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Abstract: - This study aims to identify the relationship between population density, inflation, and
unemployment on the human development index, GNP, export-import, and urbanization in the category of
developed and developing countries using the Panel Seemingly Unrelated Regression (Panel SUR) with a
dummy variable as a slope component. This study uses economic data from 145 countries in the world obtained
through the official websites of the World Bank and the International Monetary Fund. The results showed that
the Fix Effect SUR model (A1C=84915.74) was better than the pooled SUR model (AIC=114936) and Random
Effect SUR (AlC=1148415). The results of the analysis using the Fix Effect SUR model show that population
density has a significant positive relationship with GNP, imports, and exports. There is a significant negative
relationship between the unemployment rate and GNP. In addition, the results obtained show that the effect of
population density on GNP in developed countries is positive and greater. The effect of the unemployment rate
on GNP in developed countries is negative and greater than that of developing countries. The results of the
analysis using the pooled SUR model and the Random Effect SUR are the same conclusion where population
density has a significant positive relationship to GNP, imports, and exports. There is a significant negative
relationship between inflation and GNP. The effect of population density and inflation on GNP, imports, and
exports in developed countries is positive and greater than that of developing countries. The effect of the
unemployment rate on GNP in developed countries is negative and greater than that of developing countries.
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1 Introduction Therefore, the Seemingly Unrelated Regression
Seemingly Unrelated Regression (SUR) is a form of Panel model was developed which is able to model
multivariate regression that can accommodate the the relationship of one or more predictor variables to
residual correlation between equations (variety more than one observed response variable from a
structure between equations) so that each equation research object during a certain period of time on
in the model seems to stand alone or there is no panel data, [3]. The Seemingly Unrelated
relationship  between equations, but actually Regression _Panel Mode_l is one of_the developments
between equations has linkage, [1], [2]. However, of mulfuvarlate regression analysis gnpl panel data
there is a problem related to multivariate regression regression analysis that allows statistical users to
analysis on economic variables, namely the dynamic analyze cause-and-effect relationships in data
nature of the data so that the data at one point in resulting from combining cross-section and time
time is not sufficient to model the relationship series data not only on one response variable.

between each predictor variable to each response Economic  success is something that all
variable. Therefore, data on the variables related to countries in the world want to achieve, especially
several time periods for each research object (panel developing countries. A country is said to be
data) are needed so that the regression model developed if it has a high and evenly distributed
obtained is better at describing the relationship economic level, a high standard of living, and
between the predictor variables and the response sophisticated ~ technology. Developing countries
variables so that a method that can accommodate have a middle level of social welfare and there is no
these problems is developed, namely multivariate economic  equality, [4]. The benchmark for
regression analysis on panel data. economic success is economic development. Every
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country must strive for economic development from
year to year so that the country does not have
problems in the economic field and has a prosperous
society. This is still a problem in developing
countries where developing countries continue to
strive for a better country's economy through
various economic actions and policies.

Economic success is a process because it is a
stage that must be lived by every country so it
requires hard work and cooperation between the
community, government, and other elements
involved in the long term so that economic success
can be achieved. Economic success can generally be
seen through 2 aspects, namely the economic aspect
which includes international trade and GNP, and the

social aspect which includes the human
development index and urbanization, [5].
Therefore, this study aims to form a

mathematical model of the seemingly unrelated
regression model and develop it on panel data with
dummy variables and apply it in economic cases,
namely the relationship between HDI, GNP,
Imports, Exports, and Urbanization such as
Population Density, Inflation and Unemployment
Rates in developed and developing countries using
the Pooled SUR, Fix Effect SUR and Random
Effect SUR. Therefore, this study aims to show the
differences in the effect of Population Density,
Inflation, and Unemployment Rate on the Human
Development Index, GNP, Imports, Exports, and
Urbanization in developed and developing countries
so that this research can be beneficial for developing
countries in maximizing economic activities in their
countries as well as aspects what needs to be
improved to have a high economic level like in
developed countries, apart from that this research
can be useful for developed countries to maintain
the economic level in their country.

2 Literature Review

2.1 Seemingly Unrelated Regression (SUR)

Models

The SUR model uses m response variables as a

function of p predictor variables which can be seen

in equation (1), [6].

Yii = Bio + BiiXii + BiaXoi + -+ BipXpi +
B20(0) + B21(0) + -+ B21(0) + -+ +
ﬂmp(o) + &

Y2i = B10(0) + 11(0) + -+ + B1,(0) + Bpo +
B21X1i + Po2Xai + -+ BopXpi +
ﬁmo(o) + ﬂml(o) + ..t ﬁmp(o) + &2i

l
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Yini = B10(0) + B11(0) + -+ B1,(0) + --- +
Bim-1)p(0) + Bmo + BmiX1i + BmaXai +
et ﬁmepi t+ &mi
1)

Equation (1) can be simplified into equation (2).

