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ABSTRACT. A distributed snowmelt predi c tion model was d evelo ped fo r a 
m ountain a rea . T o pography of the study a rea was represented by a digita l m a p. C ells 
o n th e m a p were divided into three surface-cove r types; d eciduo us fo rest, eve rg ree n 
fores t and d efores ted area. Snowmelt ra tes for each cell we re ca lcula ted by a n energy 
ba lance m e thod. M eteorological elem ents were es tima ted sep a r a tely in each cell 
a ccording to to pogra phical ch a r acteristics and surface-cover typ e . Distributions of 
wa ter eq uival ent of snow cover were es tima ted by th e m od el. Snowm el t runoff in th e 
wa tersh ed was also simula ted by snow melt ra tes calcula ted by th e m od el. Th e m od el 
sh owed th a t the snowmelt peri od a nd snowmelt run off a fte r timbe r ha rves ts would be 
abo ut two weeks earli e r th a n under th e fores t-covered conditi o n . 

INTRODUCTION 

Predic tions of snowmelt ra te distributions in m o untain 
a reas a re importa nt not only for wa ter resource d evelop­

m ent, but a lso for wa tersh ed m a nagem ent. Cha n ges of 

snowmelt ra tes wi th ch a nges in a ltitude a re not m a rked 

during mid-melting seasons (Y amada a nd o th ers, 1978; 

K o ike a nd others, 1985 ) . Snowmelt ra tes, in practi cal 
applicatio n , a re usually calculated from the a ir tempera ­
ture, using th e d egree-d ay m e thod . It is necessa ry to 

calculate th e en ergy balance in a wa tershed to improve 

sn owmelt mod els. An en ergy b a la n ce m e thod w as 

recently applied to th e predi c ti on of th e a mo unt o f 
snowmelt in a m o unta in wa tersh ed (Naka mura a nd 
o thers, 199 1) , and a lumped-pa ra m e ter m odel was used 
to calculate th e a m ount of snowmelt in the b as in. 

Effec ts of fores t opera tions on snow m elt rates have 

recently b ecome important in J a pa nese m o unta in wa ter­

sh ed s. A distributed-para m e ter model for th e predic ti o n 
of snowmel t ra tes is needed to unders ta nd th e iniluence o f 
a fo res t a nd topogra phy o n sno w m elt ra tes . A new 
distributed-pa ra m eter snowmelt predictio n m od el has 

been d eveloped , and changes of snowmelt rates a nd 

snowmelt runoff from a watersh ed caused by timber 

h a rvests a re simula ted by th e m od el presented in thi s 
paper. 

STUDY AREA, OBSERVATION METHOD AND 
RESULTS 

Study area 

The stud y a rea 1S th e southern face of Mount Iwa te, 

northern Honshu I sla nd , 39°50' N , 140°50' E . M ount 

Iwa te is a v olca no , and the basem ent consists of 

Qua ternary volcani c rocks. M aj o r so il s a re anodosols. 
Soil d epth was no t m eas ured. The topograph y of th e a rea 
(32.9 km 2

) is shown in Fig ure I. The lowes t, highes t and 
m ean a ltitudes are 400 , 1780 a nd 11 40 m , res pec tively. 

Ther e a re four wa tersh eds in th e a rea (Fig . I ) with a tota l 

a rea of 10 .6 km 2 

Annu a l m ean precipitat ion is 1940 mm , of which 45 % 
occurs during winter (November- May). Annual m ean 
te mpera ture is 8 .7°C a t a n o pe n site a t 490 m a .s.l. 

D eciduo us broad-leaved fores ts a nd man-made fo res ts 

of J a p a nese larch a re typical vege ta tion types below 

1200 m a.s .l. The zon e between 1200 a nd 1500 m a .s.l. is 

m a inl y cove red with d eciduo us broad-leaved forests a nd 
oshira biso-fir fo res ts, a nd th ere is a lpine g rass la nd over 
1500 m a.s. 1. 

