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ABSTRACT

The purpose of this research is to forecast the Human Development Index (HDI) using the moving
average (MA) method, the simple exponential smoothing method and the naive method. The
region forecasted for its HDI is North Lombok Regency, for which it has the lowest HDI in West
Nusa Tenggara, Indonesia. The data used for this research is the HDI from 2010 to 2022. The
selection of these methods is due to the limited amount of data and the popularity of MA, SES, and
Naive method in the world of forecasting until this day. The results of this research is the MA
method which consists of MA MA3, SMA MA5, WMA MA3, WMA MAS5, EMA MA3, EMA MAS5, and
SES tested value a=0.1 and a=0.9 and Naive method have a high degree of accuracy that can be
seen in the Mean Absolute Percentage Error (MAPE) value which is below 10%. However, the
chosen method is the best method with the smallest MAPE which is Naive method with MAPE
1.32% where MAPE is below 10% indicating that the model used is Highly accurate and the result
of North Lombok Regency HDIin 2023 is 65.7 which means that the HDI in North Lombok Regency
has not changed. HDI in North Lombok Regency stay on middle level.
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INTRODUCTION

Human is the real nation’s resources[1]. Economic development viewed from the
side of trade, investment, and technology sees humans as a tool to achieve growth, not as
the purpose of development[2]. Human development have seen all the issues in society
simultaneously: the balance between economic growth, environment quality and social
welfare[3] also cover the other important issue, which is gender[4]. Therefore, human
development pays attention to the social sector, and is a comprehensive approach from
all sectors[2]. United Nations for Development Programme (UNDP) introduced the
measurement of human development in 1990[5]. UNDP introduced a new idea for
measuring human development, the Human Development Index (HDI). Since then, HDI
has been publicized periodically in the annual Human Development Report (HDR). HDI
explained how the public can access development results in obtaining income, health,
education, etc. According to UNDP, Human Development Index (HDI) measures human
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development achievement based on some basic life quality components. As the
measurement of life quality, HDI is built through a basic 3-dimensional approach. These
dimensions include: 1. a long and healthy life; 2. knowledge; and 3. a decent standard of
living[2][6][7]-

The measurement of HDI is also performed in Indonesia, both at the country,
provincial, and regency/city levels. West Nusa Tenggara’s (NTB) HDI level is on the 29th
out of 34 provinces in Indonesia[8]. The NTB province consist of 10 regencies/cities[9].
The lowest HDI is occupied by North Lombok Regency (KLU)[8], so it is interesting to
forecast to assist the government in determining policy. Based on the HDI category set
by[5], KLU’s HDI is in the medium category[10]. One of the steps that can be taken to
determine a policy related to HDI is to forecast the HDI value[11]. Based on [12]
forecasting is a prediction about what will happen in the future using past and present
data, while according to [13] forecasting is the result of prediction from future events that
can be obtained from systematic process or intuition, thus it can be concluded that
forecasting is a prediction of future events by processing the data of past and present time.

There are many methods of forecasting[14]. Some initial steps to determine the
right forecasting method are considering the amount of data, making the data plot to see
the data or performing a preliminary analysis of the data[15].There are 13 past data on
North Lombok Regency’s HDI data[16], so there are several methods to forecast the HDI
which is moving average (MA), simple exponential smoothing (SES) and Naive method
that can be used to forecast the future data with the limited amount of the past data.
Furthermore, these methods have the advantage, which is the simplicity of forecasting
calculation[17][18]. For example, the Naive method that can forecast the tomorrow data
only with one data today because in the Naive method, tomorrow forecast is the actual
value today. Moving average (MA), simple exponential smoothing (SES), or Naive method
have been used on the previous researches to forecast the HDI value. The previous
researches were conducted by Mandailina et al in 2018[19], Sucipto etal in 2018[20], and
Irawan et al in 2019[21]. In the research conducted by [15],[16] and [17] have the Mean
absolute percentage error (MAPE) under 10%, even below 2%, dimana metode dengan
MAPE yang dibawah 10% indicating that these methods is suitable and has high accuracy
to forecast the HDI.

The of this research is to forecast North Lombok Regency’s HDI using the Moving
Average (MA), simple exponential smoothing (SES) and Naive methods. The smallest
MAPE will select the best method from these three methods. The best method will be used
to forecast the North Lombok Regency’s HDI value. It is expected that the HDI forecasting
value in the coming year will assist the local government of North Lombok Regency in
increasing the effectiveness of Policy-making associated with health, education and
decent life society to increase the value of the regional HDI.