Yii = Buo +Z?:1 BiiXji + e
i=12,.,n;l=12,...m;j=12,..,p
The form of the SUR equation in the matrix can
be seen in equation (3), [7].
Yimnx1 = Xmnxm@+)Bme+nx1 T Emnxa (3)

(2)

2.2 Panel Seemingly Unrelated Regression
Models (Panel SUR)
The Panel Seemingly Unrelated Regression model is
an extension of the Seemingly Unrelated Regression
model that can be used in panel data. The Panel
Seemingly Unrelated Regression model was
developed to accommodate the dynamic nature of
data (data patterns always change over time), [3].
The Panel Seemingly Unrelated Regression model is
the same as the Seemingly Unrelated Regression
model (equation (1)) except that there is an element
of time presented in equation (4).
Yiie = Bio + BuiXuie + BraXoie + -+ BrpXpie +

E1it
Yoie = Bao + Ba1Xiie + Ba2Xaie + -+ BopXpie +

&2it

-

Yimit = Bmo + Bm1X1ie + PmaXaie + -+

.Bmepit + Emit

(4)

According to [3], there are 3 Panel Seemingly
Unrelated Regression models as follows.
a. Pooled Seemingly Unrelated Regression
Models
This model has the same structure as the general
model of Seemingly Unrelated Regression with the
addition of an element of time. The Pooled
Seemingly Unrelated Regression model is presented
in equation (5).
Yiie = Bro + BraXuie + BraXoiw + -+ PrpXpie +
E1it
Yait = Bao + B21X1it + B22X2it + -+ BopXpic +
&2it
]
Yimit = Bmo + BmaXiie + BmaXaie + -+
ﬁmepit + Emit

®)
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b. Fix Effect Seemingly Unrelated Regression
Models
In the fixed effects model, it is assumed that there is
a relationship between the characteristics of the
object (a,,;) and the predictor variables for each
response variable. The Fix Effect Seemingly
Unrelated Regression model is presented in equation
(6).
Yiie = Bou + Br1Xie + BraXoww + -+
ﬁ1poit + €44t
Yoie = Bo2i + B21X1ie + Bo2Xoie + -+ +
ﬁZpoit + &2it

Yimit = Bomi + Bm1X1ie + BmaXoie + -+
Bmepit + Emit
(6)
¢c. Random  Effect Unrelated
Regression Models
In the random effects model, it is assumed that there
is no relationship between the object characteristics
(ami) and the predictor variables for each response
variable. The object characteristics are assumed to
be random variables combined with random error
terms. The Random Effect Seemingly Unrelated
Regression model is presented in equation (7).
Yiie = Br1aXuie + Br2Xoie + -+ BrpXpie + Vit
Yoir = B21X1it + B22X2ic + -+ BopXpit + Vair

Seemingly

Yimie = BmiX1ic + Bm2Xzie + -+ BmpXpie +

VUmit
with,
V1ie = Pori t €1it
Vait = ﬁgzt + &2t
Vit = Bomi + Emit
(7)
2.3 Slope Dummy Seemingly Unrelated

Regression (SUR) Models
The Slope Dummy Panel Seemingly Unrelated
Regression model is a development of the Panel
Seemingly Unrelated Regression model which aims
to determine the relationship of one or more
predictor variables to more than one response
variable and can accommodate differences between
categories of dummy variables as follows.

a. Slope Dummy Pooled Seemingly Unrelated

Regression Models

This model has the same structure as the general
Seemingly Unrelated Regression model with the
addition of time elements and dummy variables as
slope components. The Slope Dummy Pooled
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Seemingly Unrelated Regression model is presented
in equation (8).
Yiie = ayo + @112(Dai X X14¢) + @113(D3; X
X1ie) + -+ @116 (Dg X Xq4¢) +
@122 (Dyi X Xpit) + a123(D3y X Xp3¢) + -+ +
12k (D X Xpie) + -+ alpZ(DZi X Xpit) +
a1p3(D3i X Xpit) + -t alpk(Dki X Xpit) +
P11X1it + Bi2Xzie + -+ BipXpic + €1
Yoir = @z0 + a212(Da; X X1i¢) + az13(D3; X
X1ie) + -+ @21 (Dii X Xq30) +
A222(D2i X Xpi¢) + @z23(D3y X Xpi) + -+ +
Ak (Dyi X Xpi) + - + aZpZ(DZi X Xpit) +
a2p3(D3i X Xpit) +-t a2pk(Dki X Xpit) +
Bz1X1it + Bz2Xaie + -+ BopXpie + €21t
0
Yiit = @mo + @12 (Dai X X14¢) + Am3(D3; X
X1ie) + -+ Ay (Dig X Xq40) +
Am22(D2i X Xpit) + Amaz(D3g X Xppe) + -+ +
Amak (Dii X Xait) + -+ + Ampa (Do X
Xpit) + Amp3z(D3; X Xpi) + -+ +
OCmpk (Dki X Xpit) + Bm1X1it + BmaXaie +
o+ [))mepit t Emit
(8)
b. Slope Dummy Fix Effect Seemingly
Unrelated Regression Models
In the fixed effects model, it is assumed that there is
a relationship between the characteristics of the
object (a,,;) and the predictor variables for each
response variable. The model of Slope Dummy Fix
Effect Seemingly Unrelated Regression is presented
in equation (9).
Yiie = ayoi + @112(D2i X Xq4¢) + @113(D3; X
X1ie) + -+ @116 (Dg X Xq4¢) +
@122 (Dai X X3i¢) + a123(D3 X Xp3¢) + -+ +
12k (Dyi X Xpi¢) + o+ + alpZ(DZi X Xpit) +
a1p3(D3i X Xpit) + -t alpk(Dki X Xpit) +
B11X1it + Bi2Xzie + -+ BipXpic + €1ic
Yair = @20i + @212(Dgi X Xy4¢) + a213(D3; X
X1ie) + -+ @1 (D X Xq) +
@222 (Dai X Xoi¢) + @z23(D3y X Xpi) + -+ +
U2k (Dyi X Xp¢) + o+ + aZpZ(DZi X Xpit) +
a2p3(D3i X Xpit) +t a2pk(Dki x Xpit) +
Bz1X1it + B2 Xaie + -+ BapXpie + €2t
\
Yiit = @moi + @m12(D2i X Xq4t) + @ma3(D3; X
X1ie) + -+ A Dy X X3¢) +
AUma2(Dai X Xpit) + Amaz (D3 X Xpi) + - +
Umak (Dyi X Xoie) + -+ ampZ(DZi X
Xpit) + @mpz(D3; X Xpi) + -+
Ampk (Dki X Xpit) + Bm1Xiit + Bm2Xaic +
et .Bmepit t Emit
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(9)
c. Slope Dummy Random Effect Seemingly
Unrelated Regression Models
In the random effects model, it is assumed that there
is no relationship between the object characteristics
(ami) and the predictor variables for each response
variable. The object characteristics are assumed to
be random variables combined with random error
terms. The Random Effect Seemingly Unrelated
Regression model is presented in equation (10).
Yiie = @112(D2; X Xq4¢) + a113(D3; X Xy3) + -+ +
115 (Dri X X14¢) + @122 (D2 X X)) +
a123(D3i X Xgi¢) + -+ + @125 (Dpg X Xg3¢) + -+ +
a’1p2(D2i X Xpit) t A1p3 (D3i X Xpit) + ot
@pk(Dii X Xpie) + BraXiie + BroXaie + - +
BipXpit + Vit
Yoir = @212(Dai X X13¢) + @p13(D3y X Xy4) + -+ +
a1k (D X X14¢) + A222(Dgi X Xoi) +
a223(D3i X X3ie) + -+ + A2p (D X Xg3) + -+ +
Aap2(D2i X Xpir) + @apz(Da; X Xpie) + -+ +
Aopic(Dii X Xpie) + BaaXuie + BoaXoiye + -+
ﬁZpoit + V2t
U
Yimie = @ma2(D2; X X14¢) + maz (D3 X Xqy0) +
o+ Ak (Dri X X1ie) + Amaz (Do X Xoie) +
Um23(D3; X Xai) + -+ + Aok (Dpy X Xpie) + -+
ampZ(DZi X Xpit) + Amp3 (D3i X Xpit) + -+
Umpic(Dii X Xpit) + BmiXaie + BmaXaie + - +
.Bmpxpit + Umit
with,
Vyjt = Q1oi T €1t
V2it = Q20i t+ &2it
Vmit = Amoi T Emit (10)
2.4 Parameter Estimation of Seemingly
Unrelated Regression Model with Ordinary
Least Squares Method
The ordinary least squares method (OLS) is a
method for estimating the parameters of the
Seemingly Unrelated Regression model in equation
(1) by minimizing the sum of the squared errors as
in equation (11).

