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Database construction and multi-model prediction of radiocesium dynamics in
Fukushima forests
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The majority of the area contaminated by the Fukushima nuclear power plant
accident is covered with forests. The radiocesium deposited on forests migrates within the forest
ecosystems. In this study, we collated data about radiocesium dynamics in forests and constructed a
database. Also, we developed and parameterized two radionuclide models for forest ecosystems (RIFEL
and FoRothCs) and predicted the future dynamics of radiocesium within forests. We further combined
the temporal simulation with spatial datasets and built a prediction map for wood contamination.



# X C—19, F-19—-1, Z—19, CK—19 (G#)

1. WFFEBRAA S W) DT

(1) 2011 4E 3 A, BERMEZ 5| &I H B IEEF R 1 3 EBAT S S aER Sz i o
L7z, 5% ST HIR DK 7 ENIFRARTH 0 VRO Mgt o B i o 202 & B 15 Y
PRATH D, HRITHET LI e v v 23, SN TOSHNZEL L TN Z L3 b
NTRY, FEEZEOBIIZBWTHHRMRNOEREITIENEE L 72 5,

(2) LUt MBS OBl ST — 20, ENAAORIREERE, 1TBO®
EELT 2 TR EIUELIELICHRESINTEY, FLFEH-TSHRTEIHLONR 0o T-,

Fo F o) TAVERBICEAKE SN ETFTVITE L BDAFRERIREICH -T2 5H 0
BEEGEOBNT — 4% %2, TNV EE B THRAICHIT T 2FE0R3 A2 LTz,

2. WtoHBY

PLEDOE RN G ., AFRITZLLT O BEEZE L TiThii,

(1) PhEOZEBIE, 2011 FLRICBN SN =T — X ZRKRIVERIL LT — 4 X— 2 %
RS D, ZTOTFT—HX—A% X FEFTT 5,

(2) 7 =2 R=R & A ZfRHT OFER & O TEE ORI > 7 ZBIRETHIE 7L O
RKENTA=ZREEIT D,

(3) TFARMELES 5 = L2 L0 | TF LOMEID &5 AHEN b 30 b o Bkt
YU LAOBETHEZRY - JKBTT O,

(4) LT — 2 R_R—2A 5 F—F T 7 ADTFT—FZ_X—2 L LTA LTV,

G)BRERLIEETN AT TY—RAa— RNz TY 7 b7 =TI LTAR L., fhOFZEE
DR TERL LB, SBMROLEZNTIEEZ 20 LILVARWFERED S REIRIL SR,
FIEICETADBHATE D LT =0 A 71T 5,

3. Wt Ak

(1) \BEOKIYEE > T ABUHT — &2 DS ST 5 2l S0 L UME T FE o WS E,
Web ODE=FY I ERES LT, T—ERXN—ALERE L, T—F =20, FHLRLTE
EEEL, A 7a )T MO BV ERH L, T — & _X—RI20E, SCHE SR MLEE SR,
BAROBIEG#R (MREORIFEZ2 &) . it EE > 7 AEHR (REMLOBNMNEEHTZY OB T A
BEBIOHEMNEREO - O 7 AE&ERZORIERE) Z AL TWL R, MLEF®RNG ., SN
T—=EANLELNDRIECHEAKE, MM =2 ) L TOT—INANTEDL LT L,

(2) FoRothCs &7 NI 2 AR A LT O =2 V) v 5 — » IR0 5 — = 7
Z{To7lz, RIFEL £FLIROL R SEECHAE L, #i&E2HMRet L, SRS 5 7
CEBEEIToT, £, MMREET LV E2#AAGDYE, MO U AREZIROVNZ D XD
\Z L7z, £D1k, FoRothCs ET /L EARRIC, BRMBREMEFTOETE=HF ) VI T—H TFa—=
VT EAToT, WEDOET NV EHNT, FHik 20 R O@E O Cs A TR L=, RIFEL
ETNVOBNEMERET=F ) V7T =5 LEDSGT — 5 LAE DR, R TOBM F O
PiCs BED~ v TR L=,

