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ABSTRACT: The purpose of this research is to determine the relationship between the poverty level in another province that is
adjacent to the Sumatra island. The data was obtained from the Central Bureau of Statistics. The method used is Spatial
Autoregressive (SAR). This model shows the relationship between areas that are close to each other and also describes how
influential a causal factor variable is to the poverty rate. Based on the Moran Index, it is shown that adjacent provinces have similar
poverty scores and Human Development Index (HDI) values. In the model, a significant variable was obtained: Mean Years of

School (MYS) and Human Development.
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INTRODUCTION

Poverty is a global problem, often associated with difficulties
and shortages to meet the needs of life. The high poverty rate
will cause very bad impacts, such as increased crime, high
mortality rates and many conflicts in society. Poverty is a social
phenomenon experienced by a developing country, one of
which is the Percent State of the Republic of Indonesia. In
Indonesia, the central and regional governments are still trying
to overcome the problem of poverty (Fajriawati, 2016). One of
the regions of Indonesia with a high poverty rate is the island
of Sumatra.

The island of Sumatra, which consists of 10 provinces,
has a different percentage of poverty levels in each province.
Based on poverty data that Retrieved from Body According to
the Center for Statistics (BPS) in 2019, it is known that the
percentage of national poverty is 9.22% (bps.go.id, 2021). The
island of Sumatra has several provinces with a higher
percentage of poverty than the national poverty percentage.
Four out of 10 provinces on the island of Sumatra have a
percentage of poverty levels above the percentage of the
national poverty rate in 2019. Different poverty levels in a
region are very likely to be influenced by the environment
around that area. Based on this description, in the case of
poverty, it is suspected that there is a relationship between
regions (unit of analysis), so to analyze it, it is necessary to pay
attention to the elements of spatial data.

In spatial data, observations in an area depend on
observations of adjacent areas. This is in accordance with
Tobler's law which reads "everything is related from everything
else, but near things are more related than distand thing".
Everything is interconnected with each other, but something

close is more influential than something far away. Spatial
effects occur between one area and another. In analyzing
spatial data, the spatial regression method is used. Spatial
regression is the result of the development of classical linear
regression. The basis of the development of spatial regression
is because Presence influence place or spatial on the data
analysis (Novitasari & Khikmah, 2019a). In this case, the
poverty rate is not only influenced by independent variables but
there are spatial effects in it.

Research that discusses poverty by (Putri et al., 2018)
Obtaining the results of all independent variables, namely
health service facilities, number of school facilities, number of
population density, number of people with social welfare, and
significant village distance to poverty level. Furthermore, the
research conducted by (Ratifah et al., 2019) resulting in school
participation rates (APS) aged 16-18 years and population aged
10 years and above with the highest education completed by
junior high school are factors that affect poverty in every
district/city in East Java. Furthermore, the research conducted
by (Rahmadeni, 2020) with the results of research on the
variables of HDI, Education, GDP and unemployment have a
strong influence on the poverty rate using the SEM model.
Based on previous research by (Putri et al., 2018)(Ratifah et al.,
2019) and (Rahmadeni, 2020), some of the factors that affect
poverty are Gross Regional Domestic Product (GDP), average
length of schooling, unemployment and the Human
Development Index (HDI). So that the author is motivated to
look at the factors that affect the poverty level on the island of
Sumatra with a data spatial regression approach. For this
reason, the author is interested in taking the title "Modeling the
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METHOD

This study uses a quantitative method. The research
began by collecting secondary data with data obtained from the
Central Statistics Agency, namely poverty data, Gross
Regional Domestic Product (GDP), Education Level,
Unemployment, and Human Development Index (HDI) in
2019. The data used is data from each province on the island
of Sumatra, namely Aceh, North Sumatra, West Sumatra,
South Sumatra, Riau, Riau Islands, Bangka Belitung, Jambi,
Bengkulu and Lampung. This study uses the Spatial
Autoregressive method in determining variables that affect the
poverty level.
1. Spatial Autoregressive (SAR)

