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PSAN - A—VALREICH T HYEEEERE
gAELETVYD

AMde MRV, MHEH A, Ik B

2006 4F 6 H~2009 4E 9 H ® 34ELEOMRM, 75 A% - 2— 2 Vi Pt il USGS KA ERH A (PLS
W) TIREMERE, MERERFE (POC) R, REHEEFR (PON) BEO 1 Kk — 5 %1%
7z, a—a iyt (EHE 8.57 % 10° km?) D) 75% (AN ER Ak A L% b DA, 1.1% 1811k
WK THZ. 6 H~9 HOBEMIZIX, 1— 3 W ojie & R B B IIKI & 51Otk & B H H
2O HBAOFEMNIC L > TRELSEHT L. 4 HTH~5 AAICIE, BEBEAKICHE S IOk O#:
(breakup) 23 U, T 01t 6 A#H F TRLE Hk25%E <. 2007~2009 40 3 [AIOFEE HKIZDWT,
FEROwE - T E - POC 77 v 7 A -PON 77 v 7 AT 555 %25HME L7z, HRE LT,
FEM ORI L 14.1-24.8%, LERHFEICH L 8.7-22.5%, POC 75 v 7 AIZAF L 11.6-23.7%,
PON 75 v 7 212k L 10.3-24.5% D %5533 - 72. 2006~2008 4EE i oo 0 P35 & & 0PI+
HHEORZRTNICOWT, ZRENY V7 - EF VB I UREREONTEKREEA LT, 20
wAAT, L LT, EFVEMEIZBIE R OfI2 »=0.88-0.94 (fi&E) & »=0.73-0.93 (7%
BEVRIREE) OFWHBEZRL, ETVICLAHHIRICZYTH L2 Ebh o/, I tiE
515 6N B RBEY IR T B BAERENT 20 &, Gk TS OFGIEAKIIR & E 2 H B L HEE S T,
FEFEFRATCIE, IRBELIC X 2 5UR L ADOKIM BT IS5 2 2 50RO Ciliam L 72

Material-loading processes in the Yukon River basin, Alaska:
Observations and modelling

Kazuhisa A. Chikita', Tomoyuki Wada® and Isao Kudo®

Hourly time series of discharge, suspended sediment concentration, POC (particulate organic carbon) and PON
(particulate organic nitrogen) were obtained at the lowest gauging station, PLS (Pilot Station) of U. S. Geological Survey
in the Yukon River basin, Alaska, in June 2006 - September 2009. The river basin (area, 8.57 X 10° km? is occupied by
1.1 % glacierized mountainous regions and ca. 75 % lower forest regions with discontinuous permafrost. Thereby,
the Yukon River discharge in summer consists of glacier-melt and permafrost-melt discharges over the summer and a
few rainfall runoffs for several days. Focusing on the snowmelt runoff in late April or early May to early June, its
contribution to annual discharge, sediment load, POC flux and PON flux was estimated. As a result, the three
snowmelt runoffs in 2007, 2008 and 2009 occupied 14.1 - 24.8% of annual discharge, 8.7 - 22.5% of annual sediment
load, 11.6 - 23.7% of annual POC flux, and 10.3 - 24.5% of annual PON flux. The discharge and suspended
sediment concentration time series in the summers of 2006-2008 were simulated by the tank model and a power
function of modeled discharge, respectively. The simulated results were agreeable to the observed ones with the
correlation coefficient, »=0.88 —0.94 for discharge and »=0.73—-0.93 for suspended sediment concentration. In the
simulation of suspended sediment concentration, it was suggested that the sediment source is located in the glacierized
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regions and river channels. As a sensitivity analysis, the effect of an increase in air temperature, due to global

warming, on the glacier-melt discharge is discussed.

F—TU—Ra—as, EEROK, BRI, KRR,

7 7 '

Yukon River, snowmelt runoff, sediment load, glacier-melt, tank model

1. FUSHIC

Koppen D 5 EX 5, BI O FoS BAETH 5
Koppen-Geiger D55 X5 (Peel et al, 2007) (24112,
B F s a—a N~ KRET T AN L7203 2 —
I IR O S XL RER > AYEL % Dic THF S, HiFE
TEAEICB T 5. F70, dLiEEORE RS Db T
HY, WIEGIHOBEBRICMEST S, LaLl, -3
TR O IIFI K, B X MR o AR - (R AT 12
WERARLEDHFET L. 200, ¥ FFHGEo L5
VIR IKIIE & AR AR A5 O T F & F¢ O S0 his, R —
F a8 VRO £ VTRAB LN OB %A B S
Wi ), TNE /IS RERIEA o — )V TR E 72
WA AT DA A S O & DFIET 5. BROSRSR
EF A O VGITIE, ERICKEN, KMEE, o
TAVEASFEERCHR D, S SRR AT EIKT O
R TANZR 2 OT, WA —VaSFE LT EheE
NOFIR TR 2K - THORBFEEEZ O L2k %
(CFIEZ 2, 2007 ; Wadaetal, 2011). 7 F A ) OftisA
TlE, BB EONABWEEIZIZEA LR O
A5, WK E ERKERE LTCW5720, EEOREL
(2 & B B K HER A EE L 72K ER B LOo0H
% (Gndeiza, 2012).