ge= (Y-XB)'(Y-XB)
ge= (Y -XB)Y-XB)
ge=YY-YXB-YXPB +XBX'B
g8 =Y'Y-2X'BY+XBX'B'
(11)
Then the sum of the squared errors is derived
from the parameter estimator and equated to zero as
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in equation (12) to produce an estimator that is close
to the parameter value.

0(&8'8) o(Y'Y-2X'B'Y +XBX'B')

= = — 0
0B o(B)
@ =-2X'Y+2X'XB =0
(B)
-X'Y+X'XB=0
X'XB=X'Y
(12)

So that the regression parameter estimator is
obtained using the ordinary least squares method as
follows, [8].

B=XX)XY
(13)

2.5 Parameter Estimation of Seemingly
Unrelated Regression Model with
Generalized Least Squares Method

The generalized least squares method (GLS) is one
of the methods for estimating the parameters of the
Seemingly Unrelated Regression model in equation
(1) with the assumption that matrix V (matrix of
variance-covariance residual OLS) is known to be
presented in equation (14), [9].

B=(xv1ix) 'xv-ly

(14)
with the matrix V as follows.
-1
ouly 011y Omiln
y-1= o2l 020y OmzIn
0-1m1n UZmIn Gmmln
011 021 Om1 ]t
_ 012 022 Om2
vl= : : m I,
O1m O2m Omm
Vi=3x1Q1I,
(15)

In general, the matrix V is not known, so it is
necessary to estimate the matrix V using a two-stage
aiken, such as equation (16).

ol 011y Omiln
7= 0120y OG220y Omaln
0-/1\m1n AO-ZTYLITL ~ Gmmln
011 021 Om1
- 0 0 o
v=|"12 Tz I
. Ojgm O2m Omm
V=xXQI,

(16)
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with,
n
~ 1 n A
Ors = n—m (Eriési)
i=1
PN _ ATA
Ors = (& 'és

1 n—m
61”5 = m ((Yr - Xrﬁr),(ys - Xsﬁs))

r=1,2,.m;s=12,...,m
(17)

B,-and B, estimated using the ordinary least
squares method for each equation so that the matrix
V estimator is formed through a single equation
with OLS, [10]. Then a matrix V is formed as in
equation (18)

ol 011, Gmiln
V= G12ln 0220y Omzln
U/l\mln AO-ZmIn R Ummln
011 021 Om1
= 0 0 0.
v=|"1? 7 I QI
O1m O2m Omm
V=XQI,

(18)

The estimator of the SUR model using GLS is
obtained as follows, [1].
B=(xv-1x)'xv-1ly
(19)

