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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 ONOY", 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 (Crypfomeria 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,O), 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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2011 4F 3 HICHAE Lz sty A Epemhitizic & b
KRR IC KRB AV SR U, YR bh 2 B & 8 7,
X, KEWKIC X BER, HIEDRIEL EOEE
IR R SN TSR IC IR B X TR T
5. BREEE &b ICEHEN KRBT 5 EENEEL
Uk, EEBIE. AATRICBOT, ZHEREEEE
KB D 2 F MBS L. ARSHEL O DR
BEEL. TOREEEEHED M L UM - T
2012), HEWAEA LT HHICIE, dEkERDF R
Y LAAY (Na') HPERL, £ pH (H,0) DEXK
EHE (EC) 2 ERE¥E, Thickb. OBAA
DBEI T RIN, OBIABE & T 5 35 ORI
. OBBLE FICES HEROKRT VY v LOIE
T KM 1958a; b; o) BFEEE N, &R LT, Hit
KRR O B R R R T2 A I BT EED
B RGP Lis L L ONE - P4F
2012),

MR SRR D AR I B U T I IR IS T S B i
WEEOFEEHRT 5o, BB B
B HEEMRERET S C LIk > THBOEMN
DHERFE BT 208D D 5, BHEOHMD S
CRABEMMICD B0, BEBESHOREIC DN
EHMERICERT 5 LREBTH S, LHL, HF

BESOE LT BRPHZ0T, BHIC X5
ENRENG, 2T T, ARTE. BFREAHI
BT B B RS R BRI 5 TR R\ B A B 1T
V., BRSBTS A B OWEEITIRG R + B P
DENEE LTz, AWIRE T IS O EE HICE
W BT BEFIC K B RENRERSICT B T
LEREE Ui,

2. iREM B KON

A E—RmE L THEORBEMAERE N
WEMRE REEMDNEET 2AFREGHBEEIO
AFMTH S (397 19.7, B 141° 53.8', 1Z
B 10 m) (Fig. D, LB EEEBAZRMAL By
(T x5%8,1976) Thb., KEBMEIXERHHEREY
BIUOHERDOEETH S (REEHITHREHER,
1975), #HBHIC B ELEWT X F AE /B
397 162, KR 1417 527, EES5m) kB3
2001 FEA 5 2010 FEOEIGFERFKEX 1,677 mm/ FT
B ol (K&T, hitp://www.data.jma.go.jp/obd/stats/
etrn/index.php), BXDED 2011 £ 5 AL 5 2012 4F
SHETOARBKES LU 1981 F£3 A5 2011 £
2 A% TOFEARBRKEE Fig. 2 105 Lz, &35,
2011 £ 3 H, 4 Rt B 2R/KBEREARREXDOE
BTRALTVS,

2011 4E6 AICHRELTEZA VI N EORHA
FHDICBNT, 2001 F10 B KT 201246 HIC

1. FAEHOMTER (1:25,000 E PR K () 28) (&
K BXUETAY Iy MNEEEOBERK (FRD
Figure 1. Location of the studying sites and line transect arrangement

TERBRSOKE (LM% - L@ - MREE - B -
MR OFRE - BEFEORE) BXUAFHEDRE
ZORHZEHIC K> THE L, EHICKRBLE
(0-10 cm) ZIREXLTHRBIRO . Folie, FAROR, £
BO—RICEMEZ 7 Uiz, —RALZEO I HIEB R,
T pH (H,0), EXEEE (EC). KR4 >
RE, BrArtae, BREENETSHZ, KHEE
Do AEE. NP (2012) EREBRICITO T
2011 £ 6 A, 2011 5 11 A, 2012 F 6 Al B 5 45
RZHB U T, RS H S BRSO RS

BB OTTTBIZRIRE B 12 % 1 2, 2013]
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Figure 2. Monthly precipitation at Kamaishi meteorological station by
AMeDAS (automated meteorological data acquisition system)
from 2001 to 2012.