MR DK X 2 IR 5 i AT - b
FEATIE, NV BRI TNRGABET VIZE - T, 2
NETHEL L OMRELF R ENTVWS. flziE, aurE
T2k 4 Nijssenetal. (1997), 77 = T2k
% Kite (2001), A 3 »3Zxf9 % Takeuchi et al. (2008),
=¥ = = lzxtd % Picouetetal. (2001), 23 v ¥
zxtd % Sivakumar (2002) 7% &E2%H 4. LA L, @l
BRI Rl 2 D T ED AT (X FHE DR D T AR <
(Morehead et al, 2003), % OEEHIZFELFAKIC X 2 HEFH
YR EEOMRAS T IEA T RN L1282,

EE51%, 1998~2013 D2 — I VA L -
T, KREHVEFAFT (USGS) DKM BIH M Cojiim T —
5w &2 iE, B X OTPOC-PON-DOC-DON -
FEMEEA S OAMRICET A ERT - 2 ETE
7z, 2 ZTIE, 2006~2009 FIZ BT B L— T DK -
+# - PON - POC Ot iz iamd 2 & &L b2, 21—
3 I O AR  iE & AR A = 1 A R Ko

FHEHOL T A, S 51T, KR & BN
AR 258 (6~9 H) (2B 51— 3 VD
- TBRBEOEHICOWT, ¥y - EFVEERE
TEDONF B EHWCINABHIL, IR &
FERRUR D2 5 2 RIS 02T 5.

2. WRIHETTE

2.1 WHREEERGE

LI, =3 VitB X OEES AL 7
USGS KAl s o il (HALEB & V) 2R T
(Chikita et al, 2012). ¥ (L 8.57x 105 km? T,
M S A ot HARE LR 3.78 X105 km? Of) 2.3 f5 T
H5. IO 50% LL i AeiEE (b 66°33) O
IZh Y, HIEFHICE TS, SO IIIGERRIZE &,
FAEBIADOEME R 5345 12 X0 Ak A B b AN 46 & 7
I, KEEILAE ATV v 2 ARO—HB LT
T AR~ F ¥ VL5 L, KB A T AR L
WAaED 1.1% (8 9,427km?) TdH A (Chikita et al,
2007). Z OO 50% % 5D D DOH Y FF Ik
Thb. T, FRWEIITIRSAROK 75% % b, WK
LU HT L ZAZR A AR 5 LT b,

FHHIE, 2—armoiig s LB RIS 2 5K
TTRMVR DB HND 720, 1998 £ 5 FHRE O
PLS #bpi, Hi#o YKB #br, BLOZwE T
U TNN # & JHBE KT o PC # s TR B A —
(TidbiT, + >t k- a3 ¥ a—yF8 g+
0.2C) LB BEE (ATU3-8ME!, JFE7 N7
YTy 7AW R OERE, EHED £0.2%) & KE
L, oK - SEORIE % 1 REETIT- 72 (K
1. 21%, PLS, YKB #5128 A HERDREETH
5. B, BONEE TD (ppm) OfEIX, “FREEE
ke (depth-integrating sampler)” 2 X 2 [AEHRK T
1572 R EE (Suspended Sediment Concentration ;
DUF, JEFEOHA1LSSC L%5), C (mg/L) LMD
MBI B4R (C=0.7656 - TD+59.733 ; R2=0.756, p<
0.001) »6, FEWEIEEIZZW L C\2% (Chikita et
al, 2012). Z O, WE~ Y EIRERIE 11 5o
WZEWBRD S - 72, ZOFE=F ) ¥ T ORI
DWW, 11 H~4 BiimlasEk L, 4 HE~5 A R0
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Figure 1 : Location of some major USGS gauging stations in the Yukon River basin (white

and black circles).

FHNIOKBR L LKA EAIZ L b 7 ) KO
(breakup) A5 = % (URL http: //www. yukonriver-
breakup.com/) (HADEE, FHiZ2 (2009) & SH).
ZD72H, A2 OWENOREr —7Vhgir s, 5
WBMKT L7 7T M LITLIERE 572, Zhic
£0, 10 H~5 Ao TIZREAL .