1000 

'00 

T Weir 
- .... Snow survey points 

and route 
• Observa t ion s ite 

Fig. 1. T ojlography of the study area and the location of 
observation sites. 
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Ohta: Snowmelt prediction model 

Observations 

The meteorological observation sites were loca ted a t 
490 m a.s. l. (Fig. 1) , one in deciduous forest, the other on 
open ground . Observed variables were air temperature, 
rela tive humidity, wind speed , solar radiation, albedo of 
the snow surface and the net all-wave radiation. These 
elements, except wind speed , were measured every five 
minutes and hourly means were recorded by data loggers. 
The hourly wind run was recorded to obtain the hourly 
mean wind speed . Observations began in O ctober 1989. 
In addition to these observations, a tmospheric long-wave 
radia tion was measured from August to November 1992. 
The downward long-wave radia tion in four forests was 
measured a t this observa tion site and other sites located a t 
M oshiri , H okkaido. The four fores ts included deciduous 
and evergreen forests. 

Water equivalent of snow was measured at eight 
points, which are shown in Figure 1. As it was difficult for 
observers to climb to the watershed areas, the snow survey 
rou te was located in a more accessible site. A snow 
sampler with 0.046 m d iameter a nd 2.0 m length was 
used. Three measurements a t leas t were carried out a t 
each place, every 10 to 15 d ays from December 1989 to 
April 1992. 

Discharge was measured at four basins: observation 
sites a re shown in Figure I . The observations were carri ed 
out from O ctober 1985 to July 199 1. W ater levels a t four 
weirs were recorded every hour. As the water budget was 
not balanced in each wa tershed , the total of discharge for 
the four wa tersheds was analyzed . 

Results 

M eteorological variables at an open and a jorested site 
The rela tionship of meteorological variables, except long­
wave radia tion, between an open site and a fores ted site 
were described as follows, 

X r = cX o + d (1) 

where X r and X o a re the hourl y values of meteorological 
vari a bles at a forested a nd an open site respectively, and c 
and d are coefficients. T able I shows ave rage values of c 
and d and coefficients of correl a tions during the three 
melting seasons. Solar radia tion, net all-wave radiation 
and wind speed decreased in the forested site . Similar 
results were reported by K oike and others (1985), Price 

5 
z 1000 1000 

Table 1. Parameters on linear relations of meteorological 
variables between a deciduous jorest and an open site. 
Note: r is the coifficient oj correlation 

c d r 

Solar radia tion 0. 69 0 0.96 
Net all-wave radiation 0.76 - 5.17 0.92 
Wind speed 0.58 0 0.95 
T emperature 0.98 0 0.99 
Relative humidity 1.02 0 0.98 

(1988) and H ashimoto and others (1992). 
Long-wave radiation was greater in forests than at the 

open site, and long-wave radiation under leafed canopies 
was grea ter than that under lea fl ess canopies. 

Distributions oJ the water equivalent of snow 
Figure 2 shows examples of the relations between altitude 
and the water equivalent of snow (black dots) . The 
rela tions were presented by linear functions written as: 

Hw(h) = Ah + B (2) 

where Hw(h) is the water equivalent (mm) at the altitude 
h(m), and A and B are coeffi cients. Table 2 shows the 
values of A and B and coeffi cients of correlations just 
before the three melting seasons. 

Table 2. Parameters on linear relations between altitude 
and the water equivalent oj snow. Note: r is the coifficient 
oj correlation 

M elting season A B r N umber of 
points 

mm 

1990 0.395 - 55 .4 0.96 8 
199 1 0.547 - 8.9 0.9 1 7 
1992 0.430 91.3 0.96 8 
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Fig. 2. Relationships between the altitude and the observed and estimated water equivalents during the 1991 melting season. 
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Fig. 3. Comparison oJ the Ilredicted hydrograph with the 
actual hydrograph during the 1991 melting season . 

Sl10wmeLt runo)] 
Figure 3 displays an example of a hydrograph of the sum 

total of disc ha rge for the four watersheds (thin line). 

Snowmelt runoff began in the middl e of M a rch a nd 
ended at the end of lVlay. Similar res ults were shown 
during other melting seasons. 

