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Biodiversity and carbon storage in forest ecosystems
Satoshi YAMASHITAD*, Kimiko OKABED , and Tamotsu SATOZ)

Abstract

Recently, species diversity is diminishing rapidly and the decrease in species diversity would possibly lead
deterioration of ecosystem services, such as carbon storage. This study thus considers relationships between
biodiversity in forest ecosystems and carbon storage after reviewing findings from grassland ecosystem. In general,
increases in biodiversity in an ecosystem will potentially facilitate ecosystem services by adding the functional
traits of new species (complementary effect). On the other hand, plant organic matters in forest ecosystem form
complex habitat architecture and provide woody debris to diverse living organisms. In grassland ecosystem,
functional diversity in the plant community and plant species composition affect more largely carbon accumulation
and carbon storage than species diversity itself do. In forest ecosystem, higher diversity of tree species and its
mutualistic fungi promotes larger amount of above-ground biomass of plant, and this relationships is affected.
Species composition is possibly more important to determine ecosystem services than species diversity itself as in
the case of grassland ecosystem. On the other hand, relationships between biodiversity and carbon emissions from
the decomposition process are not fully understood. The diversity of plant species in forest litter is not obviously
related to the decomposition rate, and the relationships between the diversity of saprophytes and the decomposition
rate vary. The relationships between biodiversity and ecosystem functions in forest ecosystems are not simple,
but it is important to manage forest ecosystems and their biodiversity from the perspective of conservation,
because a loss of biodiversity might result in changes in ecosystem processes mediated by changes in interspecific
interaction. We have suggested the importance of developing monitoring methods to evaluate forest management
for biodiversity and carbon storage, such as REDD+

Key words : carbon emission, decomposition, ecosystem function, REDD+, species diversity
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HEFHEEBY R EICw B2 NIFEL T (Bunnell
and Houde 2010) . &7 HBED H T & A D53 figic 5t
T B RIGEHERERFIC K> T A b HiREY ClEM N
PRENZICECARMERROE HFENBRDL. BHE
HERPLEEERER, TS OFEEOE NN
L7z EPmE TN TV S (Vanderwel et al. 2006) .
HRMTEM DRI TR BHOETEGVWEREDHE
TNz T 2BV RICEEZRIELTVS
e, D LIV TIEHRMSEM DY 1 XD E D% H
ICEATEFEMRTINS ZRHT 2E D2 M HER
ENBELEZSENTWVS (Lonsdale et al. 2008) o

S SITHKRKZE M Z R 3 2 Yo LEmic X -
TEFIHE NS, B2, EHEO TFRKITHEL REY
IZ X > THIH &N % A (Yamashita and Hijii 2003) .
ZHIEFOTER (VDD ZYIV /) aT ) T
EHADDS 200 L EOFHMAREETNTWVDS (3

H 1993) ., EH5ICHBMD X =4 (Okabe and Amano
1992, 1993) RO 4E (Yorozuya 2006) & &8
% LM BN KT B 2R B D AR A
KIFELTWVB T &ICED, VMNARKEADIES
(BHRZRE ) . BHEA EE. BRAGREMICHOHEDS
T HIGH 249 % (Harmon et al. 1986, Hodge and
Peterken 1998, Kotaka and Matsuoka 2002 7% & ) , 7z
EZFIKTRF I A LUK BBARD KEMIEIC X
S THLHEIGAIAMINL TREOZ LI L 72,
ZO%EMNZEFRMGES oz, —KITED
IC#5 U7z (Martin et al. 2006) .

FHR R PEM AR AT S 2 FE N IE RIFEARIZ EDRFED
YA XRFHELFE DM KMEM Z 0 E T 545
BO. NS EEFEEERKD AT S H KD
DRI D R E N TV B (Kouki et al. 2001,
Siitonen et al. 2001) , T DO XS KK MEEFOEY O
DR HERF T B 5 2 Tk, BHRMNIC 2R AR A
T IZF TR, BB L)V TOMAREIEM AR
(EWME L) OHEREEEERT 208N H 5 (McGee
et al. 1999, Jonsson 2000, Komonen et al. 2000) ,

3 - 3. HERBERME TEBICEITAEMDZERME
AR D THRIC IR BERE I 7 £ ORIEA Y D K s
WKIFELTHBD, SmEEXETILH 2 ERFZFZDO L7
M. HAKEME FDEE Im X TICHFEEL TS
(Jobbagy and Jackson 2000) . & HEV&HK: 7% & Mitfa &
NBZEEEHRRIC K > THREZ D IHE RS EEBAA
Tl & Nz 2.43Mg/halyr I 5 BV ZEHiA D 9.45Mg/
ha/yr £ TEAH % (KM 2012) , LEEHICEHZE
AT, Im® O L HEIC 1000 7z i 2 5 M #E
FYAEE L, 20 1g Ui 4000 FELL LD 5V
7 L2000 MEEOHEBENEE LTV bR TW
% (Decaéns 2010) , T 5 DEYDZ  IFA A
INE 7R EDORMBIRZ 2R L TWVW5, EEEMIEZ,
AR EDORATEEYPX =, FELVEREDHHE
LBV K BWHMERH 22T 0B, WHICOH S
NTIWEMICZT 5 () . BlEosVYHEIC
K92 RERE. TENZ (REYNGZ) SRXD
&, BN LieEaonhattoRnbtawicks
N2 EWbNTBO., Ao fREEEZERR
Y —¥Y A TH% (Pimentel et al. 1997) .
D T HEITE LR R ENHERI L 7= YE (V)
% — J& . Litter layer; F & = J& 3£ J8. Fermentation
layer; H J& = J& K8 8. Humus layer I 73 1F 5N %)
L AR ENEUE L T TEREIE LEIC TN,
THOEEME T Y LY (Takeda 1987) I I X
(Tsukamoto and Sabang 2006) &\ - jz - HE &) D28
MmN E HEICBER L T b, MRS
Ko, SHEaoFHMNRLs 2 -2k 2N
U ChsERiceE e 52 %, MYBEEN LHEHY
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HRICH L TREZRET A ALIEDNTIESD
ETAHEL D> TELT, MWBEICKZLEEHMD
WENGTREDOLBEEEEPA N L AHEOL L
NUTewBezn#MI 208N H5 L OEMND S
(Decaéns 2010) . E7=MY OBHERIEIC X > T2k
PRI TEL, WMBHE, Mg, HRExED gD
PIOWEERE DR E Z LT % (Hasegawa et al. 2006,
Eisenhauer et al. 2011a) , & 5ICiF LBPICAERLT
WAED WY ORZERT S L TREDHEM D
BWEMWICESZ E2MEH L, MYBEHENOETE R
MLV FEANORELEREIN TS (De
Deyn et al. 2003) .

4. MO L RRIED IR BIERC G- 2 558

BB ZRWN UERE T 2R (h—R> >V
27 carbon sink) & UL CORKERE L., REZKH T % HE
HE (51—R > — A carbon source) & L T DE&HE
RO, IREWUNAEE, Mi—RAEENR TR 2
TENTED, FRARICBWTHBY %A 0ET Y
(EFEHEMEINS ) O YEIEERICE T 5 5%
AL DBIRIC DN TR Z S DM TTONT E 7o, B
B2 ThEL, KEAEE GO EERRZME TS
D) EBRRNICEEN DS IFE. EFEED

BfFmM A%, 2) EREEDOZERIENEIING 21
o THREENEINT 5., 3) RFZERIN A7 — )L O BN
WKPEWEZ RO RIS 5. T ENHSMIC
7% > TW5% (Cardinale et al. 2011, Tablel) . A% T,
B ERRRICB W TEYOEZHMENIREF/ERE ED
X BBBRICHZDOMNITDONT, KEDWIN & &HHE.
BHGEBRICHD I TE D B,

4 — 1. REBNB LKUCERICB T 2ENBLTVREADS
RIEDTE

FEPNE A I K > CBERBRBEET 20, %
DHESNZMAZ DR K > THIE B, (> TH DRk
oo LR BRI R 2R KIEL XD & LG E.
WREREDENESE | ~ 2 A2 EATHET S M
BLORMICEZS, COXSGHYDOLRENE L RE
WINB L UOEM (M XEEEREBXUBEEINEEE
LTHWSND ) ICBT B E0E. BAFESREROMIE D
TR TVEAREERZHODICHIAEENTE 2, Xk,
BMRSERE. —REICEHBERIC R 2 72, BAL
RROFHEZIML THL T LA HERD S,
S5O TCEETHD, TTTAMTIE, TELTH
iR RER TIT D NI fFZEH 2 /T L. RO TR
R TIHONIZHRIC OV TN LTV,

Tablel T TICHAE &N C & 7SR & PRIFBIC IS  ERER 7 02 AOBIRIE DL T O
RRGAEE N T E Tt XFFOAELMI
EREH DR & D& S IR OIHR L LIS 5D ?
INTOMDFKRIEEADIUFRZD TS SR SR
TRTOMOIKIE I EFETIC X 2 AR EZWINT 23R 2T EE 5 SR SR
INTODEREG —RAEERLZ D EE S COASES
TR BAZEMNCE L DR, WHIIIE & D BOIE CHENROOMN?
RO MRS TR E < 75 5 IHE IS % S
ZRRPED RN RIS ZERI A — VINA L 75 2 ISHEN I 2 SCRF
—RUEFEB DL ) 2 =3RBSRI S DI ?
—REPEE DZRRIEENNT 2 ISHEN D R AN S % COARES