METHODS
Data Time Series

Time series data consists of the variables collected according to time sequence in a
certain period for a certain category or individual. When time is seen as discrete (time can
be seen as continuous), the collecting frequency will always the same (equidistant). In
discrete case, the frequency can be in seconds, minutes, hours, days, weeks, months, years,
etc[22].
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This research will try to forecast the future data of North Lombok Regency’s HDI by
using the time series data of North Lombok Regency’s HDI from 2010 until 2022, using
three methods, which is Moving Average (MA), Simple Exponential Smoothing (SES) and
Naive method. The three methods' accuracy will be compared using Mean Absolute
Percentage Error (MAPE). The method with the smallest MAPE will be chosen as the best,
which will be used later to forecast the North Lombok Regency’s HDI in 2023.

Moving Average (MA) Method

Moving Average method is the forecasting method which is done by taking a group of
observation values to find the average value as the predition for the next period. This
method is called the moving average because every time new data is available, a new
average is calculated and used as the forecast value[23][24]. The advantage of this method
is that it is very easy to understand and use in forecasting calculations compared to using
trendline analysis, while the disadvantage is that the moving average method is slow to
respond to data changes that often occur in the market[25].

There are several types of moving average methods:

e Simple Moving Average (SMA)
Simple Moving Average (SMA) is the simplest Moving Average and does not use
weighting in forecasting calculations. Even though it is simple, SMA is effective
enough to determine the trend that happened in the market. Even the data is
convenient to read. Simple Moving Average (SMA) is calculated by collecting
the average values from the HDI over a certain period of time[23].

t-1 (1)
SMA(F,) =% Z X;

i=t-n

[26][27].

Description:

X; = actual data from a certain period (t)
n = amount of data

e Weighted Moving Average (WMA)
Weighted Moving Average (WMA) is an enhanced form of Simple Moving
Average (SMA) which is giving more wight (IW;)to newer data than the older
data. Means that the most recent data is more influential than older data in
determining forecasting values. The weight factor is calculated from the
number of days used in the time series data, also known as the number of

digits[23][28].
(X x W, 2
WA = iz i ) 2)
l'=t—n( i)
[23][28].
Description:

X; = actual data from a certain period (i)
W; = weight of every X;

e Exponential Moving Average (EMA)
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The newest data in EMA get the highest weight and every data values get less
weight when we go back chronologically. It means that the most recent data is
more influential than older data in determining forecasting values, but unlike
WMA, in EMA, the weight for each old data point decreases exponentially, so it
never reaches zero[23].

EMA(F,) = (B X (Xeoq — Ft—l)) + Fi_4 (3)

[23][29].
Description:

2
e
t = period of EMA

X;¢_, = actual data from period t — 1

F;_4 = previous EMA value

Simple Exponential Smoothing (SES)

Unlike the moving average, simple exponential smoothing put more pressure on the
current time series through the use of a smoothing constant. Smoothing constant is
possibly larger from 0 but smallest than 1. The value that closer to 1 put most pressure to
the current value, while the value that closer to 0 put more pressure to the previous data
point [23][30].

SES (Ft) =aX Xt—l + (1 - a) X Ft—l (4)

[30][31][32].

Description:

a = smoothing constant

SES = the forecasting value on period t
F;_, = the SES value on period t-1

Naive Method
Naive method is a simple forecasting method. whereas this method is often used as a
comparison, because of the convenience in obtaining forecasting results.

Fo =X (5)

[23][33][34].
Description:
Naive Method = Forecasting value on period t

Accuracy Measurement of the Forecasting Method

Data is often divided into two parts in time series analysis; data in sample and data out
sample. The best model is the model with the minimum error. It is certainly expected to
be the best model to fitting data in sample and also the good model to forecast data
out[35].

According to[36], the accuracy measurement of the model can use the calculation of Mean
Absolute Percentage Error (MAPE) with the following equation[37]:
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(6)

1 X, — F
MAPE = —z ‘ ‘ x 100%
Tli=1 Xi

Table 1. Accuracy Measurement of the Model Scale

MAPE Value Valuation of Measurement Scale
<10% Highly accurate
11% — 20% Good forecasting
21% — 50% Reasonable forecasting
>51% Not accurate
[38].

The Forecasting Algorithm

The algorithm used in this forecasting is as follows:
1. Collecting and tabulating data

2. Forecasting the HDI data with:
i.  Simple Moving Average (SMA) (use equation number 1)
ii. Weighted Moving Average (WMA) (use equation number 2)
iii. ~ Exponential Moving Average (EMA) (use equation number 3)
iv.  Simple Exponential Smoothing (SES) (use equation number 4)
v.  Naive Method (use equation number 6)
3. Choosing the best method based on the smallest MAPE value (use equation
number 1)
4. Forecasting the HDI value of North Lombok Regency in 2023 using the best
method.