MODEL FOR MELT RATE 

The model d eveloped in this paper focused on th e 
snowmelt season. Th e ho url y e nergy ba lance was 
computed. 

Basic equation 

A model which could calculate th e snowm elt rate, the 
snow surface temperature and the freezing depth was 
presen ted by K ondo and Yamazaki ( 1990) . The followin g 
is an ou tline of the basic eq ua ti ons in this method. 

Figure 4 shows schem a ti c profil es of th e snow 

tempera ture T a nd water content W in th e mod el. 
Liquid water content W is ass umed as 

ZN 

z 

W = 0 (z = Z), w = Wo (Z 2: Z) (3) 

Sndw temperature liater content 

T o 

-- ------ --- -t-,-,-, ,-,-, -, ,-I 
••• eO •••• . -, ..... ...... .. . . ...... . 
", ,0, .,. 

0 ••• 0· •• 
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Fig. 4. Schematic snow tem/Jerature alld water content 
profiles in the model (after KOlldo and Yamazaki, 1990) . 
Kote: Ts) snow temperature at the present time step; Tsn, 
snow temperature at the next time step; Z; Jreezing depth 
at the /HeSeJlt time step; Zn ; Jreezing depth at the next 
time stejJ; l¥o, water content in the melting dejJth . 

Ohta: Snowmelt prediction model 

where Wo is the maximum water content defined as th e 

ratio of the mass of liquid wa ter to the mass of the wet 

snow; z is th e d epth at a ny point (Ill ) and Z is the freez ing 
depth a t the present step (m ). The va lue of Wo is 0 .1 5 in 
this stud y. After a unit of time dt passes, the snow surface 
temperature Ts changes to Tsn and Z to Zn. The energy 
for the entire snow cover is described by 

0.5Cs Ps ( Z(To - 1:,) - Zn (To - 1:.n ) ) 

+ Wo Pslr(Z - Zn) + Modt = Gdt (4) 

where Cs is the specific heat of ice U kg I); Ps is the snow 

density (kg m 3); T,. and Tsn are th e snow surface 
tempera tures (O C) at the present a nd nex t time step, 
res pec ti ve ly; Z and Zn are th e freez ing d epths (m ) at the 
present a nd nex t time step, res pectively; lr is the hea t of 
fu sion for ice U kg - I) a nd Mo is the energy req uired to 

create runoff from th e snow pack U). H ere, To is Doe a nd 

dt is I hour. G is written as 

G=(l - a)l + L + EO(T., + 273 .15)I+ H + lE + QR (5) 

where a is th e albedo on the snow surface; I is the so lar 

radiation (W m \ L is th e a tmosph eri c long-wave 

radiation (W m 2); 8 is the Stefan-Boltzmann constant 
(W m 2 K 4) a nd H , lE a nd QR are the sensible hea t, the 
la tent hea t a nd the heat g iven by ra in fa ll (\IV m 2), 
respectively. H ere, E is th e emissivity of th e snow and its 
value is ass umed to be J .0. H a nd LE a re d escribed by the 

followin g bulk transfer eq ua tions: 

H = Cp P Ch U(1:, - Ta) 

LE = Lp CcU( qs(1:,) - q) 

=lpCeU((l- h )qs(Ta) + ~(Ts - T,,)) 

Ch = Cc 

(6) 

(7) 

(8) 

where Cl' is the specifi c hea t of air at constant pressure 
(j kg- I); P is the air density (kg m 3); U is wind speed 
(ms- I); Ta is the air tempe ra ture (O C); l is th e latent hea t 

of water U kg I) and h is the relative humidity. qs(Ta) is 
th e sa tura ted specific humidity a t tempera ture Ta and ~ 
is dqs/ dT.'l' Ch a nd Cc a re the bulk exc ha nge coe ffi cients 
for the sensibl e hea t and the latent heat, res pec ti\'e ly, a nd 
these val ues a re 0.002. 

