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2012 4 & 2013 ARICHESEGEER 2 08 5 FIIRR (ERRIGALET 35%) WIS NI ZRBIRN D AF A
TR - ETEILTER RN 573 2 AR T 2 ERICERK U T BRaT & Rt o, KR 2 BR < %
HYVE (SS) IRIEZ NIz, T OMMKTRIEFEN 2 TOIR GREIZKRAMEED ) ITih> TR S N,
2012 AEDMRTIE, MG OERFEIC BT SS IR MIKHT & Ll L TE L <Hnd % C & i3
Molze LU, 2013 SEDRMETIE, BREMH S & T2 OERICIBW TERFRERFO SS =AM HKH]

ICHRNTHREICm A>Tz, E5IC,

FEED SS (175.4 mg L) MR 7H S 11 BERLLERR %I IR

IKUTeUK TS Nz, COERE LT, ENEROEHKODMEEEDRI 2R E L 2AlREME>, 1%
HEDRHRPIEMAERE TR E OMERIRIC X 2 BEELOATREMENE X ST, LLEX D RIIE I KL
ST EIRTKD SS IREMNMEIT L D E L LRI BHEDNH S5 Lhbh o7,
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1. IEL®IC

JEFREICALIE T 2 RIS I TE T K 2 L8NS Rt
DT« BALWEHIC AT 5 T e SN S, EiK
KICHF TN S Y (Suspended Solid, LARE SS & KA )
EHNOEO DFRKFEEN, LIEXLIRMEE RS, SSD
FH LW AR EE R & QKBS O GRS 2 T
fbEE2 LEZENTWVS (LR 2006, ITEA 2010),

ARMESEICHE S SS DIRHICEI L T, R XTI SS
JRIESD SS IR E DS H b TGRSR T
1445, 2 MEREOHEMEME SN TS (L 2006),
% 7z, Bathurst and Iroum (2014) O L € 2 —Tl&, HHRD
IRAF I D BRMRAER T SS PHIA 0.2 ~ 150 f5HEmd 5 2 &
PREN, BHRRERDY SS I RIF I 58T I IC R Z
BEHNDZEFLDENTVS, FENTEEME (X
K ORGLZZDO X FMH. RFZEOMFEE LR H
ZTW05 ) FHRRZ L S PRI (7 - <715 2004) SR (Nam
et al. 2016, f&E 5 2018) I kb SSEEEMN A LD, SS
WHE HEMLUEZY L ehRESI N, oo 2
REEM 2 R U CH#1X (Hotta et al. 2007) RR% (AR S
2020) 75 i U7z A E1CiE SS N0k O RN H
5N9, SSTHHMMIHIE NIz DWEL H S,

—RICHENZ 53 L SSEELHLARDDT, Ak
fitiZE & SS KD BEd 2 W2EDI% & A E DK
ZEO W -T2 & OWEE TH 5 (Ml - <Fiz 2004, Hotta
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et al. 2007, FAI#EE S 2014, Nam et al. 2016, &= 5 2018), L
MU, KRS ORFRKIC BT EIESE O
WCHIZKIEFEET B LM EENTWS (FZ1L5 2009),
P> T MRIR E DFMAEZED SS TRHNC KNI I 52 % i
FICHRIAT 2 I d e o SS FRIHDFEREIC DOV TE
R 208 MNH %, 12720, MFEBICIB AS D
fabZz e S L L uic, R TRERARIC & > TRiE
LB IEINZ ) X785 0, BHllOBRIE
EATVR,

CO&S . BT (2010) IZMEDEFEEDR &
IR MMz K2 RS E UT, KRS R /5 s
ICI > THEARICRIRT % A T2 L RIHIR R 72 8
AUTzo EHLDBNETT > TORRIRE O ZF AN TH
REIZBWTE 2012 4EH 5 2013 RIS Ty FIIRREME
M1 b T Ilin>Te, FRMMESE L Z HBERE DN
R T MR DNZIRTICIBN T, HIEZED SS D
RIS IET BRSO MCTE LRBEETHB &
M5 FLREMRATROTERUKIC BT 5 SS IS AH) 72 31 i
Ulee ZD 2012 fEF X TORER (= 5 2018), 2013 £EfH
%1% (2013 4E 10 A L% ) O HIKEEOFER (Shinomiya et al.
2020) XREICHE SN TV, KR TlE, 2013 F D]
{RFHEHIR oD HKRELISR 0 SS JBREEICHEH LT, Rk
S SS WRHNC MU I B Wit § % .
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2. Wik

