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Abstract

In this paper, the characteristics of hydrologic basins as well as snowlall are derived onlv rom daily

snowmnelt runoffs data. This is a sort of inverse hydrologic problem.

First, time series of daily snowmell munoffs are separated into componets of the longer period and the shorter period

by numerical filters whose cutoff frequencies 1s determined from the coherence gap in snowlall- suowmell runoft becaise

the daily data can be considered to be a stationary stochastic process,

By assuming the daily snowfall to be of & white noise. the ime series of each component are (itted 1o the AR model

from which the hydrologic response characteristios { unit hydrograph for cach suhsvsterm ) are determined,

Thme series of the daily snowfall arc wnversely generated from the original time series of the daily snowimell runofl

and the unit lydrograph of each component determined above.

Finally, the estimated snowfall is compared with observed effective snowfall which is obtained by mudtiplving e

observed snowlall by runofl ratio { total observed snowlall / total snowmelt runofl ).

ILINTRODUCTION

The increase of & heap of reliable hydrologic data as
well as the advancements in the science and technology
of statiscal and stochastic data analysis | supplimented
wilh  electronie  cquipments  and  machmes, have
stimulated  hydrelogists and  hydraulicians o the
Hourishmg proposals of hydrologic data analysis. Here,
the filier separation AR method (Hine and Hasebe 1970
and 1981), which the authors' proposed, attempt 1o
derive the livdrologic characteristics of a basin for
snowmeking period and the mverse estimation of effective
snowiall ime series trom the daily snowmelt runoff data
alone; ve. the hydrelogie inverse proplem. The present
meethod utilizes the stochastic approach. However, it is

remforced by the understanding of the physical and thus

determnistic process of hydrologic svsiems

2. RECAPITULATION OF FILTER
SEPARATION AR METHOD

The followings are the recapitulation of  Ihe filter
separation AR method of hvdrologic analysis from daily
snowmelt runofl data alone. The method is developed
based on the snowfall property that spowfalls observed
i wnit of day may be treated g5 o while noise whose
aulo-correlation is a Divac's defta lunction. Accordingly,
a snowmelt rupet! component such as e longer period
component or the shorter period one may e seen as the
eutput from an AR(auto-regressive) mode! driven by a

white noise,
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2.1 Separation of snowmell runolf into components

by mumericaf fifter

Time series of daily snowmelt runoft iy divided two
snowmell runoll components through the gh frequency

cutefl” nemerical Tliers. The cutoflf frequency of the

numerical [Her is delermined both from the AR model

fitting and coherence and phase between snowladl
(inpul) and snowmell runoft {(output § (Hine, 19773,

The coherence and phase s given by equ(l)

Coh () = P INIP (NP (1) 0
- : i
FPhase (f) = tan IME(Q,m,(ﬁ/Km,m,)
where Px(]) is power spectiim of aipul, Py(f) s power
spectrum of output, Pxy(f) is cross speetrum, Ky 15

cospeetrum and Qxy({ 15 quadrature spectimm.

The cutall frequency (Mhine and Hasebe, 1984) 1o

separale snowinell nmofl thne series is piven by coqud2).
je= 1Te (23

where fe s cutoll frequency  and Te s the lime
characteristic of separation,

The high frequency cutoll [ilterg of dasly snowmelt

ol ¥{1) 18 perforimed by equ.(3).

2O = aZw , rpie-k) 3

where vt} s the fltered Tonger perind runoit (A0 =1

and a1 a weighting [actor,

¢ exp ] ~C (kA2 + sin [(C] -0 0 (kLD

w, = - 7
(C-‘{*CO)”‘)‘
= 0
Jor k=012 N and k=-1,-2,.

4
The values of ) and C, i cqu.(4) arc given by

C. = (8/Tc)
. = 8UTc

where 6 18 2 domping {actor

2.2 Hydrologic characteristics of subsystem

Time series of each separated raneft componeal s

fitted 1o the AR model given by equ.(5).

o i O
v, = al}xril—l-gz}){_zw
0 6] =y
e e 4 2w +‘Gpvr-vp+ £,

where ¢ 1sa white nose and /= 1 and 2.

)

From the AR coellicients thus deternmmd 4 the

E . . L ria o, .
il hmpulse response function b (Oithe unit
Idrograph [or the subsvstent) is derved by converting

the AR process to the MA (mowving averape) process,

/'rél) = 0, hlm = /8 U), hzm = ai/ﬂ (ﬂ’
0y G : (™
Ry = Zhn,],aj (n>1)
where for brevity the superseript (/3 1s omitted and 3

is 2 factor to be deseribed subscquently.

2.3 Estimation of snowfall from snowmelt runofl

By aperating the AR coeflicients determined above on
the original separaled runofl lime series v o the time
series of snowfall to the subsystan 5™ () s inversely
cstimaled as the yandom mput

xf{,i = pgo. {y[mfalmyf_nl —az([)_vfgf
IONREY

RN 3":~p]
(7
where the conversion factor 17 ix given by
3 o 24+3.6 «
) o)
ﬁ(l—azm—a:,{[)f oo a;))

in which the catehunent area A is expressed inet of ko
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. . K : .
ooty and e munit of ur'es and <t of nncday.