Spatial Autoregresive is a linear regression model in
which there is a spatial relationship to the dependent variable.
This model is commonly given the mixed name autoregression
because regression combines ordinary regression with a lag
spatial regression model on dependent variables. Equation (1)
is the model Spatial Autoregressive (Mariana, 2013).

y=pWy+Xp+e
£~ N(0,5%1) 1)

Information:
y = vector of dependent variables with size n X1,

p = the spatial coefficient of lag of the independent variable
of the size | p |<1,

X' =kmatrixkindependent variable of size nx(k +1),

[ = parameter vectorspatial coefficients of the size error ,

kx1
& = vector-sized error nx1

2. Moran Index

The moran index is used to see the identification of a
location in spatial grouping or spatial autocorrelation. Spatial
autocorrelation is the correlation between a variable and itself
based on space. The statistical test of the morans index for an

observation vector Y, =(Y,...,Y,,) at n locations. The

Morans Index | formula for standardized spatial weighting (W)
matrix is:

= nY D Wy (%, =)(%; = X)
Zinzl(xi _)_()

O]

Information:
I = moran index
n = Number of occurrence locations

X; = value at location i

X; = value at location to j

X = average number of variables

Wi
j
The expected value of the Moran Index, is formulated in
equation (3):

= elements on the standardised weighter between i and j

-1

I, = E(1) — )
The Moran Scatterplott Index is a diagram to see the

relationship between the observed mileage at a location

(standardized) and the average observation value of the

locations adjacent to the location in question.

If | > 10, then the autocorrelation value is positive (Group data

pattern)

If I = 10 means that there is no spatial autocorrelation

If I < 10 means that the autocorrelation value is negative, this

means that the data pattern is spreading.

The division of the quadrants is as follows:

Quadrant I1 Quadrant I
Low-high High-high
Quadrant I11 Quadrant IV
Low-Low High-Low

Quadrant I is called High-high shows a high observation value
surrounded by an area that has a high observation value
opposite to the third quadrant called Low-Low, showing low
observation values surrounded by areas with low observation
values. Quadrant Il is called Low-High, shows a low
observation value surrounded by an area that has a high
observation value opposite to quadratic IV called High-Low,
showing high observation values by areas with low observation
values (Hernawati & Ardiansyah, 2018).
3. Spatial Inverter Matrix

To determine the relationship between one region and
another, a spatial weighting matrix is used. The relationship of
proximity can be known through 2 sources, namely proximity
(area) and distance (point). The spatial weighting matrix is
notated , and with its elements . The general forms of spatial
matrices are as follows WW;;(W)(Lokang & Dwiatmoko,

2019) :

W11 le Wln
W = WZl sz an
Wnl Wn2 e Wnn
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The elements of the Contiguity matrix Wij are defined

through the equation:
W _{0, jika idan jtidak bertetagga
"% 1 jikaidan jbertetagga

In this study, the Queen Contiguity matrix was used.
This method allows researchers to see the neighborhoods of
each province based on the intersection of sides and angles. So
that every province that borders directly is a neighbor. Figure 1
is an illustration of contiguity weights

(4)

| (3) (5)

(2)
(1)

Figure 1. lllustration of Spatial Weighting

Based on figure 1 The weighting matrix using Queen
Contiguity is as next:

0 1 0 0 O]
10100
0101 1
00101
0 0 1 1 0]

The following is a standardized spatial weighting matrix from
Figure 4 (Djuraidah & Wigena, 2012) :
i 0 0 0]

o
o

NI
NI

w

%

0
0

queen —

[N

ooo&o

RESULTS AND DISCUSSION

The distribution of poverty levels on the island of
Sumatra varies from province to province. In this study based
on the number (in percent), the poverty level is grouped or
mapped into 3 regions, the mapping can be seen in Figure 2:

miskinan

4530 8.030) (5)

8.030: 11.530) (1)
[11.530: 15.030] (4)

