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Background: River flow estimation has important role in water resources management.
SRM s a hydrologic model which has been used widely to estimate river flow in
mountain catchment which snow and snowmelt have significant role in water supply of
rivers. Objective: The model has ten input variables. Each variable has different
relation with model output. Determination of significant variables will increase model
output reliability. In this paper, two approaches were applied to determine the
sensitivity level of SRM inputs on its output: Fourier Amplitude Sensitivity Test which
is based on variance analysis, and Scatter Plot method. Results: High three Sensitivity
indices of FAST method were calculated for discharge of before day, Q as 0.26,
catchment area, A as 0.18, and percent of snow cover of catchment, S as 0.15.
Minimum sensitivity index was calculated for temperature gradient. Conclusion: The

most and the least variation of model output were plotted for the discharge of the day
before and the temperature gradient based on scatter plot, respectively. On the other
words, the results of two methods are unique.
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INTRODUCTION

Sensitivity analysis is a technique to study relation between input and output factors of a model. Sensitivity
analysis is one of very important processing of model developing. The general form of sensitivity analysis is
presented in figure 1. Application of sensitivity analysis can be categorized as following:

e  Which input parameters contribute the most to output variability and, possibly, require additional
research to strengthen the knowledge base, thereby reducing output uncertainty.

e  Which parameters are insignificant and can be eliminated from the final model;

e Ifand which (group of) parameters interact with each other;

o Ifall observed effects can be physically explained, when error may be present in a model;

e The optimal regions within the parameters space for use in a subsequent calibration study (Chan et al.,
1997).

It has been concerned researchers for many years (Johnson, 1996; Melching, 1995; Tang and Yen, 1972). It
can be used to quantify and qualify uncertainties of model prediction (Hall, 2003; Hall and Solomatine, 2008).
There are different methods to do sensitivity analysis, which can be categorized in three main classes as
following: Derivative Based Sensitivity indices, Linear Regression, and Fourier Amplitude Sensitivity Test
(Hall et al., 2009). Two initial methods have some limitations which limits their application in hydrology and
hydraulic (Chen and Chen, 2003; Cornell, 1972; Horritt, 2006; Indelman et al., 1996; Kabala, 2001; Nash and
Karney, 1999; Oliver and Smettem, 2005; Podsechin et al., 2006; Manach and Melching, 2008; Pappenberger et
al, 2008).Unlike derivative and linear regression sensitivity analysis, there has to date been rather limited
published application of these more general variance based sensitivity indices in the hydraulic engineering
literature. The only three reported applications have been in the field of flood inundation modeling (Fuladipanah
and Majedi, 2012). Fourier amplitude sensitivity Test (FAST) application has been proposed by researches
(Cukier, 1973; Dawson et al., 2008; Hall et al., 2005; Pappenberfger et al., 2008). Because of hot and dry
climate condition in Iran, water resources management plays very important role. More than 70% of surface
water resources have been located in mountains catchment. In these basins, snow and snowmelt have very
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important role in the supply of river flow. Therefore, correct estimation of snowmelt will cause reasonable
management of river flow.
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Fig. 1: general procedure of sensitivity analysis

Snowmelt Runoff Modeling is software to simulate and estimate daily river flow which originated from rain
and snowmelt. The model has been used since 1972 in catchments of area of 10 to 1200 km2, which simulated
and measured data have good agreement. The capability of SRM in flow simulation has been proven by
researchers (Martinec et al., 2008). The model has nine input factors which estimate model output. Therefore, it
will be worthwhile to determine the sensitivity level of factors. In this paper, FAST method has been used to
calculate sensitivity indices of SRM.

