 oL D |F—Fr—F, TT/ ILHERER | 10 | 10YR 2/2 /10YR 3/4~4/4
” v (3) 42 ” ” , FEYV— ” 2 | 100YR 3/4~2/2 /10YR 4/6
” v () 47 ” ” ” HETE 3 | 10YR 3/4~2/1 /10YR 4/6
2. BARHOSH BALHHTRSMEADS B AHET MFE] ik T3

BARKR « (UAFHIRTiE, 47~682mm/h, #HLE 1 -
AL 2 iR TiE, 42~212mm/hTd 3, EREH A
1ADS B HEWV] i TIEFREG | 5 HETask
DX EED B kD 6 A (2MEDS4%) 3 [P0R
Wl Rid Tz ORI A B, KRic, #ih - B

HIHE ] THbH, b LiHmT [R08 W] THY,
KA D E I BT 5 AEET, BEOCHELZI T
5hDEExbRB, —H, WEHTE, 5HALb
[hfr | OHBCABL, FREFEHO LA, [FFEE
CHEW | Thoie
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LlEABET 5 &, HoBAREIR TIEFEG]
WL MW Tdh, cheaBed s L T g
T3 LBBlTE 5,

3. EHRAZELL-NE - EERHERF

HihR»EEL-NE - EERHEBEER (W&-F
PHWEHEML) , RITE - BEARE*™HERE,
Hewlettb D HEE %&£ L TORVGQK LR TER
REAVCTERLRfTO> L& & Lk, ZOHBER LD,
EME Y ELHORENRREE L RERERDOMEL ¥
o LECEBEEN DI hEICETE, NE-FD
FRBRE L IS - BARBBARAREHEKES
HEIERETE S, Ik, BRNBRBZ 2 LRE
DB EHE - BEANRBIRSHNE - FPHRBHGE L
BRI ZERAARTr— A0S EEBERLT, WK
RIEDWTHRE EED I

logRe=be+ b, T+ b:logR+b;TlogR

logR.=b"+b,' T+’ logR+b:' TlogR

BL, R:W&(mm), Re: HHWE(mm), Ro:#
AWE(mm), T:EHER (=EHERMEER) |
bo, b, bs by b, by, b, b ERERRCEE
RREL

B OXE & LERIZ, RS BESOREYERL
e, 5ATAMLI0ATHETOLDE L, EBE
KRS O RN, IR L 056~T4TH 5, &
AETIROBENR « WEF— 2 2BV TORTQORZEH
LTRDIERERRVRERFEA2ER -6 RO 7 TR
Lt 7nh, EHBFEEOAEHOKRTEROBRT, RE
REROABHEOBRTEIWRTHY, E-6RUT 7B
Tl

F= {(n—4)/3} {R/(Q1—-R)}
F>F°-(a)

BL, R:EHBEFRE, FP.JiBHEG,n—4)DF7
D LAUBR e DfEET 5,

t -"——-bx/l’ (bi)
t>t(n—4,a/2)

AL, th—4,a/2) X HHEn—4D t 51 O EAIFER
a/20{ETH 5, o (b:) : RENREHRD DEREHEE,
i=1RE2RiE3,

R-6RUV 7T X5 L, ERMRCBRT 5 REREH
by, b, b, b'EoVT, WE - BEREREBEK TR,
SHUE 1 - SHLUSE 2 OFBX TR BT 5bih 5 %F
BETayn, WE- - ARWNEMHFK TR, RUALEL -

F—-6 W& - FHNEBEAXORMBEHZRVRERBH

Table 6 Regression coefficients of rainfall vs. effective rainfall relations

%% & b, b B S iy
ﬁ K g } —1.7629 0.4887 1.4100** —0.2766 0.2516 0.7382**
AT } _ * ok - *%
A& 2 2.2568 0.4950 1.5842 0.1309 0.2450 0.7458

W) ™ 1%FRE *: 5%FE, S:EEHEE R EMAEFRO2E

-7 WE- BEANEHAROEREHRVCRERREK
Table 7 Regression coefficients of rainfall vs. lost rainfall relations

ok & by by b, b’ s R
E f g } 0.03700 —0.03408 0.9493** 0.01046 0.04020 0.9832**
ORI | } - _ * o
AL 2 0.04888 0.006644 0.9502 0.05940 0.04706 0.9659