2.1 EERRIBDBIE

FRER IR (N36°31.17, E140°18.7" 5 Mifd 59.9 ha) 13 %
WIRANOEEMICALE L, MRS (2018) Oatififiik & [
—TdH 5 (Fig. 1)o 7 AZ AW THEBERE ) (AR
B K D ALK 10 km) DOFAEAE (1981 ~ 2010 4F ) (Z4F[%
JKEE 1,344 mm, PSR 12.7 CTH B (KRIT 2019),
K[EBNEE ST Y 2 7Y A X5 L, 1981 ~
2010 DA (n=30) TH %, WIKDOIE L ARED
Hf - Fvy— MNETZOLEZ LR EY, T3S
OHEMTTH S (KEDS 2014), FRIKOES 344 130 ~
300 m, RIEOFEEMERE 16.5°, &R 011 TH o Tz,
RAEIX T & U TR 50 24D A (Cryptomeria japonica) N
THT, B EEEa S5 (Quercus serrates) 17 1Y
(Pinus densiflora) 75 £ DR U % I EILEBMKTDH 5, R

HER

Fig.1. ad Bt DT X
Location of the experimental site
HOFRR, FOOFHR, ROEFI. ThZNRIK
HICAEIE L TV e biE, Bk S NTAESEHE, TRiEE
ks, HEORRTHINIZEITIE, 2012 FIC
MEMTb NG 2R 9 . D T St OHiPH
T 2013 RIS I E N Tz, Bl L HBIE & RS
MTH 5728, 2012 4F, 2013 4 & & MU Ffi
NTWIRV, MR 2 A )V 2 BIHER E Nz,
The black, brown, and red solid lines represent the forest
road that existed before thinning, newly constructed spur
roads, and the watershed boundary, respectively. The area
surrounded by yellow solid lines shows where thinning
was conducted out in 2012. In other area of the watershed,
thinning was done in 2013. The thinning was not done in
the higher part of slope of the watershed in both 2012 and
2013 thinning because vegetation was deciduous broad-
leaved forest. Figure 1 was produced using information
from the Geospatial Information Authority of Japan (http://
maps.gsi.go.jp/development/ichiran.html).
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FHADTEMELE Y F (Ewya japonica), 7 F
(Aucuba japonica) 75 EDNEIL L. AF DIEHEIEEE M
K778 - Tz (Fig. 1),

2.2 R DBEE

T ORRERTR S HIRKIR D B 5 ERIRWICHGE (R
AL CHEENCMERRT ) D 1.5 km BEEE N Tz, [
K 2FICDI> TEMEN, £ 2012 48 A FAIM
5 11 AN T TR O LR (FREmRE D 17% )
ERBUTHPIRBR DB b Nz (TBE S 2018), BHUED 6 A
TaIMS 8 HRANC T T, KEFTH o 2ibn (il
RO 3 # ) ITDWVWTEML, SO KZE T
Utzo 73, SRRl LIS yE AR TH 0 |
ZF IR AR FEBICHF SN TV B T, FHERICH
RE NIz OB Th - T MIKZ E
TBHICHD. BTOLRIRVICHRLER TH) 4,900 m O
VE33E (ARMEET—IFNFIHZIiEE 95, 1HE 3 m)
ERRE NIz, FEEEIERIC X O BHEEIEFXATOR 25
m ha' A 5 L% DK 108 m ha' ICHIhN L 72, 1E3EE
2THEILEEFOXT, 205 5O~ TRELLOIEH
YO BB HDIAE N TV (HE - KN 2008), {F3
HEHER S N2 I EE N EKRIZED S Niah o 7z
(Photo 1), FIIRIRIZ AL T 35 % DRIKR THEW & .,
FEUCIIIER 6 m ZHAFE LT21%, WK 3 m 2R 21k 5
) 9% KD ICHNMEE Nz, BIKIC K O IIAREZIEA 1,400
Aha' N5 950 A ha I UTze (REFARIZT Ty T
WICKZBEAED, FE T A FIC KB EH LA,
FRAESEE (7 ao—F R Ic T E Nz, RV ORK
EONE M IEWGEATIC E5HY 2 ~ 3 Tk 5z, Y
NS THA UTeRSRIEHiZE, Bific —RIcE A n

