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Abstract
Regular and correct hand hygiene is one of the most important measures to prevent infection with the
COVID-19 virus. WASH practitioners should work to enable more frequent and regular hand hygiene by
improving access to hand hygiene facilities to support good hand hygiene behavior. Performing hand
hygiene at the right time, using the right technique with either an alcohol-based hand rub and soap and
water is critical. It makes water to be an essential resource in the fight against the pandemic. This article
ventured into the analysis of water demand by Kisii County householders. This article employed a triple
exponential smoothing method. The exponential smoothing methods usually applied in the analysis of
univariate time series data. This study employed the Cox-Stuart method to determine the trend of the
data. Since p-value = 0.00001141 < the significance level (α) = 0.05, this study concluded that the water
data has a trend. The parameters of the triple exponential smoothing were identified to be α=0.2358,
β=0.0028 and γ = 0.0976. They were determined in such a way that the mean squared error (MSE) of the
error is minimized. In-sample forecasting was employed. No significant difference was noted. The
exponential smoothing model was employed in out of sample forecasting, and it was realized that the
water demand was expected to decrease. This study recommends the use of other statistical models to
establish if the same results could be realized.
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1. Introduction
According to [4], Hand hygiene is essential to prevent the spread of the COVID-19 virus.
Regular and correct hand hygiene is one of the most important measures to prevent infection
with the COVID-19 virus. WASH practitioners should work to enable more frequent and
regular hand hygiene by improving access to hand hygiene facilities to support good hand
hygiene behavior. Performing hand hygiene at the right time, using the right technique with
either an alcohol-based hand rub or soap and water, is critical. Existing WHO guidance on the
safe management of drinking water and sanitation services applies to the COVID-19 outbreak.
Water disinfection and sanitation treatment can reduce viruses. Many health co-benefits can be
realized by safely managing water and sanitation services, and by applying good hygiene
practices.
Hygiene makes water to be an essential resource in the fight against the pandemic. This article
ventured into the analysis of water demand by Kisii County householders. This article
employed a triple exponential smoothing method. According to [1], the presented method is
found to have excellent forecast performance for time series with and without outliers, as well
as for fat-tailed time series and under model misspecification.
The exponential smoothing methods are generally applied in the analysis of univariate time
series data. It is generally considered for an alternative to the Box-Jenkins methodology
(ARIMA) [2]. It is a rule of thumb technique for smoothing time series data using the
exponential window function. Whereas in the simple moving average, the past observations
are weighted equally, exponential functions are used to assign exponentially decreasing
weights over time. It is a quickly learned and easily applied procedure for making some
determination based on prior assumptions by the user, such as seasonality. Exponential
smoothing is often used for the analysis of time-series data. Exponential smoothing is one of
many window functions commonly applied to smooth data in signal processing,
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acting as low-pass filters to remove high-frequency noise.
This method is preceded by Poisson's use of recursive
exponential window functions in convolutions from the 19th
century, as well as Kolmogorov and Zurbenko's use of
recursive moving averages from their studies of turbulence in
the 1940s [6].

Where I is the seasonal index
2.5 Forecasting Equation
𝐹𝑡+𝑚 = [𝑆𝑡 + 𝑚𝑏𝑡 ]𝐼𝑡+𝑚−𝐿

Where I is the seasonal index and F is the forecast at m
periods ahead

2. Methodology
The article delved into the application of triple exponential
smoothing in the analysis of household water data. We
ventured into finding out if the data had a trend by using the
Cox-Stuart method. The procedure is as follows:

𝛼, 𝛽 𝑎𝑛𝑑 𝛾 are constants that must be determined in such a
way that the mean squared error (MSE) of the error is
minimized. It is mostly achieved using a statistical software.
To initialize the triple exponential smoothing method, we
need at least season's data to estimate the initial seasonal
indices 𝐼𝑡 − 𝐿
A complete season's data comprises of L periods. We need to
estimate the trend factor from one period to the next. It
compels the researcher to use two complete seasons- that is2L periods [3].