4. WFFERE

(1) F—H_X—2DE5

R LT T — 2 _R— 2%, 13RO E 3B WMORFEE 1 >0V =7 FOE=FY L TF
—ANBIE L, L o— FEITK 16500 ML 72 o 7=, WER&E L CTIE, BT — Z A3 13800 4.,
AL RPN —=F =2 0K 3800 fibleote (BB La—RCkoTi, BELA UMY
— DWW G OF =2 &FD), BET—XICE LT, Bk, T, 8, EoZollTiztn®
Fu. K 8600 JH., 4600 s, 200 s, 3000 fi&7poTz, B, AENIKMEALEM A IS5 L LT
1,\7331/\0

BIART — ZIZOWTHTERNNICHHRTZE ZAREN—F L FDMEe )X, =Y, a)rT7DT—
AN notz, LinL, HERAKE LTEEZRaFTZICEL UL, 206 O EERBFEOF TIX
T =R NI T,

(2) A X fRAT

BoNTRET 2%, MZEKTE=2) o I bEoNRIEERETCER/L L, EFLRE
(Normalized concentration) Z EFL/BIFED L EBNLIT KT L TR D 7=, EFILIREIZTSHZ & T,
BB EREOHI CRONTZT = b IRV S Z &R TE B,
EHULREORMPZLITENIC L > TR o 72, BIZITAFICEH L TATHAD E, AFXDEE
DIEFIREE TR 2 R 7203, S OREIIMEEEm Z R~ L, 20X 9I1T, <07
— X EED T, EFLBEEL LTHEETHZE T, L0 BRMEOHIBEOHRENIA LN E 7R



ST, T=HRXR—ADHESE L X X EMTIE. Nottingham K% (¥E) @ George Shaw . ANDRA
({L) @ Yves Thiry itz TAFA 7027 DA U R—OEEZIT RN BT 72,

(3) FoRothCs BT /LD LT X —HIRTE
FENLBREEAFZEHT CRHZE L 72 FoRothCs &7 /L Tl IR D F AL D B B IR FE % X — A T4
**Ij\?@fﬁ(ﬁﬂi% R E v I 2 b— N5, SEAOEET B{L'@%ﬁ{ﬁ'ﬁ L OEA— & —
WP TEW () BDH DD, ETNDIRT A — &&m@ WZIREERAE L DG AERH -7,
T, BEEZHPEANHAET, BEEEEEEH L’C%@f—ﬁ%{%’f?; =T DORRIZL
Approximate Bayesian computation GEELA XEHE) HEE2EH LI Z A, ETLO/NT XA
—55%&%3&%52}% BN DPRE TR DONT —< AN E LT (5. ERBERCEDOM
55 (D Nishina et al. 2018), EF /L =— KX Github repository TR L7,

(4) BRI RIFEL EFAB L OEFTIC L D T
MR AEFIET DT o TWDE=H Y 7 A FOF —HITk LT, RIFEL 7 V&5 L7z,
RIFEL 5 /WIE, BAAEHZY OBRHMEMEEZY 2 2L — 725D THLR, BHMOME
%Tw%ﬁﬁAbﬁé LT, MEWE L CEERBME OB EE Y AREEZ I 2 b
— MA[RRIC L7z, £72A4 U P F LD RIFEL 7 /MITH—BIfEZ X RIC LTV E R, EEDOE=
5’)/7“&4’ b, TR EER & I LIERSINRE L TV, F0ED, ETAEKRE L,
c BEERBTE A RIS TE D X DI Lz, T OMER, B Z L IR 7225 86 ok
*Tz/r7A{%ﬁ@ﬁ#F’EjE’jﬁMﬁ:%h%ﬂE&ﬁ} CHBTAZENTET,
AR« aFT - Ty OFEEHE 20 FOBM RO PCs RETHEZRT (K1),
KEVA FENENDY A N TRTG A= REEITHTZ, KELEMT D)+,
1=z

JUAHA B

W 457

LT, HBEVENLBRNAFXFOZENZENORFRINZEL ZRIFEICRBLTE T 5,
A) Z¥/Cedar

B) a7 7/0ak C) 7Hh=/Pine

107
T
10
T
107

. Kawauchi._ ..