Cardinale et al., 2011 X O —fHM LTz, MRS O

|Bulletin of FFPRI, Vol.12, No.1, 2013
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HHNUCEH L TR ERD S E TH 21T ERE
I - BREOBEENENEWVS IIERREMESNTWY
% (Tilman et al. 1996, Flombaum and Sala 2008) , /%
RIAZT7OEFE (A7 v 7)) TOWWEMETIE, WY
T D ZERPED @V E & RFRWINEED & o To (b B

D — XA FERDEEN ) (Flombaum and Sala 2008) .
C ORI, MYz A T2 BRFEBRK O T2 A
PEDEWHEERX T, KX & HAMAETIE X D EZ A
HEOENERMAE T, ZNTFIURRRINGED Eh > Tz,
MWV OFEBNSETHS L=y FIRDMIEEDR LW
o M TERN R NE & . REBINA G E ST EAD
N3, TNICNA THEBR ZEL N LHEAERERTIE.
AR E N2 WY DI O BRI IE L T Wi o 72 T
ER. D FIRNENDICIE D B FEEE VR
PRETHD LV HERICK > T, BREERKLD
EEFEMEDMED S TZATREME DS R E N TV 5,

RSN 7hadz HO 72BN CORERBR T, Ml
VORI Z W& E RO EFR S A A< AW L5
UMHAIERD R DV R E NG, EEREE D E v
CA R > ERZFI AN FED GV~ ARAEY) 2 B I hn
A DI K > T, WY ZFHT 5 77EOZHMED
BHEMHERBIN TS (Tilman et al. 1996, 1997) .
FEYIRERL & R FZRUN - EREEREIC IEOHBN R 5N S
AHNZALIZDONTIE, ERHRIC DOV TEAHIET
H 5 E DDA TER R I ZFF TN TS (Hector
et al. 1999, Loreau and Hector 2001) , ¥4$ 525k Cld
LS NZEN DRV &R S N7zl T o R
ThadT Lo kfiliRidd 2H. MBOLEZNH
(UNEIE SN ﬁﬁ%ﬁi%?\]@%ﬁ%ﬁi@%ﬁﬁ’@ F AR B D
135 DIRFEWIN - EEMEEEICRITTEENREVT L
Mo T E7 (Hooper and Vitousek 1997, Hector et
al. 1999, Diaz and Cabido 2001, Petchey and Gaston
2002) .

CCETEH EENAA AT RICEH L TERLD, M
P T EICERE L TIRFEZERLTWVWS, £C T
9[%@%EZK$§ET BT B HYFEDZ R & TR

REZEEBOBBREA TN T LICT B, HARET
Li\ i FESEIFROY A L RIS, MY ORI
HTHOEEYREE S IEOHBENDZ L b T3
(Tilman et al. 2002) , %7z, Fornara & Tilman (2008)
MI2EMICDo T 2FEB TR, MEHEEZO
EDITINZ, WYOREK, KIS AR OFENMT
HMEFRICEELTWVWBZ ENHLNI AT, LM
LAEWS, WMOZREDREDOM T IFHIRICK > T
BT M REMEN TS T7% < (Spehn et al.
2005) . HEPI O ZREMEIEH DN A A < X0 L EHEY) O
BMEREICEELTOVENEWVIWEL H D (Gastine
et al. 2003) . T LEHELHERISE LN TRV,
T, TEROAEEYIERORERICH LTI, Y
ORI ERT 2 & LEEMEHERD D ZH

(Steinbeiss et al. 2008, De Deyn et al. 2009) , EiARE
ENSARABEE TR AT T, YV EZ—DCN
HRROBFEN EORED 2 00 )7 Vi L O R
OFEBEIODEEETH S L LT E H 5 (Zhang
etal. 2011) » TOX D ICHITFIICERE NTKFERIC
FUTHPIOLHEENED KL S RFEERZLTVS
M DV TIIIARE RSN E S N TR,

TOXIICEALERATIEFEHAN T AL L

FEBDRFEWIN & BRI KR ERLEZ RIET T AR
ENDODH BN, HMEERTIEES A 5H, Hbk
WM OREE 2 4T BIR D, NA 4 < AW
EHLTVREAERZ WV, fil 2, H EHBFEEN
HfEmakic b siazhsd e, V2 I TE 13
%. RAFOEFTIE 21% ERNMEZ & B0, BT
13 75-84%., MMM Tl 81-85% TR L H W HEZ & %
(Jobbagy and Jackson 2000) , % C THARARER LH
BRiC, Hh FERBIfFE R, MBI = ORI WY O 2 bk
e DEREALZDLICT S, BMADHEDEE S &K
ZIrmE L OMICE., EOHBEMNDZ EEZLNTH
% (Thompson et al. 2009) , Kale and Roy (2012) &
A Y RHRRERIC D Z IR A E 25 19 O RY)
2 & EIRIK 29 7 CARAREY) O R 2 BRI &l — K
ApEmDORGRZHAN, FMZERME MR EERDOIED
FEZHS M Lz, TSI ARMEYITHZ T 2
Y 7/ F Acacia catechu 7z G T 4 N A~
ADBEINED 65% 772 HdTH O, ok EEE D@
WY OFILE LRI —REERZIME T TV,
COXDICHMARDM—REERZIREIESZ7HIC
WBEETHD LELESIZBRNTVWDS, £z N THKTE,
R N B — X 0 & B RR ALY 2 W0 T DV 0 ) B R S
Nl #EhH % (Erskine et al. 2006, Piotto
2008, Ruiz-Jaen and Potvin 2011) , TDH B, 14 D
WEZEFHHNT X U T A Zfi##T 7217 - 7z Piotto (2008) 1.
HREEHIIC K 2 RENROTENELETH S &
ZiML TV

TOES YA LNV OWIZED 5IX, HKER-ESR
BT EMEYIOREZ R &M — R EER DI ED
BB RIS S N5 —A . EE O MU T KIS 72 Ehig
U7 B3 Y OB Z bR & fll—RAEFER DB D
BRI RIEAME O H Tl B DOMHBIBRIC, HSEE
DERETZ MK TIIEOERICES T ENRESTN
TW % (Costanza et al. 2007) , YA ~ A — )L kil
WA= TlEpIT LERUMRETIEI A>Tz &
5, BEAT—=IVOED PN EELILETH %,
FEYIREE D ZERIN IR A R E T2 & APV AT — )V TE
BINRKENTENDH D, /3 <D San Lorenzo EHIZR
BN DI IR T, BT T < RN D ZE [ iE
& i S E R OB 2 L T Wiz (Ruiz-Jaen and
Potvin 2010) . X7Z[FA UL /NP DOHEMTIE. D
B S BB OHEMNIE AN TR TR E iz b,

PRSI 55 12 % 1 &, 2013 ]
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JR AWK T BHHE Tld 7% D o 7z (Ruiz-Jaen and Potvin
2011) o TOXIBEHMRE A THOZEE, FAEKRTIE
WICHBDNRENCH 2 T DFEIC K2 2 LI <
W EDEMIT, REMTON T N LTI RAEMIC
FERNTEZRBIE DD o Te Te D EREE 21T 2 MY D
ZREEDOMEDIRBENRT o L FERTH A
IER/EINT VD, . HBRZREKT % BRI
T EDBFRDZMNE L L (Kirby and Potvin 2007) .
BFRIEIMAO NG BFEIC K 2 BN RE VD,
MAOMEZEEZHENET Y2 THONI IR
—RAE LIS W ZDiz8, flikbic X 2 2 HEPEH M
(enrichment planting) A FEIFHE Z IS & 58081
DT, BRI LEHRTESDI TRV LICH
BIRETH D, BARMEMGEHS T A I DI 2
L—yarvhbd, BEOREBRICHT 2 KD
HIEMENRB I N TV (Bunker et al. 2005) . fEHE
KON RIE, BILRICTERENTEHGEMRTEEDENT
W3, Wardle et al (2012) (&, HE¥ DO FERER & B EL#%
DEL L, ROV TNOREZEMRICE Y
BreRFLTWnwad bzml, BELZORRZELE &
Elc, REZRFLTOLSFEOBRNENE A 7729
WKRAARALZ LIS DEFHHL TV S, LI
50T, T FEHB LT ERRERDRE
EHE X EOMBEZRUZN, i EMEFE A
DOHEZR LTz, TOHEHRE L TE, HEHEOKE M
BHRLTVWEEDEINTWVDS, M EiEER
EOMICIEOMBEMNR L NEZWEEDOHHE L TIET
DiFMcE, HABRMRE TR AL —IUREEDKR
ERT T, WYDORBRIINGED AR ENE X
5N TV 5 (Waide et al. 1999, Mittlebach et al. 2001)
COXIICHFEMERRTEIMEZRIEX D & HHAKDT
MEXOEETHBREMENERENDDH B M. W
BN DTGz T DR EE R %,
CTETRWYDOZINE L REBHOMEFREZATE
Te. W TR WY & HRIBIRIC & 2 1 D 2 hk
PEE, WP L EFRICEEZRIET EE X
5EN%, BIRFERHZFEONT T 7E, #HEPY Y
LW el o EIC AT ZMGT 5 2 & TH
WS4 A< ADOEMZRET 20, DX KEME
TEHRTE WO Z M %Z /79 (Hobbie and Hobbie
2006, van der Heijden et al. 2008, Yamashita et al.
2012) o HWAREOMZERMEDEINC N L T, WOBIF
HOWEMEROBFROWANFIFHCEC D 2k L
THEFREZZ Lo WIMEEL H 5D (Baxter
and Dighton 2001) . it '~ &> | &8 D B A7 & AV 1
mUzzfle %2 < #is TN T3 (van der Heijden et
al. 1998, Maherali and Klironomos 2007, Wagg et al.
2011) o THIFHOMBMIEIMT I LN > T, ¥
BICEDRINDM TNzl eEZENS, AN
ICHZ &, BIREOZERMEN WY O FEHFEIC KR

