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Abstract: The estimation of snowmelt and rainfall runoff has very important where it is required to plan water
management programs. In this study, an attempt has been made to estimate daily discharge in Gharasoo basin,
West-North of Iran during the 20th of February 1998 to fifth of June 1998 using Snowmelt Runoff
Modeling(SRM) which is based on a degree-day method. Data from the 19  of February 1997 to twenty first ofth

May 1997 were used for calibration period. The basin was divided into 5 zone areas. Snow cover percentage
for each zone was calculated using snow line equation. Isohyetal map was applied to estimate mean
precipitation for each zone. Critical temperature was considered 2 C for the catchment. Snow cover percentageo

for each zone was estimated using snow-line method. Exponential regression equation was used to estimate
Degree-Day factor for zone areas. Snowmelt and rainfall runoff coefficients were calculated using calibration
period data. R  and D  are two criteria to estimate model accuracy. These criteria were (0.7811, -14.24%) and2

v

(0.7956,-9.21%) during calibration and validation periods, respectively. There was a good agreement between
measured and calculated daily discharge.
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INTRODUCTION due to the complexities of the processes involved in snow

Snow and snowmelt are two major factors of runoff the high altitude areas. The unique combination of intense
and flow regime in mountain basins so as snowmelt seasonal precipitation and steep topography makes the
produces the major portion of the annual runoff. The great hydrology in the region very complex [2].
floods are due to severe storm of unusual meteorological There are three methods to estimate snowmelt runoff:
combination, sometimes combined with melting of (a) Degree-Day method, (b) Energy Budget method, (c)
accumulated snow on the catchment. Combination method. Of these three methods, the first

The simulation and forecasting of flow from snowmelt one has the most application because of its simplicity and
and from rain fall requires precise knowledge of snow accuracy [1]. The snowmelt runoff model (SRM) which is
characteristics in basin which should be measured based on Degree-Day method, is designed to simulate and
regularly. Accurate estimation of the volume of water forecast the daily discharge in mountain basins by
stored in the snow pack and its rate of release is essential Martinec [3]. Rango applied remotely sensed snow cover
to predict the flow during the snowmelt period [1]. For an data in snowmelt runoff modeling [4]. Dozier
estimation of the snowmelt, the information on snow demonstrated that LANDSAT 5 band 5 (1.57-1.78um) is
cover depth and water equivalence a pre-requisite. In the useful in discriminating between clouds and snow [5].
mountainous watersheds, very little information relating Gomez et al. used the SRM in a basin of area 7.8 km  in the
to meteorological and physical factors affecting runoff is Spain with altitude of range 2100-3000 m. They found a
available. Snowmelt is not measured quantitatively but good  fitness between measured and calculated
must be estimated. Despite the importance of snowmelt discharges  [6].  Hong used the SRM in Toutunhe basin
water contribution to the hydrology of the mountains of area 840 Km  in China. The range  of  basin  altitude
Rivers, their characteristics are less understood primarily was  1430-4450m.  The   correlation    coefficient  between

hydrology and the lack of hydro-meteorological data in
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calculated and simulated discharge was 0.9 [7]. Rott et al. immediate. If precipitation is determined by TCRIT to be
applied Degree-Day method to evaluate runoff in new snow, it is kept on storage over the hitherto snow
Schlegeis basin of area 121 km  in Austria. The finding of free area until melting conditions occur, A is the area of2

this study is a relative seasonal difference of 8.7% and a the basin or zone [km ], k is the recession coefficient
goodness of fit of 0.81 between observed and computed indicating the decline of discharge in a period without
snow melt runoff [8]. Singh, et al. estimated the average
contribution of snow and glacier melt to the annual flow
of the Chenab river at Akhnoor over a 10 year period
using  a  water  balance  approach.  Variability of the
snow-covered area was also studied for the same period.
It was concluded that 70.2% of the total drainage area was
covered by snow during March/April and 24.3% remains
covered by perpetual snow and glacier in
September/October. The contribution of snow and glacier
melt was 49.10% [9]. Baumgartner et al simulated
snowmelt runoff in Chatkal basin of area 6591 Km  and2

altitude range of 1000-4000 m aver 3 years period using
the SRM. They found relative seasonal difference of 1.6%
and a goodness of fit of 0.81 [10]. Smith, Sorman  et  al,
Gomez et al. mentioned a good fitness between calculated
and measured discharge and low relative difference
between them [11-13].

