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Synopsis

To reproduce real continuous records of river discharge from discrete discharge
measurements, how long should we choose time interval for discrete discharge measure-
ment? This time interval represents the time for describing a hydrological response and it
can be considered as a time scale of a hydrological response. In this study, to find out a time
scale of a hydrological response and a relationship between the time scale and the
catchment scale (catchment area), we analyze river discharge time series data in the Yodo
River basin using the Fourier transform method and the sampling theorem. As a result,
between a time scale 4¢(hour) and a catchment scale A (km?), a relationship, 4¢=p exp
(gy &) is obtained, where p= 0.6 and ¢= 0.026. This relationship shows that 4¢ for a basin
with 300 km? area is about 1 hour. We also refer to a time scale of a change of water
storage in a watershed.
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Fig. 1. One-sided power spectral density of Fig. 2. Schematic drawing of one-sided
discharge at the Shinmachi gaging power spectral density.
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Table 1. List of gagitg stations in the
Yodo River basin.

No. BElgrg #®I&E  fkkm) HoOoMm
1 & E FE 82.1 1976. 9-1991. 12
2 %o AHEI 243 1986, 4-1991. 12
3 KHF F R 1779 1978 7-199L.12
4 B OE FRN 1923 1976 1-1991.12
5 ZME FRIJ 2112 1976 9-1991. 12
6 Mm@ &BEN 771 1976, 1-1991. 12
7T FER  #EFI 731 1976, 9-1981. 12
8 L#&E &K 1962 1976 1-1991. 12
9 & B &EN 4286 1976 9-1991. 12
10 ¥ % &R 4655 1976 1-1991. 12
1 B B YR 438  1976. 9-1991. 12
12 {&IFE KB Il 1494 1976, 2-1991.12
13 & K HREN 940 1976. 2-1991. 12
4 &/ AKEIJ 5014 1986 4-1991.12
15 BrERE  AK#J) 5249 1976 1-199L 12
16 #H A& 12060 1976 1-1991. 12
17 fm % AK#J 14560 1976, 1-199L. 12
e 7 18 K B A #1550 1978 6-1991.12
: Yl 19 A &  K#&JI 15960 1976 2-1991. 12
N g B ; i
e LAY ; 7 20 KBE AF /Il 1535 1976 1-1991. 12
D e o APV YO 21 B o# KPPl 1930 1976 1-199L 12
¢ - T 2 [ B F I 42820 1986 41991 12
/11 gm0 ¢ 23 F i)l 43540 1976 1-1991.12
e 24 # K #2770 1979, 6-1991. 12
: "’,3’5 Ty 25 # BT B JIl 5400 1976 6-1991. 12
1'5 N2 26 &M H Il 6810 1986 4-1991.12
R 27 fRiEk & Il 7410 1976, 1-1991.12
28 K#&E%F H JII 8180 1986, 4-1991.12
29 23 B JIl 8870 1976 1-1991.12
30 W OB # )l 11000 1976. 1-1991.12
Fig. 3. Location of gaging stations in 31 ® & & )1 70500 1986. 4-1991.12
the Yodo River basin. 32 K F # I 72810 1976 1-1991.12
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Fig. 4. Value of f, versus catchment area at gag-
ing stations in the Katsura River basin.
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Fig. 5. Value of f, versus catchment area at gaging stations in the Yodo River basin.
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(b)

Fig. 7. Distribution of watershed tension water storage in a watershed basin.
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R H 3L To Vs RTHEBT 5,

H=pCoCrl (Te—T) wreeerserrerstertmiitnnsiniiiiiitiiiitii s (22)

ZIT, CREKOEEL#M (=10056(J kg K™, o REROEE (=1.2(kgm™)), C, B}/ ¥V 78X
F3, UREE (ms™!), T. 3MRERE (K), TRRE K) TH5, V7 @RREEHRKRICBT 5
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Hi | 30 m AEESE & L 7HEE C,= 0.005 % WY, BEUE U3 AMeDAS (E%) 0BRAEE 22m
TOREERRICELD 30m TOMICHIE L TRA L.

I0GE/20) oot (23)

U=l In(22/20)

U, i3EE 2,= 30 (m) TORE, U, 38E 2z=22 (m) TOEHTHD, 20=05 (m) & L7, BE
%E IE i)u—FO)/\“}[/y K‘tﬁﬁj‘éc
lE:lpBChU(qSAT<TS) -—q) .............................................................................. (24)

22T, 1 3koSoE# (=2.50x105(J kg™)), ¢ RHE kg kg™ '), gsar(Ty) BHEERERE T, i
St B 8RIHEE (kgkg™!) Thd, 7TA FATRKRITZREL TV A0, g LSHED BLU
KESKE e DBIFER

2 0.622(8/D) 0 009 Lot b e
I=720.318Ge ) 0822 (25)
BLU, LREERB= 0%’2’;[ =0.655(hPa K" ZHVWT QORELUTORKEREL THV S,
lE :%pBChU(eSAT(Ts) _e) ........................................................................... (26)