|Bulletin of FFPRI, Vol.12, No.1, 2013

ETAHZALE LT, BIRIE & AR R O/
MV TWB T b > TS (Wagg et al. 2011)
LA LEEE Y & FBICHREE Z O ENMEIC L 5
THEZEZ L, FW—MNTEEKT & I8 TRIGEIERR
HARREROZEMNKE VD, ERICHWTZEKD
FHEIC K > THERDPRRZAEEENH 5 T L ICHE
THELILEND % (Munkvold et al. 2004) ,

i RERICHER T 243 Z N AN D B KB
BICHKL TWd, 9 5bbEMBE MM NSA A< R
B 5251 THEL, WRIAZFDE DN TIER
e UTH RSB ICIF S N5, MYORICBIT ST
EREEETH 2 AM FRFEOF KR, TP DK
FEHDOWN4 —5%ICHTBEEZS5NTHD (Rilling
et al. 2001) , WEEER7Z T THEIRBEMICBNT
EHRMAERBRRTEE RS ZH 2L TW5 (Rilling
2004) » TP ORFRBEOZHIENEMTZIC LIz 5
T, THAEBY O FHEE MU, ERARE N
T3 EMEBINITRENT VS (Setild and McLean
2004)

4 = 2. REMHBICBITBEYZRRMEDIRE]

IHZRE NICH S T ICHRE D@ OHRMRTERE
NGB 95% RSN 5 £ TICET ZHFRIE. 24
WEWHTIE 6 5 30 4. R HEEMM T 33 4
WD 95 M MR EEABERIAMR TIE 50 ~ 150 £, Z L
TR ZEAT AR S SER AR TUE 100 50 5 300 EfEJE & &
N3 (KM 1971) . MIEEEMIEIIADE =, BH
Vo T HEHMIC KA WHMER Z2 005, R
NI TFUTICEOBICHENICETHRENS (2
2012) o TOEYIC X B 7 EIE 2 B EEBER & W5,
HAMSEMZEMMBEHER R EN -2 L, -
WCARMIBGHEN D RZHES . KAV OKIE Lo —
A, NIV —A, VT v eV R REDY)
HTHEREIN TV, Eba—2AEtAIk)ba— 2
ZHEHOESIK, V&7 /=LA OES
KTHH., TNEREFCNTTUTICK > TORE
N3, ZOLDFEEBHEHERICBOTHEHESNNI T U
EFRERREZHS TR E VWA 5, M ERERICE
WTIE, — R EFEY D 90 %3k < 1A B E 2 EICHIH X
Nadem BEEERANEZND % 728 (Cebrian
1999) . D fREOKREZ R L T < T &idREMH
DMEERIAT 25 A TEETH S,

ITRRICHB T 2 EMZ R & RF ML OBIFRIE. &
HREMOBE LN, KOEMTH S, £ THIER
B oOZE, nMETHZ8Y EHHEOZEE. &
E TR DL RENE (D FRICBE D B LR LY E
FALEEOHH LD T3 ) I TlEid s, V&
—ICEENSMEERY. & ITHYEEDOREDZ kR
Pk & ORI X, AR ERBEFEIRINE N
TWaL (Naeem et al. 1994, 1995, Wardle et al. 1997,
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Mikola and Setdld 1998, Hector et al. 2000, Spehn et
al. 2005, Srivastava et al. 2009) , T N iFHhiic kK %
Sl 7 & DSRS0 fRE RS OB, R
TDILF R DEWIR E DLW - IEEY I 2
DHERNEHICEH DS 20 L HEMN X N5 (Madritch
and Cardinale 2007) , 72 Z BV ATFRIIA LKLY
BEEORKREVEYDEERNICWVS DWW, E
BT D 5 WIZ BB 2 U CRFENIC 79 i 1T R
Tl B 5 % % (Hattenschwiler and Gasser 2005,
Héttenschwiler et al. 2005) . 7z, JETH % HEY
DERRMEICTH UTHBEREE 4 ~ 6 FRENTRILT
22tt. BEOBINERHICLTWELEEZENS
(Eisenhauer et al. 2011b) ,

DIRBDZREEIC OO TIIEMEFEO Z D N
T B> T, O EE & IS 5 Bl (Dobranic and
Zak 1999, Setild and McLean 2004) | 7 fif3# % (3 3k D
9% {3 (Fukami et al. 2010) . Z{E L7z il (Dang et
al. 2005) " ENZFTNHEN TV S, ZNZFNDFERIC
DN TIEHEBRFE, BEOMHMK. #IHICESET 5
DOFEHE ERRGZHEENEZ 5N BN, FEODEINT
BICHE> THEHTESNR E W IEDEE T Tk, &
M OBRFICK2ADRELHETILTEEEAENS
(Héttenscmiler et al. 2005, Casula et al. 2006, Fukami
etal. 2010) . HEHYITEROZERMENEMT ST L
o TofREMENT2 b, 20X
GEBRMNEDLNZTVT LEH D, EHE RO EK
Wb B ELEZS5N% (Heneghan et al. 1999, Irmler
2000) , THEBEIYIE O RICR L CEBEREE 2R
TWVWaH, URX—DOEDE, MEY L OGRS
MHEDE B m 2T 5T h o EDREWE T
BEMOLZHRMETZ T THHT I LR HELNWTEAS S
(Gartner and Cardon 2004, Wall et al. 2008, Powers et
al. 2009) .

ERERIN DA E TR D Z R DN BV D ) RIS K
X952 HE TRV (Naeem et al. 1994, Hector et
al. 2000, Spehn et al. 2005, Scherer-Lorenzen 2008) .
T D 2 Bt U C L dh g Bl7e KOS IR &7
WEIHIThb, TOT LT LBEERRTIIILABEOM
DHBMEORDMD TE N &0, MR EY) R
BIERADNEBL TWa 70, ZREEORIRMBENIC
Wiz EEZ 5N TS (Setild 2002, Milcu et al.
2006) o —/ T, YD Z RIS HEY) O 4 R O
N LU TCHEROMEMIC X 2 s E) z Gk S ¢
5T ERMEEINTWS (Zak et al. 2003) , KEYI/NA
A AT BICHE . LBk pH WL %
T ETHAEYHNENT S EWVD AN A LGS
NELODOWPEICIILRFINT, UV E2—HEENER
BT ENTFBENEEZ LN (Zak et al. 2003),
TV VTITbNIEMETIE, VE—72hH) Z—7%

a2 ARDEMMN G EFENMIC X > TELAEINT
B, HERTEOMARDERHMICHO> TY X —%&1
M2 T. FFEDIEBEZE - Tz X2 =@ L7z
REMERICEZ KO WBIREZN T TVE EAGTEIN
TV 5% (Barantal et al. 2011) ., 2D &M 5H., RS
Ot ZANDOEETE BHNRNE Z NG 2 0B %D
HBHZRL TS,

Wy iRld, RAEMICEREFRZ RIS 9 % @i
ThHs, EBRRE TN T LEPORE DL 10
HIBEAMMEE R > T, ZBIERERBEZHEND S
LENEZILERES 5 LU (Setdld and McLean 2004,
Nielsen et al. 2011) » FEHFOEYZHEMEIZI N K
D ED TRV, 2 ARIC I T 2 T O E D
S MICE > T3 K I (GieBelmann et al. 2010,
Barantal et al. 2011) , A CIFREBRICBVWTHE
B E 2T BB T 2 KD BREBRDOZEED,
IREMPERICKEZREBE R 5 X 5725 5 (Allison and
Martiny 2008, Parker 2010, Nielsen et al. 2011) ,

