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Comments and Suggestions for Authors 

In this paper, the authors a model base on geographically temporally weighted regression, to 

determine the factors affecting the constantly increase of COVID-19 cases.  

  

In my opinion the paper needs to change many things in order to be published. The most 

important errors are summarized as follows: 

  

The ABSTRACT is not a really summary and it not include the key findings. The abstract is 

not the right place to have a discussion. Acronyms are used that are not recommended in an 



abstract. They use certain subjective and unproven expressions such as "is de best model”. In 

my opinion it must be rewritten in its entirety. 

  

Regarding to the INTRODUCTION section, It is one of the worst parts of the article. In my 

opinion, the introduction should attract the reader's attention and explain why the researchers 

conducted the study. This is not done at all in the propose paper. Questions as “what is the 

reason for the study?, what do the authors intend to investigate?, how is the study designed? 

or what is the motivation for the study?” are not answered.  

For a scientific paper, there are nonsense phrases as: “it is urgent to Application….” 

In addition the authors say that the paper presets two novelties: the use of GTWR model and 

the use of the latest COVID-19 data. Do the authors think that the use of COVID-19 data is a 

novelty? 

In short, superfluous and unnecessary information is added but the main information is 

omitted. It must be changed. 

  

In section two there are some preliminaries and data (subsections 2., 2.2, 2.3 and 2.4.1) and 

the main part of the paper, the methodology used in the model (subsection 2.4.2). The authors 

must divide this section in two: 3. Preliminaries and Data; 4. Methodology. 

In section 2.4.2 de the author must to include a flowchart, this helps to describe how the 

paper works.  

  

  

RESULTS and DISCUSSION section is, without a doubt, the best of the paper, but even so, 

it must be improved. In my opinion, the section must be divided into two parts: Experimental 

Results and Discussion. In the first part, the results of the different parts of the model should 

be shown: Spatial distribution mapping, description of covid-19 cumulative data..., GTWR. 

In the Discussion section a study and analysis of the results should be carry out with their 

advantages over other existing models. In fact, a comparison with other models is not made, 

and this makes the paper a bit weak. 



 

 

Comments and Suggestions for Authors 

The paper is a very interesting and good quality equations and analysis about the COVID-19.  

1. Abstract should require improve the English and avoid the Grammar errors. 

2. The results discuss in the abstract section. 

3. Author should check Mapping GIS used but GIS mapping is good word in the 

Keywords line. 

4.  References is a very old found in the article so many paper published on the COVID-

19, author should read and add the new latest references in the overall paper. 

5. The all maps are not visible properly such as legend, and lat. & long. author should be 

added the 300 DPI image. 

6. All equations are written by authors or paste image only? 

7. I have checked whole article then decided for major revision and resubmit the 

article.        Best of luck   



 

Comments and Suggestions for Authors 

This study presented a geographically temporally weighted regression (GTWR) model by 

constructing a distance function with spatial and temporal interactions. The GTWR model uses 

a Gaussian kernel function with a fixed bandwidth on its spatial and temporal weighting 

functions. The GTWR model has the greatest goodness of fit as shown by the coefficient of 

determination 𝑅2 = 0.957, adjusted R2 = 0.928, Akaike information criterion (AIC) = 1900.76 

and root mean square error (RMSE) = 1302.99. Based on the Spatio-temporal analysis using 

the GTWR model, the factors that influence the increase in positive cases of COVID-19 are 

different for each district. Overall, the factors that affect COVID-19 are the number of doctors, 

the number of hospitals, the number of villages that have puskesmas, and the number of 

tuberculosis cases. The population sector includes the percentage of the elderly population, 

population density, and the percentage of the poor. The highest effect based on the GTWR 

model is tuberculosis cases, health services, and elderly population percentage. So that local 

governments need to pay attention to patients with tuberculosis, health services, and population 

density who are the easiest to contract the COVID-19 virus. The mapping of the spread of 

COVID-19 based on the model's significant variables is grouped into 11 groups so that each 

region can find out the factors that can be considered to prevent an increase in positive cases 

of COVID-19. The contribution of this wok is limited and my suggested is for rejection. Here 

are few points through which authors can improve the quality of this work 1. Deep learning 

model must be used 2. Standard benchmark must be used for evaluation.  