107
‘
107

107

T

~QO
D
> O
o)

Otama

107
T
107
T

Nomalized conc. (m%kg™")
[
Nomalized conc. (mzkg 1)
107

Nomalized conc. (m?kg ™)
9]
9]
Q
o
(D
O

107°
‘

10°
T

05
[T

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Time (year) Time (year) Time (year)

X 1: B SN2 IERBRE & Filhk 20 F0 ERCREOE T /LT
(5) #HEET NV (wATET ) TH

FHEDOAXOBRM O Vs OREEE
RIFEl & FoRothCs CltEGL7= (X 2), Wik

107
]

BAIE

DET IV TRE 21T DY, FoRothCs 5
JUIZRIFEL ET VLD HFFROBE Z (KD
THILTWA, HFIZKEF A o THEIT

FoRothCs =T /LD 1 4 —F —FREK N,
F 72 RIFEL &7 /LD J7 RRFE 2L A3/ N & 9

-7,

(6) JRIE T

RIFEl EF VORI E =) 75
—ABIOH A~y T EREA L, BT
BiCs JRETHl~ » 7 Z2ERR LT (K 3), iz
BE=4 Y 7 OfRBEIEEIL 250m Th DM,
T~ v 7 OMEEE L 1km TH Y | HikeHE
BHZAXHDO T I 2 Lb—3 g ViR TKIE
IREERNZ 2 T HRORERZ Y CTidd TRl

10° 107
| |

1074
|

~ RIFE1 (Otama)
- - RIFE1 (Kawauchi)
— FoRothCs(Otama)

- = FoRothCs(Kawauchi)

Normalized conc. (m2kg™")

107°
|

\Otama obs.

H-Kawauchi obs.

I
10 15 20

Time (year)

[%] 2: RIFE1 & FoRothCs T & A A X Duppf

D s PRPETH

(IEARE# )

FAToT-e ZEHFYV (VR EZREDIZ) OTFREITHI 2D, AFITKREY A FoORER, =
IV A FOFERZH W, M1 DX oz T TITEE FENHERTZD, ~v 7 ET
b VR LIRS OO 43 A U C IR E S IR ICHI R L TN D, F OB KITHFIC 10 4E B £ TTRE L,

TR LEESE LTI, AEnmmm@f@ﬁéﬂéﬁwkﬁ\

VN, FE T BUERICIEIE UHLR
AUE TOBLRINBH] 505

BibZ b b,
EMMETHDH, LinL, ZDXEDIZ

TloTWnA L9

EEEOBRMRD 3T S - &
‘ﬁﬁ%ﬁkﬁﬁf%ﬁmﬁﬁ#“ﬁﬁé Ebdd, F2Z

[F] CAf - RIRREE OMILE & TH > THREN

<~y M TH LT,

Ab. =227 EENE R DR £ PR S -
SROBMEREERZ D 5 A TH



Otz iRt T,

Coupled weetation map

H 0- 1Bgkg™
H 1- 10Bgkg™
0 10- 50 Bqkg™'
m 50-100 Bq kg™’
1 100-500 Bq kg™’
W 500- Bqgkg™'

31 BT PICs ORREETH] (FlE OFH)

(7 79~ —F

MREif R, 2 BOEEES Ry AR LT (5. ERBRHLE (o)), Ry
?Afﬁ\mMWE%W%%%mwaﬁotcit\IWE%ﬁ%%®7m9I&b
(WMMMD®U~%V7ﬁw~74E%%7ﬁw—°k£ﬁ&%%bk?~&&~x%ﬁm
HARDHENRT — 2 2 WiE LIz, V=BT 2EESA/IC3 ., BATI TR -HHEE!
2[E, T4 — IR ARESEIC 1@8%Ltoﬁﬁﬂﬁﬁ%é%%%¢?@éo

<SR SCHk >

@O Hashimoto S. et al. (2012) The total amounts of radioactively contaminated materials
in forests in Fukushima, Japan. Scientific Reports, 2:416