5. MBIt L IREZMHOE= 2 VT L 5BOEY

CTETHEMZRUEDREERE ED K S HBIRIC
HBZMITDWVTHTEID, Mo & v > 72 g
B/ NE IR BB R — VI BV TR, IREZBRISH L T,
Tl D ZRRMETZT T 7% < TSRS Y A O BRI & B R
LTWBZ Wb TEz, ZEEAT—IVZ2ERL
NWVETIET B L. Mi—REENRE TV, 7T
U AR R YT B 2 L & U T BT
= (Melillo et al. 1993, Huston and Wolverton 2009,
Beer et al. 2010) o FAHFFRIE PRI /3 i IC K 2 RFE D
i E REL, EMZRRIEE RET AL &V
HmkE Wz % (Lal 2005, Strassburg et al. 2010, Malhi
2012) o BAEMRD SR IS L TR bR & ZRnt iR
MERET N T &7 (Achard et al. 2002, Niesten et al.
2002, Santilli et al. 2005 7% & ) , KB OB LD 5
. FFER EEOFMREAD A KD IRBRRA X
DHE AT DE D #l A 72 #EH Y IC X B2 9% REDD
(Reducing Emissions from Deforestation and forest
Degradation) 7’1175 LHdH 55 (KA 2010, HH -
i 2010) . HFEC O 155 Lid REDD+ & U TCHE
BTN T3, REDD+ & G &Mk - b odiilic
[RRMIR A, Fibi il RE R RMRRE B 6 K U AR MR R &
O HMMAx S5NTzE DT, EMEBHENEE S TERE
PitE  BENOEREOTHHEET LR EEZEAK
SHDBIHDOBER - iR (L—TH—F) 2t - X
g A ZHMWE T % (UNEP 2012) , EEERERT
i — R ERREE= 2D T X2 —1F 2010 D
[ SR ZE B IS D COPL6 (> 7 Y R5k) TOD
BEZSTT, 2011 4F 5 AICEY ZARMEIRE SIS T
KIG e A RS AV EREE LT ZDHART AV
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DOf} g TREDD+ A = 7 F 71 BT 2 EME Mk
Y —TH—RZEHT5DDRFENA A ] I
&, R EEMZRREDIREICER L IITAD
THH, TOTAHRFHEPREOFERZHDHEDT
BINEESHRNWT EPHRLEN TS (Epple et al.
2011) o £ NDOITARKAMOIEEFICED S &
DTRENT L, RAMEZDERERYT —EADRE
BRUOREICA T4 T 2EZZDTHEITINEZ
BEERVHELHENTVS, TOfEEHTIE. REDD+
TRy DRI KBEMEREEAND A 8T b
IKDOWTEZRY VTRV, @i LT BENR
fENTW5 (Epple et al. 2011)
TN XS BRAEMZ RN & REERZH
RRICE T 2 AN RITEH T W2 Dh %2
FELTWL 7oy, A RKEEM AT — IV TDOED
RV ITNRETH D, RMERBROKREZHHRED
#EE I iE FIcH B RN EREE LTHY SN, G
RS @A B TFEMEREN TV S M, REDD + %
T 2 GEORBICHDE L FLERIKRD S
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Topographical and geological characteristics of the landslide
induced after the 2008 Iwate-Miyagi Nairiku Earthquake
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Abstract

To investigate the landslide induced after the 2008 Iwate-Miyagi Nairiku Earthquake, we compared
aerial photographs taken immediately and 3 months after the earthquake respectively, of a portion of the
Iwai River Area and the Ichihasama River Area. We then interpreted the distribution of new landslides
and the extension of existing landslides after the earthquake. Topographical characteristics (i.e. slope
inclination) and the geology within which the new landslides occurred after the earthquake were analyzed
using GIS. The area of landslide deemed to have been induced by the earthquake due to seismic shading
comprised 3.7km’ of the Ichihasama River Area, while the figure in the Iwai River Area was 0.85km”.
However, when the extent of extension of existing landslides and new landslides having occurred within
3 months of the earthquake was calculated as a percentage of the overall landslide area in each analytical
section, the Ichihasama River Area comprised 12.3%, and the Iwai River Area 13.7%. In the Iwai River
Area, the new landslides comprised an area percentage exceeding 30% in terms of the extent of extension
of existing landslides and new landslides having occurred within 3 months of the earthquake. Conversely,
in the Inlchihasama River Area, the area percentage of new landslides was 16%. In the Iwai River Area,
the occurrence of new landslides 3 months after the earthquake tended to occur on middle-late Miocene
marine sediments and on slopes with gradient exceeding 25-35 degrees. In the Ichihasama River Area,
the occurrence of landslides immediately after the earthquake was focused on the late-Pliocene — early-
Pleistocene welded tuff and the subordinate late-Miocene — early-Pliocene lacustrine. However, the
occurrence of new landslides 3 months after the earthquake tended to occur on Tertiary andesite lava zone
and slopes of gradient exceeding 35 degrees. On the slope where the new landslides occurred, the presence
of cracks was also confirmed by the field survey. Therefore, it was suggested that the occurrence of these
cracks triggered the occurrence of new landslides after the earthquake.

Key words : 2008 Iwate-Miyagi Nairiku Earthquake, landslide, new landslide after the earthquake, geology,
slope inclination
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Fig. 2 Distribution of the landslides immediately after the earthquake,
and the extension of landslides and the occurrence of
new landslides within three months of the earthquake in
Tsukinokidaira Area, Ichinoseki City, Iwate Prefecture. These
aerophotographs (ortho images) were taken of a picture by the
Forestry Agency in June (immediately after the earthquake) and
September (during three months after the earthquake). We use
the 1/25000 topographical map (unit 10m) ‘Takahinoyama’ by
Geospatial Information Authority of Japan.
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Fig. 1 Study area. The image is a satellite image (ALOS) taken a picture of on July 2, 2008.
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Distribution of the landslides in the Iwai River Area. We use the 1/25000 topographical maps ‘Shinyuonsen’ ,
‘Takahinoyama' , ‘kurikomayama’ and ‘Hondera' by Geospatial Information Authority of Japan.
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Geology in the Iwai River Area. This geological map was made based on the Geological map of
Kurikoma geothermal area by Research group for the geological map of Kurikoma Geothermal
Area (1986). Legends are as follows; R2g: Recent upper terrace sediments, PMw: Late Miocene-
early Pliocene welded tuff, Tal: Tertiary andesite lava and intrusive rocks and so on, M1t: Late
Miocene Marine sediments (Siltstone or Sandstone, Tuff), M1a: Late Miocene Marine sediments
(Silicic Fine to Lapilli-tuff), M2l: Middle Miocene Marine sediments (Siltstone), M2m: Middle
Miocene Marine sediments (Intermediate to mafic Fine- to Lapilli-tuff)
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Fig. 5 Distribution of the landslides in the Ichihasama River Area. We use the 1/25000
topographical maps ‘Katsurazawa' , ‘Kurikomayama' , Tkusazawa' , ‘Kiridome' and
‘Hanayamako’ by Geospatial Information Authority of Japan.
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Fig. 6 Geology in the Ichihasama River Area. This geological map was made
based on the Geological map of Kurikoma geothermal area by Research
group for the geological map of Kurikoma Geothermal Area (1986).
Legends are as follows; R1g: Recent Alluvium Lower terrace sediments,
Qal: Quaternary andesite lava, PPw: Late Pliocene- early Pleistocene
welded tuff (Kitagawa welded tuff), Tal: Tertiary andesite lava and
intrusive rocks and so on, PM: Late Miocene- early Pliocene Lacustrine
sediments, M2p: Middle Miocene Marine sediments (Pumice tuff), Trl:
Tertiary rhyolite lava, Gr: Pre-Tertiary Granitic
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Fig. 7 Analysis method. We overlapped the lattice points at 10m
intervals by using ArcGIS9.3 within the analysis area, and totaled
the distribution of the landslide and geology/ slope inclination
information of each point.
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Fig. 10  Relationship between landslides and slope inclination / geology in the Iwai River Area. The lower graph: Areal
distribution in the analyzed area; the middle graph: landslide occurrence rate immediately after the earthquake
in the analyzed area; the upper graph: new landslide occurrence rate within 3 months of the earthquake in the
analyzed area. Geological legends are same as Fig. 6 and Tablel.
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Fig.11 Relationship between landslides and slope inclination / geology in the Ichihasama River Area. The explanation of
these graphs is the same as Fig. 10. Geological legends are same as Fig. 8 and Table2.
Tablel HI'E - R & OFTHIIZERAR (%) @ B 1R
Tablel New landslide incident rate of each geology and slope inclination condition: the Iwai River Area
Slope M i 0-5  5-10  10-15  15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60
PMw 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.40 0.00 0.00 0.00 0.00
= Mit 0.04 0.04 0.02 0.07 0.07 0.16 0.14 0.15 0.42 0.35 0.00 0.00
=1]
% —o Mla 0.10 0.09 0.09 0.07 0.14 0.21 0.25 0.36 0.52 0.40 0.00 0.00
o
8 M2I 0.02 0.03 0.03 0.06 0.07 0.09 0.05 0.24 0.73 0.53 0.00 0.00
M2m 0.08 0.00 0.00 0.06 0.12 0.07 0.10 0.16 0.00 0.00 0.00 0.00
Tal 0.00 0.00 0.00 0.02 0.01 0.04 0.05 0.15 0.05 0.30 0.00 0.00 I
I AL PMw : SR PHMENIBEEREKE, Mt : BERPHUEBEE (UL LS - BE - BKE) . Ma: =

RPHtRMESE (MEMR~XWERRKSE) . R B=RPHEPUEEE (L FE) |, Mn: B =R P HtIH
B (PH~ERMEER~RSRKE) | Tal : B=REZE CBE) RURASEN Y

Legend: PMw: Late Miocene- early Pliocene welded tuff, Mit: Late Miocene Marine sediments (Siltstone or
Sandstone, Tuff), Mla: Late Miocene Marine sediments (Silicic Fine to Lapilli-tuff), M2I: Middle Miocene
Marine sediments (Siltstone), M2m: Middle Miocene Marine sediments (Intermediate to mafic Fine- to
Lapilli-tuff), Tal: Tertiary andesite lava and intrusive rocks and so on,