Photo 1. 734§ (T MIZKIED R WIRRD 12> THIRE
AV (ST

The spur road constructed along a tributary (an
ephemeral stream)
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Taken by Yoshiki Shinomiya on December 17, 2012.
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(Photo 2), HEZERE T IFIC/FEEIHICH S | mEEE T
A H I 5Nz (Photo 3), 735, 2013 4E 6 H 18 HITIZ
BECRUKHEEDIBEE > T e T e &R L TWVW3, iz,
MR THERICHERIKIRDOD % 1A L MO E T B
HURO T, HREORME, (F3EEER O FER &0

RIS~ S

TS DY INN f
R TR P el
¥ ’/ .

. o s He ’,//‘ ‘-/
Photo 2. [R{RIZfHICHICHED DN TSR

The branches deposited in a tributary during

thinning
RECHERE D 201347 H 16 H, fivg# @ GH%E
?

Taken by Yuko Itoh on July 16, 2013.
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The branches piled up on the surface of spur road
at the final stage of thinning in 2013
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Taken by Masahiro Kobayashi on August 13, 2013.

Table 1. FA I & FRIUG 1L O

Summaries of survey periods and sampling methods
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K omHiiE AN ah o e, Fie. WNTEE B
MEELI Nz ALNBZERERICEED NG o2
EMD, MERMIIIFEEE OB ZBEIL Tz L #E5R
ENTz, 2013 FRKDEE, WRIKIROH 2 F 2
RIS 2 T O ENER S NI & D, REERK
IR OW R 72 JEL U7z TREMEN B B & R E Tz,

23 "E. MEORE

HEE, WO R R0 1200V /v FREVKIEICE
W HGIKRARE (OEEES T3%1 STS DL/NT0 ) 7 Fiu
T 10 3 IFR TKNLZ G L. 7KL — s i & D B
Ufze HEAE & ik e DB 7z g Clis A =X E Bl
HalZagiE L. MOV R Z E LTz,

24 FIKAERODRAE

AR OBRAUE, Table 1 IZ/RT K 51T, 2012 ERIKRT
(2010 4E 6 H 1 H~ 2012 4£ 8 H 31 H ). 2012 fE (& p
(201249 A 1 H~ 11 A 21 H). 2012 ER{K1% (2012 4
11 H 22 H~ 2013 4£ 6 H 20 H), 2013 4ERI{EH (2013 4
6 H21 H~8 H 13 H). 2013 4ER{E% 1 ] (2013 4£ 8 H
14 H~ 10 A 8 H ). 2013 4% 2 7 (2013 410 H 9
F~20144E 12 A 31 [) ICEKIEORR_EROF/KH T
1o 7z 2012 FFRMKATIE. JHATE LT 28I 1 mlO4H
ETRYIZF LR MVERAWTAII TR 12 ~ 15 K
DINCERIK UTzo 2012 FFREH T BEIRKER (SIGMA
%1900 F 7213 1SCO % model6712) Z W THH 1 B, J5H
A& LT L6 RRCHRK LTz (AL, Sk 82 HMD 5
5 25 HRENE M) (e D 2018), 2012 ARG 1
[l ( NJITHERR 12 ~ 15 K ) DOSHE THIK LTz, 2013 4
M3 KO 2013 4RI 1 . BEEKEs (1SCO Y
model6712) IC &K D EH 1[8] 15 K¢ (7 H 17 HLAKRIZ 17 1)
WCERIK UTeo BRAKBELZZE 15 BEH B W00 17 RE & Lz DI,
HRIEZEMTON TV B IREEICIBIT 5 SS I OIRYL
RS 272D TH %, &I, 2013 FREKHIC 1 [AIRH]
U7 (TH27H) . 2012 FERI{E . 2013 R, 2013
R 1 IS BV T HBIERKER O ERKIE I [H UL E
TITo 2o 2013 4E[R% 2 BALE, 258 1| (A1 T
Bita 13 ~ 151K ) OBETERIK LTz, SS A, fLFE2
mm D iz i & W72 EIK (0.8 ~ 1.1 L) ZFL#F 0.5 um
DH T AHGHET « )V 2 — (HLEERT S SS-47) 2 W T
W5 AU, HT ZXFEHET « )V 2 —7% 105 COERT 2

