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Abstract

Forecasting river water discharge is significant in developing flood and agriculture management
plans. Annual flood events damage properties, agricultural field, and infrastructures, etc. can be
observed in Attanagalu Oya catchment area in Sri Lanka. Therefore, the aim of this study is to
forecast water discharge rates (m?/s) at the Dunamale gauging station of Attanagalu Oya using
Holt-Winter's method. Holt-Winter's method was chosen because of its’ ability to model trend
and seasonal fluctuations, less data requirements and simplicity. Time series models were fitted
using the Holt-Winter's method to daily water discharge rates for the period of 2015 —2019 and
water discharge was forecasted for the year 2020. The accuracy of the fitted time series models
was tested using root mean squares error (RMSE) and mean absolute error (MAE) values. Results
showed that the additive Holt-Winters’ method is more appropriate for future forecasting which
gave the minimum RMSE and MAE values. Forecasted results will be useful to identify future
flood events in advanced to take necessary actions to mitigate damages.
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Introduction

Time series analysis is widely used in hydrological and meteorological applications. Time
series is a series of data points that are measured over a regular time interval and most of the series
can be decomposed into three main components, namely trend, seasonality, and random.
The trend exists when there is a long term up or down in the data. Seasonal variations are
fluctuations in a time series that occur at regular short intervals such as daily, weekly,
monthly, quarterly, etc. Seasonality may be caused by various factors such as weather,
seasons etc. Random components do not comply with any of the above components and
they are uncontrollable and unpredictable. Most of the water discharge rates contain
above three components due to climatic variations such as rainfall, temperature and
humidity.

Time series forecasting methods predict the future occurrences based on historical data.
Even though many time series forecasting methods are available in literature, the choice
of the method depends on the nature of the data series. Traditional time series methods
like naive method, drift method, simple exponential smoothing method, Holt-Winters’
method, and ARIMA method are successfully used to model univariate time series. Real-
world data has many seasonality and trends. When forecasting data in such cases, it is
required to handle both seasonality and trends. Holt-Winters’ method can handle many
seasonality and trends using triple exponential smoothing. This method is popular,
because it is simple and requires low data-storage. Holt-Winters’ method has two
variations namely, additive and multiplicative. An appropriate variation is selected
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according to the nature of the seasonal and trend component. Additive method is selected
when the seasonal variation of the time series is roughly constant over time and
multiplicative method is selected when the seasonal variations are changing proportional
to the level of the series (Kalekar, 2004).

Literature showed that Holt-Winters’ method has been used widely for forecasting in
different fields. Szmit, M., and Szmit, A. (2011) have used the Holt-Winters’ method to
analyze network traffic data. Veiga et al. (2014) have used Holt-Winters’ method and
ARIMA method for forecasting food retail and they have shown that better forecasting
was obtained from the Holt-Winters’ method. Puah et al. (2016) have examined the
rainfall patterns using additive Holt-Winters’ method. Dantas et al. (2017) have also used
the Holt-Winters” method for forecasting air transportation demand.

Further, forecasting river water discharge is applicable in various water resource
applications, such as flood forecasting, drought management, operation of water supply
utilities and building mathematical models for future predictions. According to the
literature, Tamagnone et al. (2019) have analyzed water discharge of the Sirba river in
western Africa to identify the river behavior and developed a flood mitigation procedure.
Pelletier and Turcotte (1997) have used water discharge for drought hazard assessment.
Trepanier et al. (1996) have used the time series analysis of water discharge for
controlling the upstream migration of adult salmonids to their spawning areas. Wang et
al. (2006) have explained a connection between decreasing water discharges, global
weather patterns and anthropogenic impacts in the drainage basin using datasets of river
water discharge, water consumption and regional precipitation. Albostan and Onoz
(2015) have used water discharge pattern to investigate whether all stations of river basin
exhibit chaotic behavior. Accordingly, forecasting of water discharge can be applied in
different applications in flood and agriculture management activities. Therefore, the study
aims to forecast water discharge rates (m®s) at the Dunamale gauging station of
Attanagalu Oya for year 2020 using the Holt-Winters’ method.

Methodology
Study area

Attanagalu Oya, which is situated in Gampaha district, was selected for the study. Total
catchment area of the Attanagalu Oya is about 727km? and the basin has an elevation of
about 30m MSL (mean sea level) at its highest according to Wijesekara and Perera (2012).

Data collection

Daily water discharge rates (m?/s) for the period of 1%t January 2015 — 31t December 2019
at the Dunamale gauging station in Attanagalu Oya were used for the analysis and
required data were collected from the Department of Irrigation. Statistical analysis was
carried out using R statistical software.