M, RORERIFIg 12 CRFRBEORA T 5 TSRS E O FURR TRV EURE L &d

Red and yellow frame shows the zoning condition where the landslides are newly occurred in Fig.12;
Red frame: possibility that the landslides newly occurs is especially high . Yellow frame: high.
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Table2 M « {ERIEEMTC & DFRAREEFEAR (%) @ —i0) I3
Table2 New landslide incident rate of each geology and slope inclination condition: the Ichihasama River Area

M#C ). 05 510 10-15 15-20 20-25 25-30

Slope inclination

30-35 35-40 40-45 45-50 50-55 55-60 60-65

Rlg 0.00 0.00 0.00 000 000 0.34
#h Qal 0.01 001 000 0.01 002 0.04
-

Gr 000 000 000 000 002 0.00

Geology

Tal 0.00 0.06 0.08 008 005 0.16
PPw+PH  0.02 0.03 0.02 0.02 0.02 0.04

0.00 0.00 000 0.00 000 0.00 0.00
0.05 0.12 016 0.00 0.00 0.00 0.00
0.00 002 012 004 000 000 000

0.19| 0.45 0.61 1.07 078 0.00 0.00

O.OSI 0.18| 0.28 0.42 051 079 0.00

BEAM Rig: PR (FLREHERY) , Qe BAKKILE (BF) . 6r: ER=REEHEN, PPw : B=ERRH
@R~ BRI EEREE. PN EER IR~ SR, Tal - EERTLE BB

BRUBRAERGE

Legend: Rig: Recent Alluvium Lower terrace sediments, Qal: Quaternary andesite lava, Gr: Pre-Tertiary
Granitic rocks, PPw: Late Pliocene- early Pleistocene welded tuff (Kitagawa welded tuff), PM: Late
Miocene- early Pliocene Lacustrine sediments, Tal: Tertiary andesite lava and intrusive rocks and so on,

MR, RUSEfaHIFig.18a, 18b TR HRMEO R A 5 sl HEtEARHC @V BURR O UK S Ligeft

Red and yellow frame shows the zoning condition where the landslides are newly occurred in Fig.13a and 13b:
Red frame: possibility that the landslides newly occurs is especially high . Yellow frame: high.

Photo 1 #HH IO FTRIAREOTEE B TR S Nz,
& Fig2 22, BREHHIREIC DN > T b,

Photo 1 Crack found near the top of new landslide in the Iwai River
Area. Fig.2 shows the taking a picture position. The crack
reaches the new landslide.

Photo 2 Z&J+) I RIKDHTRIAIZEN T R 5 N2k, fiiEld Fig2 %2
i,

Photo2  Spring water found on the new landslide in the Iwai River Area.
Fig.2 shows the taking a picture position.
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Photo3  — &) I A DHTHEIHEEDFENTED 5N 5 R DOJELI TRE
HoNTBE (KD, HiE Fig.13b 25,

Photo3 Crack found near the new landslide in the Ichihasama River
Area (arrow). Fig.13b shows the taking a picture position.
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HiZER% 3 r HORNICIE, 1 BORIFETH 5 FHE
MEREI NIz, AEMEL TIEKSEBHNHGENT
DLk, 2008 EDHIENEL T 2 F TR AKEHFH L D0
BOHLMBOFRLIIHEIN TRV &S,
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A B3 B R I EE YR A U T e - R DSt & [
U3t CHIE DB R WIS B - 208, & LI
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Photo4  —38) IR DHHYRIEEL T IR 5 NIk (RED, friEld
Fig.13b 25,

Photo4 Spring water found on the new landslide in the Ichihasama
River Area (arrow). Fig.13b shows the taking a picture position.
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TEMNERENT WS, PM & 20D Fhilc PPw W0
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Fig.12  Zone with possibility that landslides newly occur in the Iwai River Area. We use the 1/25000 topographical maps
‘Shinyuonsen’ , ‘Takahinoyama' , kurikomayama’ and ‘Hondera' by Geospatial Information Authority of Japan.
The zoning condition is described in Tablel.
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Fig.13a  Zone with possibility that landslides newly occur in the Ichihasama River Area (upper area). We use the
1/25000 topographical maps ‘Katsurazawa’ , ‘Kurikomayama' , Tkusazawa’ , ‘Kiridome' and ‘Hanayamako' by
Geospatial Information Authority of Japan. The zoning condition is described in Table2.
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Fig.13b  Zone with possibility that landslides newly occur in the Ichihasama River Area (lower area). We use the
1/25000 topographical maps ‘Katsurazawa’ , ‘Kurikomayama' , Tkusazawa’ , Kiridome™ and ‘Hanayamako’ by
Geospatial Information Authority of Japan. The zoning condition is described in Table2.
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Effect of natural rainfall on desalination of seawater-inundated soil
in forest damaged by 2011 Heisei Sanriku Mega-tsunami
following Tohoku earthquake of the eastern Pacific coast

Kenji ONO"", Keizo HIRAT”

Abstract

The 2011 Heisei Sanriku Mega-tsunami destroyed much forest along the eastern Pacific coastline of Japan.
Remote coastal forests such as cedar (Cryptomeria japonica) that received direct tsunami impact suffered damage
from salination of forest soils resulting from seawater inundation. In our prior study, we clarified the distribution
of the salination damage in cedar forests of the Sanriku coastline, and determined causes of this damage. In the
present study, we continuously examined the progress of improvement in soil and forest floor conditions over time
in seawater-inundated forests. A, layers and understory vegetation that were completely washed away from the
forest floor by the tsunami gradually reformed and recovered owing to newly deposited litterfall and intrusion of
herbaceous plants. Increases in pH(H,0), electric conductivity (EC), and exchangeable Na" saturation percentage
in seawater-inundated soils were halted, and soil improved with time. In June 2012, these measurements in
inundated forest soils decreased to nearly the same levels as non-inundated soils. According to meteorological data
from Kamaishi automatic weather station near the experimental sites, monthly precipitation from May to August
2011 ranged from 51 to 215 mm month™, less than or equal to the average. However, in September 2011, a typhoon
dropped more than 400 mm of rain on this site in one event, which is equal to one quarter the annual precipitation.
High levels of precipitation such as in this event may efficiently remove sea salt from seawater-inundated soils.
In conclusion, the present study found an important role for natural precipitation in desalination of seawater-
inundated forest soils.

Key words : desalination, precipitation, Sugi stand, Sanriku coast, salt injury, 2011 Heisei Sanriku Mega-
tsunami, seawater inundation
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Lo EEDSIX, BITHRICB T, =kEhFEEIER
KB D A F Rz B & L. AFEIEL DR
ZHEL., TORERRZHL M L UM - FH
2012), FPEMRAK LU Tz I, WoKkERDOF ~ Y
T LAA Y (Na) NEFL, LEpH (H,0) REX
g (EC) Z EREE, Zhick b, OfFAAN
DR 7 I, @RIARDREEL & % 253 DWLINFE
E. @RBIEK NS LB OKET VY v )LOK
T CKH 1958a; b; ¢) MFERE N, R E LT Rk
KPR R O BEPHR K E Z T e AF RIS B TEED
FRIGEAL DN IRHPICFEE Lz b fam Lz OB« S
2012),

PSR D B AT U T BT AR AR 9 2 it
WIREDOEELRT 2 dic, HEiR/KHICE D
DT MERET 5 Lick > THEOLE M
DOWHEIRN 2R T 2 0 END 2, WHAEOHEMDZ
EFRERHICH 272, BIEHEEMOREICDNT
EHIERRICHEET 5 C L IEREETH D, L L. MW

BREEDE L F RN D DT, FERICK 5Bk
BN ENS, T T, AT, aTFREATIC
FBUF B A A F RIS B TR IS R L & 2 17
W RERTRRE IS A S5 A F O A EI TR T k22
DAL Z R UTes ARSI TN D OFE R 2 JC d il
WS BT B FEMIC K B BRERNRZHS MCT 5 T
EHMNE LTz,

2. MM KT L

AL A — R ECEHIED ARG AL MR S Nt
BEM & R HEMRDEE T 25T R1RE A TEEERT O
AFMTHS (JLkE39° 19.7°, HE 141° 53.8', &
10 m) (Fig. 1o 838 M1 6 &k 1+ (Bp)
(LT & 58, 1976) TH O, KJEME X E AR
BIXUOHERDEETH 2 RFNETREHIER .,
1975), BHIC R EEWVWT A XX E A (I
397162, B 1417527, BEESm) KBS
2001 40 5 2010 4E DT H4ERE K 1,677 mm/ 4T
»H o7z (KT, http://www.data.jma.go.jp/obd/stats/
etrn/index.php), ZESLIFFD 2011 4 5 AN 5 2012 4
SHETOHRBBEKES XT 1981 43 Hn 5 2011 4F
2 AL TOFEARKKEZ Fig. 21Cm L. 58,
2011 4E 3 AL 4 HIc BT 2K BIERHAREXDZ
BTRMLTVB,

2011 F 6 HICRELTET A b T 27 b EO&
HHIAICHBNT, 2011 10 HB KT 201246 Al

1. SR HIONLER] (1:25,000 E - HEEGHER (B 2 (k
X) BROTA YTl MEEOEK CFX)
Figure 1. Location of the studying sites and line transect arrangement

T HEERE A OREE (L0 - - BRRAEE - B -
HERD DA I - FIEENED A M) 5 XU AT EEED IR
ZEDRNZHBIC K > THE Uz, SHIcRE L
(0-10 cm) ZRINLTHRBW O, ke, #ARO%, L
BRI Z i UTeo —fRALAMED AT IHH 3.
+HpH (H,0), &EXUZEE (EC), BN A~
R, A A s E, RERNETH S, FEHE
DM ITiEE, /NI - (2012) & REBRICTT © 72,
2011 £ 6 H. 2011 4 11 H. 2012 6 HIC B 1) % 4
RZ2 R LT, RERIRORICHE S I DB
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Figure 2. Monthly precipitation at Kamaishi meteorological station by
AMeDAS (automated meteorological data acquisition system)
from 2001 to 2012.