IR AR B h ®T R PREUT

@® 2012 4T 2010/06/01 ~  2010/08/31 2 NS 1 E |

@ 2012 fFEfKHh 2012/09/01 ~ 2012/11/21 f#EH 18] H KSR

® 2012 FfK% 2012/11/22 ~ 2013/06/20 1 A1 [ AN
@—1 2013 4FEmKH G 2013/06/21 ~  2013/07/21 fFH 1 SEIEGINE
@—2 2013 FERMKRH (3B 2013/07/22  ~  2013/08/13 fFH 1 E SEE ]
®—1 2013 /%% 15 2013/08/14 ~  2013/10/08 A 1 [ SN
®—2 2013 FERILE 2 4 2013/10/09 ~  2014/12/31 2 RN 1 [\ A
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MRz U, ustk. Ao AMHMET « )V 2 —Di H 7%
72 L3N T SS iz E A RS, MHEUKETRRUTHEHEL
720

2.5 2012 FREMERTICERNICEOK SN SS BEDBIE
2012 4R ACRT (2010 4F 6 A ~ 2012 4F 8 A ) I & BN
WK E NI IRFRAKD SS 21X 0.0 ~ 3.1 mg L', ¥
13 mg L' (n=40) TH o7 (E=5 2018), L, S
WL THERL GO BRI O KR (HREWNH ) O
SS MR (FHME) FFNFN LS ~5.6 mg L' (IS - 5%
{5 1995), 2.1 mg L' (1% & 2017), 1.5 mg L' (Hotta et al.
2007), 1.9 mg L' (f&E - Kl 2019) TH - 7z, Hilslimifl
RMIEEAE L TH DD, T ZIER U TH -7
EMD . AFEE SS IS U TR R A sE A B N
WS R TH S L VA B,

2.6 2012 FEMEPICHBIT 2 ERRAETD SS REDHIE

2012 MR A O SS I, KRR RIS EOK & Tz 2012
HIOHA2HDSSEEN6.Tmg L THoT &xEL
&, 02~44mg L' (n=57) TH > = (Fig. 2)o 2012 4E 9
H 23 HO SSIRIEZBRIFIX, 2012 FERIKH D SS EIZ I
921 mg L', MERENH ( HRN R 0.0 mm d') IZfR2 &
H1.9mg L' &, 2012 FEIKATO SSIEE L L L T#E L
W AR - 72 (=S 2018),

3.0 1
3.0 AEHEFORR. KX
2010 4F, 2011 4F. 2012 4F. 2013 AEDAERI DR &, i
& % Table 2 I 7597, 2012 4E, 2013 4F (Z 2010 4F, 2011
FICHXRTHEB X UFEL R 100 ~ 200 mm Db o
Too 2013 4ERIMRHIE. 6 H26 H, 6 H21 H, 8 H 1 HIC

T

ZFNFNHNR342mm d', 345 mmd’, 31.8 mmd' D
A D>z E DD, HfiE 50 mm d' Z#Z % KX
W& > 7z, 2013 % 1 1] (2013 42 8 H 14 H~
10 A 8 H) ICIZBM 18 ST fES HW&E 89.4 mm d' (K
HERRR & 36.1 mm h') DS - Fzo