PLS., YKB, TNN H# /5 CId ii E AS 5 AKEE T 370~
80m 2% b7z, H2IIRy —HikTld, ZOHEHE
DORFERIHRIE L 72 5, 2T, Chikitaetal. (2002) 1%
PLS, YKB #i5cor 4 —FHilH 12 TTD (Temperature-
’mmmwﬂwm>7m7747—’;5mﬂ-ﬁﬁ®
REWI R A2 17> 72, R & L ¢, K & e Big e
@MEW$ﬁﬁ&uﬁ—_;5Hhﬁt®% (&, HEME
DODREIEDPDHDLT, ThTh=z02CLUT, £20
mg/LUTFTTHo7:. ZoZehn, 5 H~9 HIZBIT
B0 =2 X ZKI - FEYRIRE LN, HOoAE
BEBERELTCVDILERS. HRELT, FHTot
Wi E L(kg/s) (&, WiE Q(md/s) &FEWEIRE C
(mg/L) OFfE LTL=0.00l-Q -CTRDLN, Fh
ZNO 1M T— 5 PEL N7,

KO FEYE & b BEEAKESR (PON)
k%%’ﬁ‘ﬁ‘?ﬁ’l‘ﬂ%iﬂ? (POC) DENL, FEWHIRE LGS

WZAER L7288 7 1 Vv 5 — (Whatman GF/F) #%3fiEk

MR L B s A7 NIV HTEEE (Finnigan Delta V plus,
Thermo Fisher Scientific, Inc.) TR&HTW5S, B, &
5172 POC i yi(mg/L) & PON i y2 (mg/L) 12D

W, FEYEEE C(meg/L) & OBIZ, #NLFtn
=0.00471C+1.1359 (R2=0.747, p<0.001), y2=

0.000475 C+0.04294 (R2=0.790, »<0.001) o %R
Bid ), 2 ORI E W CEFE R, POC R

PON &[0 1 Bl 7 — % % #%#7- (Chikita et al, 2012).

ik, kwuitiE L FEkIC, POC 79y 27 A, Le
(kg/s) £ PON 75 v 7 A, Ly(kg/s)»* Lc=0.001 - @ -
v, Lyv=0.001* Q- » Tt &7z,

River flow O
::tmarla:grgt::e =0t m Turbidity sensor
[ ™ P/ with a wiper
~1m
Tobank ==

\
\_‘ f Weight 3

2 : PLS #1281 2T E: 0428 #: (Chikita et al, 2012).
Figure 2 : Mooring system of instruments at site PLS (Chikita
et al,, 2012).
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3. BRABREER

312, PLS #5572 2006 4 6 H 19 H~2009
£9 A5 HIZBUT 5 HFEOKIR - bl EiRrE - itk -
TR - POC 75 v 7 A - PON 7 J v 7 ADKEH
EE)e Ry, KEAtZiZ0C TH 5 2006 4F 11 H5 H~
2007 4£5 H 8 H, 2007 4£ 10 H 18 H~2008 4£ 5 H 14
H, 2008 4F 10 H 14 H~2009 4£ 5 H 7 H o #ARX, 2—
I M OKIKMIE T, ZhHET TS 3~5 HENZRE
2 X KA EF Tk o (breakup) 252 5. F
W) OB XA K I T 100 mg/L FEEECTH 5 75,
FAETEBDH VLB L. TOBEE LT, Wok
FARF DK BE THOK T OGRAKOHHELI L E Y, it
K2 B HE Y 2 =A%, R SRAE SN D T
BOB &K ST 2720 L Bbhs. &b, Kiit
MWOC % TR DAL, t =DKW —IFIZEA ©
COLNIZ LT EKRT S,

M3A5HSAD LI, BEICLZMAEITZED
FoRKiETRT. MEBMMOEHRL LT, breakup
Hioii e A ORE (4 A N~5 At) 25 b
wEOZILOKE (6 AR ~H1)) FToOHME T 2.
T5 L&, 3TOREZIIMIL 200744 525 H~6 A 1
H (38 HM), 200845 H4 H~6H 10 H (38 HIH),
200945 H3H~6 H11 H B8 HIE) &%%. Zom
T 2007 FEORF R AR b B/ NS, ThUE, 2o
FOFIEANO/NES L MERBEOENPER EZ 2 S5
% (Chikita et al, 2012). PLS #i i ClE, 1976 £ 5
USGS I & o TR B SN TB Y fimIZEH| I N T
Wa, ZIUTK B L, 2007 FEREE I O RAGEE (5 A 12
Ho 15,340 m3/s) 13 2 FH IR & D, 2009 £
wARuE (5 H 24 Ho 29,730 m3/s) &, 3FEHIZEWE
RERLERL 72 BEIC X A Wi, BE ML) 1~3
HENTHIET S, L2L, 2008 4E & 2009 4 D%
BRI EOE -7 P REOE -2 L), £hTh 3
H, 1HZBRITLCEHNL —J, 2007 EOBME T
X, IWRBOEY -7 piEoOY—2 L) 2 HERLTH
Nz, Zov¥—27 oA LoERIIZ, 22— iifo
Yits, wmAY 15,000 m¥/s Z iz % & i A A —
FICRAESNI COFEWHIRESERT 5705, RAS
NBREHERYRNRAD D % 720, (FHE R DG
AT 5 2 EnE 2 55 (Chikita et al, 2012).

