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Integrity of river basin environment based on the biogeochemical cycle between the terrestrial and coastal
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Abstract

Recently, climate and social change have impacted on the river basin environment, it is important to
conserve a sustainable river basin environment. However, in previous studies, the evaluation of the
integrity of river basin has not been examined adequately. Therefore, we made an attempt to propose
the method which is necessary to estimate the biogeochemical cycle between the terrestrial and coastal
area in long-term for the Shiretoko Peninsula has a unique biogeochemical cycle system as a target
field. We compiled the challenges and the perspective based on “climate and social change from
previous to the current” and “the estimation method of the biogeochemical cycle between the terrestrial
and coastal area” in this paper.

Keywords: climate change; social change; river basin, biogeochemical cycle between terrestrial and coastal area;
Shiretoko peninsula
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1. (EC®IC

WA, KWV AT LD iR SRR K[ OB CHERIRR L7 &) 72 Tl l, 2V AT A
O RFIGEC AN OENREIZ & 72 5 LHRI igm 2 b 7e &) 23, NENAENET Dkl xh L TR
TREEERIFILTVD D, ZNHDA = RLOMEY L, 2O AIZIE SN &R ) D8RR &
SR OGS A TEERPEE 2D, JUEEBNCERT 5L, AARENTIZ 2018 4212 A 1 HIZ
KU BEIGTE D0 T S AL, BIRIRSOURIRE A & — L CORELE 2 1 2 T2 REBEREORF N & 72
S TND. BEEDZ  OFFFETIE, FROEFORBELEC ANFNEENCAE 5 R RERIC AT CTRYIMICA T
AEREMER R SN TWA—F, BUE GREN LI 10 FRTDRESSTy) OBRSEEEE 2 - B4 I1CE
T O ED VY. ARNGEND R A~G 2 5 52885 3140 L 72 WF9E © IREMNCAFET 53, D% <13k
PEERRCRERA T — VB GR e Lot TdH D 99, Lavl, Bl EiiEE (—d%km)> 5100 km A 7 —/L)
2R D AREREE (DL, WRIkBEERED) 1%, 10, #8100 4F &0 o> 7= BRI ZRGEEIN (Ko ATEEI D4
b72 &) ORBOEEL VR IND 2D, BEOTRBERESLT LS (ki) THhod EIXRs2
WV, DFED, XGIRIC & o THEAE RO IAE - TR Z R T 5720121, B E-BIE-FERICE 2 RN
WMBEARAIR E72D. 2070, BT —2NnZ LWiaE S G, [ FRICE 2 iiikE R 020 % 554 - T3
THZEN, EERBEELD. L, BEEOZ < O T, BUHELIN 2 FE S V7= BIEIZ 31T 2 il
B bDOMHOIRITER LI TH Y DO, L 0otk & Esiic ks ) 2188, & IIXFOEESRSE
RERIZEBIT DIEEMEOFHE 72 EORFHI TN TV RNt WS AR H 5.

DIk ORI W TEE R & LT, WEBR T oD, WERERIIRE S AT LDOEER
BT AT LAOBLORELEZ T, RREMNTTEET2 9. 202X, FIKE L &R, ARk
RUVATHMIHBEE 2, REV AT A, BV AT ANESLICHEBEEZ D, LW omAOEER (BE
WL > TIHEDEROBEE b H D) WEET D, T, MBEICK T 2WEREREL2EZ2 52 L1, e
PRI BRE ORIl 21T 5 L C, IEFICEEL 0D, PIZITERICTEHT D &, ERITERRROMNERER
D—DTh b, KEHEEDOFRRNWE, " OBENRETAO—>Ths Mt _EROFETLHDH. 20
7o, ERIGERAEE ORI 2 2L m OBEfE « TRIOEIIE, FRRE O Cidel, KAEE
AR 72 O ONTRERURIMFIEORIBICHIRT 2 £ B2 b, ZD=®, Fifit ilRERIRE RS (FFl2k
BRBE) OFEBUCIE, BRAERR - NHHICE > THERK - WE BIIXEHERLE) BEE2EE L, BB (U
HIZRAK) =1 & o - itk (—i0%% km2> 5510 km A7 — /)L TOWIK) DOHEHLOMANKLETH S
N0 7= 72 Uik oo L HUR A s X RIS L L, 2 OREE, WD SInEmA~ i3 5K - WE
BB L 5.2 57280, 5% OVIRERER 22T O 121E, [EV AT AT TR BT AT L0O%E
b2 2 ENFEFICEEL 0D, L L, kBB D IEEREEE O R HZE(IZ OV TR - Tl
WZEUD FHLATEIFRILE R DD T, 1EEAEHFELR.