 



 

 

 

 

  



Dear Dr. Sifriyani, 

 

Glad to contact you again. 

 

We sent your paper to editorial board for final decision, and now 

received the answer that your paper could be accepted after minor 

revisions. Here is the comments from the editorial board, please revise 

your paper carefully within 2 days, and send it back to me by email. 

 

Analyzing the results of reviewing the article by esteemed colleagues, I 

come to the conclusion that at the moment the article cannot be accepted 

for publication. However, given the presence of positive feedback on the 

article, the work may be allowed to be published in our issue if the 

authors eliminate the essential remarks: 

1) It is necessary to give a clearer abstract of the article. Emphasize 

normality and symmetry in the data under study, the applied mathematical 

methods. 

2) Add a citation to study 10.1109/ITNT52450.2021.9649210, dedicated to 

the analysis of restrictive measures during the pandemic. 

3) It is necessary to correct all citations in the text, they are 

formatted incorrectly. There should be a numbered list (in the order in 

which citations appear) in square brackets. For example, "(World Health 

Organization, 2021)" -> "[1]". 

4) You need to beautifully design the formulas. No need to wrap where 

the formula fits on the page. 

5) Make the text in figure 2 readable. (Remove unnecessary inscriptions 

so that they do not run into each other). 

6) Make the text in figure 3 readable. (Remove unnecessary inscriptions 

so that they do not run into each other). 

7) Improve the quality of drawings. 

8) Design the formulas in accordance with the template. 
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Abstract: This article describes the application of spatial statistical epidemiological modeling and 

its inference and applies it to COVID-19 case data, looking at it from a spatial perspective, and con-

sidering time-series data. COVID-19 cases in Indonesia are increasing and spreading in all prov-

inces, including Kalimantan. This study uses applied mathematics and spatiotemporal analysis to 

determine the factors affecting the constant rise of COVID-19 cases in Kalimantan. The spatiotem-

poral analysis uses the Geographically Temporally Weighted Regression (GTWR) model by devel-

oping a spatial and temporal interaction distance function. The GTWR model was applied to data 

on positive COVID-19 cases at a scale of 56 districts/cities in Kalimantan between the period of 

January 2020 and August 2021. The purpose of the study was to determine the factors affecting the 

cumulative increase in COVID-19 cases in Kalimantan and map the spatial distribution for 56 dis-

tricts/cities based on the significant predictor variables. The results of the study show that the 

GTWR model with the development of a spatial and temporal interaction distance function using 

the kernel Gaussian fixed bandwidth function is a better model compared to the Ordinary Least 

Squares (OLS) model. According to the significant variables, there are various factors affecting the 

rise in cases of COVID-19 in the region of Kalimantan, including the number of doctors, the number 

of TB cases, the percentage of elderly population, GRDP, and the number of hospitals. The highest 

factors that affect COVID-19 cases are the high number of TB cases, population density, and the lack 

of health services. Furthermore, an area map was produced on the basis of the significant variables 

affected by the rise in COVID-19 cases. The results of the study provide local governments with 

decision-making recommendations to overcome COVID-19-related issues in their respective re-

gions. 

Keywords: COVID-19 outbreak; spatio-temporal; geographically and temporally weighted regres-

sion model; statistical modeling; time series analysis; statistical inference; GIS mapping 

 

1. Introduction 

The spread of active cases of COVID-19 has significantly increased in a number of 

countries in 2021, including Indonesia. As of 7 September 2021, COVID-19 had spread to 
204 countries and had infected more than 220 million people, resulting in nearly 4.5 mil-
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lion deaths [1]. Moreover, Indonesia was also reported to have more than 4 million con-
firmed positive cases of COVID-19, with over 130 thousand deaths [2]. The transmission 
of COVID-19 was also found to have increased in one of the provinces of Indonesia, spe-

cifically in Kalimantan, with a total number of accumulative cases of 245,205 in August 
2021. Based on the increasing number of COVID-19 cases in Kalimantan, it is necessary to 

conduct research to identify the reasons and factors which led to this increase in COVID-
19 cases. This purpose of this research was to determine contributing factors to the in-
crease in COVID-19 cases based on the Improved Geographically and Temporally 