Kl zmat Uiz,

3.HER

1) AFHEOEERAS KUMKREBRBEOREZL

BIEREENS 2y ABD 2011 £ 6 A 23 BT 5
BHFAETE., KMBBCHEH LEEGTREREORNE
KBTI A FMRIC BT 2EE (HEOKRBLE) O
EETEIE. BWAKREEFTICHEREIC—E L (Table 1),
RFHEHIC BT 2 KR BRI, HEIC K S MKRME
ER A BOHEIRA D S IEEICHETH - 2,

ZOB%EERENS T ¥ A% Q011410 A 11 A).
147 A% (20124F 6 A 1 H) OUBTLWIEMD ORE
T, REBEELLEHELZET 2RO ENED L.
REZETHRHOENENEM LT (Table 1), 14 ¥ A
BOBRICBVWT., BEICHIEL TV AFEEITH
i TED No.7, SHIFICEFT LTV (FRFNOD
B R DEHERIT 21% BEX T 3%) (Table 1, Photo 1),
FNLUANORHER LI B THIBICE > HEEEHE T
Bolz (Table 1), F£7z. BIERA2 ¥y ARICIEEY
EE->TARBRREEN, WELTWEEDN, KD
BB HKRBENMLEATHENEL TEEL
THRB LUz, AJBR 7 7B, 14 7 AR B4
ICE1E L T/ (Table 1, Photo 2), MKPRAEAICEAL
TH. ZEHEOHEICE S HREOZ(IC > TH
RICEREZ I UDH ETHEENBA L, HMEOBE
BIEEERE 14 7y ABICWEZSHET100% &ixo 1
(Table 1),

2) L pH (H,0). EXGEE. XHERB14 2 EBE.
GA T o RBRBES JUEEANEDREZL

2011 FE 6 AlcHEB Uz RBGEERELE (0~
10 cm) @ pH (H,0) &, HFERILEEFT (B S
1~3) Tid4.7~53THozh, BIEIEEHR (B
B4 ~7) TI35.4~621C FE U (Table 2),
FD%. BERENS T ¥ABRBXU 14 ¥ ARl
WELERER (REME4~7) hoBEWMLEEELIE
DpH (H0) & 4.8~59THb, BIEKIEERD
+4 pH (H,0) Off (4.3 ~50) ETICEEHELT

= L RS R SRR D RIE TR OIRAE & I DRI L
Table 1. The states of forest floor, surface soil, and needle discoloration in the seawater-inundated cedar forest at Kamaishi City, Twate

Prefecture from June 2011 to June 2012.

FRHERHE 5 No. 3 4 5 6 7 g
NE 34° 42° 38° 48° 38° 30° 30° 0°
BIEBIE 3 & FUER A " Eo] A )
TEADEWEA 3 3 " A A " ) <
HEOER

(114 6 AR S) i 3 &= —EHOK =05 =X 57 57 -

(1ME10AREH) = # oKk —HoE —Ho —HoR =05 -

(12%F 6 A H) &= 3 3 Ei3 Z& —Hok REOHK -
$BE(12F6 BB S) 17/17 12/12 14/14 9/9 6/6 6/8 3/14 1/33
TEEE

(11E 6 RS " =1 i i i3 Ei3 " -

(11EF10AKR) 2= H Fh T EFEh BEhL EFEh -

(124F 6 AR ) " " " & v P Fh -
AiE

(ME 6 ARER) =) A " = Fh Fh Fh -

(1EFE10A K S) H A == A A A =] -

(125 6 ABFR) == £l " " 2=l A | -
WERDHEE"

(114E 6 BB ) >80% >80% 70% 10% 10% 10% 5% -

(1MEE10ARS) 100% 100% 80% 60% 40% 30% 30% -

(124F 6 BB ) 100% 100% 100% 100% 100% 100% 100% -
AE T Bt EL BT Bt E1 EL EL b

HEOHBE" BRICLINRELERLUEBERYES O U BEE

LB RNo. 8IZIBA DE TN HENEFY DR
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72 2. B AFHRORTGIE (0-10 cm P KB BE T pHHO), BEBREEE. ZEEG A4 VilE, BXURRA4 Y
ORI
Table 2. The values of pH(H,0) and the concentrations of water-soluble cations in the soil suspension of each sampling point of seawater-
inundated cedar forest at Kamaishi City, [wate Prefecture from June 2011 to June 2012.