T ZTAR T, TAEICBWTE R BREREE, SR80 Rk oW EMER 2 A3 2 dbiEEm
RAEHLE LT, fERMREREOREICHT T, R eER L koM EMRERZHET D72 DICLE
RFEROREZERAL DS, BRI, 52 ECIEE MR OME, 3 BT ENLHRIEICEY AT T
HEWER LSV AT LOERIZONWT, 4 B CREIREHEOWEIR OHEE FIEIZONWT, HSET
LS%OMEORRBEEEZE L DD, 0k, AR TR ET DA 7 — W E—10% km 2> 55 10 km F2EC
H5D.

2. LmEMKICET SHME

7R URYV L FAaRI VLN EL ORMPTEBIFAET D78 EAMBARIENE <, ZFELERRE
FAERER &R I IS T DR AERE R & DM ORFBRIEER DN ERRR ZREFF L TV D & ) e M2 FFo
BURE R IE, 2005 £ 7 B 17 HICHARTIEZ 3 R L2 RBREBEICEEK SN
(https://www.env.go.jp/nature/isan/worldheritage/index.html) . [F]= 5 DWEFEARD> B 3 km 7 F T OHFEPH B R
I & 72> T D (Fig. 1), HRITVOKNEA T 21F & U TR EER CIIRMEmICioE LTl b, Zofik
L BITHE SN D B EREBENP A EBICBIT HAEBRICKRELIFFSLTVWDL LW AL, HABEK
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DAL L TEY, TORBIIHKRLE THE L TWD. HREENET D4R —Y 7 TIL, ik
s ORI OB R SN TEB Y D19, ZHUTEWIER D S IR~ DO REEE T EOIK T
DRI N TS 1910 BIFETIE Eilod X 95 (Bl A RER & ik AR e R O FE ALBIFR 12 HE -3 < FFm 72 e
TEENMERFF SN TWVDR, 20X 5 REEITEYH TR EYICA T 5. FERICBIT 23R EBICBIT
%R OZAIL, FFRN2AERER Y AT AO B AR X, ZTOERESR 7 —A L LT AR
WREREN S SN A AREM LIRA SIS, 2070, BENLBEICE > THREI N TV A EFEEEIC
BT DR & RS T 2 CREE) fRERA M5 Z &1L, FERIChIT TZOREAHREL T
BT, FERICEBERBEE S,
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Fig. 1 a) Shiretoko peninsula and world natural heritage area, b) The photo of Rausu river on April 28, 2009,

was taken by Y. Maruya who is the corresponding author in this paper.

3. REBEIUHESRATLDELRIZDOLNT

3.1 RIFEEIZONT

RIS 1T 2 S X RIS E ) I L~ TE LS. oF 0, BN ZRBKIEEI D 2L % FifiE
T5HZ &L, Bk R OWERRZ T 5 ETHIEFICEE L D, —filL LT, bl ka5
(2, REITO web D& BUAG AlAE 22 B /K ks X ORUR OBLRIBIAAHE 2> & 2020 4F F COBLAMEZ AV, ki
BRI Z G L LT R e 280 & HIR I ALE T D 8ET (LA, EET2) gL Lo /mi
M7 25k & DORNEBERATAE Lz, A6 D& RRRICRKREIZE L TEKUEZE B O 7 2 & 751 Climate
Change Indices'?0D KN, FHaf%E/KE (Total Precipitation: PRCPTOT) I35 K OVEfl H BE/K 58 FE1Z (SDII:
Simple Daily precipitation Intensity Index), XURIZES L CILA FEHXIRICE T 2 #r 2320 L, W21t
ot Lz, BHRRIISE RE SR 7Z & 720 1920,