MATERIALS AND METHODS

The Snowmelt-Runoff Model (SRM) is designed to
simulate and forecast the daily stream flow in mountain
Basins where snowmelt is a major runoff factor.SRM was
developed by Martinec in small European basins. Each
day, the water produced from snowmelt and from rainfall
is computed, superimposed on the calculated recession
flow and transformed into daily discharge from the basin
according to Equation [3]:

(1)

Where Q is average daily discharge (m s ), C is runoff3 1

coefficient expressing the losses as a ratio (runoff /
precipitation), with c  referring to snowmelt and c  to rain,S R

A is degree-day factor [cm.°C .d ] indicating the1 1

snowmelt depth resulting from 1 degree-day, T is number
of degree-days [°C.d], ÄT is the adjustment by
temperature lapse rate when extrapolating the temperature
from the station to the average hypsometric elevation of
the basin or zone [°C.d], S is Ratio of the snow covered
area to the total area, P is precipitation contributing to
runoff [cm]; a preselected threshold temperature, T ,CRIT

determines whether this contribution is rainfall and

2

snowmelt or rainfall  (n, n+1 are the sequence of

days during a true recession flow period), n is the
sequence of days during the discharge computation
period,  is conversion from cm.km d  to m s . R2 1 3 1 2

and D are two criteria which are calculated by modelv

automatically as following [3]:

(2)

(3)

Where R  is a measure of model efficiency [-], Q  is2
i

measured daily discharge [m s ],  is simulated daily3 1

discharge [m s ],  is average daily discharge for the3 1

simulation year or simulation season [m s ], n is number3 1

of daily discharge values [-], D  is percentage differencev

between the total measured and simulated runoff [%], VR

is measured runoff volume [m ] and V'  is simulated runoff3
R

volume [m ].3

Case Study: The Gharasoo basin which is selected for this
study  is  located  in the western north of Iran [Figure 1].
Its  longitude   and   latitude   are  47°36’-48°40’ and
37°43’-38°34’, respectively. The Gharasoo River is the
main  river  of  the  basin with length of up to 107.2Km.
The area of the basin is 4436.5Km . The altitude is varies2

from 0.0m near output point of basin up  to  3500  m  on
the western north border of  the  catchment [Figure 2].
The  average  altitude of the catchment is about1750m.
The  concentration  time  of  the catchment is 22.3hr.
There  are 18   hydro-   meteorological   stations, 10
snow-gauge stations, in the catchment which are shown
in the Figure 1. In this figure, green and blue points
indicate meteorological and snow-gauge stations,
respectively. The data from 19  of February 1997 to 21thth

of May 1997 were used as calibrated period and data from
20 of February 1998 to 5  of June 1998 were used asth th

validated period. Model parameters were derived from the
basin characteristics, meteorological characteristics and
other information.
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Fig. 1: Gharasoo Basin river network with hydro-
meteorological stations

Fig. 2: Snow cover percent for 5 elevation zones during
calibration period 

Table 1: Properties of zone areas in Gharasoo basin
Elevation Elevation Mean elevation Zonal
zone range(m) zone(m) area (Km )2

1 1000-1500 1250 1484.9
2 1500-2000 1750 1933.7
3 2000-2500 2250 616.3
4 2500-3000 2750 225.6
5 3000-370 3375 176

Model Inputs:
Basin Characteristics: Gharasso basin was divided into
5 zones of interval 500m. The properties of zone areas are
listed in Table 1. Using these zone areas, the mean
elevation of each elevation zone is calculated, which is
used to extrapolate the base station temperatures to
different elevations and to calculate the degree-day
factor(s) in each elevation zone. As rainfall/snowfall
measurement is a point measurement, it is converted to
spatial data using the isohyetal method. Using isohyetal
map and the elevation zones, weighted rainfall in each
elevation zone is calculated for the SRM model.

Fig. 3: Snow cover percent for 5 elevation zones during
validation period 

Model  Variables:  In  order  to  compute  the  daily
snowmelt depths, the number of degree-days (T) must be
determined from temperature measurements. Then, the
temperature is an important variable for the SRM. In the
Ghrasoo basin, temperature is recorded in 7 stations with
elevation varying from 180m to 3000m. Using these data,
temperature laps rate (?) is calculated for estimation of
mean temperature corresponding to mean elevation of
each zone. Amount of ? was calculated 0.67°C per 100m.
Also, according to the measurements in Gharasoo basin,
critical temperature (T ) was considered 2°C. SnowCRIT

covered area (S) is a dynamic variable which can be
calculated through three methods: (1) direct measurement
(2) using satellite data (3) snow line calculation. In this
study, the last method was applied. In this method,
precipitation (P), mean daily temperature (T) and degree-
day factor (a) are calculated on days which snow
measurement has been done. When snow water
equivalent reaches zero, snow line will be that  height.
This calculation has been done for all stations in different
elevations and then, regression line derived for
calculation snow line using interpolation or extrapolation.
Amount of S is presented in Figures 2 and 3 during
calibration and validation periods, respectively.