3 Methodology

This study aims to model seemingly unrelated
regression on panel data with dummy variables and
its application in modeling economic success in
developed and developing counties. This study uses
the Seemingly Unrelated Regression Panel (SUR
Panel) model because the five aspects of economic
success (IPM, GNP, Import, Export, and
Urbanization) are related and panel data is used so
that the information obtained is better where it is not
only at one time, rather it can cover multiple time
periods at once. This study uses data on aspects of
economic success (HDI, GNP, Import, Export, and
Urbanization) and the factors that influence it
(population density, inflation, and unemployment
rate) in the world. This study uses balanced panel
data so that it only uses samples that have complete
data where there are 35 developing countries and
110 developed countries obtained from the official
websites of the World Bank and IMF. The data
source properties are presented in Table 1.
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Variables

Period

Data source

Predictor

Population
Density

(X1)

2010-
2019

World Bank

(https://data.wo
rldbank.org/

— Population,
total

Inflation
(X2)

2010-
2019

World Bank
(https://data.wo
rldbank.org/
— Inflation
consumer

prices (annual
%)

Open
Unemploym
ent Rate

(X3)

2010-
2019

World Bank
(https://data.wo
ridbank.org/

—

Unemployment
, total (% of the
total labor
force)
(modeled ILO

estimate)

Response

HDI (Y;)

2010-
2019

Kaggle

(https://www.k

aggle.com/data

sets/tjysdsg/hu
man-

development-
index)

Import (Y3)

2010-
2019

World Bank

(https://data.wo
rldbank.org/
— Imports of

goods and
services

(current US$)

Eksport (Y,)

2010-
2019

World Bank

(https://data.wo
rldbank.org/
— Exports of

goods and
services

(current US$)

Urbanizatio
n (¥s)

2010-
2019

World Bank
(https://data.wo
rldbank.org/
— Urban
Population (%
of total
population)

696
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International Table 2. Parameter Estimator for Fix Effect SUR
Monetary Fund Beta | Estimate t value Pr(>|t])
Country 0010- | (https:/Awww.i X1.1 0.003 0.0165 | 0.9868
Dummy Category 2019 mf.org/external X2.1 0| 000017 | 0.9999
(D) [pubs/ttiweo/20 X3.1 -0.002 | -0.00072 | 0.9994
% X1D.1 0.003| 0.00018 | 0.9999
droups M X2D.1 -0.003 | -0.00045 0.9996
The procedure of this research is as follows. X3D.1 -0.001 | -0.00019 0.9998
1. Checking the relationship between predictor X1.2 4.945 | 30.59201 | <0.0001
variables (assuming non-multicollinearity) using X2.2 -0.659 | -1.39751 0.1623
VIF statistics X3.2 -11.476 | -4.06096 | <0.0001
2. Testing pooled SUR model parameters using the X1D.2 35.213 2.02937 0.0425
ordinary least squares (OLS) method, fix effects X2D.2 10281 | -1.66973 0.095
SUR, and random effects SUR model parameters X3D.2 17207 | -3.99049 | 0.0001
using the general least squares (GLS) method <13 093 575196 | <0.0001
3. Testing the assumption of error correlation : : ' '
between equations in pooled SUR, fix effects X2.3 -0.06 | -0.12767 0.8984
SUR, and random effects SUR model using the X3.3 -2.29 | -0.81038 | 0.4178
Lagrange Multiplier test statistic X1D.3 13.618 0.78483 0.4326
4. Testing the relationship of the predictor variables X2D.3 3.732 0.60613 0.5445
to the response variables of pooled SUR, fix X3D.3 4575 | -1.06105 0.2887
e_ffec;[f SUR,l andd ragdor&w El‘rfeCtS SUR model X1.4 0.922 570326 | <0.0001
simultaneously and individually a n
5. Selecting the best panel SUR model using the igj 0'?24i 832232 giégi
smallest AIC value and the largest adjusted R2 : i i i
6. Interpretation of the best panel SUR model X1D4 21.095 121572 0.2241
X2D.4 0.434 0.07042 0.9439
X3D.4 -4.804 -1.1142 0.2652
4 Result and Discussion X1.5 0.203 1.25671 | 0.2089
This study uses the pooled SUR model which is X2.5 -0.007 | -0.01464 | 0.9883
estimated using OLS, Fix Effect SUR which is X3.5 -0.067 -0.02369 0.9811
estimated using GLS, and Random Effect SUR X1D.5 0.075 0.0043 0.9966
which is estimated using GLS as follows. X2D.5 0079 | -0.01286 0.9897
X3D.5 -0.01 | -0.00225 0.9982

4.1 Fix Effect SUR

The results of testing the Fix Effect SUR model
with GLS give parameter estimators as shown in
Table 2.

: Significant at a = 5%

Through the table, it can be seen that Fix Effect
Seemingly Unrelated Regression (SUR) models are
as in equation (20).