Witz fas U7z,

3.HER

1) AFHEDZEERRAS K UOMKREDOREEZEL

HIEFAENS 2 7 HRD 2011 46 A 23 HICBIT 2
HH#RE T, KB LS A mofikiz
KA FHIC T BHE (BHEEORBZEL) O
AP, W KIRIEE AT I 3 L7z (Table 1),
AGRE RIS B % i/ KIR S AP X, FRIC K 2 MRIRHE
A0 Ao B DOHBERI D B IFEICHIRTH > 72,

FORGEBFRENS 7T A% Q0114410 A 11 H).
145 A% Q01246 A 1 H) DYUFZHBEKMD OHE
TiE, REZE U EEZETIROEEGNED L,
FRIEZ BT 2ROE G LTz (Table 1), 14 7 H
BOBZICTHE T, BRICHIE L Tz A FER IR
itk N0 No.7, 8 HIsSICHEP LT Wi (ZhZho
M DAERRIE 21% B XU 3%) (Table 1, Photo 1),
Z LU O FH A IS B TRESEIS B o Tk T
Holz (Table 1). Fiz. HEMEFEE 2 » HRRITIT R
KXo TABRHEEEN, WEL TN, KED
B IR BEL U AFHEENMIEL THEEL
THERE L2728, A JBIE 7 7 A1, 14 7 ABICRBIRA
IZEfE LT\ (Table 1, Photo 2). MRIEKIZEICEI L
TE., ZEEEORZICIE S MERTE DI > TH
JRICEAREZIZ LD ETHMENMRAL, KD W E
REIZ IR A 14 7 1213 2 ST 100% & 75 - 77
(Table 1),

2) £ pH (H,0). BREEE. KR4V EE.
A7 U RBRBES SUERBINEDREEL

2011 45 6 HICHRER U 7z K Bl iz i fef 2 8 118 (0 ~
10 ecm) @ pH (H,0) &, HPEARGERAT (FREGH A
1~3) Tld4.7~53ThHokh, HEIEERT &
WS4 ~7) Tld54~621C EH U (Table 2),
ZFO%, BERENS Ty ARB LU 14 ¥ HRICHE
WeREE T (BREGE 4 ~7) MR L &8 118
O pH (H,0) 34.8~59THb. EiARERENOD
+ 8 pH (H,O0) Off (43~5.0) FTIKEEELT

& 1 HEHEE AT IO R - HEDIRAE & HEEZS ORI L

Table 1. The states of forest floor, surface soil, and needle discoloration in the seawater-inundated cedar forest at Kamaishi City, Iwate

Prefecture from June 2011 to June 2012.

R Hith 55 No. 1 2 3 4 5 6 7 8
FE 34° 42° 38° 48° 38° 30° 30° 0°
EIREE i ® FUER A £l A A '
TEADEWEA i = <) <) <) <) <) 5
HECER

(114 6 BBFH) i = ®/ —HNoR X573 257 257 -

(1MEFE10ARER) i3 ® —Ho —BoRk —Hok —Ho 2% -

(124 6 ABFH) = i3 i3 3 |/ o JREDH -
ERE(2E6ABR) 17/17 12/12 14/14 9/9 6/6 6/8 3/14 1/33
TREHEE

(1% 6 AFF =) 5 F i = = = = -

(1MMEFE10ARER) " <) Fh Fh  BFEL BEN  BFEL -

(124 6 AFF =) A A ] & & &P Fh -
AE

(115 6 AFFR) ] o) ol Fh Fh Fh Fh -

(ME10AER) s} <) <) <) <) s} 2=l -

(124 6 BRF M) o) o) o) o) <) o) 5 -
HEROBEE"

(114 6 AR ) >80% >80% 70% 10% 10% 10% 5% -

(1ME10ARER) 100% 100% 80% 60% 40% 30% 30% -

(124 6 AFE M) 100% 100% 100% 100% 100% 100% 100% -
AR L% ZEL ZEL E+ E+ E+ EL ZEL B

HEROBEE" BRICLIMRIBEES S UHBERNEEOEHEE

*ERENH ANo. 8IXiEA DE I - EEY DR
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22, B AT HROZIE 1 (0-10 cm D) 1<) 2421200 pH(H,0). FBRUREEE, SHMEGA 4 VIRE, BXUBA A
SRR ORI L
Table 2. The values of pH(H,O) and the concentrations of water-soluble cations in the soil suspension of each sampling point of seawater-
inundated cedar forest at Kamaishi City, Iwate Prefecture from June 2011 to June 2012.

R Eh £ No. 1 2 3 4 5 6 7 8
FEIREE = &= HER o) e £y A ]
£ 1pH(H,0) (1:2.5=1:5K)
(1E 6 Ak =) 4.74 525 5.28 5.70 5.44 5.95 6.21 7.94
(ME10AKR) 4.61 4.44 452 5.25 5.67 5.64 5.44 8.31
(124F 6 AR R 4.61 4.33 5.00 4.82 5.88 5.89 5.89 7.40
EC (dSm™)y
(114E 6 BB M) 0.14 0.16 0.15 0.10 0.19 0.33 0.25 0.56
(ME10AKR) 0.12 0.11 0.10 0.14 0.07 0.07 0.07 0.18
(124F 6 BB M) 0.10 0.13 0.08 0.09 0.06 0.07 0.07 0.20

BEZMAE (cmol, kg '8z 1+ )*

(MFE 6ARR) 52 64 48 45 50 44 55 7
(MEFE10AFKR) 55 48 46 42 33 33 35 14
(12 6 AR R) 66 70 60 58 47 59 45 12

Z M Ca? BB (cmol, kg 87 1 )*

(114 6 BBS&) 7.2 9.7 3.0 1.2 2.1 16 6.8 48
(IME10F B 5) 10.1 56 5.4 44 15 2.0 2.2 8.9
(124 6 BB ) 9.7 115 9.1 6.3 38 5.2 2.8 7.0
M Mg? i E (cmol, kg '8z 1)+
(114 6 BB ) 1.9 338 18 14 22 2.2 6.5 3.0
(110 AR &) 23 15 2.1 1.6 1.4 1.7 1.3 15
(1245 6 B BS &) 2.8 42 25 45 32 33 35 34

ZHMENa R E (cmol, kg '8 £ )

(114 6 BB ) 0.11 0.44 1.74 1.77 2.80 3.37 6.81 3.40
(10 AR &) 0.13 0.08 0.04 1.39 0.78 1.0 0.39 2.05
(124 6 BB &) 0.14 0.23 0.10 0.58 1.23 0.78 0.91 2.01

MK = E (cmol, kg '8z £ )+
(114 6 BB ) 0.32 0.53 0.46 0.47 0.55 0.59 0.65 0.55
(MFE10A B R) 0.22 0.23 0.24 0.19 0.22 0.34 0.46 1.07
(124 6 BB ) 0.30 0.51 0.30 0.61 0.73 0.36 1.04 0.64

A3 14 Ca? B R0 FE (%) (=32 2 f4 Ca®*/CEC*100)

(114 6 BB ) 14 15 6 3 4 3 13 68

(MFE10A B R) 18 11 12 11 5 6 6 63

(124 6 BB ) 15 16 15 11 8 9 6 58
A MgZ BRI EE (%) (= x#ﬁ’&MgZ*/CEmeO)

(114 6 BB &) 6 4 3 4 5 12 43

(ME10F B 5) 4 3 4 4 4 5 4 10

(124 6 BB ) 4 6 4 8 7 6 8 28

A Na B F B (%) (=32 #2 14 Na'/CEC*100)

(14 6 BB &) 0.2 0.7 3.7 40 5.6 76 12.5 48
(E10F B 5) 0.2 0.2 0.1 33 23 3.1 1.1 15
(124F 6 BB &) 0.2 0.3 0.2 1.0 26 1.3 2.0 17

KRR E (%) (=3 2 1£K'/CECX100)

(114 6 BB &) 0.6 0.8 1.0 1.1 1.1 1.3 1.2 7.8
(110 AR &) 0.4 05 05 05 0.7 1.0 13 76
(124F 6 BB A) 0.4 0.7 05 1.0 16 0.6 2.3 53

S8 E BTN (%) (=3 1 Ca?", Mg®*, Na*, K*/CEC)

(1ME 6 AR 18 23 15 1" 15 17 38 167
(1MEFE10ABR) 23 15 17 18 12 15 12 95
(124 6 ABE &) 20 23 20 21 19 16 18 108
157K B H A
peechik

*EREUH No. 81X BN DB (EN IR EY DR
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G 1 EOE R GEatiiIEX, 2012 48 6 Hi)
Photo 1. Distant view of the study site.