Methodology
2.1FAST Method

One measure of sensitivity of Y to an individual input variable Xi that is often used is V[E(Y|Xi)] i.e., the
expected amount of variance that would be removed from the total output variance, if we were able to learn the
true value of Xi. This is called main effect. After dividing by the total unconditional variance, first order
sensitivity index for variable Xi is calculated:

_ VIE(YIXi)]
TV (€
V(Y)

This measure indicates the relative importance of an individual input variable Xi. The total effect for the
input variable Xi is linked to E[V(Y|X~i)], which is the expected amount of output variance that would remain
unexplained (residual variance) if Xi and only Xi were left free to vary over its uncertainty range, all the other
variables having been learnt. After dividing by the total unconditional variance, total sensitivity index for
variable Xi, is obtained as following:

E .
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The total sensitivity indices are used in model developing to identify insignificant factors, i.e., the factors
that are not important neither singularly nor in combination with others. All the input variables having a low
total index can be frozen to any value within their range of uncertainty. Total indices should be employed to
reduce the number of uncertain model inputs, i.e. for model simplification. The general procedure to get
sensitivity measures for sample-based sensitivity analysis methods is given in the following (Fuladipanah and
Majedi, 2012):

Definition of probability distributions functions for the input quantities

Generation of samples from the defined probability distributions

Evaluation of the model using the generated sample

Analysis of the output variance

Sensitivity analysis of the output variance in relation to the variation of the input quantities

SR A

2.2 Scatter Plot method:
Scatter plot is another method to determine sensitivity of a input factor. This method is a visualized
procedure which is plotting a factor versus output of model. Scatter plots are the simplest form of analysis and
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can reveal nonlinear relationships, parameter thresholds and, if plotted in two dimensions, variable interactions,
which can aid in the understanding of model behavior (Saltelli et al., 2005).

2.3 Snowmelt Runoff Modeling:
The SRM produces daily runoff according to the following equation:
10000A

Qn+1: [Csnan (Tn+ATn) Sn"'CRnPn] W (1'kn+l)+Qn kn+1 (3)

Where Q is mean daily discharge, Cs and CR are snow and rain runoff coefficients, respectively, a is
degree-day factor, T and AT are number of degree-days and adjustment by temperature lapse rate, respectively,
S is percent of the snow covered area, P is precipitation, A is area of the basin or zone, and Kk is recession
coefficient (Martinec et al., 2008).

RESULTS AND DISCUSSION

Five mentioned steps were used to do FAST method of SRM. Steps 1 and 2 are presented in table 1. Using
input variable in table 1, model was run. Each factor was tested of number 10000. The results of step 5 are
presented in table 2. As it seen, the highest values of sensitivity indices are belong to: Q, A, S, P, k, T, Cs, CR, a
and AT, respectively. Sensitivity indices for three influence input factors are calculated as 0.26, 0.18, and 0.15.
The comparison of these data, illustrates that discharge of the day before, catchment area and percent of snow
cover are very significant factors which should be evaluated accurately. The least influence parameter is
temperature gradient which its sensitivity index is calculated as 0.009. The sum of sensitivity analysis is 0.8932
which is greater than 0.6. This criterion shows the acceptable results of variance based sensitivity analysis. But,
the sum of sensitivity indices is less than 1. On the other word, SRM is not an additive model. Fig. 2 shows
diagrammatic schematic view of table 2. Therefore, it is very important the flow discharge, catchment area and
snow cover of catchment measured accurately than the other input variables. Figs. 3 and 4 are scatter plot of the
most and the least influence factors versus model output. As it clear, dispersion of model output in Fig. 3 is
more than Fig. 4. On the other words, variation of AT has no significance effect on model output.

Table 1: input factors distribution of SRM model

Variables Distribution type Input factors
Cs Log-Normal (0.1,0.9
a Log-Normal (0.5,3)
T Normal (-20,20)
AT Log-Normal (0.001,0.009)
S Normal (0.1,1)
Cr Normal (0.1,0.9
P Log-Normal (0.5,15)
A Normal (10,10000)
Kk Log-Normal (0.5,4)
Q Log-Normal (5,4000)

Table 2: FAST method results of SRM
Variables Si Sri
Cs 0.015 0.066
a 0.01 0.071
T 0.053 0.096
AT 0.009 0.059
S 0.15 0.3
Cr 0.012 0.13
P 0.1042 0.27
A 0.18 0.25
k 0.10 0.33
Q 0.26 0.49
Total 0.8932 -
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Fig. 2: schematic view of FAST method
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Fig. 3: Scatter plot of discharge of the day before vs model output
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Fig. 4: Scatter plot of temperature gradient vs model output
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