@ Nishina Kazuya, Hayashi Seiji (2015) Modeling radionuclide Cs and C dynamics in an
artificial forest ecosystem in Japan —FoRothCs verl.O0- Frontiers in Environmental
Science, 3:61

® Imamura, N., M. Komatsu, S. Ohashi, S. Hashimoto, et al. (2017) Temporal changes in
the radiocesium distribution in forests over the five years after the Fukushima
Daiichi Nuclear Power Plant accident. Scientific Reports, 7:8179

@ Ohashi, S. et al. (2017) Temporal trends in *'Cs concentrations in the bark, sapwood,
heartwood, and whole wood of four tree species in Japanese forests from 2011 to 2016.
Journal of Environmental Radioactivity, 178-179:335-342

® Komatsu, M. et al. (2016) Characteristics of initial deposition and behavior of
radiocesium in forest ecosystems of different locations and species affected by the
Fukushima Daiichi Nuclear Power Plant accident. Journal of Environmental
Radioactivity, 161:2-10

(® Hashimoto, S. et al. (2013) Predicted spatio—temporal dynamics of radiocesium
deposited onto forests following the Fukushima nuclear accident. Scientific Reports,
3:2564

5. EleREimE
GEEamsa) Gt 5 1)

(@D Nishina, Kazuya, Shoji Hashimoto, Naohiro Imamura, Shinta Ohashi, Masabumi Komatsu,
Shinji Kaneko, Seiji Hayashi (2018) Calibration of forest “'Cs cycling model
“"FoRothCs” via approximate Bayesian computation based on 6-year observations from
plantation forests in Fukushima. Journal of Environmental Radioactivity, Vol.
193-194:82-90, DOI: 10.1016/j. jenvrad. 2018. 09. 002

@ &7 HEAQ018) FHFITEL EEDIMHMEL LT L BIARDIE « @b HIEREICBE) (F¥

T EWHRHESEEEEZ. 7V —> « XU—, 8:10-11

d% ks CHESE, (2017) BURMEE T U ADOBMKNA~ORIIILE, KFIF, 4(61) 13-18

Imamura, Naohiro, Masabumi Komatsu, Shinta Ohashi, Shoji Hashimoto, Takuya Kajimoto,

Shinji Kaneko, Tsutomu Takano (2017) Temporal changes in the radiocesium

distribution in forests over the five years after the Fukushima Daiichi Nuclear Power

Plant accident. Scientific Reports, 7:8179, DOI: 10.1038/s41598-017-08261-x

® BA B (2016) HARNHEMEE 7 LADOREMEEIET Y 2. JATAFE 2% —F /L
4:18-23

®

(FaE) Gt 12 1)



@O Hashimoto Shoji. Imamura Naohiro, Kaneko Shinji. Komatsu Masabumi. Matsuura Toshivya.
Nishina Kazuya. Ohashi Shinta, A database on radiocesium dynamics in Fukushima,
European Geosciences Union General Assembly 2018 (JEFR5%4), 2018

@ NishinaKazuya. Hashimoto Shoji. Imamura Naohiro, Ohashi Shinta, Komatsu Masabumi.
Kaneko Shinji. Hayashi Seiji, Development and application of forest 'Cs cycling
model  “FoRothCs” , HARMIERRERLFHA R (2018) (EEEF2), 2018

@ /br HES, AT — X EHAWTEA O Z O U ARE OIS, HAR
X D2 21 [BIRE:, 2017

@ BmA BE. A48 HIK & =HE, oMe HES il B SR —ak. KiE i
K, BANICET DMt v Y A8E ®7 B R AREEE 2, 55129 Al H AR FES
£, 2018

® XiE R, ir HESE S8 EIA, %K EF, MEBIOBEFD YCs JREDORE
ZACAETA) AEFE YA MEFPEIC DWW T, 5 129 [A1 H RS RS, 2018

® &1 =HAE, SR seR, BRI R, 1‘%2& Eal, P g, HE S B X X INT=N/NN
PeAs EE{E HIW? BAR, AR BUKR, AbEs HESEL =9 R KB MR, RE ST
m% = . % . Bkl EF] %ﬁ =L @I M, RN OBIREE Y T LD