2 Eh & No. 1 2 3 4 5 6 7 8
HREE = & HOER =) £ ) =) 5
H1pH(H,0) (1:2.5=1:5K)
(114 6 A BEE) 474 5.25 528 5.70 5.44 595 6.21 7.94
(110 AR ) 4,61 4.44 452 525 567 5.64 5.44 8.31
(124F 6 AR E) 461 433 5.00 4.82 5.88 5.89 5.89 7.40
EC (dSm™y
(114 6 AR ) 0.14 0.16 0.15 0.10 0.19 0.33 0.25 0.56
(1110 A RF &) 0.12 0.1 0.10 0.14 0.07 0.07 0.07 0.18
(124 6 AR ) 0.10 0.13 0.08 0.09 0.06 0.07 0.07 0.20

ERZHMAE (cmol, kg8 )™

(MFE 6ARR) 52 64 48 45 50 44 55 7
(ME10AK ) 55 48 46 42 33 33 35 14
(125 6 Ak RD 66 70 60 58 47 59 45 12

ZHMECa” B E (cmol, kg8 1 )

(114F 6 BBF &) 7.2 9.7 30 1.2 2.1 16 6.8 48

(IME10 B E) 10.1 56 54 44 15 20 2.2 89

(124 6 B BEA) 97 115 9.1 6.3 38 52 2.8 7.0
THMEMGZ R IE (cmol, kg )

(114 6 A H) 1.9 3.8 18 14 22 22 6.5 3.0

1E10 AR E) 23 15 2.1 16 14 17 13 15

(124 6 HBs ) 28 42 25 45 3.2 33 35 34
ZHENA B E (cmol, kg '8 1)+

(114 6 ABs &) 0.11 0.44 1.74 1.77 2.80 3.37 6.81 3.40

(ME10FBE) 0.13 0.08 0.04 1.39 0.78 1.0 0.39 2.05

(124F 6 BB ) 0.14 0.23 0.10 0.58 123 0.78 0.91 2.01
FHIEKRE (cmol, kg'# 1)+

(114E 6 BB &) 0.32 0.53 0.46 0.47 0.55 0.59 0.65 0.55

(110 AR S) 0.22 0.23 0.24 0.19 0.22 0.34 0.46 1.07

(124F 6 B BES) 0.30 0.51 0.30 0.61 0.73 0.36 1.04 0.64
3 1% Ca? B FN FE (%) (=32 # 14 Ca?*/CEC* 100)

(114E 6 B BF &) 14 15 6 3 4 3 13 68

(1E10ARKE) 18 11 12 11 5 6 6 63

(125 6 AR &) 15 16 15 11 8 9 6 58
32 H P Mo B 0 FEE (%) (=32 #2 1% Mg /CEC < 100)

(ME AR 4 6 4 3 4 5 12 43

(MFE10AS) 4 3 4 4 4 5 4 10

(124 6 BB S) 4 6 4 8 7 6 8 28
ZHAENa R E (%) (=32 ] ENa’/CEC*100)

(114 6 FBFS) 0.2 0.7 3.7 40 5.6 76 12,5 48

(114E10 A E) 0.2 0.2 0.1 33 23 3.1 14 15

(124F 6 A RS S) 0.2 03 0.2 1.0 26 13 2.0 17
L KRR B (%) (=3 #1EKT/CEC*100)