HDI;; = ay; + 0.003(Dy; X
Population Density;;) — 0.003(D,; X
Inflation;;) — 0.001(D,; X
Unemployment Rate;;) +
0.003Population Density;; +
0.000080172Inflation;; —
0.002Unemployment Rate;;

GNPit = Uy + 35213(D2L X
Population Density;;) — 10.281(D,; X
Inflation;;) + —17.207(D,; X
Unemployment Rate;;) +
4.945Population Density;; —
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0.659Inflation; —
11.476Unemployment Rate;;
Import;; = az; +13.618(Dy; X
Population Density;;) + 3.732(D,; X
Inflation;;) + —4.575(Dy; X
Unemployment Rate;;) +
0.93Population Density;; —
0.06Inflation; —
2.29Unemployment Rate;;
Export, = ay; +21.095(D,; X
Population Density;;) + 0.434(D,; X
Inflation;;) — 4.804(D,; X
Unemployment Rate;;) +
0.922Population Density;; —
0.042Inflation; —
2.1Unemployment Rate;;
Urbanization;; = as; + 0.075(Dy; X
Population Density;;) — 0.079(D,; X
Inflation;;) — 0.01(Dy; X
Unemployment Rate;;) +
0.203Population Density;; —
0.007Inflation;; —
0.067Unemployment Rate;,
1,if i —th Country is classified as a developed country
0.if i — th Country is classified as a growth country
(20)
The intercept for each equation (ay;, ay;, as;,
as; and as;) is different for each country because it
uses the Fix Effect SUR model which assumes that
there are characteristics for each country. The
intercept for each country in each equation is
presented in Table 3.

D, = z

Table 3. The Intercept for Each Country

Country | ay; ay; sz L%, as;
Albania | 0.808 80.418 | 29.392 | 25.406 | 72.283
Algeria | 0.712 | -838.82 |-35.711| -29.187 | 21.175
Angola 0.544 | -614.763 |-33.577| -14.171 | 86.023
Armenia | 0.798 113.39 36.13 | 31.945 |-86.489
Australia | 0.823 | 569.63 |-23.988 |-195.421 | 75.376

[ [ [ ] ] ]
Zambia | 0.565 | -314.262 |-13.743| -10.973 | 40.904
Zimbabwe | 0.534 | -321.892 |-22.386| -22.08 | 31.758

Through this model, it can be seen that in
developing countries, every additional population
will increase the human development index, GNP,
imports, exports, and urbanization. Any increase in
inflation will increase the human development
index, but reduce GNP, imports, exports, and
urbanization. Any increase in the unemployment
rate will decrease the human development index,
GNP, imports, exports, and urbanization.
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In addition, it can be seen that in developed
countries, each additional population will increase
the human development index, GNP, imports,
exports, and urbanization. Any increase in inflation
will reduce the human development index, GNP,
and urbanization, but increase imports and exports.
Any increase in the unemployment rate will
decrease the human development index, GNP,
imports, exports, and urbanization.

Table 2 shows that population density has a
significant positive relationship with GNP, imports,
and exports. There is a significant negative
relationship between inflation and GNP. The effect
of population density and inflation on GNP,
imports, and exports in developed countries is
positive and greater than in developing countries.
The effect of the unemployment rate on GNP in
developed countries is negative and greater than in
developing countries.

4.2 Random Effect SUR

The results of testing the Random Effect SUR
model with GLS give parameter estimators as
shown in Table 4.

Table 4. Parameter Estimator for Random Effect
SUR
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Beta | Estimate | tvalue | Pr(>|t|)
X1.1 0.00050 | 0.00464 | 0.9963
X2.1 0.01001 | 0.00496 | 0.9960
X3.1 0.04678 | 0.02141 | 0.9829
X1D.1 | 0.00433 | 0.00356 | 0.9972
X2D.1| 0.15974 0.0072 | 0.9943
X3D.1 | 0.00804 | 0.00143 | 0.9989
X1.2 6.18306 | 57.41236 | <0.0001
X2.2 | -5.77721 | -2.86327 | 0.0042
X3.2 -0.59539 | -0.27251 | 0.7852
X1D.2 | 27.48431 | 22.58424 | <0.0001
X2D.2 244,05 | 11.00268 | <0.0001
X3D.2 | 15.39835 | 2.73385| 0.0063
X1.3 1.19832 | 11.12692 | <0.0001
X2.3 | -0.85747 | -0.42497 | 0.6709
X3.3 0.73194 | 0.33501 | 0.7376
X1D.3 | 7.79384 | 6.40431 | <0.0001
X2D.3 | 83.81546 | 3.77871 | 0.0002
X3D.3 | 3.77439 | 0.67011 | 0.5028
X1.4 1.20177 | 11.15896 | <0.0001
X2.4 | -0.88664 | -0.43943 | 0.6604
X3.4 0.746 | 0.34144 | 0.7328
X1D.4 | 851871 | 6.99994 | <0.0001
X2D.4 | 78.88334 | 3.55635 | 0.0004
X3D.4 | 3.33352 | 0.59184 | 0.5540
X1.5 0.03325 0.3087 | 0.7576
X2.5 0.71171 | 0.35273 | 0.7243
X35 3.98798 | 1.82529 0.068
X1D.5 | 0.44179 | 0.36302 | 0.7166
X2D.5 | 15.70975 | 0.70825 | 0.4788
X3D.5| 0.37756 | 0.06703 | 0.9466

: Significant at o = 5%

Through the table, it can be seen that Random
Effect Seemingly Unrelated Regression (SUR)
models as in equation (21).