WEWEDO, RFRFEICHE S TR R L TWiz (Table
2), g HHEIX N HER (BREUHA 8) @ pH (H,0)
F74~83%Z L. WIERE 14y ARICBVLWTE S
Wi Z R U7 (Table 2), A EER & O FRECL 72
%Ei%@%’fﬂﬁ%ﬁi (EC) 1. 2011 4£ 6 4T 0.10
~033dSm' THoh, HEHE 147 AR
0.1 dS m"' L FDffiZz R L7z (Table 2), HERDIHE & D
DOWICBVTE, KRHEFEICK S EC DK TFAHED
Nz,

2011 45 6 H DI 0D HE I 3 3 & i 38 1 2 A8 #u
Na" #1513 1.8 ~ 6.8 cmol, kg #2+7#/R L., B A
AT 0.1 ~ 1.7 cmol, kg ¥+ b U THR KT 60
fFEREN-T, L L., TN5OHILDOR M Na®
BRI & & BT R L, BEIRKE 14 7 HiRIC
B 0.6 ~1.2cmol kg' #Z L&KL, ThHOfE
E 2011 6 ADMHICH LI KTE 4B DL N)VET
i R U7 (Table 2), HERDIC ISV T H HRERIFEICHES
ZHUE Na" BEEOMK N EiRd 5Nz, — /T, Na' %
R < 2k Ca™, Mg™. KT BIE B K UR A A Vs iis
2 (CEC) iFZhZ*hn12~10.1, 1.4~6.5, 0.2~
1.0, XV 33~ 70 cmol, kg 2+ & FRHEREU ]
DU TEFDPALNTZE DD, HIFIR/KDOE D
AR RFDEWIC X % 2E RS B NEh > 7 (Table
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HHE 2 HREK 14 7 A O SRR RORE - (Bamhfs T
JEHIX, 2012 4E 6 AfE)
Photo 2. Forest conditions 14 months after seawater inundation with the
Heisei Tohoku Massive Tsunami.

2), ¥, HERYD CECIZDWTIE 7~ 14 cmol, kg
st BEHIEBICHARZFL KW EZRL T2,
SRR X 2PN T 11 ~ 38% OFipICH
o> 7z (Table 2), HEABIEGEFTIC B 5 2R AR
ED 6~ 8ENXAZHME Ca I L TWize — .
I BE R AT B8O T 2011 4F 6 A id s et Ca™
ERZME Na” BRI R EIcTF S5 LTk (&
BIC 2~ 4 BIROFHGH) M, KEHofE e L i
i?ﬁ'&’[ﬁ Na' BEME R Uzl sd 14 r Atk
BN OFEGRI 1HLURTHO, — TR
?ﬁ‘ T Ca” DHFLGRIIIHUND THETH > o, HP
BKIC K D E/KESE D Na* OB R 2 X+
BBV T, BRI & & &1k E Na" D21
BT LT EHHS D &> 7 (Table 2),

4 %T\

1) B DREBITH SRR K AT HICH T 2 MRERE
DEAL

ZRI ORI D K 5 & — K7 iKIREIC K 2 HE
W&, HEA O R T B R AT NSRS A 9 % 1 Y 7 A
PotEREFICEDISLEENTVS CKH, 1958a),
2011 4 6 HIC Z s fm X C17 - 72 i & T
FRIIR KR T 1 2 PR CHERS & N7z B IEZE (S A 8 A
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W AGRIE S ATIC RIS~ LT D (Table 1), ##
WIRKICEBEEICEKLEZEDTHS T EHHSH
Lot ORI - FH, 2012), F/2. 2011 4 10 H.
1246 HDOBHAETIE, YZ%BEEM2DZ DR
BEHFHICBOTHREBEC L HELZ T OB EGH
WAL, BEEZHTZROEEHEMLTED, #K
ERICHEEL O LI AFAEDO—ERIEMIEIC X TEDS
FICH IR ERME T TAEK L Tz (Table 1),
— 5. R FE ORI No. 8 TIE & U 7ok
ML, #ileaREZEETTICMEICE ST AF
AAEDEER & N 7=hY (Table 1, Photo 1), T i, #
TR T At T FE R T KR E % (2011 42 6 A)
ICBIT B HEAD KD mIREOEFER (Table 2) I
EHRLEZEDTHAD,

MIREREEIC DWW T, 2011 4F 6 AR THIC K D
HEE, MEINTOR AJEE. KFEORKEE LB
AL U Te AFSHEMNRIE L THE L THERE L 7272
O, 77 A%, 14 7 AR 4% L (Table
1, Photo 2), &7z, HEZOPLZDOREMKICKD
MRIRDYEREE & 2L LTz T2 8, BURIC K b se T i
UIHR UTeMRIRRIAE & BEASHDR A IS K D TR A4S A8
U PRER O 9 78 2 (X AR 25l 50T 100% 1253 U 7z (Table
Do Mazakbttid BHE s 30° DL EoSUsEBHc A E S
% (Table 1) A, HHFIC X D B & N2 MR BE A ]
BL. MIKOBELED 100% Lik->7z2 Lickb, W
HHERICXZRE, ELHCOoBZNREKEINTZE
DELHFEIN B,

2) FBRWKE AT MICH T B TIBEEORERBE
KIS PES BRI X b BAE L Lo EIC
HUT, B R Tk, KR OMER., Tk
BMORH. #hk - #r b, #ARROM T, K - 5
KOO IRLIC K B OV LA L, LEOHE{b
PR BRI UCE IS e BRIBIEE D FHE N T RET H %
(BMOKPES BAHRILR , 2011, LHLAEDN S, bk
DZ L IIHM . BMORENES TrVAMRHICH
B8, HIESSEM T A AR IC BRI E T B T
CIRWHETH B, LI > THEMNES O RN
N2, ZT T, FFREREEITHE S H I H M T8
MrE=_21) 7L, BKkaELOEFRL D HRFEKIC
KBRS RIS DOV THRRET L T2,
THEOMZEHICE L T—MOEHE TIE. 2011 46
HOR i T /KIZIE D BN R < R 5N TV Teh,
R OB E L BICZDOREBEIHRACETFTLTWE
(Table 2), T bbb, 2011 £ 6 HlIcHBWTIE. Hik
FEE T TR L 7z L8 o pH (H,0) ° EC, %
PENa" IS IE. BPECRBELERTO HEICHANTREWD
ETH o Teh, 2011 4 10 H LI O F A Tl i AR F]
BEEFOLX)VICEAEELTOWEVEHE D728 D
D HEAE R IR % 7R U 7z (Table 2) . 580 pH(H,0).

EC DX Fid. st Z2 29 %, DO hHKICH L
TEWIARMEZET % Na" B LED SRAICTAR. BR
HENC LICERLEEDTH %,

HAOHMKTHE T, ZHEHEEEDOGHRE — K
IZ Ca*"™>Mg” >K ' >Na' DIETH % ({H, 1989),
2011 4F 6 HDOWf I B THIEIC K> Th b TN
WKk O Na™ D HEICEBNICER L Tz &ick
D, RIS O TR O R HME Na" IBEEm <. -
B OEEINT AW L Tz (Table 2, /N -
SEH, 2012) UL, TS5 O Na IR O &
ERICRARICTIEBN SR, BRiEE e, L
W OEEINT V ANUEEE N, /KIRIER DIREEIC
HINTWB T ENERENT (Table 2), ThHD
FEAIE. RS R O H I O T LRk
REMNEHZLEE ., HRFAEZENTH 2 (HHKE
B FZRAUIIER, 2012), &35, HIKEREIOH
W PO EICBE VTR, WL THEES TS -
U LD EEAPICEAFE LT 0, (HIIEEZE - ’=
¥ WgLaT , 2012),

Bt W THEEN KL D 5 B RAFTMIFED
—DIC, Na' flgfiifE (CEC IR 23 Na” & D E|
BTRLEDLD) DB, —MRic, RETEEICEWT
&, Na' BIRIEDN 15% ZiZ % & O EL A IAREIC
THEINTWVWDS (HfE, 2012), RO 1O
Na' S E X /KIZEEZ O 2011 46 AR R TE X
15% %zt A 2 Eirid s <. Bttt BHETIE MO
N X)W THol (Table 2), LHLEMNE, AF
FEEROESMICR LTl TV E TN TS (R
fil, 1976), ZD7z&, i+ 50 EHE T IR E O K
WLANIVTEAFEHIEDOLE LW S T THERENHEEL
U ONEF -« FH, 2012), MEGIC Na’ 81 O & >
Te®tfie FEE (His No. 8) BV TIFMIEICE - 72
EDEHEREINS (Photo 1), L7z o T, AL HE
Wik, Bt hEOREEZZOXEHEATEHILIETE
VA TR

FEKIFBRIBICKELEHFLETEHLEAZDBN D, Ridl&
HiCEREL T A X ZAZHBIMAAT (L 39° 16.2',
WA 141° 527, @ sSm) OF—&lckb &, AF
B AR O FIgERIKEE 1,677 mm/ £ TH 25 (K
5 J7 , http://www.data.jma.go.jp/obd/stats/etrn/index.
php)o HIKLIE D HAIFE K& IX, 2011 4 5 A& 215
mm OFKNBH >z DD, 6 AMS 8 HlchiF T
51~75mm/ A CTHEW TH -7 (Fig. 2)o LML, 9
AT 2 LR 23EEM 15 51k KNIk > T
437 mm/ HDOENMNH > 7z (Fig. 2)o T HUE FHEFER
IKED 25% sBICIEHT 5, —BEMNICKD b E NI
Bk & SRS 2 &0 2011 49 A 20 Hili O &R
15 FIHE S Bk DY Y 5% et Bith oD e 4 SR T IR D BRI
KRKELHFEGLIZEDEEDN S,