RESULTS AND DISCUSSION
Data Tabulation and Descriptive Statistics

The discussion will being with tabulating data and making descriptive statistics as
follows:

Table 2. North Lombok Regency’s HDI Data in 2010-2022

Year 2010 2011 2012 2013 2014 2015 2016
HDI 56.13 57.13 58.19 59.2 60.17 61.15 62.24
Year 2017 2018 2019 2020 2021 2022
HDI 63.04 63.83 64.49 64.42 64.77 65.7
Table 3. Descriptive Statistics of North Lombok Regency’s HDI in 2010-2022
Mean 61.57
Standard Error 0.88
Median 62.24
Standard Deviation 3.16
Sample Variance 10.01
Kurtosis -1.18
Skewness -0.43
Range 9.57
Minimum 56.13
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Maximum 65.70
Sum 800.46
Count 13.00

The information obtained from the table 2 is North Lombok Regency’s average HDI
value is 61.57, where the data spread by 3.61 from the average. The lowest HDI in North
Lombok Regency is 56.13 and the highest is 65.70, with the kurtosis value -1.18, so it can
be said to be a platykurtic curve, which is a destribution that has an almost flat peak
(kurtosis value < 3). On a platykurtic curve, the peaks of the curve are below the normal
distribution, so that it can be said that the frequency of the modus values are close to the
minimum or maximum frequency values.

Skewness also showed negative value -0.43 or the values is concentrated to the right
side (located on the right side of Mo), so that the curve has a tail that extend to the left, its
mean the average value is smaller than the mode value.

Moving Average (MA) Method

Simple Moving Average (SMA)
The method used in this research is SMA MA3 and SMA MAS.
SMA MA3 forecasted the HDI today by calculating the average value of 3 time
series of the past HDI:
Xe1+Xe o+ X3

SMA MA3(F,) = 2

while SMA MAS is the SMA method that forecasted the HDI values today by
calculating the average values from 5 HDI’s data in the past:
Xe1+Xe o+ Xe 3+ Xes + X
SMA MAS(F,) = t—1 t—2 ;3 t—4 t-5

For example if we want to forecast value at 2015 using SMA MA3 we have to
calculating the average actual data from 2012 to 2014. But if we use SMA MA5
we have to calculating the average actual data from 2010 to 2014.

The results of forecasting and MAPE SMA MA3 and SMA MAS is as follows:

Table 4. Forecasting and MAPE results from SMA MA3 and SMA MA5 Method

X — F

Year HDI (X,) Fi X

SMAMA3 SMAMA5  SMAMA3 SMA MA5
2010 56.13
2011 57.13
2012 58.19
2013 59.20 57.15000000 0.034628378
2014 60.17 58.17333333 0.033183757
2015 61.15 59.18666667 58.164 0.032106841 0.048830744
2016 62.24 60.17333333 59.168 0.033204799 0.049357326
2017 63.04 61.18666667 60.190 0.029399323  0.045209391
2018 63.83 62.14333333  61.160 0.026424356 0.041829861
2019 64.49 63.03666667 62.086 0.022535794 0.037277097
2020 64.42 63.78666667 62.950 0.009831315 0.022819
2021 64.77 64.24666667 63.604 0.008079872 0.018002161
2022 65,70 64.56000000 64.110 0.017351598  0.024200913
MAPE SMA MA3 0.024674603 :
MAPE SMA MAS 0.035940812
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e Weighted Moving Average (WMA)
The WMA method that being used is WMA MA3 dan WMA MAS5, using the
equation (2). The difference of WMA MA3 and WMA MAS is the amount of data
used on forecasting. WMA MA3 used 3 past data, while WMA MAS used 5 past
data. This is the forecasting calculation (F;) of HDI 2015 using WMA MA3 (and
WMA MAS:
HDI forecasting in 2015 using WMA MA3:
(use a multiplier with a decreasing numerator of 3/6,2/6 and 1/6. The value 6
in the denominator is obtained from the addition of 3+2+1)

3 2 1
Fy015 = €X2014 + EX2013 + €X2012

3 2 1
& Fyo5 = 3 X 60.17 + Z X 59.2 + 3 x 58.19
(—4 F2015 - 59.18666667

HDI forecasting in 2015 using WMA MAS:

(use a multiplier with a decreasing numerator of 5/15, 4/15, 3/15, 2/15 and
1/15. The value 15 in the denominator is obtained from the addition of
5+4+3+2+1)

5 4 3 2 1
F015 = 1_5X2014 + 1_5X2013 + EX2012 + Exzon + EX2010

5 4 3 2 1
Fpgrs = — X 60.17 + — X 59.2 + — X 58.19 + — X 57.13 + — X 56.1
& Fpo1s = 75 X 60.17 + 72 X 59.2 + 7= X 58.19 + = X 57.13 + = X 56.13

& Fyp15 = 58.84066667

The complete results of forecasting and MAPE from WMA MA3 and WMA MA5
are listed on this table:

Table 5. Forecasting and MAPE results from WMA MA3 dan WMA MA5S

Xe — Fy

Year HDI (X;) Fe X,

WMA MA3 WMA MA5 WMA MA3 WMA MA5
2010 56.13
2011 57.13
2012 58.19
2013 59.2 57.49333333 0.028828829
2014 60.17 58.51833333 0.027450003
2015 61.15 59.51666667 58.84066667 0.026710275 0.037765059
2016 62.24 60.49833333 59.836 0.027983076 0.038624679
2017 63.04 61.53166667 60.86 0.023926607 0.034581218
2018 63.83 62.45833333 61.81 0.021489373 0.031646561
2019 64.49 63.30166667 62.7 0.018426629 0.027756241
2020 64.42 64.02833333 63.50133333 0.006079892 0.014260582
2021 64.77 64.345 63.99133333 0.00656168  0.012022027
2022  65.70 64.60666667 64.38 0.016641299 0.020091324
MAPE WMA MA3 0.020409766
MAPE WMA MA5 0.027093461
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e Exponential Moving Average (EMA)
The MA method that used on this research are EMA MA3 and EMA MAS. The
first calculation of F; is using the equation (1) and followed by using the
equation (3) to determine F; on EMA method, both on MA MA3 and MA MAS.

v' EMA MA3

HDI forecasting in 2013 on the Ft EMA MA3 column using MA MA3:
_ X2010 + X2011 + X2012

F, = = 57.15
2013 3
HDI forecasting in 2014 using EMA MA3:
2
F2014 = (m) (X2013 = F2013) + F2013 = 58.175

v' EMA MAS5S
HDI forecasting in 2015 on the Ft EMA MAS column using MA MA3:

X +X +X + X + X
Fyors = 2010 2011 2;12 2013 2014 _ £ 164

HDI forecasting in 2016 using EMA MA5:

2
F016 = (m) (X2015 — F2015) + F2015 = 58.9105

Table 6. Forecasting and MAPE results from EMA MA3 and EMA MAS Method

Xe — Fy

Year HDI (X,) Fe X,

EMA MA3 EMA MA5 EMA MA3 EMA MA5
2010 56.13
2011 57.13
2012 58.19
2013 59.2 57.15 0.034628378
2014 60.17 58.175 0.033156058
2015 61.15 59.1725 58.164 0.032338512 0.048830744
2016 62.24 60.16125 58.9105 0.03339894  0.053494537
2017 63.04 61.200625 59.742875 0.029177903 0.05230211
2018 63.83 62.1203125  60.56715625 0.026785015 0.051117715
2019 64.49 62.97515625 61.38286719 0.023489591 0.048180072
2020 64.42 63.73257813  62.15965039 0.010670939 0.0350877
2021 64.77 64.07628906 62.72473779 0.010710374 0.031577308
2022 65.70 64.42314453 63.23605334 0.019434634 0.037502993
MAPE EMA MA3 0.025379034
MAPE EMA MA5 0.044761647

Metode Simple Exponential Smoothing (SES)

This method used two « value, which are ¢ = 0.1 and @ = 0.9. On SES method with
a = 0.1 (closer to 0) means the forecast put emphasis on the past data point. On the
contrary, SES method with & = 0.9 (closer to 1) means the forecast put emphasis on the
newest data point. The calculation of this method used the equation (4).