ERth, p, G, U HESEEBHETRO OO EEARTH 5, B RERUETHY, C LREIBRKICHKICEY
AHI L 30m AREEEE T AHBEYEBREIC =03 & L1, ear(Ty) RHEBRERE T, 106 5850
KEREETHD, 71 —F ¥ AOELK

2sar="6.1078 X 107ST/EBT3T) Lottt @2n

ZRVTRE TCC) OBE LTET,

Pllicky, BRRXE ABRXER JE BE RIEOBAME L HMERERE TRT I EMNTE
too 8, QOROATNS 4HOMPEEE G OEIR, 72 ¥ ABEHES X ORERREE T. 0455 BB
BEIENBTELV, LHL, —BEBARTIERGCOERDTLTHELINTEY, JITHRETEHR
BRERSNERERCHERO 5D 2EEHRKEIVEYD, G=0&,T3, Libi-T, QORIMEREE T, D
BRBETAHEREN S, =a—F VEZHAVLTIOFERLZRO THREERE T, 2k, h% (22)
R, @ORICKRAL THEBEMXE, RREBERLRD 5,

(2) MBRFROERHMOMTE

WBRFRBABSUHERE LkmX 1km OBTTEY, SR TFILCHMITRLAHETERBBREZRD
T, HARBRAICHE T 3R TFTORRHBOBEOVIGELREL» SORRBRE T 5, LU, BHER
BHEEICHEVAKE, BRI, B, BKEOMIZ, AMeDAS HAllicBI 3ETH - T, 2 TOBRT
i AMeDAS BIRISRBFEE LV, 2 TRBETHICHE LTV AMeDAS BHllRTOHE%E Z OB THRTO
& Uto 728, [T IE, AMeDAS BlllSOES L ATPHKES b LicKA T EROTT 3 KE
OERERERD, BFOEEIISLTHELEEAV ., SRTOESR, BLBERROEST—%
(ks—110-1) 2 b L RBFIBTNIERBOPEMEE L, F1z, TUXF ref DR, BTFILOL
HFREEICIE T, ChETORELELEIRERE L, BV T X FOfE% Table 212777, &1
Fie it 3R AR, BrEEERo tRIAF -4 (ks-202-1) ZHVTEBFLAEhIRLE
WERHIRIH E L,
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Table 2. Values of albedo.

+uflH 1B 2R 3R 4B 5B 6H 7R 8H 9F wH u1pg 128

M 016 015 010 008 008 010 013 022 018 015 015 015
¥ B 025 025 025 025 024 023 025 025 024 024 025 025
e 615 015 015 015 0.16 017 017 0.17 017 016 015 015
E-J e 016 016 016 017 017 018 0.8 018 018 017 017 016
15278 009 010 010 o010 011 012 012 012 012 011 011 0.10
B o 620 020 019 018 017 017 017 017 017 017 0.19 020

;W 032 032 030 030 028 027 028 030 030 030 030 032

% # 026 026 025 025 024 023 02 025 025 025 0256 025

x @A 0.10 009 008 007 006 006 006 006 007 008 010 011

# o 032 032 030 030 028 026 028 030 030 030 030 032
3.3 xRikE

By B (Fig. 3 OBRRES 15 £ 0 EHEB) LHTHER (Fig. 3 0BRSS 25 L v ERiE) %
MBI E T 5, By B IGHIRER 5249 km?, HEAROT L THIFIREER, AN 67.4%, HH
194% ThH 3, Tk, HENC LHFHGH D, H - E£EH TR 2L DB, —F, FETHRK I FHRTE
540 km?, WA O THIFIFE AL, KA 88.4%6, HA 7.3% TH 5,

3.4 ZRE LR RETBKOEERER
198849 A~ 19894E 12 D 16 » ARANR & L CEBATHEBY I 2 b—Ya VAT -7, &
D5b, 198849 Q52 HIRHOLESTATEE - TVWELEEX SN 5 19894E | A~ 1989 £ 12
HOB » BB cotEEER% Fig. 8, Fig. 91c/"d, Fig. 813, EFNVOANE LAHBEAREE,
Fig. I RKBLHEBLHEKRO Y s av—va VEERTHZ, ERR, REBBEZRDIBICAHVE
"AMeDAS ¥— % EEBEIC, 1kmX 1km OBTAHEKL, BBTFroRkbIVHBBAFOREEZO
BTTOfE LT, MRFERNOBTFOEEELHOV -, RREBORERER, B FBRRER cE
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Fig. 8. Time series of precipitation and evapotranspiration in the Shimagahara basin for
period January 1, 1989 to December 31, 1989.
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Fig. 9. Time series of runoff and watershed tension water storage in the Shimagahara basin
for period January 1, 1989 to December 31, 1989.