The heat balance eq ua tion of a snow surface wi th a n 
infinitesimal thi ckness can be written as 

(9) 

where Rs is th e therm a l cond uctivi ty (\V m 1oC I ) . 
Substituting (6) and (7) into (9), the snow surface 

temperature, the freez ing depth and the snowmelt rate 

ca n be obta ined by solving (4 ) a nd (9 ). 

A distributed snowm.elt m.odel 

T opography oJ the area 
Topog ra ph y was represented by a digi tal map with a ce ll 

size of 125 x J 25 m, and the stud y a rea was divided into 
2107 cell s. Slope a ngle, slope aspect of a cell a nd eleva tion 
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aro und a cell were calcul ated from the d ig ital map. The 
surface-cove r ce ll s were divided in to three types; 
deciduous forest, evergreen forest and deforested. The 
energy balance was so lved on each pixel by the method 
described above. Advection between ce lls was igno red. 

ALbedo on the snow swjace 
The snow density in the 0- 0.03 m thick layer affec ted 
a lbedo, and snow surface a lbedo was decreased with 
increased density (K ojima, 1979). The relationship 
between albedo and density is written as 

a = - 0.00114ps., + 0.98 (10) 

where Pss is the density (kg m 3) of the surface layer (0-
0.03 m) (Ohta, 1992). Pss is obtain ed by the viscoelastic 
theory of the snow (K Qjima, 1957), and is written as 

where Ei(X) is the integral exponent, PssO is the surface 
layer density (kg m 3) a t t = 0 and Ws is the weight of the 
layer (kg) . The values of k a nd Eo are 0.021 m3 kg I and 
10.0 kgd m 2, respectiyely. Aa is the decrease factor o[ Eo 
with temperature (Kondo a nd others, 1988). 

Snow density oJ the freezing Layer 
The snow density of the freezing layer which is Ps in 
Equation (4) may often differ from the valu e of p&;o 
Ps, therefore, is assumed as 

{ 

Pss, 
Ps = 

003 Z - O.03 zPss + -Z-Psd, Z> 0.03 

Z::;0.03 
(12) 

where Psd is the snow density below 0.03 m depth 
3 3 (kg m ) . The value of Psd is su pposed to be 450 kg m . 

SoLar radiation on each pixeL under a diforested condition 
Solar rad iation on each pixel was calculated [or a clear 
day rrom the topographica l data of the digita l map and 
the sun 's orbit. If a daily ratio of the actua l sola r radiation 
and the calculated clear day 's so lar radiation was given at 
an observation site, the actual solar radiation on each cell 
would be written as 

1 = xl r (13) 

where I and Ir a re the actual and calculated radiation on 
a cell (W m 2), respectively, and x is the daily ratio of the 
actua l and clear day's radiation at the observation site. 
The value orx is constant on one day, alth ough in reality 
the values may change continuously. Ir is calcu lated by 
the following equations: 

I f = I rd + I fs 

I fd = I OpI / sin h, (sin hs cose + cosh, sin ecos(D - b) 

. (1 -pI/ Sin It') (1 + cos e) 
I fs = 0.51 sm hs 

1 - l.41nP 2 

110 

(14) 

(15) 

(16) 

where I rd and I fs a re direct so la r radiation and sky so la r 
radiation (W m 2) on a slope with () a ngle (0) and b aspect 
(0) , respectively ; P is the atmospheric transmittance; l a is 
solar constant (W m \ h, is sun elevation (0) ; D i sun 
azimuth (0) . D and b eq ual zero at due south , and the 
values are positive in western sector . The valu e of P was 
0.77 and constant in the study a rea during th e melting 
seasons. This va lue was decided by sim ula ti on of yea rl y 
variations in so lar radiation. hs and D a re written as 
follows: 

sin hs = sin C.T sin S + eos CT cos S cos t .r (17) 

cos Ssin tx 
sinD = ---"...­

eosh 
(18) 

where C.r is the latitud e a t a point, S is the su n 

declination and iT is the hour a ngle. There is no direct 
so la r radiatio n on a cell when sun elevation is lower than 
the elevation around thi s cell. 