E) E—6KkHL

P RASRE TN TEICA ) T 5 RERERS, HEORV ERR2 M CBE LTiEA DRl 54

RIFHI RS R OB K OF0, BB = Hi i — HEEFi o

HREO S bESEAH T 585

POREO S bEBM, MTKEEREL HEASHES BRESCHESTIHS. BANE=WNE-HOWE,
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S 2 ORTORCET b X EETHB, Zh
Hit, WRkLEEREE (AR RIBEXRELD
BIRc BRI LW EBEND S Z LR T, RERE
HiEb>0, b'<0THBhH, ALHBCHLTE
HROHKIC L D EYREOMK L HERBEOEL HE
AT EERLTWA, BAR - IUBRRIESWTE,
WEIHYHERIBELINELOBREH LT, 5%F
BRECIEMBILLIZEEEYRWE T L3 TER
Vo

4. BREC—IFHE DBIF
REFT & € — 7 Jil & OBIR AT LTERIR LD
AT %,

logg,=co+ciT+clogr,+c;Tlogr,+cdogR.

+cTlogRe e (5)
2.0 F JLB
" oEHAR
1.0 b o L%
F 8
) [ 8
B 0.5F : o®
E b o
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o ...
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Fig. 2 Dry spell vs. baseflow
(Nawasirozawa, Yamaya)
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URERGRE. ZoEBRERRCREREREE, HRE
B TExCSRREHCI Y RRIERE S,

FEEOKREIR, BRUVWAKELTITS, EL, E
HEREROFEHOBRECHVWSFECOBEHRER
5,n—6)THH, FREBEROAEEORECA
3tEOHBEX(n—6)Thb, OBV IE
Wiz, £HRFENOFHERBELY R4 mm/hil E
DLOTHY, FMBOBERET, W Lbh17~367T
b5, BWE - ©— 7 FHBEFROEREHR CRERGRE
AF—8ILRT, EMERCHRT 3REERERIZC, s,
GTHH, F—8kLhiF, AHUEL - 2 OFWEAD
AZeMIORHFETH 50

5. {EKFEHRE

19724 ~1980F e iz, 5 ATA» 108 THOM
OFEHETFRIC L B L LBARELY TRAHLHEX
B TR- 2RV 3Rt ERTROERIT, B4Ez

5-0r AL
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520_32 o HHILEE 2
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Fig. 3 Dry spell vs. baseflow
(Sotoyama—daiiti, Sotoyama—daini)

£—8 BN v— 7 RHEEGFROERERRVEERHRE

Table 8 Regression coefficients of rainfall vs. peak discharge relations

i B A Co c Ce Cs s Cs S R? AR (R)
?} K g} —1.8645 | —0.04679 0.3540 0.7261 0.8344** —0.2616 0.2142 0.6511** 3.0
ﬁﬁg; } ~2.0971 0.3549 0.009671 0.6184* 1.0376** —0.1964 0.1845 0.8132** 3.0

)

1%HE, *: 5%HE T10%HE, S EEEE R EHEBREDO2E

* Pk P O B A/ - TR DR O B T HER & TELET 5 OB 5 R,
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Table 9 Distribution factors

It % 4 0~0.5h)|0.5~1.0[1.0~1.5[1.5~2.0[2.0~2.5[2.5~3.0{3.0~3.5|3.5~4.0|4.0~4.5| 4.5L1# | ZEE(H)
® K R| o.01 0.10 0.13 0.17 0.12 0.08 0.07 0.06 0.05 0.21 | 16.5+4.7
i & 0.02 0.04 0.06 0.13 0.18 0.16 0.06 0.04 0.03 0.28 | 22.7+8.1
AL 1| 0.04 0.09 0.13 7.07 0.05 0.05 0.05 0.04 0.04 0.44 | 17.7+7.3
AU 2| 0.01 0.03 0.19 0.28 0.15 0.09 0.06 0.05 0.04 0.10 | 13.5+3.0

) BEERQCoThVREBERSRYEFTHHEORE, HLEMEHTEL > OBEEREORERMTH Y, LRCIZF

Bff & BHEEE A BT TH B,

*EATRERIC B AR (2 2 T30.5hic 1 mm) AVERR L 7o 4 OB HE ORRFIE S R,
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Table 10 Probable changes in storm runoff due to conversion of forest to grassland
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