HDI;; = 0.00433(D,; X Population Density;;) +
0.15974(D,; X Inflation;;) +
0.00804(D,; x Unemployment Rate;;) +
0.0005Population Density;; +
0.01001Inflation; +
0.04678Unemployment Rate;;

GNP, = 27.48431(D,; X
Population Density;;) + 244.05(D,; X
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Inflation;;) + 15.39835(D,; X
Unemployment Rate;;) +
6.18306Population Density;; —
5.77721Inflation;; —
0.59539Unemployment Rate;;

Import;; = 7.79384(D,; X
Population Density;;) + 83.81546(D,; X
Inflation;;) + 3.77439(D,; X
Unemployment Rate;;) +
1.19832Population Density;; —
0.85747Inflation; +
0.73194Unemployment Rate;;

Export;; = 8.51871(D,; X
Population Density;;) + 78.88334(D,; X
Inflation;;) + 3.33352(Dy; X
Unemployment Rate;;) +
1.20177Population Density;; —
0.8866Inflation; +
0.746Unemployment Rate;;

Urbanization;; = 0.44179(D,; X
Population Density;;) + 15.70975(Dy; X
Inflation;;) + 0.37756(D,; X
Unemployment Rate;;) +
0.03325Population Density;; +
0.71171inflation;; +
3.98798Unemployment Rate;;

D (1,if i —th Country is classified as a developed country
% o, if i —th Countryis classified as a growth country

(21)

Through this model, it can be seen that in
developing countries, each additional population
will increase the human development index, GNP,
imports, and exports, but reduce urbanization. Any
increase in inflation will reduce the human
development index, GNP, imports, exports, and
urbanization. Any increase in the unemployment
rate will reduce GNP, imports, and exports, but
increase the human development index and
urbanization.

In addition, it can be seen that in developed
countries, each additional population will increase
the human development index, GNP, imports,
exports, and urbanization. Any increase in inflation
will increase the human development index, GNP,
imports, exports, and urbanization. Any increase in
the unemployment rate will increase the human
development index, GNP, imports, exports, and
urbanization.

Table 4 shows that population density has a
significant positive relationship with GNP, imports,
and exports. There is a significant negative
relationship between unemployment and GNP. In
addition, the results show that the effect of
population density on GNP in developed countries
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is positive and greater than in developing countries
and the effect of the unemployment rate on GNP in
developed countries is negative and greater than in
developing countries.

4.3 Pooled SUR
The results of testing the pooled SUR model with
OLS give parameter estimators as shown in Table 5.

Table 5. Parameter Estimator for Pooled SUR

Beta | Estimate | tvalue | Pr(>|t|)

X0.1 | 0.6794 | 0.021 | 0.983161
X1.1 -1.7E-06 0 | 0.999987
X2.1 -0.002 | -0.001 | 0.999237
X3.1 | 0.000734 0| 0.99981
X1D.1 | 0.001328 | 0.001 | 0.999134
X2D.1 | 0.04745| 0.002 | 0.99834
X3D.1| 0.01169 | 0.002 | 0.998344
X0.2 67.34 | 2.092 | 0.036471
X1.2 6.133 | 55.645 | <0.0001
X2.2 -6.968 | -3.325 | 0.000887
X3.2 -5.159 | -1.671 | 0.094678
X1D.2 27.19 | 22.201 | <0.0001
X2D.2 232.9 | 10.217 | <0.0001
X3D.2 15.76 | 2.798 | 0.005152
X0.3 51.14 | 1.589 | 0.112155
X1.3 1.161 | 10.53 | <0.0001
X2.3 -1.762 | -0.841 | 0.400458
X3.3 -2.734 | -0.886 | 0.37579
X1D.3 7.568 6.18 | <0.0001
X2D.3 75.36 | 3.306 | 0.000952
X3D.3 4.049 | 0.719 | 0.472242
X0.4 58.67 | 1.823 | 0.068397
X1.4 1.158 | 10.511 | <0.0001
X2.4 -1.924 | -0.918 | 0.358485
X3.4 -3.23 | -1.046 | 0.295377
X1D.4 8.259 | 6.745| <0.0001
X2D.4 69.19 | 3.035 | 0.002416
X3D.4 3.648 | 0.648 | 0.517159
X0.5 54.21 | 1.684 | 0.092155
X1.5 -0.00674 | -0.061 | 0.951218
X2.5 -0.2471 | -0.118 | 0.906112
X3.5 0.3136 | 0.102 | 0.919063
X1D.5 0.2021 | 0.165 | 0.868902
X2D.5 6.749 | 0.296 | 0.767208
X3D.5 0.6684 | 0.119 | 0.905539

: Significant at o = 5%
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Through the table, it can be seen that Pooled
Seemingly Unrelated Regression (SUR) models are
as in equation (22).

HDI;; = 0.6794 + 0.001328(D,; X
Population Density;;) + 0.04745(D,; X
Inflation;;) + 0.01169(D,; %
Unemployment Rate;;) — 1.729E —
06Population Density;; —
0.002004Inflation;; +
0.000733Unemployment Rate;;

GNPy = 67.34 + 27.19(D,; %

Population Density;;) + 232.9(D,; X
Inflation;;) + 15.76(Dy; X
Unemployment Rate;;) +
6.133Population Density;; —
6.968Inflation;; —
5.159Unemployment Rate;;

Import;, = 51.14 4+ 7.568(D,; X
Population Density;;) + 75.36(D,; X
Inflation;;) + 4.049(D,; X
Unemployment Rate;;) +
1.161Population Density;; —
1.762Inflation;; —
2.734Unemployment Rate;;

Export;; = 58.67 + 8.259(D,; X
Population Density;;) + 69.19(D,; X
Inflation;;) + 3.648(Dy; X
Unemployment Rate;;) +
1.158Population Density;; —
1.924Inflation;; —
3.23Unemployment Rate;;

Urbanization;, = 54.21 4+ 0.2021(Dy; X
Population Densityy;, ) + 6.749(Dy; X
Inflation;;) + 0.6684(D,; X
Unemployment Rate;;) —
0.006743Population Density;; —
0.2471Inflation; +
0.3136Unemployment Rate;;

(1,if i — th Country is classified as a developed country
0, if i —th Countryis classified as a growth country

(22)

Dy,

Through this model, it can be seen that in
developing countries, any increase in population
will reduce the human development index and
urbanization, but increase GNP, imports, and
exports. Any increase in inflation will reduce the
human development index, GNP, imports, exports,
and urbanization. Any increase in the
unemployment rate will reduce GNP, imports, and
exports, but increase the human development index
and urbanization.
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In addition, it can be seen that in developed
countries, each additional population will increase
the human development index, GNP, imports,
exports, and urbanization. Any increase in inflation
will increase the human development index, GNP,
imports, exports, and urbanization. Any increase in
the unemployment rate will increase the human
development index, GNP, imports, exports, and
urbanization.