AEMRE I 3T DN R % Fig. 2 IS T. I 7 — N — IR0 AR R DHEE S & (8
i) offizR LTS, B2 B Lo RORHEIE, A6 17 & [AERIC Mann-Kendall #E (F &K
% (P MH) 5%) ML, £AEDL WTHEEME LTRSS TWS2S, Amrhein et al i3, &%
P L. EDGEIC THERZENIRWNZD, fRPMMETHD (KIEOSE, KBEEERE LT TV ] &,
FETHORHI O A THMTHE R ZWIET 5 _XETIH RV SR L TWD. £ 2 TARIFIETIE, RS D& FEER
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WCAHBKES % TEAINT, DEVREZMNBHETHLEEZEZLNDLA (o) LEIHTEHLVA (A)
D X BIZ Mann-Kendall ¥ 7€ % AV 7=,

FPAEERRICB T 2BKERIZER T2 &, —H o TR RS EME R 283 R S FET 5
2, < OHE CROKEN N 5 alfetk 28 LT\ 5 (Fig.2a,b). 72858 A072 8L LT, PRCPTOT T
IIRZEDOH R TRIEZELA B TiEev (Fig. 2a) —J7, FBAKRAER Y720 O H XK ES 7~ SDII
TIIRZHEOH S TRFELA DB EITE L TV DHHEREZ/R LTS (Fig. 2b). A TIL, doiE £k
L% & PRCPTOT TIEAEHIMNELIZ/NE W E DD, SDII 1T EHH A ER N & [RRRE TH D 2 L34y
5. I EDORER LY, BKEDOELITERKETIE/R L, —RIN720 OBFKEITER L TWD Z &0 R
Shiz. FEEEAORET2EE (L) TRE (Q o ThYy, —MAICHEEEEE L=aQP, o, BIIfk
BThHsb) TEREIND. DF 0, SDI DAL, HAKFEOFREDOHEMI LBEN D720, ITFEBRESLTH
DR L, g D OWE TR BN 2 FREER B 2 b d.

—77, [RIRIZEB T &, dbEEEERTA FHRIEITIEE L LTS LR LIS 1 SO TH
0, ZOMOHE TIIKIRIL EA LTS b DODBHEZRZBGITHE N THRWZ LR Sz (Fig2e). £
7o, BALEALEESKRTIZE A EOMATEKIE EFRIZFRKETH Y, £ 0.048°CHEDOHE T EF LT
HTENDMD. T OEWCE L CTERBIISLETH D2, [RB)T DX D & HARDOVEHKIRIT
0.013°C/HEDHET EH L TWD EELNTEY, JLFEEDORIR FAEEIFIEFICTENZ ER30nb. 20
RIS TRE I B D AERERICKE B E 2 D120, FlBERERESE2IT I I IS OKIEE
IELBEEZTRFINEE L 2D Z ENRBEND.
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Fig. 2 The result of a) PRCPTOT, b) SDII, and ¢) monthly mean temperature in the meteorological stations in
Hokkaido from observation starting year to 2020. The circles, triangles, and color bar indicate the stations where

were found a significant trend and not a significant trend and the slope values of the approximate line,
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respectively. In the slope value, the negative and positive indicate a decreasing and an increasing trend,

respectively.