Atmospheric Long-wave radiation under a diforested condition 
Monteith (1973) showed a n eq ua tion to es timate the 
atmosp heric long-wave radiation: 

L = (1 + ~~;) Lr 

Lr = (0.51 + 0.066v'e)8(Ta + 273.15)4 (19) 

whe re Land Lr are respectively atmospheric long-wave 
radiation on a cloudy day and a clear day (W m 2); e is 
the vapor pressure (hPa); C is the cloudiness (0 10) and n 
is a cons tan t determined by cloud type. The parameter n 
a llows for th e decrease of cloud temperature with 

increasing height , with a maximum value of 0.2 [or low 
cloud cove r. 

The values of nand C are rarely observed. Equation 
(19) wa recently further developed (Ohta, 1992) and a 
simplified equation can be written as 

L =(1 + 0.2(1 - Cc)) Lr 

C -~ 
c - ItP (20) 

where I t and I v are the daily sola r radi ation on the top of 
the atmosphere and the daily observed olar radiation at 
an observation site (Mjm-2), respectively. H ere, the 
parameter F is the va l ue of Iv/ I t, when the ratio of 
possible sunsh ine is 1.0 . Its value is 0.74. 

DistTibulions of other elements 
Distributions of air temperature, humidity, wind speed, 
amount of precipitation and initial water equivalent of 
snow cover were estim a ted as follows. 

Air temperature at a ny pixel was written as 

(21 ) 

where T,,(h) a nd Ta(hb) a re the air temperature at each 
ce ll , h m a.s.l. , and the observation site (OC), hb m a .s. l. , 
respectively. The parameter it is the a ir temperature lapse 
rate with the altitude and its value is - 0.6 (O CflOO m). 
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The relative humidity on eac h cell is supposed to be 
equal to that a t the obsernltion site. 

\\ 'ind speed at high a lti tudes was usually greate r than 

th at at lower a ltitud es, a lth o ug h a clear relation between 

t\\-O obsen'ation point. whose altitude difference was 

about 900 m , could not be obtained by the observations. 

The relation between w ind speed and a ltitud e, therefore , 
was supposed by an approx imate relation between wind 
speed a t these two poi nts. I t was desc ri bed as 

U(h) = (1.0 + O.OOl(h - hb))U(hb) (22) 

The amount of precipitat ion increased with a ltitud e in 
thi s arca during snowy seaso ns (Ohta, 1989 ) a nd its 
relation was wri t ten as 

(23) 

where P is the amount or precip itat ion and the parameter 
II' is an increased ratio or precipitaLion with th e a ltitud e . 
Valucs of fp arc 0.001 for snowfall (Ohta, 1989) a nd 0 fo r 

rainfall, respectively. The criti ca l air temperature of 

snowfa ll in thi s area is 1.75°C (Oh ta, 1989) . 
The distribution of the water equ ivalen t of th e snow is 

represenLed by the linear function s described abo\·e. The 
parameters orinitial di st ributions are presellled in T ab le 2 . 

Forest eJferls 011 l7leleorological variables 
l\Ieteorological \'ar iab les, espec ia ll y w ind speed, solar 
radiaLion and nct a ll-wave radiation , differed in fo resLs 
rrom those aL an open si te as presen ted in T ab le 1. 

The ratio orso lar radiation on deciduous rorest ce lls to 
open cells in the model was 0 .7 from obsen'a ti o n results 

shown in Table I. This ratio on evergreen lorested ce ll s 

was estimated 0.35 by other reports (K o ike a nd others, 
1985, Ohta and othe rs, 1990) . T he ra ti o of w ind speed on 
rorested ce ll s to ope n ce ll s was 0.6 from the res u lts 
presen ted in Table I. 