(14 6 A &) 0.6 08 1.0 1.1 11 13 12 7.8

(ME10 AR E) 0.4 05 05 05 0.7 1.0 13 176

(124F 6 BB ) 0.4 0.7 0.5 1.0 16 0.6 23 53

SIEHEMINE (%) (=X EECa, Mg™", Na*, K'/CEC)

(MEF 6AlR) 18 23 15 11 15 17 38 167
(MEFE10RBR) 23 15 17 18 12 15 12 95
(124 6 BBES) 20 23 20 21 19 16 18 108
15K EE
“peechik

*REH ENo. SIS D BTN HBEY DR

BRI S 5 12 % 1 5,2013]
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HEL 1. R EsT (@hjﬁﬁg‘# EJEMIX, 2012 4E 6 Hﬁs’z“"”)
Photo 1. Distant view of the study site.

WEWE DD, RS S TR FL TWiz (Table
2), W SEIENTHER (BREGR 8) © pH (H,0)
& 7.4~83% L., BERE 14y HRICEVTE S
WEZ /R U7z (Table 2), HIEREREAT & D HILL 72
EETEOBELKMLEERE (EC) 1. 2011 46 H T 0.10
~033dSm’ THoH, FEHEFLE 14 ’Tﬁf(ﬁkbi
0.1 dS m"' LU RDEZE R L7 (Table 2), HERPIE O
DRICBNTE., KHEBEBEICKS EC @1&7\‘75‘;3&)6
Nz,

2011 2 6 H DRF R ORI FEEFTIC BT 5 58 H ik
Na' #4503 1.8 ~ 6.8 cmol, kg #2H &R U, HIEAT
SEBATD 0.1 ~ 1.7 cmol, ke 8 +12 b L TR AT 60
fEEREN-TZ, UL, ZN5OHIE DL HM: Na'
BERRMEE EBIKETL, BREKE 14 7 HRRIC
BW0.6~12cmol kg’ LA /RLTZ, ThSDH
F 2011 F 6 HDMEICH UL K TE4EDLNIVET
X F L7z (Table 2), HEWDICHBWT & RERIRGBICHES

L Na” BEOMK NididbNniz, —/5 T, Na' Z
k< Z2Hatk Ca™, Mg*'. KT IBEB X UMBA 4 VA
#w (CEC) BWZFhZh12~101, 1.4~6.5, 02~
1.0, BXT 33~ 70 cmol, kg # 1+ & . FRHREE
R TEHA AL NTZE DD, HIIRIKD A ED
HAAEHRFOEWNICK % EZEIZFED SNEN -7z (Table
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Photo 2. Forest conditions 14 months after seawater inundation with the
Heisei Tohoku Massive Tsunami.

2), ¥, HE D CECIZDWVW T 7~ 14 cmol, kg
Htl, RELBICHANZELIBEWEZRL
PIREAAE X AR T 11 ~ 38% OHIMICH
o7z (Table 2), FECRBIEREFTIC BT 5 AN
BED 6~ 8 E &Stk Ca® LCEE@LTD?’CO S
ﬁ‘?ﬁKULhﬁﬁﬁ KBV T 2011 4F 6 AICIZ 3k Ca™*
M Na" D EICEBEBENECEFS LTV (&
%Lc_ 28~ 4BBOFLER) A, KHOKEE LI
R Na" IRIEME T Ui /e DI BIERE 14 7 Hi%
WIS Na" OFESRIZ 1ELUITTHD, —ATR
B Ca ODFLERIZENS TEHEBTH > Tz B
RAKIC K D H/KHRD Na™ OB ziEd 2z &8+
BlcB VT, KlRE & & & ICiE/KEE Na” O8I
REIAE N L2 EDHDB M ER > Tz (Table 2),