Model Parameters: Degree-Day factor (a) has direct affect
in snowmelt runoff, because it converts the snow cover to
snowmelt expressed in depth of water. Degree-day ratios
can be evaluated by comparing degree-day values with
the daily decrease of the snow water equivalent which is
measured by radioactive snow gauge, snow pillow or a
snow lysimeter. Degree-day factor is influenced by the
physical properties of snow pack and because these
properties change with  time,  this  factor  also  changes.
In this study, in Gharasoo catchment, during calibration
period  exponential  regression  relation  between TMAX

and a which was used to interpolate and extrapolate  a  for
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Fig. 4: Amount of  during calibration period for 5
elevation zones Fig. 6: Measured and Calculated flow during calibration

Fig. 5: Amount of  during validation period for 5
elevation zones Fig. 7: Measured and Calculated flow during validation

5 zone areas. Also, during the validation period
exponential  regression  relation  between T   and aMEAN

was  used  to  interpolate and extrapolate a for 5 zone
areas.  Figures  4 and 5 show amount of a during
calibration   and     validation     periods,   respectively.
The runoff coefficients of rainfall (C ) and snow (C )R S

account for the losses. These indicate the percentage of
rainfall and snow converted to runoff. These have been
calibrated based on the observed runoff on a daily basis
during calibration period and used for validation period.
Mean amount of C  and C  were calculated 0.44 and 0.095,R S

respectively. With regard to these values, the best fitness
accrued between the measured and calculated discharge
during calibration period. The recession coefficient (k) is
an important feature of SRM since (1-k) is the proportion
of the daily meltwater production which immediately Fig. 8: Measured vs Calculated daily discharge for
appears in the runoff. On the other hand, recession calibration and validation model run 
coefficient indicates the fraction of the discharge
contribution from previous day’s snowmelt on a given Model Performance: In this study, the SRM model was
day. In Gharasoo basin, the observed daily discharges are used to simulate runoff  from  rainfall  and  snowmelt in
plotted on log-log scale and the recession coefficient is the Gharasoo catchment. As mentioned, R  and D
determined  on  daily  basis,  which  is  the  slope  of  the coefficients are used to evaluate model performance
best-fit line. Mean amount of k coefficient was calculated accuracy. An R  value equal one indicates there is a
about 0.954. perfect   agreement  between   measured   and   calculated

period

period

2
v

2
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Fig. 9: Comparison of measured and calculated
discharge at Gharasoo basin during calibration
period

Fig. 10: Comparison of measured and calculated
discharge at Gharasoo basin during validation
period

values and would plots as 1:1. A value of zero suggests
that the fit is as good as average value of all the measured
data for each event, indicating a poor model fit. Negative
R values (having no lower limit), generally considered2

meaningless, indicating poor predictive model, with
negative values indicating a poorer model fit.Figures 6
and 7 show the measured and  calculated discharge
during calibration and validation periods. Figure 8
illustrates R  coefficient between the measured and2

calculated    discharge      during      validation   period.
The measured and calculated data during the validation
and calibration period are plotted and shown in Figures 9
and 10, respectively.

RESULTS AND DISCUSSION 

In   this   study, the   SRM   which   is  based on
Degree-Day  method  was  used to simulate daily
discharge  in  Gharasoo  basin,  Northwest,  Iran. The data
from  19   February  1997  to 21th of May 1996 were usedth

as the calibrated period and data from 20 February 1998 to

Table 2: Summery statics of measured and calculated daily runoff rates

Calibration Run Validation Run
----------------------------- -----------------------------
Measured Calculated Measured Calculated

Number of values 65 112
Average (CMS) 11.18 9.1 2.76 3.6
Maximum (CMS) 32.65 35 6.8 5.3
Minimum (CMS) 0.4 0.5 0.2 0.5
Sum (m3) 62800724 63709120 23422176 25374816
Standard deviation 8.489 7.2 1.27 1.67

R2 coefficient 0.7811 0.7956
Dv coefficient -14.25 -9.21

5 June 1998 were used as validated period. The basin was
divided into 5 elevation zones. Snow  cover percentage
for  each zone was calculated using snow-line method.
The critical temperature was considered 2°C. Degree-Day
factor was estimated using exponential regression
between T  and T  for calibration and validationMEAN MAX

period, respectively. C  and C  were calculated using trails R

technique to achieve the best agreement between
measured and calculated daily discharge. According to
table 2, R  and D  coefficients were 0.7811 and -14.24%2

v

during calibration period, respectively. These coefficients
were 0.7956 and -9.21% during validation period,
respectively. It is clear that both calibration and validation
phases produces daily runoff rates, do not have
considerable difference from measured rates. On the other
hand,  calculated  values  have comparable ranges to
those  observed.  Thus,  they are reflected in reasonable
R  coefficient and have scattered firmly about 1:12

agreement line (Figure 8). According to Figures 6 and 7,
model outputs  have  undulation  about  rising  and
falling limb of hydrograph. It is because of variation of
Degree-Day factor. But during normal condition, model
outputs have consistent agreement with measured data.
High correlation coefficient in figures 9 and 10 justify this
agreement.

CONCLUSION

The SRM is a Degree-Day based model to simulate
snowmelt runoff. It can simulate daily discharge
hydrograph. It was applied in Gharasoo basin to simulate
daily discharge hydrograph. The model accuracy in high
flow condition reduces sensibly, but has good agreement
in normal condition. Generally, model outputs are in good
agreement with measured data. This model can be used to
estimate daily discharge to water management project in
mountain basins.
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