HDI forecasting in 2012 using SESa = 0.1:
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Fo12 = a X X011 + (1 —a) X Fyo11

= Fyp1y = 0.1 X 57.13 + 0.9 X 56.13
= F2012 = 56.23

HDI forecasting in 2012 using SESa = 0.9:
Fy012 = a X X011 + (1 — @) X Fpo11

= Fy91 = 0.9 X 57.13 4+ 0.1 X 56.13

= F2012 = 5703

(in the example above the SES method with different alpha values will give different
forecasting results)
The results of forecasting and MAPE from SES method:

Table 7. Forecasting and MAPE results from SES a = 0.1 dan SES a = 0.9

Xe—F,

Year HDI (X,) Fi X,

SESa = 0.1 SESa =09 SESa =0.1 SESa =09
2010 56.13
2011 57.13 56.13 56.13 0.017503938 0.017503938
2012 58.19 56.23 57.03 0.033682763 0.019934697
2013 59.2 56.426 58.074 0.046858108 0.01902027
2014 60.17 56.7034 59.0874 0.057613429 0.017992355
2015 61.15 57.05006 60.06174 0.067047261 0.017796566
2016 62.24 57.460054 61.041174 0.076798618 0.019261343
2017 63.04 57.9380486 62.1201174 0.08093197 0.014592046
2018 63.83 58.44824374 62.94801174 0.0843139 0.01381777
2019 64.49 58.98641937 63.74180117 0.085340063 0.011601781
2020 64.42 59.53677743 64.41518012 0.075802896 7.48197E-05
2021 64.77 60.02509969 64.41951801 0.073257686 0.005411178
2022 65.70 60.49958972 64.7349518 0.079153886 0.014688709
MAPE SES a = 0.1 0.014307956
MAPE SESa = 0.9 0.06485871

Naive Method

The calculation of Naive method forecasting results using the equation (5), which is
the today forecasting results is the actual value of yesterday. The following is the results

of forecasting and MAPE from North Lombok Regency’s HDI using Naive method.

Table 8. Forecasting and MAPE results from Naive Method

Year HDI(X,) Forecasting (F;) Xe—F
X;

2010 56.13

2011 57.13 56.13 0.017503938
2012 58.19 57.13 0.018216188
2013 59.2 58.19 0.017060811
2014 60.17 59.2 0.016120991
2015 61.15 60.17 0.016026165
2016 62.24 61.15 0.017512853

Dara Puspita Anggraeni 84



Human Development Index Forecasting with Moving Average, Simple Exponential Smoothing and

Naive Method

Year HDI(X,) Forecasting (F;) Xe—F
.0

2017 63.04 62.24 0.012690355
2018 63.83 63.04 0.012376625
2019 64.49 63.83 0.010234145
2020 64.42 64.49 0.001086619
2021 64.77 64.42 0.005403736
2022 65.70 64.77 0.014155251

MAPE 0.013198973

Choosing the Best Method

The following is the list of method with the MAPE value, sorted from the method with
the smallest to the highest MAPE.

Table 9. MAPE list from MA, SES and Naive Method

No Model MAPE MAPE (%)
1 Naive Method 0.0132 1.32
2 SES a=0.9 0.0143 1.43
3 WMA MA3 0.0204 2.04
4 SMA MA3 0.0247 2.47
5 EMA MA3 0.0254 2.54
6 WMA MA5S 0.0271 2.71
7 SMA MA5S 0.0359 3.59
8 EMA MA5S 0.0448 4.48
9 SES a=0.1 0.0649 6.49

On the table 9, it can be seen that all of the methods has MAPE below 10%. This means
that based on the category from table 1, the accuracy measurement scale on all of the nine
method can be classified as highly accurate because of having MAPE below 10%. However,
the Naive method has been chosen as the best out of the nine methods because this
method obtained the smallest MAPE. Thus, Naive is used to forecast the HDI of North
Lombok Regency in 2023.

North Lombok Regency’s HDI Forecasting in 2023

Forecasting value F; of North Lombok Regency’s HDI based on Naive equation method is:
Fp = Xiq

= Fy023 = Xp022 = 65.7

Time Series Plot of Actual HDI Data vs Data According to the Naive Method
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Time Series Plot of Actual HDI Data vs Data
According to the Naive Method
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e Data Aktual IPM == Data According to the Naive Method

Figure 2. Time Series Plot of North Lombok Regency’s HDI in 2010-2022, Data According to HDI
in 2010-1022, and forecasting result in 2023 using Naive method

CONCLUSIONS

The best method to forecast HDI in North Lombok Regency is the method with the
smallest MAPE, which is Naive method with 1.32% as the amount of MAPE. This method
is in the model category with high accuracy because it has a MAPE below 10%. The results
of HDI in North Lombok Regency in 2023 using Naive method generate a forecast of 65.7
which means that the HDI in North Lombok Regency has not changed. HDI in North
Lombok Regency stay on middle level. It is necessary to adopt a policy that can increase
the level of HDI in North Lombok Regency.
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