ZIT, 2—amoFE R AR & AR RIS S
AEHRKROEGEEZ L. 72720, —IKUEOHER %K
TRREAZHEICEZ 2 9 AEIICE 5. §5 &, 2006 4F
9H5H~20094E9 H 4 H® 34EMIZOWT, ERM DT

7700 - : T T 25
o | )
E o0 | }(a) Water Temp. : {200
E N z
g 2
£ 500 | {15 2
€ | | 5
g 3 ] | 2
IR | A
o] | =
£ 300 |- | " e I (| S 5 B
) i =
£ | | \ s
2 200 J e ——— 0
3 4N AN
L
2 100 BARIA S A |
] ! v
2 SsC
2 0
30000 ; 18000
(b)
25000 15000 =
T 2
£ 20000 |- ) 1 12000 <
b Discharge g
& i =
E 15000 |- J\ / 1 ) Sediment Load || 1 9000 ;E,
Vi W :
S 10000 \I\ [\'J\ ¥\ 6000 3
5000 —— k V " — 3000
0 FM“F—JM : -— 0
120 12
C
100 |— © 10
W POC %
2 80 8 )
= N b
2 60 6 2
Q
Z
<4 40 N l PON__L, 4 @
|
20 | | - -2
| | ] |
a ‘ VT ‘
0 0

i
4/1 7/30 11727 3/27 7/25 11/22 3/21 7/19 11/16 3/16 7/14 11/11
2006 | 2007 | 2008 I 2009

3 PLS #hrT 12815 % 2006 45 6 H~2009 4£ 9 H ® H ¥
DK (C) - FHEW R (SSC : mg/L) - it (m3/s) - T
it & (kg/s) - POC 79 v 7 A (kg/s) - PON 7 5 v 7 A
(kg/s) DI 2L (Chikita et al, 2012).

Figure 3 : Temporal variations of daily mean water tempera-
ture (C), suspended sediment concentration (SSC: mg/L),
discharge (m®/s), sediment load (kg/s), POC flux (kg/s) and
PON flux (kg/s) at site PLS in June 2006 - September 2009
(Chikita et al., 2012).

# - LiiHE - POC 79 v 27 A -PON 75 v 7 A,
TN 1.94x101~2.01 x 10" m?, 3.94x107~5.08 x
107 ton, 4.05x10°~4.77x10°ton, 2.80x10'~3.44 X%
10%ton LEMEENA (K1), THIZL - T, AEHAKIC
L BHE5E, ERMEICH L 14.1~24.8%, ER A
2R L 8.7~22.5%, 4 POC 77 v 7 AR L
11.6~23.7%, 4£f PON 7 5 v 7 A2 2% L 10.3~
245% k%A (F£2). 200649 A5 H~200749 A
4 HIZBUF 4K - 145 - POC - PON D4 A fifm i o>
2HFEM LN, ENEN6.7~7.6%, 22.4%, 14.7~
15.1%, 18.4~18.6% A L7z, LA L, BiEHHKDOH
Hadfh o 12, Z 2 29.5~43.1%, 56.1~
61.3%, 41.7~51.1%, 48.0~58.0% & K & 7% /L H37%
HHENDL. TOLHI, FEHESI/NEV (Fhwz,

A HR OB DN S ) Baid, £l < Zok
TR BRI & BRI 2R & < -85 - POC - PON %
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F= 1 PLSHTIC B 2 3EMBEOTRE - LT E -

7R ST % (Chikita et al, 2012).

POC 77 v 27 A -PON 77 v 7 A, AFPIRRE

Table 1 : Annual discharge, sediment load, POC flux and PON flux (ton yr), and annual mean SSC, POC
and PON concentrations (mg L) at site PLS (Chikita et al., 2012).

Water discharge Sediment load (ton yr!) | POC flux (ton yr') PON flux (ton yr™)
Period (m?yr?) (SSC; mg L) (POC conc; mgL?) (PON conc.; mgL1)
5 Sep. 2006 - 1.94x 10" 3.94 %107 4.05x10° 2.80x 104
4 Sep. 2007 (203) (2.09) (0.144)
5 Sep. 2007 - 2.08 x 101 5.08 %107 4.75%x10° 3.43x10*
4 Sep. 2008 (244) (2.28) (0.165)
5 Sep. 2008 - 2.10x 101 5.08 x 107 4.77x10° 3.44 x 10
4 Sep. 2009 (241) (2.27) (0.163)

R 2 FEMAWREISHT LT HKOFSHE (%) (Chikita et al, 2012).
Table 2 : Contribution of the snowmelt runoff to each annual flux (Chikita et al., 2012).