Holt-Winters’ method

Augmented Dickey-Fuller (ADF) test was used to determine the stationarity of the time
series. This test can handle more complex models than other tests. adf.test() function in
R was used to check stationary of the time series and when series is stationary, p-value
(out-put of adf.test()) is less than or similar to 0.05. Then, both additive and multiplicative
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Holt-Winters’ methods were fitted to the time series and predict the daily water discharge
rates for the period of 1% January 2020 — 31 December 2020. HoltWinters() function in R was
used to fit the both models and Table 1 shows the model equations. Holt-Winters’ method
has three smoothing factors, namely alpha («) : data smoothing factor, beta (8) : trend
smoothing factor and gamma (y) : seasonal change smoothing factor. Adequacy of the
methods were examined by calculating RMSE (Equation 1) and MAE (Equation 2) values
for the period of 2015-2019. The best fitted method shows the minimum RMSE and MAE
values (Szmit, M., and Szmit, A., 2011).

Table 1. Model equations of additive and multiplicative Holt-Winters method (Lima, S. et
al., 2019)

Additive Holt-Winters’ method Multiplicative Holt-Winters’
method
S, a2t 41 S, .+B
St = a(Xe = Cop) + (1= @) (Sea + Bey) ¢ =%, T A=D1+ Be-)
By =B(St — St-1) + (1 = B)Bi—1 By =B(St —St-1) + (1 = B)Bi—1
C,=yv(X;—S)+ (1 —-vy)C,_ X
=YX —=S) + (A —y)Cey, C, :VS_t+(1_V)Ct—L
¢

Feom =S +mBe + Co_pyn Feym = (St + mB)Crp4n

S, is the smoothed observation at time t, X, is the observed data at time t, « is the data
smoothing factor i.e. 0 < a < 1, S is the trend smoothing factori.e. 0 < g <1,y is
the seasonal change smoothing factor i.e. 0 <y < 1, B, is trend factor at time t, C; is
seasonal index at time t, F;,,,, is the forecast at m periods ahead of time t, L is the length
of the seasonality, m is the number of forecast ahead, t is time period and
h = ((m — 1)mod L) + 1.

RMSE = |=%7_, |e.?| (1)

MAE = Z=iled )
where e; is the error at time t and n is the number of observations.

Results and Discussion

Time series was prepared using daily water discharge rates (m3/s) of the period of 1%
January 2015 — 31% December 2019. There were no any missing values observed. Figure 1
shows the seasonal and trend components of the water discharge time series and ADF test
(p value = 0.01) stated that the time series is stationary. The trend is not specifically
increasing or decreasing (Figure 1B) and complex consistent seasonal pattern and two
peaks can be observed in each year (Figure 1C).
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Figure 1. Decomposition of time series of water discharge for the period of 2015-2019,
A: Data, B: Trend, C: Seasonal variation, D: Remainder.

Table 2. Error values and smoothing parameters of the additive and multiplicative Holt-
Winters’ method for the period of 2015-2019.

Method RMSE MAE
Additive method
a :0.7665214 11.70029 5.472673
g 0
y 1
Multiplicative method
a :0.2947401 23.58825 8.165856
B :0.1034771

y :0.09994384
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Table 2 shows the optimal smoothing parameters («, S, y) and error values (RMSE and
MAE) of both fitted additive and multiplicative Holt-Winters” method. For additive Holt-
Winters’ method, @ = 0.7665214 indicates that the forecasts are more responsive to
more recent observations, §f = 0 indicates that the initial trend component is the trend
component for all periods and y = 1 indicates that seasonality at each time period is
estimated as the difference between the corresponding level and trend components at each
time period. For multiplicative Holt-Winters” method, all smoothing parameters «, § and
y are closed to 0O, that indicates forecasts are more response to older values of each
components. The results show that the forecasted errors have approximately constant
variance over time, and normally distributed with mean zero for both additive and
multiplicative methods. Therefore, both methods are suitable for forecasting water
discharge rates. But according to the error values (Table 2), the additive Holt-Winters’
method has the minimum RMSE and MAE values, which implies the additive Holt-
Winters” method is much better than the multiplicative Holt-Winters” method.

Figure 2 shows the forecasted data of the additive method. Predicted values are shown in
blue line and prediction intervals are shown in gray. Two peaks were identified in the
forecasted data. The highest water discharge rate was observed as 115.09 m? in May 2020.
The second period which has increment of water discharge was observed in mid of
October, 2020.
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Figure 2. Forecasted water discharge data for 2020 using additive Holt-Winters " method.
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Conclusion

The water discharge is an important factor for identifying flood incidents and flood
inundation areas. It is worth to observe variations in water discharge series changes in
future to have better agricultural management procedure such as crop selection,
identifying suitable harvesting time. Based on the results, the additive Holt-Winters’
method is more appropriate than the multiplicative Holt-Winters’ method for forecasting
water discharge. The forecasted values will be useful to identify the future flood events
and to measure the intensity of flood. Moreover, it will also helpful to farmers and
residencies of Attanagalu Oya basin to take precautionary steps to mitigate flood
damages. Further, this study will be extended to simulate future flood prone areas of
Attanagalu Oya basin using Hydrologic Engineering Center’s Hydrologic Modelling
System (HEC-HMS) and Hydrologic Engineering Center’s River Analysis System (HEC-
RAS).
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