Downwardlong-wa\'e radiation was a lso influenced by 

a fore s t, as described above. Downward long-wa \'e 

radiation in forests consists of the atmosp heric long-wa\'e 
radiation and long-wave radiation em itted from ~\·ood. It 
was poss ib le to assume that the transmittance of canop ies 
for the atmospheric long-wa\'e radiation eq ua led that for 

the ren ec ted radiation (Yamazaki and others, 1992 ) . The 

\'alues of c in Equation ( I ) were O.OL~ and 0.57 at the 

490 m a.s.1. site in A ugust a nd D ecember 1990, respec­

ti\-c1 y. Those values wcre 0.05 and 0.58 o n cloudy d ays 
onl\' in these two months. Ass uming from these resu lts th at 
the Lransmissi\"i t y of a forest ror th e atmosp heric long-wa \'e 

radiation equa ls th a t for the so lar radiation , downward 

long-wave radiation in a fores t can be written as: 

Lfo = fiLop + (1 - Ii)8(Tro + 273 .15)" (24) 

where Lfo and L op are the downward long-wa\'e radiatio n 

in a forest and the atmospheric long-wave radiat io n 

(\\' m 2), respec ti\·ely; Tfo is the surface temperature of 

trees ( C) and fi is the tra nsmissi\'ity for th e atmos ph eric 
long-wave radi a tion in forests. H ere, Tro is ass um ed to be 
equal to air tempera ture 7; •. 

Ohta: Sllowmelt prediction model 

RUlloJJ model 
The H ydro logica l Cycle Model (HYCY :v! od el) (Fu­
kushim a, 1988 ) was used to a n a lyze snowmelL runoff. The 

input for this model we re two area-ave raged compo nent ; 

one \\'as snowmelt rates and the other was rainfall. 

E\·apotranspirat ion from a cell in which snow cm'er had 

a lready d isappea red was a lso calcu la ted in the runoff 
model and th e \ 'a lues were 0.0 in M a rc h, 0 .031 in April 
a nd 0.076 mm in ~lay, respectively (Ohta a nd H irayam a, 
199 1) . P a rame ters in th e runoff m ode l were obtained by 

simulatio ns during summ e r seasons when runoff was 

caused by ra infa ll. The testing periods were fro m Jun e to 
October in 1986 90. 

SIMULATION OF SNOWMEL T PROCESS AND 
SNOWMELT RUNOFF 

The " relati\ 'e error" is written as 

ER = t(IVa -Vcl ) /N 
1 Vo 

(25) 

where Vo and Vc arc observed a nd calcul ated values, 
respec tively, a nd N is sample size. 

Albedo and the downward long-wave radiation 

Figure 5 shows ch a nges o f observed and ca lculated dai ly 
mean a lbedo o n the snow surface durin g th e 1989- 90 
wi!1ler. The trend or es tima ted a lbed o was simil ar to 

obse rved albedo. The opposite variation occurred som e­

tim es, for example on M a rch 2 , a nd th ese erro rs were 

caused by mistakes in the estimation o f precipita tion 
types. The relative error was 0.124 a nd th e ave rage o f 
abso lute errors was 0 .087 during th e three w inte rs 
ana lyzed . 

Fig ure 6 shows th e observed a nd calcul a ted atmos­

pheric lo ng-wave radi atio n a t th e obse rva tion si te . 

Calc ul ated va lues reproduced o bserved values a nd th e 
a\'erage error was 2 1.1 \V m 2. The m ethod d esc ribed in 
Equation (20 ) was used to ca lcu la te a tmosp he ri c long­
wa\'C radi a ti on. Observed and calcula ted downwa rd 

long-wa\"e radiation in the four fo rests a re shown 111 

Figure 7. Atmospheric lo ng-wave radiation, L op in 
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Fig. 5. Time variation oJ the observed and calculated 
albedo all Ihe snow slt~face during the 1989 90 winter. 
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Fig. 7. Observed and calculated downward long-wave 
radiation in four forests. 

Equation (24), used in this simulation were observed 
values and were not estimated by Equation (20). The 
average error was 13. 1 W m- 2

, so the prediction method 
in Equation (24) was also used Lo predict the downward 
long-wave radiation in fores ts. 

Distributions of water equivalent of snow 

Distributions of water equivalen t of snow in the stud y 
a rea were predicted by the snowmelt model, because the 
energy bala nce was so lved on each cell. 