2.1 Cox and Stuart (C-S) Trend Test
C-S test is customarily employed to detect the non-random
pattern, which is the periodic pattern. C-S test compares the
first half and the second half of the sample data. When the
data has a downward trend, the observations in the first half
are expected to be higher than the observation in the second
half. When the data has an upward trend, the observations in
the first half are expected to be smaller than the observations
in the second half. When the data in question has no trend,
then the researcher should expect smaller differences between
the two halves of the sample data due to the randomness of
the data [5].
To perform the C-S test, the sample differences are computed
as shown below;
𝑌1 = 𝑥1+𝑚 − 𝑥1 , 𝑌2 = 𝑥2+𝑚 − 𝑥2 , 𝑌3 = 𝑥3+𝑚 − 𝑥3 , …,
𝑥𝑛 − 𝑥𝑛−𝑚 (2.1)
𝑛

2.6 Initial Values for the Trend Factor
The initial value of the trend is estimated by:
1 𝑥𝐿+1 −𝑥1

𝑏= [
𝐿

𝐿

+

𝑥𝐿+2 −𝑥2
𝐿

+ ⋯+

𝑥𝐿+𝐿 −𝑥𝐿
𝐿

]

(2.7)

2.7 Initial Values for the Seasonal Indices
The initial values for the seasonal indices were computed
using the steps indicated below.
In our study, we worked with hydrological data with a
periodicity of 12 (that is 12 months per year).

𝑌𝑚 =

STEP 1: Find the mean of the n years

(𝑛+1)

Where 𝑚 = if and only if n is even and 𝑚 =
if and
2
2
only if n is odd.
The differences which are equal to zero are ignored in this
case. Denoting the sample data with positive differences by
Y1, Y2, Y3 Ym; then, the C-S test is a sign test applied to the
sample data of non-zero differences Y1, Y2, Y3, …, Ym [5].
Let 𝑠𝑔𝑛(𝑏) = 1, if 𝑏 > 0 and 𝑠𝑔𝑛(𝑏) = −1, if 𝑎 < 0. Then
the C-S statistic is given as:
𝐶 − 𝑆 𝑆𝑡𝑎𝑡𝑖𝑠𝑖𝑐 = ∑𝑚
𝑗=1 𝑠𝑔𝑛(𝑌𝑗 )

(2.6)

𝐴𝑝 =

∑𝑛
𝑖=1 𝑥𝑖
12

, 𝑝 = 1,2,3, … ,12

(2.8)

STEP 2: Divide the Observations by the appropriate
yearly mean

(2.2)

The hypotheses tested at the significance level (α) are
H0: There is no periodic trend in the household water data
H.A.: There is a periodic trend in the household water data
To use the triple exponential method, the time series data
must have the trend and the seasonal component. The basic
equations are indicated below.
The above process of finding the mean proceeds for the next n
years.

2.2 Overall Smoothing Equation
𝑆𝑡 = 𝛼

𝑥𝑡
𝐼𝑡−𝐿

+ (1 − 𝛼)[𝑆𝑡−1 + 𝑏𝑡−1 ]

(2.3)

STEP 3: The seasonal indices are formed by computing
the average of each row. That is;

Where x is the observation, S is the smoothed observation, b
is the trend factor, and t is the time
2.3 Trend Smoothing Equation
𝑏𝑡 = 𝛾[𝑆𝑡 − 𝑆𝑡−1 ] + (1 − 𝛾)𝑏𝑡−1

(2.4)

Where S is the smoothed observation and b is the trend factor
2.4 Seasonal Smoothing
𝐼𝑡 = 𝛽

𝑥𝑡
𝑆𝑡

+ (1 − 𝛽)𝐼𝑡−𝐿

(2.5)
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Sometimes zero coefficients for the trend or seasonality or
both are encountered. It does not necessarily imply that there
is no trend component or seasonality. It means that both of
them were right on the money; hence no updating was
required in order to achieve the lowest MSE [3].

study can reject the null hypothesis in favor of the alternative
hypothesis and conclude that the household water data has a
periodic trend.
3.2 Estimated Parameters of Exponential Smoothing
The three parameters were estimated, and they are indicated
in the table below

3. Results
This study ventured into the analysis of hydrological data
from 2012 to 2020 to determine the forecast of the future
demand for water in Kisii County. This study conducted a
trend test using the Cox-Stuart method.