HBHROZ IFRERMTH O WEZZT TP
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SRR U TR AR ORREEEZ T C & I3
HTHBH, KEICET ZHEBEHESEMLEOE= X
VY ZHREICKD . BREBEORNICHES LHENMSD
HARHEKIC K o T, EH S TS LU TRIBEDO AR
NHENZ T ENHASH Lo o, Al HITIR
KGR FIch B AFHTH o Tz, BIIRKEZ
e BRIE. T LIk E» o ¢t <.
T RIS O H NS JA KITERAL T % 7 1<y Z2 Hk
ELEMRENRTDH %, lREKOEIH, BEICHT T,
HEE SR D T DAL 2 R . DRk IC |
ZRZYVTT B LT, 5B LB AEOSEEIR
REAFRFIBR L TV T EDEETH S,

AMEDZFITICH 20 . HFRMERN > 2 —

FEES RO RS I TF IS 38 HH AR RIS I BABRHE D B E
RBMRITE EOMER L LI &bl W e Wi, ST AT
BUEANSRMIS G UIZE AT s 2 i B 7 RIS AT
FUC BT BRI, ZBRE BN TERES
ThzTAW, £, Az ®H5IChHiz>T
& HNATBOE NI B WTIER RS A R LR
BpFEEE. PR R I By B E . CiREZTE
Wiee TNHDFRICELIEHDOEEZET 5,

ARWFZEIE. RRIKEE & R 23 4F [ 87 72 75 IR MROK
B 7 HHE 3 97 B 52 T 5 it BE 7 5 2K B R IS T o A
FHEW THESE U 7o i R MR DR A N G O SEREATE & iR
K] B R UHRMBREMEEE BT 0y o
7 b THHARKES THE U Tz o1& BLE T o &
Eibl Itz DTH %,

CORUOHBH THIE SN LI,
REEWHL LT 5,

IRVAORSES)
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Soil conditions in coastal pine forests damaged by
the Heisei-Sanriku Mega-tsunami following Tohoku Earthquake
along the eastern Pacific coast of Japan 2011

Kenji ONO"", Katsunori NAKAMURA", Nagaharu TANAKA?,
Hitomi FURUSAWA?, Keizo HIRAT?

Abstract

We analyzed the seawater-inundated forest soils that are typically dominated by Japanese black and red pine
along the eastern Pacific coastline of Japan to evaluate the influence of seawater inundation from the 2011 Heisei-
Sanriku Mega-tsunami on coastal forest soils. Seawater inundation from the tsunami brought the following
distinctive changes to the morphology of coastal forest soils: 1) complete washout of the litter layer and understory
vegetation from forest floors, 2) deposited sea sand on forest floors, and 3) buried A (2A) horizons under sea sand
deposits. Also, seawater inundation caused extreme incremental changes to the soil pH(H,O) in 2A horizons
with a large amount of humic substrates. Original values of the soil pH(H,O) in surface A horizons are primarily
acidic because of an abundance of humified organic acids in soil. Thus, soil pH(H,O) in upper layers is generally
acidic and that in lower layers is neutral or basic. Seawater inundation and the sea sand deposits on coastal forest
soils carried a large influx of strong base cations, which neutralized organic acids in the humus-rich A horizons
and eventually caused an increase in the soil pH(H,0). Before the Mega-tsunami, surface A horizons contained
rhizospheres, which are areas of active symbiosis between mycorrhiza and roots. Therefore, the incremental
changes of soil pH(H,0) in the 2A horizons caused by the tsunami may strongly affect the microenvironments of
the rhizospheres and in turn cause severe damages, including needle discoloration, debilitation, droop, and finally
death, to broad areas of pine forests along the eastern Pacific coastline. Other measures of soil chemistry (e.g.,
electric conductivity, exchangeable cation content) were little changed after seawater inundation because coastal
forest soils are classified as sand-rich immature soils. In conclusion, reforestation efforts in seawater-inundated
forest along the Pacific coastal areas affected by the tsunami will require continued soil chemistry monitoring
and rehabilitation.

Key words : Reforestation, coastal pine forest, the Heisei-Sanriku Maga-tsunami, seawater inundation, soil
pH(H,0), rhizosphere
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Soil conditions in coastal pine forests damaged by the Heisei-Sanriku Mega-tsunami
following Tohoku Earthquake along the eastern Pacific coast of Japan 2011
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Figure 1. Studying sites in the present study.
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Photo 1. Coastal pine forests affected by the Heisei-Sanriku Mega-tsunami following Tohoku Earthquake along the eastern Pacific coast

of Japan 2011.
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HH 2 BaRife 2 T~ Y ot (R AR ST 2011 4F 10 A fieE
Photo 2. Soil profiles of the coastal pine forests affected by the Heisei-Sanriku Mega-tsunami
following Tohoku Earthquake along the eastern Pacific coast of Japan 2011

TAEDEIEDIRE > Tz,
Photo 3. Forest floor of the coastal pine forests affected by the Heisei-Sanriku Mega-tsunami following Tohoku Earthquake
along the eastern Pacific coast of Japan 2011.
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Effect of snow cover on the deep-seated landslide occurred on the head slope of
Dozou-sawa River triggered by the 2008 Iwate-Miyagi Nairiku Earthquake

IﬁmmuDAE&UHWiWMmuMURAKAMWf
Yasuhiro OGAWA" and Akiko KAWAKAMI?

Abstract

We illustrated the deep-seated landslide occurrence on the eastern slope of Mt. Higashi-Kurikoma
triggered by the 2008 June Iwate-Miyagi Nairiku Earthquake based on field survey, interpretation of aerial
photographs and DEM analysis using GIS. The landslide initiated on the east facing convex slope of Mt.
Higashi-kurikoma at ca. 1300m asl. The remnant vegetation and snow pack indicate that the slope below
1250m was not subjected to significant erosion by the landslide because of the protection of snow cover.
Many small organic debris consists of bush-covered topsoil and the trimmed Sasa grassland suggest that
a full depth snow avalanche has occurred before the deep-seated landslide. Snow will be one of the
important factor controlling the movement of deep-seated landslides in Japanese snowy mountains, where
snow cover duration reach to half of a year.

Key words : deep-seated landslide, snow cover, snow avalanche, airbone LiDAR, DEM
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Fig. 1 Topography of the head slope of Dozousawa River
Relief shade image derived from the 10 mesh DEM
(GISMAP Terrain; Hokkaido-Chizu Co. Ltd.) was
overlayerd with the GSI 1/25000 map.
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Fig. 2 Aerial photograph of the head slope of Dozousawa
River.
Aerial photograph taken by GSI in 1976 was
orthorectified and overlayed with the GSI 1/25,000
map. The red lines indicate bare ground occurred
by the earthquake.
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Photo 1 The landslide occurred on the head slope of
Dozousawa River, taken by Miyagi Prefecture in
15 June 2008.
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Photo 2 The Dozousawa landslide on 25 June 2009.
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Fig. 3 Landslide occurred on the head slope of Dozousawa River
a)Ortho photo taken on 15 June 2008 (by Tohoku Regional Forest Office); b) Landscape at 15 June 2008;
¢) Ortho photo taken in September 2008; d) Distributions of the remnant snowpack, patchy vegetation

and sites with lowering reached 1 m between
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Photo 3 Altered andesite lava underlying the surface
gravel layer. Photo 4 View upslope from the uppermost Dozousawa
channel to the landslide scarp, taken on 25 June 2009.
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Photo 5 Remnant snow patches on the Dozousawa

Landslide on 14 may 2009.
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Fig. 4 Degradation between 1976 and September 2008
calculated from DEM
The red line marks the outline of the bare ground
and the pale blue line indicates the estimated
denudation area. The line X-Y is the location of the
cross section (Fig. 5).
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Fig. 5 Cross section of the head slope of Dozousawa
River before and after the earthquake
The location is shown in Fig. 4.

FiA R FRRHET DRI 2009 4F 6 1 25 H .

HI6
Photo 6 View of the opposite slope on 25 June 2009.
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Photo 7 Organic debris derived from vegetation root mat
found on the toe slope of the landslide, indicating
that the landslide was accompanied by full depth
snow avalanche (taken on 25 June 2009).
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Photo 9 Snow-clipped bushland found on snow avalanche
field on 25 June 2009.
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Fig. 6 Development of the Dozousawa Landslide.
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Feature of building structure and problem under construction
about FFPRI model wooden house (case study house)

Hisataka KOBAYASHI"", Shuzo SUEYOSHI“3 Kenichi SUGIMOTO",
Masaki HARADA", Takeshi MORIKAWA" and Seiitiro UKYO"

Abstract

The model wooden house was constructed by applying the research of various wooden materials and
technicses that the FFPRI had done. The purpose of the experiment is to verify the performance change
in the material for a long term in the house, and to obtain the information to develop a new material. The
problem at the work has been extracted. The procedure for measurement in the house was verified and the
experimental data keeps being accumulated.

Key words : case study house, wooden house, material performance, building frame performance,
deterioration measures, habitat vibration, psychology characteristic, residence comfort, and indoor air quality
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