322013 FERMKHFICHITS SSBE

2012 4ERIRT% (2012 4 11 F 22 I~ 2013 4E 6 H 20 [ )
D SS JfEI 02 ~ 3.8 mg L' (n=6) T. 2012 Ef{LRTD
SS I (0.0 ~3.1mgL") LAETH > Tz,

2013 AEREAR A D SS R X /N 04 mg L A 5 K
175.4 mg L' £ T2t U7z (Fig. 3)s 50 mg L' DL oD SS i
B ENTDR. 6 H27THZERCETH24H, 7TH
29H, 8HTHTHO, ZTNZNOHMEIX 259 mmd",
102 mm d', 11.9 mm d' T, ZNZFND SS EFIX 143.4
mgL', 658mgL', 81.7mgL' TH >/, FHIK¥H (6
H21H) D SSEEIE324mg L ¢, MHONRIE 34.2
mm d'. BRKIZERDR T Lz 2% cH -7, 6 H
27 HIZEWED Llmmd' Db osicdhhbsd,
KO SS AL 175.4 mg L' BB Nz, MEREFNT H D%
PRI L T, 2013 SRR D SSIRET I 0.4 ~ 14.8
mg L' (4556 mg L', n=24) TH>7Tzo T SS PRI

Table 2. A HELD 2010 ~ 2013 FEDAER & AR
Annual rainfall and runoff between 2010 and 2013
at the experimental watershed

. R i
mm mm
2010 1703 850
2011° 1679 705
2012 1476 624
2013 1524 631
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Daily rainfall and SS concentration during thinning in 2012
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VESGETERR 72 1 5 D IR

2012 FEREARAT (2010 FE 6 H 1 H~20124E8 F 31 H) @
TNEOAERICKEN > 72 (p<0.001, Scheffe i ; 2012 4
IR AT (2010 4 6 FJ 1 H~ 2012 42 8 J] 31 H), 2013 4
ffkrh (2013 26 A 21 H~8 A 13 H). 2013 4 [li{ki%
1] 20134E8 H 14 H~10 H 8 H ) D 3 HEDLIRTHE
Ik — B IR DI D Z E L 217> 72 ), Fig.32H %
fR O, 2013 4E 4R A& 2013 4E 7 F 23 H DL, SS i
MI0~20mg L &, 9@ Em Ak L7z, 6 A 21
H»5 7 H 22 HETOMERENHOD SS IR (n=17) 371
40mg L' CHZDITHR L. 7 H 23 HLLEDOHERERH O
SS JEE (n=7) & TV-¥99.5 mg L' Tdh > 7z. 2013 K
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ORI (2013 456 [ 21 H~7 A 22 H) I FbRT 2013 42
MR D% 201347 H 23 H~8 H 13 H ) DIF S A,
SS IEENRDRE M o Tz, LLEK D, 2013 FEDORIKTIEH
WK 1 mm OHICEEEZED SS AR NS L BT,
FERERNF OTRFIK D SS JEEEICRE U T RMKATT e TRIK
FhrC @ E B R AR bz,

332013 FREMLED SSBE

2013 FERMEZ 1 Q013 4E8 H 14 H~10 H8H) @
SS M4 (% 5.8 ~ 125.7 mg L O #ifH T2k L 7= (Fig. 4),
TOSH B O SS X 6.0~33.8mg L', FH
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Daily rainfall and SS concentration during thinning in 2013
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The arrow indicates the data considered in the “Discussion”.
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Daily rainfall and SS concentration after thinning in 2013
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The arrow indicates the data considered in the “Discussion”.
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il 11.8 mg L' (n=35) TH o . HEERNHD SS X
2012 FRAAT (2010 4F 6 F~ 2012 4 8 F ) IZHATHIK
B Q0I34ES8HI4H~10H8H) DIFSHNHEEIC
o T2 (p<0.001, Scheffe 1), 7 423 H~10 A 8 H (2013
MR O~ 2013 FERTE 1 ) D SS EEE IO
EOER THERB LTz, RO SS I 1257 mg L 1
9H 15H (HW&E 894 mm d) ICEIRE Nz, T DN
FHEE 18 FIC X 2 E DT BUKIEFEHE 7 SRf%RTH -
7eo 9 A 4 HITE 103.8 mg L OE WSS MBI I N
72 (HWE 46.9mmd", ZDIEH, 8 H21 H ( AME 7.5
mmd")IZ504mg L' D, 9 A2 H (HANE6.5mmd")Ic
53.8mg L' O SS EENBIR I N,