4. B
1) BRI OZRBICH D ZEHKE X FMITE T H2MARE
DZEAL,

SO KD K S Iz — R R /KIREIC K 5 HE
. REA BRI EEMS NIRRT B BN &
MoEEREFICE D EENTWS CKH, 1958a),
2011 4 6 HiIc AR TIT> & T,
PR KE ST A F R THERE S N7z S EL (are AR i pH
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WK BEBERTICHEBIC—HRLTEBD (Table 1), &
BRAKCXZEECERLZEDTHB T EHHELD
Elxolz UNE - EH, 2012), £i2. 2011 £ 10 A.
12 6 HDBMHFAETIZ, BEEXMKsDE L DOH
BRI BOTHRBELLEHEEET S HOEED
BAOL, BREZEITHROEEN/HEMLTH ., B
ERICHEZALURAFEERO—HBIMFEICETEDS
FTIHFRIREEHES R TERL T Wiz (Table 1),
—7. #ER FEOREM A No. 8§ TREB L /23
MREL. FiltGRELZEETTICHELESERF
MEDFEZR E N/=H (Table 1, Photo 1), THhix. &
T FER T i I e R T KIREE R (2011 F£6 A)
CBTBLTENOXDFREDOEEER (Table 2) I
ERLEZEDTHAS,

MERERBEIC DWW TIX, 2011 4F 6 AR CHEIKICKD
HEE, MEITN TV A B, BEOKBE 28I
FBER L AFHENHIEL THE U THRBE L
SO, 77 A%, 147 ABICZ R LICEE L7 (Table
1, Photo 2), £7z, HELBRZOFMEREICXD
MERDNEELEL Uz, BEICEIDRLICHESE
LIHRLUEMKREA L EABEORAI X D RALICEHE
U MEOHBE X 2AEM S T 100% 123 L 7z (Table
Do YUZBtISED 30° U Eoa@EsHhichiiEd
% (Table 1) », HEFIC XD BEINMEREESE
BL. MIKOBBEN100% Ao Licdb. M
HERBICESREE. BELRTCOBFNIEREINES
DEHFEENS,

) MK AFMICHS T 2L BIEEOWERB
KEWRICHES EEEBECIORE LT BOEE
U T, BRI T, PKREOME, TiEK
EBMomA., #iE -t BAUBEORK T, #EKk - B
KDOBOIRLICKBEH»OWw R LEE, TEBOHE( L
FHERERBICHT RIBFEEOEBENRIGETH S
(BMKESBHIRER , 201D, LA LAaNRS, &k
DELIIENY., EMOREBNBER THRVRMERMICH
57, BEESHTIEIEMAERICREREBIT S C
CIERETH D, Lizho> THEMBESOESIFE
N3, 22T, FEEBEICHES BEH MO T ELE
HrEZZY T, BKEE OBGEN S BRREKIC
KB BREEICDWVTRE L 72,
TEHOEZERICELT—HOEE TIE, 201146
AORETH/KREBEOHELNBIBDEN TV,
REOREL LEICZFOEEIBRLIKKETLT WV
(Table 2), §bbB, 2011 E6 AlcBWLTIE., B
BIEBACTHERL7ELEODpH (H,0) ® EC. 35
PENa" BEIZ. BECRBEEFO LB TREY
ETHoT=h, 2011 £ 10 H LI DFAE TIXEEART
EEFOLANVICEEELTVWAEVEELED 7280
O BRK TEM % 7R U 7z (Table 2), 10 pH(H,0) .