ﬁ-@ &#h@ MRS DR, |, & 128 [ B AR FEE KRS, 2017
@ WBA Bnl. 58 HEA, &7 Hu, e JES Rl @B, SR k. KB W

X, M%m kﬁém%@tv?A@m@?~&&—x% , 5128 [Al H AR RE,
2017

® /Aty HEW, EA BFE. BE (S, T=F V0T =22 AWEEAEEOZOREEE
2 NEYROENT, |, 8 128 [Al B ARHMRFEE KRS, 2017

@ B k. Ak B, TS XEHEE AW EE Cs BhEE T L7 FoRothCs” DX
T A—HZHERE, O 64 B A ARAERRTFA RS, 2017

Kaneko Shinji, Change of radiocesium contamination in the forests for five years
after the Fukushima Daiichi Nuclear Power Plant accident, IUFRO Regional Congress
for Asia and Oceania 2016 (FEFR%#EL) , 2016

@ Lem RRWL, /hRn HESEL KR #h L B AR, HKﬁ%*L@ IRICHBITHED
:ﬁki%®W%@tVWAﬁE,%6E%$M% %2, 2016

@ &1 HFE, HHEEIZ kﬁéﬁ%@cs@\ﬁkéﬁ-—wﬁ MEDOEBIZ T T TD
PUE—, HART:EEEI S KRS 2016 B KRS, 2016

(# D)
O &7 =HH(2018) FHTHPM mEFEREL BB ORI, BMSLH, Vol 60: 35.
@ 41 EF©Q017) AFIBFOFEEIZHOWVT HARICEBIT A E OFHE « 2V
— 2T HT= > T, KFIFEF. Vol6l: 1-2

E5] S N Ay NN
O F=nN/) 740 LEBEOREDLFRMROBGREL Yk E2E 25 (201846 H 5 H.,
NG @)
http://www. age. a. u—tokyo. ac. jp/wp/fgb6_180605/
@ F=nNT7A4Y)EBEOBRNLEZDHEROBEEE Y AD5% (2017 /£ 7 A
12 B, FRMBEWFFEFTIZT)
http://www. ffpri. affrc. go. jp/event/2017/20170712cesium/index—2. html

[EIBE R 778488 (TAEA) @ MODARIA 1T 7u <> = 7 h~OER (2016 4-~2019 4)
Consultancy Meeting to begin drafting the TAEA TECDOC entitled ’Environmental
behaviour of radionuclides released after the Fukushima Accident (2018 &7 ¢
— > TAEA &)

%5 3 [A] Technical meeting (2018 47 ¢ — > TAEA A&ER)
V=% I N—T 4B T T N—T 2T —F PRI E (2018 4£1@ B K)
%5 2 [A] Technical meeting (2017 4~ ¢ — > TAEA A&KER)
D—=X L T I N—T A4S T T N—T 2@ T — X Hla 6 (2017 FHE K T)
% 1[A] Technical meeting (2016 477 ¢ — > TAEA A&ER)

MEYV A HERE, BRTVET—va U F
https://gnssn. iaea. org/RTWS/modaria/Shared%20Documents/Forms/Allltems. aspx?
RootFolder=%2FRTWS%2Fmodaria%2FShared%20Documentsh2FMODARIA%2011%2FMODART A%
2011%20Working%20Groupsh2FMODARTA%2011%20WG4%20-%20Data%20for%20Impact%20As
sessment&lFolderCTID=0x0120002E96A39C44735344AFE7141A55E798A1&View=%7B8A385A
9B-3D19-46E8-9CDA-BD10A5990D6E%7D