Snowmelt runoff period  Discharge  Sediment load  POC flux ~ PON flux
25 Apr. - 1 June 2007 14.1% 8.7% 11.6% 10.3%
(38 days)
4 May - 10 June 2008 20.0% 19.8% 19.9% 19.8%
(38 days)
3 May - 11 June 2009 24.8% 22.5% 23.7% 24.5%
(38 days)

BT BT A 2 b A A, Striegelet al. (2007) 13,
2001~2005 4 O FIAEM POC 7 T v 7 A% 7.48 % 10°
ton LEHHEIL T3, LA L, 40, &4 A5 7- FI4EH
POC 77 v 7 A1 4.52x10°ton TH V), A% HE KM
L CTWwb Z kb b — J Milman and
Farnsworth (2011) &, #OOXLHEIZEDONT, 21—
I M OETWTHEZ 54 Mton & RfEL > TBY, 2
Dk, Fx B3R FIE LRSI & 47 Mton & 132
LT, O OFMAZYTHL I WD, 7272,
ETIE L — T VRIS BT A K OMR DT L\ 729
(Matsuo and Heki, 2010), 7% TS EE R T & %Ki
TOREMEHOETIZE T, ZofidEnk #HA35
ZENEZLND. 2008 4 & 2009 FIZ BT B AR =
x2S KO 5, ZIZREETH L (R2).
ZokE, ZOFGRIMOAKEIIOWTHFEBET
HHZENb,L, ZOZ LML, BEHKOER R
NOFGEREBPIEE WS, MoRTEIZOWTHH
HERIZIZIZABE L CX 5.

AN KR O - FEY R IREE - TR R O L)
1, BRI T ORI 2 RN IS X B Ui & KIS T Ol
fEp i (F7203 (Rl + BER) 12X 20D 12Xk o TH
EIND, KR, M3 IZAONG LRt EE -2 0%
U, BRI & o TN %= £ S b fluvial
erosion ICHA D TH 5. 22T, PLS HiZ DGR
% TR O 63 1 AT OSSR B O AL E 12 FE

T4 =k VHETESLTASL (M4). #HELLTE3X
SIZEIS N, JRETHY BEMASZ O X4 & 2 THE
Cl-onzHkcz s (£3). #HlzIiE, 200647 H 6 H
E9H2H, 20074 7H22HE8H 21 H, 200848 H
5HE8H 11 HomiHE Y — 27 IXBATH 7 M 12
E2HDT, ZDL EOREMIELEX IO R
M- MWHEARIDOLIITRENE, ZDLHIZ, 21—
I ot & B E (ZAUIAEE L 72 POC - PON
757 A) OEMIIBIT AREZELE ST 5121,
IR b B 5 DT, K To O Rl +
) oFi, BX OBk (FLEE+ EE) o
oA L, ORI TR B % iR
WY ALEND L.

4. ESUVS

Z ZTlE, PLS #iA TS 7z 2006~2008 40 6~9
Ao H Vi & HPE T w0 RN DWW T,
EE (1972) 12X s8> - BTV, BLXOEFIVEE
ENLHEONFEMII L > TENENEZFHIL, ki
AT & BEN I OF S % EmAICFHEiT %2 (Wada
etal, 2011). F7z, ZOFHHiA S, Fi#E T OGIEE H
50T 5.
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YKB ¥¢ Gauging Stati-on
®  Weather Station
5 Glacierlized Region
61 .
PLS
62
i A
10k
. A & . ®
I.  Reindeer River 17. Wonder Lake 33, Salcha 49.  Jatahmund Lake 60 63
2. Innoko Flats 18.  Seven Mile 34, Goodnasture 50.  Chisana
3. Stonev River 19. Hodzana 35. Renee 51. Mav Creek
4. Flat 20. Liveneood 36. Paxson 52, Rock River
5. Kaivuh 21. Chatanika 37. George Creek 53. Dawson
6. Poorman 22, Nenana 38. Birch Creek 54. Burwash
7. Kovukuk NWR 23. Gold King 39. Graphite Lake 55. Mavo
8. Cottonwood 24. New Lake 40.  Old Crow 56.  Carmacks
9. Farewell 25. Caribou Peak 41, Salmon Trout 57.  Haines Junction
10 Round Lake 26. Fairbanks 42, Bear Mtn. 58. Whitehorse
11 Hoeatza River 27. Vunzik Lake 43, Ben Creek 59. Teslin
12 Norutak Lake 28. Beaver 44, T Lake 60.  Juneau Rd
13 Kanuti NWR 29, Helmut Mountain 45, Tok River Vallev 61. Norman Wells
14 Lake Minchumina ~ 30.  Chalkvitsik 46. Eagle 62, Watson Lake
15 Wein Lake 31. Preacher Creek 47.  Chicken 63. Dease Lake
16 McKinlev River 32, Aneel Creek 48, Alcan Hwv MI-1244
4:PLS #b5 Lo L — I Vs & BT 5 63 BT OSSR BT O E, BLOITIZHED T 1 —
R & B XA
Figure 4 : Location of 63 weather stations in or around the Yukon River basin upstream of site PLS, and 63
subareas separated by the Thiessen method.
K3 PLSHTTCOY — 7 IbiiEa b 725 L72BEM OS5 E X 55387 7 & 2 O BRI - A=
Table 3 : Location, period and total amount of rainfalls which produced peak sediment loads at site
PLS. The location of rainfalls is shown by the subarea numbers in Fig. 4.
Location of rainfalls . . Total amount of rainfall
Year Date of the peaks Period of rainfalls
(subarea no.) (mm)
2006 6 July 44, 45, 47 and 48 21 - 26 June 5.2-11.8
2 September 30 and 31 16 - 18 August 9.1and 12.1
2007 22 July 55 and 56 30 June 16, 50
21 August 30 and 31 3 -5 August 5.3and 7.5
2008 5 August 38 to 41 18 - 20 July 8.7-14.4
11 August 21 to 26 30 - 31 July 8.9-17.8
4.1 BRT73E WHEOBESEFHELALFYES O EIK R E