ECOE T, MmBEEEZE2T 5, MOoLBEKIIHL
TEWAREZET 5 Na” BLEL SRLICER. B
BENELICERLEEEDTH 5,

HAOHZEMIEBETR, THEEEOZTEET —K
K Ca®™> Mg” >K">Na" DIETH % ({H, 1989),
2011 6 HORERICBWTHEICE>TE b E N
MEKHERD Na" D LIBICHERICERML T T LICK
. ABRHMSDOTEPOREME N BEIZEL, £
BHROIEENS  AHEL Tz (Table 2, /NE -
FF,2012), UL, THSDONa ZEREOREBE
ELELRRICTENDOEBEH., MBIz b,
BHOBENS YADNREBE N, HKREROIREIC
EDNTWB T LR E N (Table 2), ThbHD
R BEESEEMOEETIBEOP T E Bk
RIEMARKFZTEE, BRRKZERTHS (EHE
B - R=ERAWER, 2012), &8, BkRECE
WHETE OB LBV T, WA HNTEREDF
U LATEPICEELRT VL, (BEHEERE - B=
EWIZERT, 2012),

BHTBICBWTEZENEC D 5 2RATMEEZED
—DIZ, Na' 82f1E (CEC X9 %38t Na" EDE|
BTCRLELD) b5, —Ric. BHTBICBNT
k. Na' BEFIED 15% 2@ % % & THEOBE(LAIHRIC
HBREENTVS (Mg, 2012), ARBK#oO LB
Na" S IXEKIZEERD 2011 £ 6 ARRTE X
15% 2B 2 EFida <. B HEOEETIIMED
ML)V THoTz (Table 2), L LSS, AF
BEEPFOBEBDIIH L TBMDTHFEEINTVS (K
M, 1976), ZDizs, B LBOEECIIHEDE
WLNIVTEAFHEOERE L VS B TEENEILL
U CNEF - SEH, 2012), MigIC Na™ BEFIEOE D -
Te@mes T8 (MR No. 8) KBV TEHMEEKE-> -
LEDEHEERENS (Photo 1), Lih> T, HMLE
X, BT BOEEEZZOEEHEATAC LI TE
A4

BRKIIRBILKRELFET R LEZ NS, AR
MICREF T AXZAEZHBPIF (L& 39° 16.2°,
B 1417 527, BE5m) DOF—Rickse, BF
BEaHMEOFHERKEX 1,677 mm/ ETH B (K
% T, http://www.data.jma.go.jp/obd/stats/etrn/index.
php)o HIELIE D AR /KEX, 2011 £ 5 A1k 215
mm DREKBIBH -T2 DD, 6 A S 8 AICHIF TR
51~75mm/ A CTERTH-o 7z (Fig. 2)o LHL. 9
AlCZ2EER2ZFFRI5BICHEIRANHICE- T
437 mm/ HDBERAH - 7z (Fig. 2). THIXFHER
IKED 25% BICIET 5, —BERICKkD &b I N
kBN SHEHEST S &, 2011 £ 9 A 20 HATHOEE
15 SITHE D Rk AN Y BXaA B oD JR R 4 SR L 3B D BRI
CRKELEELELDEREDNS,

AMOZBBERMTH D, WEZZUT B

BNRETIZABIARE 5 12% 1 5, 2013]
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KIS U T RMARORIEFEEZ KT C & IR
HTHBN, AMRICBT BEHEIEMRLEOE X
UV JRECED. BREBROBERICHS TENMSD
BRPKIC & o T BRI UTHRIEDOR
BHRoENE T ENHLNER > T, ARBRMITERR
KEE B LICHBAFHRTH o T, BIKIRKZR
e fHmiE. 5 LIBBR/KEBEREDN D T <,
YR TR O I JA RIS 5 7 1<y Z /Ul
LLIBREMTH 2, BFHOEH. HECHET T,
R SR D LB DL 2 R, D DRERERYICE
ZRZVYTTET LT, SROTBOMEEOUER
BEMBHEEL T EDVEBEETH S,

AREORITICH =D, BFEMERM Y 2 —f
Z9ER  ROMA B FCIF OFIC 3 A 9648 R 1 R B oD 3%
REMAIEZEORAZ LI TER R W, Wi
BUE NS A MRATERILE T BHETRICEAH
RICBT 2L, ZERFHNRELBVTEZRES
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