Table 2: Estimated Parameters
Parameter
𝛼
𝛽
𝛾

3.1 Cox-Stuart Trend Test
Cox and Stuart's trend analysis method was subjected to
household water data. The hypotheses were:
H0: There is no periodic trend in the household hydrological
data
H.A.: There was a periodic trend in the household hydrological
data
The hypotheses were tested at a 5% significance level.
The test results from r software are as indicated in Table 4
below

Value
0.2358
0.0028
0.0976

𝛼 = 0.2358, 𝛽 = 0.0028 𝑎𝑛𝑑 𝛾 = 0.0976 are constants that
were determined in such a way that the mean squared error
(MSE) of the error is minimized. It was achieved using a
statistical software. Therefore the smoothing equations are:

Table 1: Cox-Stuart Trend Test
Description
Cox-Stuart Statistic
P-value
Significance level(α)

Value
4.8655
0.00001141
0.05

3.3 Interpolation Fit of Exponential Smoothing
Figure 1 below indicates the interpolation fit for the chosen
triple exponential smoothing

From the table above, it can be seen that the p-value =
0.00001141 < the significance level (α) = 0.05. Therefore this

Fig 1: In-Sample forecasts and Prediction Errors
It can be deduced that there is no significant difference
between the actual data plot and that of the in-sample
forecasted plot. It suggests that the model gives a good
representation of the data. Therefore this study deemed it fit
to use in conducting out-sample forecasting.

3.4 Extrapolation Forecasts of Exponential Smoothing
Since the In-sample forecasting was identified to be within
the limit bounds, this study went further and conducted out of
sample forecasting. The out of sample forecasting are
indicated in table 3 below
~193~
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Fig 2: Plot of In-Sample and Out of Sample Forecasting

Figure 2 above indicates both the in-sample and out-of-sample forecasting
Table 3: Out of Sample Forecasting
t
101
102
103
104
105
106
107
108
109
110
111
112

Forecast
3217.37841842984
3119.33545688723
3550.14406298365
3274.98107709239
3083.96778036811
3170.74823948569
3004.41923154056
2637.47398279769
3096.73574266512
3079.59523036195
2847.8308281784
2728.58642352323

95% Lower Bound
2720.61973301774
2499.53936475964
2763.54279757318
2440.63464247747
2197.64019282383
2177.623109805
1974.78515954325
1635.70232106092
1863.58403674882
1780.93969386018
1568.06448528927
1525.30491632836

95% Upper Bound
3714.13710384193
3739.13154901482
4336.74532839412
4109.32751170732
3970.29536791239
4163.87336916638
4034.05330353786
3639.24564453446
4329.88744858141
4378.25076686371
4127.59717106754
3931.8679307181

Figure 3 below indicates the plots of the residual plots of the forecasted values compared to the observed data.

Fig 3: Residual Plots
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It can be established that the residuals are normally
distributed and fall with the limit bounds indicating a good fit
of the model.
4. Conclusions
▪ It can be seen that the p-value = 0.00001141 < the
significance level (α) = 0.05 from the Cox-Stuart test.
Therefore this study can conclude that the household
water data has a trend.
▪ Since the in-sample forecasts show no significant
difference compared to the observed data, the estimated
parameters can be applied in forecasting the future
demand of household water.
▪ From figure 2 above, it can be deduced that the quantity
of household water demanded is expected to decrease.
5. Recommendations
▪ This study employed the Cox-Stuart method to determine
the trend of water demanded. Future researchers can
employ other methods like the ordinary least square
method to estimate the trend.
▪ The future researchers can employ other models like
harmonic regression models, principal component
regression models to determine if the same results could
be realized.
▪ The methods employed in this article can be applied in
other areas to analyze and forecast future values.
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