F 666.23 mm, FETERIFAFIS < 531.65 mm &7 -7, AEK TR, LM ZBRBEEREO MK, HEE
B IIER 600 ~ 9000 mm TH 3 E VWb TE DY, FEERFAKBR TP PHEMNES VW oD, ol
EBERBYUBETHAH LBbNh 3,

UDK~UDRKE BT 2B WM IM D35 2 513, By FRIE 6, MRHMS oM O 7~ 2 2
WTREEL, B=0.05 WM= 130, IM= 002 & L7, EROHEKRL» SBARELE L5 SBAIRET
o 1 EOHEHETOEHETRINSEER, 1988FEI A~ 1989FE 120 16 » AMT, B+ R
— 23.929%, H7HT 24.39% T - 1, ‘

3.5 MEELBKERHORMRT—I
BohtRBETEKOERE 7 — ) 2 EZRLTEBOOKFA Y — 2~ F VEE% Fig. 10 IZRY,
(@) BB EFHE, (b)) IFEHEEENRE LAERTH 5, FIHLRBELEKkoBMIE, 19894 1 A
~1989F 128D 12 » ATH 2, RMBF— 5 DOMTERE, 7 —2ZRR7 PAOHTEILH Iz > TR,
F— v AEXM5128M W2l H) oREIKTY, #hehoXKE%7 - XL TERE T &Y
7—ZRY7 FNBEEAHEEL, THhoOEHEE - TLED/ T -2~ VEEOHEELE Lk, Fig.
0Dy —2~<7 b VEBEZRZE, BiAEd, BABEREoiHT2EANEHLTREV, Ihid,
Fig. 9 OFBRTHKOEHZRThH B &5 i, RBLEKSELEATKBROMETEHLTHY, £
OEHOBRBFRTIBROMBICH L TSV LERL TS, Thid, THEHIECE-TVWHIL%E®E
FARBLTVBEOTHY, HAOSESFEABL TRETHHEERMLT VS, 7, MK 0.04
ORhERPTHIREBHLAKABESN Y, Chid 4 RBEORERCHEMYT IABK TS 0 ERHED
HREAGEHESEEL TV 5,

INH5DNY =Ry MAEENS, GERa BT 5AER . B X URERR 46 2RO HER
% Table 3 iCRd, /X7 — A7 bIVEROEBRKY o it T 2SN ER L TKRE WD, Table 3T
i, fo BIEEVCNSIBBERD, dt, BREBEENL > TV 5B, ThRBRIIEKOEFOIEHFHIE LK
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Fig. 10. One-sided power spectral density of watershed tension water storage.
(a) The Shimaganara basin, (b) the Shinmachi basin.
Table 4. Values of f, and J4¢, for mean
Table 3. Values of f, and 4¢, for watershed deviation of watershed tension
tension water storage. water storage.
a By E ¥y “ BrE O
fa Ata fa Ata fa Ata fa dta
99.9% 0.005046 99.078622 0.001205 414.968162 99.99% 0.312441 1.600304 0.226762 2.204956
99.8% 0.002599 192.408067 0.000976 512.484818 99.8% 0.211863 2.360017 0.160588 3.113565
99.7% 0.001407 355.377863 0.000975 512.998868 99.7% 0.156216 3.200090 0.124652 4.011165
99.5% 0.000975 512.843281 0.000973 514.030009 99.5% 0.108916 4590710 0.090772 5.508286
99.09% 0.000970 515.433396 0.000968 516.626117 99.0% 0.066998 7.462882 0.050582 8.830760
98.5% 0.000965 518.049807 0.000963 519.248582 98.5% 0.049691 10.002095 0.043944 11.378039
98.0% 0.000960 520.692915 0.000958 521.897807 98.0% 0.041978 11,910895 0.040005 12.498355
97.0% 0.000950 526.060878 0.000948 527.278192 97.09% 0.030794 16.236832 0.029524 16.935411
95.0% 0.000931 537.135867 0.000929 538.378808 95.0% 0.020245 24.697753 0.019541 25.587219
90.0% 0.000882 566.976756 0.000880 568.288750 90.0% 0.011636 42.969764 0.012007 41.643488

DR LTERINEVOBFEERTH D, EHPRPLLTHEDOTRAV, £IT, EBORMR T —
WERERBRD, N7 -2 PVEEORBEY 0T 2R EBE LSO EAVWTATETE -
too THUIL, HIRAIEK W OEED SDRED T —XR7 P VEEICHNET 5, &R o HIET 2H
W ., B USRI 4t 2RO ER% Table 412573, MREKE b, RRIIHEKII 2 BRIEE O
BB TE#T 2 sobh b, THbLE, FETIEKOEBILEEI/NS S, EEBORFR r —vid
HEETH 5,

4., & Eo

AHETE, FANRREFHORMRyr —VBXUBMA Yy - VEEBXr —VOREISWT, i
HEFVENLLRBTEKEH OB 7y — VIOV THERETE - 1,

2. Cl’, ANBRBEMFT CEAS W AFARBBEAL SVORERr -V TEH LTV L0, &5
IR & — L L HIRER IR E 0 & S BBEHRN S 22T IRKOKEF - 5 2> THFL, DTk
BERLU
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