H9, M4 D63 XK3HonT, £XGHIZBIT 5 RE
MRS HR ROz, %&b, PLS His Lk o il g
13, 8.41X10°km*THh 5. 63 XKoo, F5 17,
34-36, 50, 51, 54, 57 O 8 XFIHAVKINHEIH TH 5.
FHUNEORKR T — ¥ 1T H PSR L HEKET, Th
513K E D Western Region Climate Center (WRCC),
NOAA, USGS # & U871 F ¥ @ National Climate Data
and Information Archive (NCDIA) 647 > u— R L
7o, o, BEEE €7V (DEM) & Global 30 Arc
Second Elevation Data Set (GTOPO30) x##MH L, Zi
TNOXGHMOPERE2FIH L. Zok &, AR8l

—0.66C/100m %3#HH L, %X FH5iR% KD
72, 8 DO IR DWW T b RO SRR %
IR & RO T ENEN DT E KD
72, FHEOEEMIEIZOWTIE, KE Climate Source £t
BWOBEMIE S N7z 1961~1990 £ F¥ D 6 A 57— %
<~ 7% EREO DEM 24 Tids, SRIOFEN R E %
% 2006~2008 4E D 6~9 122\ T b [AkED & R F A
BB ENGE LT, KXOHC OB A 5 Kk Bk
&L 63 XA OFEEMEE RO 72
PLS #b5 BHISIE L2y > 7 - EFNVICBT 5,

527 O ETREZ K5 IRT. 21— 3 Vil off
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Figure 5 : Five sections compiled from the 63 subareas in Fig. 4 and the placement of
“permafrost tanks” and “glacial tank” with storage and discharge parameters. The glacial
tank was placed on four glacierized regions in Section 5 and a glacierized region in Section 1.
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T2 THIE D51 (Brabets et al, 2000), %50 63 X4
W, BLOEKREORIGE I L TR % T
NOWFEREEZZE LT, M40 63X55H%E 550X
BIZHE L7z #EE e LT, Nob Xy )il &
o7z FEKIIIL, AEAFK AR AT A AT B R
WAL, F T, BEFEICWK L FRFEKORE
TRENEID D L. 22T, IPKMEIIH LTI, B
=Y 7 %52 C 9%RA#HLy 7" L L F72,
KIS UK CTRIZK & AR DIFRE 258 2 0 9 %
A, TITIEMHEDLD ks vt L LT—KY v
7 %5272 7B, Nol Kk Nob X2 KA 7E
L, TOZOOXIIIKNSY v 7, ZOZo%EGh4
TOXBUIAAR LY 7 % FiE L7z, %38, Nob Xk
WIET7 I AHWIRE T ¥ O VILEBHDSERE L, IKITiEAs 4
DORLELYGINGET S, ZD72®, Nob XKiiZizZ
NZENOIKFIFIZET 4 DD >~ 7 %l L7,

ZIT, KEEY VIG5 2 AMEE LTE, KIZK
KAMETRD 72 PR %2 b LI KT L o FiiiE
Gz 7 F70, FRGWTHE L N AEET D &1,
H X CTOREE S % B L PSR E kD7, o
i % AT, ATRINE V% (Hamon, 1963) 12X -
TS v 7o O EERFEHE Y RO 7.