©

NASIGICISI®

6. AFFERHRE


http://www.agc.a.u-tokyo.ac.jp/wp/fg6_180605/
http://www.ffpri.affrc.go.jp/event/2017/20170712cesium/index-2.html
https://gnssn.iaea.org/RTWS/modaria/Shared%20Documents/Forms/AllItems.aspx?RootFolder=%2FRTWS%2Fmodaria%2FShared%20Documents%2FMODARIA%20II%2FMODARIA%20II%20Working%20Groups%2FMODARIA%20II%20WG4%20-%20Data%20for%20Impact%20Assessment&FolderCTID=0x0120002E96A39C44735344AFE7141A55E798A1&View=%7B8A385A9B-3D19-46E8-9CDA-BD10A5990D6E%7D
https://gnssn.iaea.org/RTWS/modaria/Shared%20Documents/Forms/AllItems.aspx?RootFolder=%2FRTWS%2Fmodaria%2FShared%20Documents%2FMODARIA%20II%2FMODARIA%20II%20Working%20Groups%2FMODARIA%20II%20WG4%20-%20Data%20for%20Impact%20Assessment&FolderCTID=0x0120002E96A39C44735344AFE7141A55E798A1&View=%7B8A385A9B-3D19-46E8-9CDA-BD10A5990D6E%7D
https://gnssn.iaea.org/RTWS/modaria/Shared%20Documents/Forms/AllItems.aspx?RootFolder=%2FRTWS%2Fmodaria%2FShared%20Documents%2FMODARIA%20II%2FMODARIA%20II%20Working%20Groups%2FMODARIA%20II%20WG4%20-%20Data%20for%20Impact%20Assessment&FolderCTID=0x0120002E96A39C44735344AFE7141A55E798A1&View=%7B8A385A9B-3D19-46E8-9CDA-BD10A5990D6E%7D
https://gnssn.iaea.org/RTWS/modaria/Shared%20Documents/Forms/AllItems.aspx?RootFolder=%2FRTWS%2Fmodaria%2FShared%20Documents%2FMODARIA%20II%2FMODARIA%20II%20Working%20Groups%2FMODARIA%20II%20WG4%20-%20Data%20for%20Impact%20Assessment&FolderCTID=0x0120002E96A39C44735344AFE7141A55E798A1&View=%7B8A385A9B-3D19-46E8-9CDA-BD10A5990D6E%7D
https://gnssn.iaea.org/RTWS/modaria/Shared%20Documents/Forms/AllItems.aspx?RootFolder=%2FRTWS%2Fmodaria%2FShared%20Documents%2FMODARIA%20II%2FMODARIA%20II%20Working%20Groups%2FMODARIA%20II%20WG4%20-%20Data%20for%20Impact%20Assessment&FolderCTID=0x0120002E96A39C44735344AFE7141A55E798A1&View=%7B8A385A9B-3D19-46E8-9CDA-BD10A5990D6E%7D

(D g aE

L Wag A VT A /ST I o

n—<FK4 : MATSUURA, toshiya)

TR FERE B4« [ESTAFZERRRIE AR SE - HE (i s
R4 RS AFSERT

W4 - EATAF9EE

WHEE RS (841) : 00575277

L g A N AVE A W S 5

0 —< 7 K4 : (NISHINA, kazuya)

PR FERE B4 « [E ST BR R 5 N [E S ER BEAF JE T
R - HUSEREE R v ¥ —

Tk - EATHF9EE

WHstEE S (8 41) : 60637776

IR RE R4 - KGR

o —< K4 : (OHASHI, shinta)

AT RAFICRER 4« EISLAFIUBR FIE AR IE - HE i
R4 - MRS ITIEET

T4 - EATAFgEE

W5t E S (841) : 70754315

R ERAL &1 B

n—<K4 : (KANEKO, shinji)

FTRAFICIER 4« EISLAFIUBR FIE AR TE - HE e
R4 - MRS IEIEET

Tk - FRRERFEE R B

FoeE&H (847 : 80353647

IR 4L - /M sl

n—<F K4 : (KOMATSU, masabumi)
FTRAFICRER 4« EISLAFIU R FIE AR TE - HE e
R4 - KRG IEIEET

T4 - ETHIEE

WFEE 25 (847) : 90737313

KBTS L DWFEIE, FEE O AR L BECBOTERT 2O TY, 2070, WD ERMIERRDARKEIC
DONTIE, EOZEFEFICHESS bOTIHRLS, ZOMEARICET 2 RMOHMmT. HEE ARSI NET,