Summiing up all estimated components of subsystems,

the time series of effective snowlall (K1) is estinated by

et {97,

2
- 0
X, = . x,

; I=1,2 (9
i=1

JOAPPLICATION TO A BASIN FOR
SNOWDMELTING PERICD

The above mentioned method has been applicd to the
daily snovwmell runofl” from the Yuda River basin with

the eaichment ares A= 583 kay' i Japan,

3.1 Examination of white noise of snowfall data

sinee the energy of power spectral of daily snowlalls is
assumed Lo be constant, that is, the mto-correlation
function 1s Dirac’s delta fimetion as is clear from Fig |,
the time sertes of snowfalls may be assumed o be of

white noise.

- i)

2.0

R —

00 10 20 30 40

1107t
{rq.)

Figure T Power spectrum of snowfall {input )

3.2 Delermination of cuto!l frequency

Aeflective measure of estimating the cutoll fregreney
15 provided by inspecling the eoherence of the inpu
(snowfally and the output (snowmell runolf ¥ Fig.2)

which indicates hat f¢ = 045 day™ for the Yuda River
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Figure 2 Coherence and Phase

Orderof | AR c‘.().qfﬁtlft.’flfé' | ar roy_‘]?.cfm!s
AR coefficien | of tonger poried | ol shorter period
| Lalyy 0.6412
2 -0.7124 -0.0785
3 0.2287 0.1200
4 - 5.0992 o=
3 0.6951 S

Table I AR cocfficients

3.3 Separation of dailv snowmelt runofl.

By operating the high cutoll numerical filter and vet o
damping Jaclor 01 2.0 the suowmelt runolT data have
been separated info the thine series of o componenls,
that 1s, the longer period component and the shorter

peviod component (Fig.3).
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Figure 3 Separation of snowielt vanoff inte components
3.4 Hydrologic characteristics ( noit hydrograph) resull as shown i Table 10 The nambar of terms
oplimal AR model Giting has been determined by the
By fitting the AR wodel, equ.(5), Lo the filtered time least squarcs criterion ol the prediction error, for
series, the Jonger period and the sharter period, the AR reference, e resulis of the other criteria of ol
coeliicients for each subsystein are determined with the prediction error and  Akake indunnetion criterion
(Adatke, 19763
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. . . . . Figure 4(1) Response function of shorter pertad
Figure 4(x) Response function of longer period » (b) I 1
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Figure 3 Comparison the inversely estimated spowfall with the observed

effective snowiall

fa s analysis, the snowmell runofl component of shorter
petiod is fitted by the third-order autoregressive model,
while that o' longer period is fitled by the {ifth -order
auloregressive model,

The unit impulse response functon for the subsystem
is obtained through equ.(6) and shown in Fig 4(a) and
h). '

From Figs4, 10is understood that the snowmelt runofl
of shorter period has o peake discharge al a lag of one day
and ends within sbout wventy days. On the ather hand,
the snowmelt runoll’ of Jonger period has & peak
discharge at aboul two days lag and lasts as Jong as
about sixly Gve days, In the case of snowlall, during the
snovwmeling period, even lsuow thavws, suowinell ywater
dees not {low oul lo stream at once beeause snowmelt
water has to fivst Tow through the layer of drilted snow

and soil (Hasebe and Kumckawa, 1994a and 19941,

3.5 Inverse estinmtion of effective snowlall

Alter the AR coellicients or the response lanctions of
shorter period and Josger period components were
deterined, the virtual snowlall component, which
contribules (o the actual snovwvmel runoll] o subsystems
as well as the composite effective snowlall have been
wversely estimated by equu(9).
ta Fig 5 the mversely  estimated composite snovwlal
{Xi) ts compared with observed effective snowlall which
i obtained by multiplying the observed snowiail by the
runoll vatio / {(observed tolal snowlallsuowmelt total
runoll) which s estimated from cumulative
rvedsnowlall and cumulative snowmiclt runol? tor
snowinelting period. The value /s 1,230,

Judging from fpure, the snovwmelt poriod is rom the
last eloven davs of March to the ond of May 1 the Yuda

River.
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4. CONCLUSIONS

The kev 1o this ivdrologic mverse problem lies i the
fact thit the input { daily snowtall ) s of white noise and
the physical process in the hydrologic subsystems are
understood although they were only conceptual.

The conclustons of this analvsis are as follows.

(11 The cutolt frequency s estimated from the coherence
cap hetween snowlall and snowmell runoft and the
value fo 15 0,45,

(2) The snowmelt nimot! component of shorter period is
fitted by the thurd-order autoregressive model, while
that of longer period is litted by the autoregressive
model with the order of 3.

(33 The snowmelt runoff component of a shorter period
has a peak discharge at alag of one day and ends
within shout twenty days, while that of a longer
period has apeak discharge at about two davs lag
and lasts as long as about sixty five davs from the
unit impulse response Amction of subsystems.

() Comparing the estimated virtual spowfall with the

observed snowtall, it s understood thal snowmelt
water: does not run directly off to the river as
discharge;, part ol the snowmell water infiltrates
mito the suow pack and soil, and the snowmelling
period when snowmelt water fows oul to the river
s lrom the last eleven days of March 1o the end

of May 3 the Yuda River from Fig3.
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