Table 5 shows that population density has a
significant positive relationship with GNP, imports,
and exports. There is a significant negative
relationship between unemployment and GNP. In
addition, the results show that the effect of
population density on GNP in developed countries
is positive and greater than in developing countries
and the effect of the unemployment rate on GNP in
developed countries is negative and greater than in
developing countries.

4.4 Compare Pooled, Fix Effect, and Random
Effect SUR

The best model used to model the relationship
between population density, inflation, and the
unemployment rate to the human development
index, GNP, imports, exports, and urbanization is
the model that has the smallest AIC value among
the Pooled SUR, Fix Effect SUR and Random
Effect SUR models.

Table 6. Compare between Pooled SUR, Fix Effect
SUR, and Random Effect SUR

Pooled Fix Effect | Random
SUR SUR Effect SUR
AIC | 114936 84915.74 114845.7

Table 6 shows the best model for modeling the
relationship between population density, inflation
and unemployment on the human development
index, GNP, export-import, and urbanization in the
category of developed and developing countries is
the Fix Effect SUR model because Fix Effect SUR
has the smallest AIC value compared to the Pooled
SUR model and Random Effect SUR. In the Fix
Effect SUR model, the parameter estimators are not
as significant as in the Pooled SUR model and the
Random Effect SUR model. However, the Fix
Effect SUR model can accommodate individual
characteristics (countries) as well as the average
difference in the value of the response variable
between countries that are not obtained through the
Pooled SUR and Random Effect SUR models.
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4.5 Interpretation of The Best Panel SUR
Model

Table 6 shows that the best model for modeling the
relationship between population density, inflation,
and unemployment to the human development
index, GNP, export-import, and urbanization in
developed and developing countries is the Fix Effect
SUR as in equation (23).

HDI;; = aq; +0.003(Dy; X
Population Density;;) — 0.003(D,; X
Inflation;;) — 0.001(Dy; X
Unemployment Rate;;) +
0.003Population Density;; +
0.000080172Inflation; —
0.002Unemployment Rate;;
GNPy = ay; + 35.213(Dy; X
Population Density;;) — 10.281(D,; X
Inflation;;) + —17.207(D,; X
Unemployment Rate;;) +
4.945Population Density;; —
0.659Inflation;; —
11.476Unemployment Rate;;
Import; = as; + 13.618(D,; X
Population Density;;) + 3.732(D,; X
Inflation;;) + —4.575(D4; X
Unemployment Rate;;) +
0.93Population Density;, —
0.06Inflation;; —
2.29Unemployment Rate;;
Export;y = a4 + 21.095(Dy; X
Population Density;;) + 0.434(D,; X
Inflation;;) — 4.804(Dy; X
Unemployment Rate;;) +
0.922Population Density;; —
0.042Inflation;; —
2.1Unemployment Rate;;
Urbanization;; = as; + 0.075(D4; X
Population Density;;) — 0.079(D5,; X
Inflation;) — 0.01(Dy; X
Unemployment Rate;;) +
0.203Population Density;; —
0.007Inflation; —
0.067Unemployment Rate;;
(23)
Through this model, the SUR fix effect model
for developing countries (D,;=0) is obtained as in
equation (24).
HDI;; = ay; + 0.001Population Density;, +
0.000Inflation;s —
0.002Unemployment Rate;;
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GNP, = ay; + 28.680Population Density;; —
0.055Inflation;; —
10.358Unemployment Rate;;

Import;, = az; + 2.952Population Density;; —
0.009Inflation; —
2.195Unemployment Rate;;

Export;y = ay; + 2.657Population Density;: +
0.002Inflation; —
2.019Unemployment Rate;;

Urbanization;; = as; +
0.103Population Density; —
0.009Inflation;; —
0.072Unemployment Rate;;

(24)

Meanwhile, the SUR fixed effect model for
developed countries (D,;=1) is as in equation (25).
HDI;; = aq; + (0.001 +

0.005)Population Density; +

(0.000 — 0.003)Inflation;; + (—0.002 —
0.001)Unemployment Rate;;

= aq; + 0.006Population Density;; —
0.003Inflation;; —
0.003Unemployment Rate;;

GNP;; = ay; + (28.680 +
12.931)Population Density;; +
(—=0.055 —9.768)Inflation;, +
(—10.358 — 16.019)Unemployment Rate;;
= ay; +41.611Population Density;; —
9.823Inflation;; —
26.377Unemployment Rate;;

Import;, = as; + (2.952 +
11.711)Population Density;, +
(—=0.009 + 3.776)Inflation;, +
(—2.195 — 4.474)Unemployment Rate;;
= ag3; + 14.663Population Density;; +
3.767Inflation;; —
6.669Unemployment Rate;;