6‘5( Ta)
T.+2732 (1)

PET=298-D-
Z 2T, PET WfezseHE (mm/day), D W HEREH
(hr), e HFHAR T.(C) TORFIKIAESE (kPa) T,
DEIZ KRG OFRE, BIllEOMRKE, B X OBk [z
JE 53k Twb (Dingman, 2002). (1) X THEHNS
PET %, S50 6 H~9 HO4GEHMES LT PETun
THETE, RONXNA 700, EEER=EOSGEHE
ETsn Dk F % (Dingman, 2002).
ETun' =W/l +W/PETWY] " @
ZZC, ETan' & PETan' (%, #NFNXK4 D i 7%EH
(1=1~63) DIXFIIZ BT 5 FEZAFERE & TR FEHL
BHO6~9 HAFMET, Wild, i FHOXGEIZBIT S
6~9 FOEETNETH L. D bhrs, HEHIL =
ETsum'/ PE Toun' %%, % [X5338042 2> "T 2006 47, 2007 4F,
2008 £ 6~9 HTOfL LTENTHAHRH S NG,
D afiNREFED6 H~9 AlcblzoT—EEIKET 5
&, (DR THABWRRZESHE PET i 6 HIFEZES
HEDFIHETE .
EERIE S N2 H PRI T, 2 A5 &, JKiisic
BT % H @12k PDDA (positive degree-day ap-
proach) O TRD B Z L AT E % (Braithwaite, 1995 ;
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Kido et al., 2007). 20000 . —
{A) Observed
M=TuXf (3) 16000 ‘
—_— T R N\
=T, MKE#EE (mm/day), fdegree-day fac- 'z 12000 : \
tor(mm/day/C) T#hb. 2Tl Kidoetal (2007) - Simulated i
gl -t o
DIV F NI BT HFERICEDE, f=7T.0%xRHL a Gitacial discharge
72 E7e, KT EOBBEEOFMEL, KITHA S O o P oD R
ﬁﬁ@%ﬂﬁgﬂ(@%%ﬂiﬂ*ﬁf %& 2 {) ) & L/f: X5 L:glz . G‘Iacier-n‘)eh diSC‘hZ\I‘gﬂ
IR O B BRI Z DOV T, FENICHIEEEETE S & 20000 :
L7, (B)
\ o 16000 -
¥y ®FIVTIR, KAELY V7 hSORME g ~ “"-“’?“"1\
(j=1~4:; m=1~5) (mm/s) LK & > 7 06 DS i 12000 E% P’{:\_ﬁ/’;\ |
g (mm/s) 1%, %% > 7 OFMILOKFEIZILGT2 (14 2 w00 X Glacial discharge %\:/
8 Simulated
5). §¥0 8T A—H a(j=1~4), bym(i=1, 2) 2 " % —/
4000 it .
m — 1~ —~ m U\ 0) i
d‘bk <k I 3> ’ hpl <Z ! 3> % J: dg /T /P-‘ Glacier-melt discharge h'%'=--E[:
W, 2006 4E 6~9 HoNA Fa 75 7IZR_A b - 0 ! ! !
74y T AERICHSE S (BE, calibration) Eilk 20000 i —
2007 4 & 2008 4 6~9 HONA Fu 75 7| Z#H L7e oo L1 Simulated
(Be3E, validation). F 72, &Ry » 7o 5 PLS Z \\ m«fﬁ ¥
. 3 12000 PSR »
AR EIC\W 25 F TORBERMIZ—ZEE L7 2 VAl e
iR ORI BHT 5 720, L0 g oo i e
MR R & LKy v 7 6 Ol E Q. (m?/s) 1000 Wi
o . e e
( = Fﬁﬂﬁ# i+ [gél:ﬁ(}:ﬁ K':El> ﬁ LTAXTH @Z Lgcal Cngb . F;g"’#ézcicr-melldiﬁchurgc i R T
TRTIELETDH, TIT, Lea (TET VI X ZIKI 622 7 T2 7 ML L 821 8B1 90 920 950
06Ot HE (kg/s), a, 0 MEEEHTH L. 4B, 6 : PLS 04 K127 5 71k 2 B R & GHss
PLS #1212 515 % 6~9 O LB IR — 2 0% < RO, 5 & OFHE S 0K B 0 4 & ki i
e _ e . . _ Jit. (A)2006 4, (B)2007 4, (C)2008 4.
&, LITCORPTE BRI & - TR L, i Figure 6 : Comparison between observed and simulated
(2 & o T EHEREY) 23R £ & 1L 5 fluvial erosion 12 hydrographs, and calculated glacial discharge and glacier-
. It disch . (A) 2006, (B) 2007, (C) 2008.
EoTHELB I ERbhoTRE (83, cokn, o dshaEe (Y
T4 PLS HLE D 2006 N4 RO 7T 7R L CHEBENZF 7 - 3T A =%,
Table 4 : Tank parameters applied for the simulation of the 2006 hydrograph at site PLS.
Permafrost tanks Glacial tank
. Section  Sectionl SectionZ Section3 Sectiond Section5 Sectionl Section5-1 Section 5-2 Section 5-3 Section 54
parameters m=1 m=2 m=3 m=4 m=5 m=1 m=2 m=3 m=4 m=5
ap (h) 1.85x10° 8.42x10* 1.45%x10° 3.39x10* 6.64x10"* 4.36x10° 4.72x10° 3.06x10° 3.71x10% 2.99x10°
a2 (h) 1.85x10% 1.44%x10* 1.45x103 1.95%x10% 6.64x10* 0 0 0 0 0
a3 (h?) 5.90x10% 6.9x10% 3.70x10% 3.39x10% 6.64x10* 0 0 0 0 0
ap (h) 1.84x10% 8.72x10* 9.38x10* 9.51x10* 3.39x10* 0 0 0 0 0
by (hh) 4.40x10% 1.14x10° 1.45x10% 1.99x103 1.99%x10% 0 0 0 0 0
bpz (hh) 0.14 6.2x10% 1.45x10* 4.93x10% 4.93x103 0 0 0 0 0
hp (mm) 14.5 1 1 0 0 0 0 0 0 0
hype (mm) 13.8 4 3.76 4 4 0 0 0 0 0
hp3 (mm) 0.245 0 1 0 0 0 0 0 0 0
dn (mm) 10.5 0.6 10.6 0.6 0.6 100 100 100 100 100
dp> (mm) 15.5 20.0 20.0 20.0 20.0 0 0 0 0 0
dps (mm) 40.4 50.4 50.4 40.4 40.4 0 0 0 0 0