R elations between altitude and es timated water 
eq uivalents are shown in Figure 2 (open dots and dotted 
lines ). Estim ated eq ui valents were values on cells in which 
actua l observation poin ts of snow surveys were located. 
Estimated relationships showed the same tendency as 
observed ones. Similar results were obtained during the 
other two melting seasons. 
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Daily snowntelt runoff front the watershed 

The relative error on daily runoff during the testing 
periods was 0.1 88. The relative error on the total amount 
of runoff from June to October was 0.095. 

The es timated daily hydrograph during the 1991 
melting season is displayed in Figure 3 (thick line). The 
dotted line shows a calculated base flow. R elative errors 
on daily runoff during the 1990 and the 1991 melting 
seasons were 0.204 and 0.196, respectively. R elative errors 
on the total a mount of runoff during the analyzed periods 
were 0.092 and 0.097. R eproducibility during the melting 
seasons was not inferior to that during seasons with no 
snow cover. 

FOREST INFLUENCE ON SNOWMEL T PROCESS 
AND SNOWMEL T RUNOFF 

The effects of deforestation on the snowmelt process and 
the snowmelt runoff were investigated by the model. The 
energy balance under deforested conditions was solved on 
all cells without forest cover, (see 'Forest effects on 
meteorological variables' above). Although the distrib­
ution of snow pack may be actually cha nged by 
defores tation, simulations in th is stud y focused only on 
the snowmelt process. Initial distributions of snow, 
therefore, were not changed under deforested conditions. 

Changes in a snow cover area 

Two predicted snow cover area ratios ID the study 
wa tersheds during the 199 1 melting seasons are displayed 
in Figure 8; one is under the present forested condition , 
a nd the other deforested. 

The di sappeara nce date of th e snow under the 
deforested condition was a bout 10 days earlier than that 
under the present condition. Percentages of the snow 
cover area under the present condition were 10- 30% 
greater than those under the deforested condition on the 
same day. The same results were obtained during the 
1990 and the 1992 melting seasons. 

Snowmelt processes are delayed by forests. Therefore, 
the influence of fores ts on snowmelt process should not be 
ignored in this area. 
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Fig. 8. Estimated percentages of the snow cover area under 
the forested and diforested conditions. 
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Changes in snowInelt runoff froIn a watershed 

Figure 9 displays the predicted hydrograph under the 
present forested condition and under the deforested 
condition during the 199 I melting season. Parameters in 
th e HYCY Model under the deforested condition were 
not changed, as this analys is focused upon forest 
influences on the snowmelt. The snowmelt runoff was 
advanced and the peak discharge, es peciall y, was greater 
during the first half of the snowmelt runoff period. 

Not only errors on the dail y runoff, but a lso those on 
the total amount of runoff during the 1990 and 1991 
melting seasons became greater, forest influences on the 
snowmelt being ignored. R elative errors on daily runoff 
during the 1990 and 199 I melting seasons were 0.338 and 
0.411 , respectively, and those on the total amount of 
snowmelt runoff were 0.113 and 0.128. 
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Fig. 9. Estimated hydrographs under Jorested and 
deforested conditions. 

SUMMARY 

A new distributed snowmelt model based on an energy 
balance method was developed in this paper. Th e 
snowmelt process and the snowmelt runoff were simu­
lated, and forest influences on the snowmel t were also 
investigated by this model. 

The daily mean albedo on the snow surface was 
calculated in the model. Atmospheric long-wave radia­
tion and downward long-wave radiation in forests were 
a lso reproduced. 

Changes of water equivalents with the a ltitude were 
reproduced effectively during three melting sea ons. Dail y 
discharge from the watershed was also predicted by 
combining the snowmelt model with a runoff model , and 
the accuracy of the es timated snowmelt discharge did not 
fall behind that during th e tes ting periods. It was 
predicted by this mod el that d eforestation would 
advance the snowmelt period and the snowmelt runoff 
from the watershed by about two weeks. 

Ohta: Snowmelt /mdiction model 
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