32H#EEIIZCONT
1) HFIRAEMIZONT

R BT 5 BRI OSEITE, JTa FE L TV K SCRIMEE SRR B I EE 2 A s gt v
IMRBIFET D 2. I HIT, KIUFHIWEE OZACIZf W FIED DR~ O E R &E L E(L L, #ilx
W E R ESHEML, BEERICBOCORENSI SR SND2LALFEET D 2. 51T, REEo - HF)
HOBALDNERAERE R~ 2 D8, WMIKEENARKELSRDIFERELIRDEVIOFELTFET D 2.
D, WROARRRIZIES DWITADREE 5 2, RO EIRER 2 2L SE 5 RetEnE 2 b
naH. —fFle LT, [HIARmE ELEMERE S TR b i < AFAEEZR 1976 0> HITHFEIZITV 2016 4F0 L
FIRMAS A v a7 —&  (Z2EEREE 0 100 m) & AV TR EEED O LR A2 b2 8 Lz, 73,
ARG CIEEEICHNT 217 5 72, E L@ EETHEE RN OAF LT — 22 Z0EFRHLTEY, M
KB DORSR DB AT 25 & W ol T — X WBREIT 5 TUVRU. Z D78, ARMETHE R OWE KIS O i
AENRELHELNTND Z EIZERE SNV, 2016 0 LHFIHASA 2R3 5 &, HERFBEIIZBT
% RO K ERAR (R S5ED) THY, WKEkEEbED &K 9FREEZ HDTND I &N
% (Fig. 3a). LR oi@ 0 MRS TR B REEICRES N TV D20, BRI ANMEENC L 58
DR, R E L THEMNE L oIS 2 50 5. HRBREERESNTWAHHNE S FET D
7o, FRNE Tl BRI 048 OB/ NS WRREMER H D DD, 1976 405 2016 40 L HF|H D%
BAE MRS LTz, JAR S O K /I R B AREBFER SR STV D Z &0 D, ABFFE THNT L7-&ENIZB W
T, B0 TR AT S <, E O OFURERRE N RAE SN TV DN 2 S FET 5D 2 & D3RR
Niz. 272 LEEOW, B%EEO SAHEEATIEIH 2 b0, FHHMOmEBEIENEE L TWD Z &2
I, ZOEITHMNTIESH SO0, MKNP-BITFET DV ODOTITAIZENT, B - RER
ExE T N2 DI, BHEREER SICE > TAE UL TH D ATREMENFET D, 72751, Z O
7R B DOEAT—E TiX7e <, 2014 FERR B, TOWD 2016 £ TIHEHEMERZRLTEY, Zo%E(k
DHHERIE2 LI X2 b OLANDOEETH L REMEN D D, Bl 20E, HHRIHMS A > 257 —% OVERKIC
X, LKV RRAIHEET — 2B HNLNTWD T8, ZOEW X > CHFHRERN R > T D AfREME D
EZoND. O, ZO LIRS OBINREIZOWTE, SRR 25 %ITo T LER D
HZLERBLTEL. Ak, ZOLHFIHMS A vy 257 —2 OERIZIE, 1976 45, 1987 4= 1X[E - HFLf:
FITD 2 )7 5 Thrd 1 i % g, 1991 Fi3ff2E 7 —4# (Landsat) & 2 )7 5 T4 1 #iJEX], 1997 H-i%
fif27 —%# (Landsat, SPOT) & 2 77 5 T4r® 1 HiEX, 2006 1327 —4 (TERRA (Aster), ALOS),
B 25000 (HiXEif4), 2009 FEI3#ET —% (ALOS 72 &) L 255 T4 0 1 #iJEX, 2014 132
7 —% (SPOT, RapidEye) & #EHIEXIE 1 [E T EARK K OE F-HIfZK 25000 (HIXKIEER), 2016 FI3# 2T
— % (SPOT, RapidEye) & #fEHiXE 1 ELEARX LK NETHIEK (XA4L) Enoizk iz, Bied4
TRRLT =22 IRIEREINTWD. 72720, 2RoF /St FHOE{LTH -7 L THAMNE
(EFRHEE) 1%, F120T 1 km? 2SEEE )N & S T2 L7238, 3010 5D 1 ~ZB{bT 5 vl BetE N EAE
T2 . 20D, FIEBREOREEIT O MM E L Tho7o & LTHHE L Tl < BN RIZ
=hi-.
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Fig.3 a) The distribution of land use around Shiretoko peninsula in 2016, b) area ratio of each land use around
Shiretoko peninsula, c) the enlarged view in Fig. 3b. The area of seawater body is shown too large in these figures
since we used the original data directly from National Land Information Division, National Spatial Planning and
Regional Policy Bureau, MLIT of Japan.
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WZH 5 (Fig.4). 72721, SEFHITLEONOHD, D@t EORESL H U BEEOH T RFE~
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Fig. 4 The number of dairy and beef cattle and the farm households. The bars and red circles indicate the

number of dairy and beef cattle farm households and the number of dairy and beef cattle, respectively.
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Fig. 5 Historical record of catches of the chum and pink salmon in the Shibetsu river, Hokkaido, which is
located around Shiretoko peninsula. The black and red broken lines indicate the number of chum and pink

salmon caught, respectively.
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