Area (km?) 2.2x10°  1.75x10° 8.3x10* 1.22x10° 2.31x10° 3.8x10® 2.12x10° 1.00x10° 9.74x10° 1.42x10%
Delay (day) 23 17 15 11 4 21 14 12 13 12
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Table 5 : Simulated results for the 2006, 2007 and 2008 hydrographs at site PLS. Discharges averaged over the simulated time
periods are shown. The glacial discharge is the sum of glacier-melt discharge and rainfall discharge.

Year r RMSE (m3/s) Discharge (m3/s) gg fiilztl;iisfr(o rrrg z}lg Cong;lzﬁglfgeof(ygo l)a clal - Glacier Erlf;tsfil;scharge
2006 0.94 753 12,350 3,088 26.1 2,717
2007  0.88 1,127 10,870 3,879 37.5 3,652
2008  0.93 1,324 11,510 2,414 21.7 1,976

FR6:ZKIMY > 705 DFHE Qe DT L=aQ> \2BI1T 5 a DRHEAE.
bfEIX1.9 (—E) THs.

Table 6 : @ values in the power function, L = aQy", applied to the discharges from
the five glacial tanks in Sections 1 and 5. The other coefficient, b, is constant at
1.9.

Year Section 1 Section 5-1 Section 5-2 Section 5-3 Section 5-4

2006, 2008 0.001748  0.002093  0.003733 ~ 0.003215  0.002383
2007 0.001156  0.001283  0.002936  0.001993  0.001510

AR Z - 72 X% & KNy » 7 55 04t o . e
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a1 e e z W 7 s O o0 g
AL REGOGARIIE POYI NN I W SN % in W Py
B S L IR, 5 DK S > 2 70 & OBMF I Y/« f“iﬁi““xﬂu\- -
# (glacier-melt discharge), 3 & U8Z ORIEGTEHF 12K g A Glail D sdméu . R
4k T O T R % DR 72 BESEAS R (glacial dis- T I
charge) Z/Rd. F72, FAWHEH LY v 7 - XF A — E, » (B) Simlated SSC Observed Dischare .
5. @ by dp, @ do O, BRBOTH, B X §4m’,\k AONT Y o f
N PLS #5123 3 2 F COMM A RT. SHEHERIL, j » S tu jt&’\ylx o é
HHPARREL 7=0.94 (2006 4£), 0.88 (2007 4), 0.93 (2008 f A VN LN
4E), TR HREE RMSE=T53m%/s (2006 4F), 2 vS A SR uE R 000
1,127 m?/s (2007 4E), 1,324 m%s (2008 4F) TH V), 1 | B Gl D <k 3000
BTRULREIGNL: (£5), #REELT, dank O — o
B 6 DAL, €0 81.9~94.1% A9k A i it Zwl ol Mrg »
T, PLS HAURICH L 21.7~37.5% % fiw 5 2 & £l Ty T~ -
birotz, TOXHIT, T— T VA OFIRER KT S E . T ~ / \ \r\\ “‘\,ﬁ\ 9;0[. %
B EH DO EERE 1 1% E 2 5L, MO TRKELRE E ) /v:y /\;{‘\ Observed SSC T §
5% EDTWLI LD bhL. IO Lrd, MERRLE 3" //EE;..MSSC \‘__ﬁ:}\ o
I L 245 H%OKITHEBEZ 2 5L, 22— 3 MO g ‘"“‘/P’/,_,—.Jﬂf‘“ﬁ» g
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Figure 8 : Comparison between observed and recalculated
SSC variations. (A) 2006, (B) 2007, (C) 2008.
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