Export; = a4 + (2.657 +
19.459)Population Density;; +
(0.002 + 0.471)Inflation;; + (—2.019 —
4.718)Unemployment Rate;;
= ay; + 22.116Population Density;; +
0.473Inflation; —
6.737Unemployment Rate;;

Urbanization;; = as; + (0.103 +
0.169)Population Density;; +
(—=0.009 — 0.081)Inflation;; +
(—0.072 — 0.015)Unemployment Rate;;
= ag; + 0.272Population Density;; —
0.900Inflation; —
0.087Unemployment Rate;;

(25)

4.6 Discussion
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Through subbab 4.4, the best model for modeling
the effect of population density, inflation and the
unemployment rate on the human development
index, GNP, imports, exports, and urbanization is
the fixed effect SUR model because it has the
smallest AIC value compared to the pooled SUR
and random effect SUR models. The AIC values in
the three models are very large due to the large
number of estimators, sample sizes, and time
periods used. In the fixed effect SUR model, more
parameter estimators are used compared to the
pooled SUR and random effect SUR models
because the SUR fix effect model pays attention to
differences in the average response variables for
each country (country characteristics). In addition,
the fixed effect SUR model has the smallest AIC
value when compared to the pooled SUR and
random effect SUR models. This can happen
because the SUR fix effect model is able to
accommaodate country characteristics (differences in
the average response variables for each country) and
the parameter estimators are significant as shown in
Table 4, Table 5, and Table 6, which means that
there is a real difference between the average
response variables of one country and the other. In
the SUR fix effect model, a corrected determination
coefficient value of 0.9846 is obtained, which
means that 98.46% of the diversity of response
variable values (human development index, GNP,
imports, exports, and urbanization) can be explained
by predictor variables (population density, imports,
and exports) and 1.54% the rest is explained by
other variables not included in the model. The SUR
fix effect model obtained is presented in equation

(22).

Through the SUR fix effect model in developed and

developing countries, it can be seen that:

o For every increase of 1 million population,
the human development index in developing
countries increases by 0.001, while the human
development index in developed countries
increases by 0.006. For every 1 million
population increases, GNP in developing
countries increases by US$ 26.68 billion,
while GNP in developed countries increases
by US$ 41,611 billion. For every 1 million
increase in population, imports to developing
countries increased by US$ 2,952 billion,
while imports to developed countries
increased by US$ 14,633 billion. For every 1
million increase in population, exports to
developing countries increased by US$ 2,657
billion, while exports to developed countries
increased by US$ 12,116 billion. For every
increase of 1 million population, urbanization
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in developing countries increases by 0.103%,
while urbanization in developed countries
increases by 0.272%.

o With every 1% increase in the inflation rate,
the human development index in developing
countries does not change at all, while the
human development index in developed
countries decreases by 0.003. For every 1%
increase in the inflation rate, GNP in
developing countries decreased by US$ 0.055
billion, while GNP in developed countries
decreased by US$ 9.823 billion. For every 1%
increase in the inflation rate, imports to
developing countries decreased by US$ 0.009
billion, but imports to developed countries
increased by US$ 3.767 billion. For every 1%
increase in the inflation rate, exports to
developing countries increased by US$ 0.002
billion, while exports to developed countries
increased by US$ 0.473 billion. For every 1%
increase in the inflation rate, urbanization in
developing countries decreases by 0.009%,
while urbanization in developed countries
decreases by 0.09%.

o If the unemployment rate increases by 1%,
the human development index in developing
countries will decrease by 0.002, while the
human development index in developed
countries will decrease by 0.003. If the
unemployment rate increases by 1%, GNP in
developing countries will decrease by US$
10,358 billion, while GNP in developed
countries will decrease by US$ 26,377
billion. If the unemployment rate increases by
1%, imports in developing countries will
decrease by US$ 2,195 billion, while imports
in developed countries will decrease by US$
6,669 billion. If the unemployment rate
increases by 1%, exports to developing
countries will decrease by US$ 2,019 billion,
while exports to developed countries will
decrease by US$ 6,737 bhillion. If the
unemployment rate increases by 1%,
urbanization in developing countries will
decrease by 0.072%, while urbanization in
developed countries will decrease by 0.087%.

5 Conclusion

The Fix Effect SUR model is the best model to
model the relationship between population density,
inflation, and the number of unemployed on the
human development index, GNP, export-import, and
urbanization in the category of developed and
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developing countries (AIC=84915.74). Through the
Fix Effect SUR model, it is found that population
density has a significant positive relationship with
GNP, imports, and exports. There is a significant
negative relationship between unemployment and
GNP. In addition, the results show that the effect of
population density on GNP in developed countries
is positive and greater and the effect of the
unemployment rate on GNP in developed countries
is negative and greater than in developing countries.
Therefore, it is expected that all countries pay
attention to population density and the
unemployment rate because it can affect the
country's GNP, imports, and exports. It is hoped that
developing countries will be able to carry out
population efficiency so that with an increasing
population, the influence on GNP, imports, and
exports will be greater like developed countries
where most of the population of developed countries
has good quality human resources. On the other
hand, it is hoped that developing countries will be
able to add decent jobs to the population to reduce
the unemployment rate so that the influence on
GNP, imports, and exports will be greater like in
developed countries where most of the population of
developed countries are already working and have
decent jobs and salaries.

This study is limited to using balanced panel data
and dummy variables as slope components, so it is
hoped that future research can use unbalanced panel
data so that all countries can be sampled and use
dummy variables as intercept components to
distinguish the average value of the response
variable in the category developed and developing
countries.
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