2013 FE[R% 2 1 (2013 4E 10 H 22 H~ 2014 4E 12 H
31 H) OFFRHhORK (HWE 41.5 mm d'), KW (Bk
MHOHWR 69.0 mm d', FERA N2 kDN E 139.0
mm) #T 7 RERZORKZERS &, SSIEEI 0.6 ~5.1
mg L' (¥ 23 mg L', n=30) TdH b, 2012 FER{KH(T (2010
f£6 H~20124F 8 A ) ICHARNTHBIIHWEZRT T &
otz

342013 EMRICH T BmEE SSRE & D%

2013 FERRIC 3BT B MKHT & RO & SS IRIE
& DRz Fig. S1TRd, MKETOT—Xd, 2012 4Ff]
R 2010 4E 6 M5 2012 4F 8 AlTH T TH 2 [El sk
T 40 [AEREY U 72 157K & KIS (FRRE 15 ~ 130 mm,

+ R Ar Otk
1000 3
] 7A29H 7H24H
= 100 4 +
on E
g ] +
1 ]
#
10,
1 ]
I3
0.1 T r ]
0.01 0.1 1 10

FRE(mm h)

Fig. 5. 2013 4 [RIXIC I3 2 IMRAG & RRrh Okt & SS 32
JEL OBIR
The relationships between the runoff and the SS
concentration before and during thinning
T O & SSRE & DRMRIZIEDOMHE D D
(r=0.48.p < 0.001) , [EI{XH & [AIBk (1=0.74.p < 0.001),
There is a positive correlation between the runoff and
the SS concentration before thinning. Their relationship
during thinning is the same.

521 %2 B, 2022]

RAHFRIRTE 3 ~ 39 mm h™) ICEREL L 723RiR 0D SS JREET
BB (BES 2018), MK SSWEE X, RIKATE HLg
LT, HEMTEWV SS I (S0 mg L' L EDTF—%2 &L
Tzo TV MEMCHT ORI E I 2010 42 12 A 22 H 0:50 1<
BEE NI SSILEMN 460 mg L' TH- T & EBHEIC
L7z, Fig. 5, Fig. 6 lICT—2H D ) N4 BTN,
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The relationship between the runoff and the SS
concentration before and after thinning
RO E & SSRE & DRRIEDOHES O
(r=0.46, p < 0.001),
There is a positive correlation between the runoff and the
SS concentration after thinning.
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Regular survey of suspended solid concentrations in streamwater
during line thinning with construction of spur road

Yoshiki SHINOMIYA"", Masahiro KOBAYASHI”, Yuko ITOH”, Yasuhiro OHNUKI”,
Yoshio TSUBOYAMA™ and Shinji SAWANO®

Abstract

We investigated suspended solid (SS) concentrations, except flooding, before and during line thinning in a
Japanese cedar and broad-leaved forested watershed in Ibaraki Prefecture, Japan. Line thinning was conducted at a
thinning rate of 35% during 2012 and 2013. Spur roads were constructed along all tributaries (ephemeral streams).
The SS concentrations in the regular survey during the thinning conducted in 2012 did not increase significantly
compared to the values before conducting thinning. Whereas, SS concentrations were significantly higher during
and after the thinning that was conducted in 2013 than the values before conducting thinning. Furthermore, even
though 11 hours had passed since the end of the rainfall, high SS concentration (175.4 mg L") was observed.
This reason may be that the spring water after rainfall eroded the surface of the spur roads and the disturbance
by forestry machinery for spur roads construction or timber collection. Therefore, it was concluded that the SS
concentrations in streamwater except flooding during thinning might be higher than the values before thinning.

Key words : streamwater, line thinning, suspended solid, spur roads, regular survey
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