Figure 2. Poverty Rate Distribution Map

Based on Figure 5, it can be seen that white indicates the lowest
poverty level and so on until the dark brown color indicates the
highest number of poverty levels, from the map of the
distribution of poverty levels on the island of Sumatra, for
example in Aceh Province the color is dark brown and the
province of North Sumatra is brown and it can be stated that
the province of Aceh has a higher poverty rate than the
province of Sumatra North, when viewed from the
geographical location that these two provinces have close
distances, so that North Sumatra Province will have the
potential to have the same level of poverty.
1. Spatial Inverter Matrix

In spatial analysis to determine the presence of spatial
autocorrelation, the main component required is a location
map. The map is used to determine the close relationship
between provinces on the island of Sumatra. Thus it will be
easier to give weights to each location or province. From the
map of the island of Sumatra, it is known that there are 10
provinces so that the spatial weighting matrix is . 10 X 10

The method used in creating the matrix is the Queen Contiguity
method.

2. Testing Spatial Effects Using Moran Index

The Moran index is used to determine the autocorrelation
of an observation to the same observation in another adjacent
area. The value of the Moran Index is determined using the
formula in Equation 2. The Moran Index values for each
variable are seen in Table 1

Table 1. Moran Index

Variable Moran Index Value
y 0.249

X, -0.097

X, -0.130
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X, -0.138
X, 0.092

Table 1 shows that the Moran Index value of the poverty level
variable (y) and the Human Development Index ( X, ) have a

positive value, namely I > 0 which shows a positive
autocorrelation, i.e. the data shows similarity in values from
adjacent locations and tends to be grouped. Meanwhile, the

variables of Gross Regional Domestic Product ( X;), Average

School Length ( X, ) and Open Unemployment Rate (X, ) have

a negative autocorrelation, which shows that adjacent locations
have different values and tend to spread. The Scatterplots for
each variable are as follows:

0.70

lagged Kemiskinan

T T T T

70 110 050 010 070 130

Figure 6. Poverty Level Spread Scatterplot

Based on Figure 6, it shows that the distribution of
poverty variables is grouped in quadrant Il (Low-low),
meaning that provinces on the island of Sumatra with low
poverty levels tend to be close to provinces that have low
poverty levels. However, there are also several provinces in
quadrants | and IV which indicates that there are several
provinces with high poverty levels that tend to be close to
provinces that have high poverty levels as well and provinces
with high poverty levels tend to be close to provinces with low
poverty levels.

3. Parameter Estimation
Parameter estimates in the SAR model are presented in
Table 2 below:

Table 2. SAR Parameter Estimation

IPM -0.907 0.462 -1.959 0.050

Coefficien Std.Error z-value  Prob
Variable t
W_y 0.707 0.153 4.604 0.000
CONST 101.56 36.57 2,777 0.005
GDP -0.226 0.647 -0.349 0.726
RLS -4.015 1.383 -2.903 0.003
TPT 0.760 0.570 1.332 0.182

Based on Table 1, several variables have |Z |> Ly @

hitun
value or probability value of >a, namely the average length of
schooling (X,) and the Human Development Index (X, ) have

a negative influence on the poverty rate, while the variables that
do not have a significant effect are the Gross Regional
Domestic Product (GDP) and the Open Unemployment Rate
(TPT). From Table 2, the Spatial Autoressive (SAR) equation
is formed:

A

y, =101568+0,707378Y ", W,y - 0,22644x, - 401547, + 0,760856x, — 0907122,

In general, the Spatial Autoregressive model can be
interpreted, that if other factors are considered constant, and if

the gross regional domestic product (X;) increases by one
percent then reduces the poverty rate by 0.226449, the average
length of schooling (X, ) increases by one percent will reduce
the poverty rate by 4.01547, unemployment ( X;) increases by
one percent will increase the poverty rate by 0.760656 and if

the human development index ( X, ) increase by one percent, it

will reduce the poverty rate by 0.907122. The coefficient of
w_y = 0.707378 the influence of each surrounding area can be
measured as 0.707378 times the average response variable
around it.

CONCLUSIONS

The Autoregressive Spatial Model obtained shows that
there is a relationship between the poverty level in one province
and the poverty level in other adjacent provinces, namely by
looking at the value of the moran index at the poverty level of
0.249, where the value is greater than the expected value of the
moran index value, meaning that the data shows the similarity
of values from adjacent locations and tends to be grouped. This
causes the high poverty rate to also be influenced by the
poverty level in other provinces adjacent to other provinces.

Furthermore, based on the Spatial Autoregressive
(SAR) model, it is estimated that the factors that affect the
poverty rate on the island of Sumatra are the Average School
Length and the Human Development Index. And for readers
who are interested in continuing this research, they can add
influential variables or can use other weights so that they can
be seen more in areas where the poverty level factor is more
influential.

REFERENCES
1. Baihagi & Syardiansah. (2019). The Effectiveness of
DP3AKB's Revolving Business Capital Provision to
Poor Women's Business Groups in East Aceh
Regency. 10(2): 112-123.
2. Bintang, ABM & Woyanti, N. (2018). MEDIA

10317

Rahmadeni?, ETJ Volume 11 Issue 06 June 2026



“Modeling of Poverty Levels on the Island of Sumatra Using Spatial Autoregressive”

ECONOMICS AND MANAGEMENT Vol. 33 No. 1
January 2018. Media Economics and Management,
33(1): 20-28.

Djuraidah, Anik & Wigena, Hamim. (2012). Spatial
Regression to Determine Poverty Factors in East Java
Province. Statistics, 12(1): 1-8.

Fajriawati. (2016). The Impact of the Economy on the
Poor in the Fishermen's Village, Medan Labuhan
District. Journal of Economists, 16(2): 1-13.
https://doi.org/10.30596/ekonomikawan.v16i2.942
Hernawati, R & Ardiansyah, M.Y. (2018). Analysis
of the Spatial Pattern of Dengue Hemorrhagic Fever
in the City of Bandung Using the Moran Index.
Journal of Green Engineering, 1(3): 221-232.
https://doi.org/10.26760/jrh.v1i3.1774

Lokang, Y. P., & Dwiatmoko, I. A. (2019). Durbin's
spatial regression analysis to analyze factors related to
the percentage of the poor population. Scientific
Journal of MATRIC, 21(2), 118-127.

Mariana. (2013). Spatial Regression Approach in
Modeling Open Unemployment Rate. Journal of
Mathematics and Learning 2013, 1(1): 42-63.
Novita, UD & Istigamah, N. (2017). The Influence of
GDP, Education and Unemployment on Poverty in

10.

11.

12.

Sambas Regency. Journal of Motivational
Management, 13(1): 815.
https://doi.org/10.29406/jmm.v13i1.539

Novitasari, D & Khikmah, L. (2019). Application of
Spatial Regression Model to Human Development
Index (HDI) in Central Java in 2017. STATISTICS
Journal of Theoretical Statistics and Its Applications,
19(2): 123-134.
https://doi.org/10.29313/jstat.v19i2.5068

Putri, A, Sanusi, W, & Sukarna, S. (2018). Spatial
Regression Model and Its Application in the Case of
Poverty Level in Soppeng Regency. Indonesian
Journal of Fundamental Sciences, 4(2): 102.
https://doi.org/10.26858/ijfs.v4i2.7638

Rahmadeni, R. (2020). Autoregressive Spatial Model
(SAR) on Poverty Level (Case Study: Riau Province).
Journal of Mathematical and Statistical Sciences,
6(2): 61-72.
https://doi.org/10.24014/jsms.v6i2.10530

Ratifah, L, Pratiwi, H & Respatiwulan. (2019).
Poverty Analysis in East Java Province Using the
Durbin Spatial Regression Model Approach. M14.

10318

Rahmadeni?, ETJ Volume 11 Issue 06 June 2026