Weighted Regression model. 
Spatial data were modeled using spatial regression with geographic weighting, also 

known as the geographically weighted regression (GWR) model. GWR was first intro-
duced by Fotheringham in 1967 [3-4]. The GWR model is the development of Linear Re-
gression Analysis with the addition of geographic weighting for each regression parame-

ter to handle emerging spatial diversity. GWR theory has been widely used by research-
ers, including [5-8]. However, the GWR model only uses spatial data (location) in one time 

period, while spatial data is usually influenced by the time series. Spatial data should be 
analyzed by involving several time observations (temporal), thus demanding a more ac-
curate parameter estimation. Therefore, to increase the precision of the parameter estima-

tor on the GWR model, observations should be highly carried out for each location at a 
certain time. Referring to that matter, a Geographically Temporally Weighted Regression 

(GTWR) model was developed to overcome the weaknesses of the GWR model [9], by 
considering the elements of location and time. 

The GTWR model is a development of the GWR model, but it is not able to handle 

non-stationary data both spatially and temporally at the same time. Consequently, this 
research was conducted by applying the Improved Geographically Temporally Weighted 

Regression model with the development of the distance function. This model is expected 
to be capable of generating local models at any location and time, resulting in a more 
representative model. Furthermore, the spatial and temporal information in the GTWR 

model is regarded as a crucial element in creating the weighting matrix. Thus, the im-
proved model is expected to be succeed in identifying spatial and temporal variability. 

The GTWR model, one of the spatio-temporal models, has been widely used in various 
fields. As stated by Fotheringham, the 2015 GTWR model is generally used to handle is-
sues of spreading infectious diseases, water pollution, hydrology, and urban planning. In 

this research, the GTWR model was used to address the issue of the spread of the COVID-
19 disease. The COVID-19 virus has spread globally in various countries, including in 

Indonesia. 
Indonesia is an archipelagic country, consisting of various large and small islands. 

Kalimantan represents the largest island in Indonesia, and consists of five provinces—

East Kalimantan, North Kalimantan, South Kalimantan, Central Kalimantan, and West 
Kalimantan Provinces—all with an increasing daily spread of COVID-19. Data from the 

official COVID-19 website of the five provinces on the island of Kalimantan showed that 
the highest cumulative number of positive COVID-19 cases, as of 10 August 2021, was 
East Kalimantan Province with 133,826 cases [10], followed by South Kalimantan Province 

with 55,257 cases [11], Central Kalimantan Province with 38,123 cases [12], North Kali-
mantan Province with 26,050 cases [13], and West Kalimantan Province with 17,999 cases 

[14]. Based on this, it is important to undertake a study to understand the factors causing 
such an increase from a spatial and temporal point of view. The present study offers local 
governments information with regard to overcoming the increase in COVID-19 cases in 

their respective regions. 
COVID-19 modeling studies using spatiotemporal analysis include: Pearson’s corre-

lation methods for spatiotemporal analysis in regions of China [15]; Levy’s flight to ex-
plain the spatiotemporal dynamics of the pandemic regions in China [16]; prospective 
spacetime statistics to identify active and emerging COVID-19 groups at a county level 

in the USA [17]; and an online questionnaire for the geographical identification of possible 
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symptomatic regions in Israel [18]. Studies predicting the global spread of COVID-19 
based on geographic and climatic data regions include: the Caribe Basin [19]; geographical 
characteristics and spatiotemporal analysis of infection regions in the USA [20]; analysis 

by province of the effectiveness of quarantine on the spread of the pandemic in Spain [21]; 
spatiotemporal analysis of COVID-19 at national and provincial levels in India [22]; the 

Poisson segmented model for the analysis of changing patterns in different geographic 
areas in China [23]; spatiotemporal analysis and reflections on health geography in Ar-
gentina [24]; spatiotemporal analysis of COVID-19 at national and provincial levels in 

Mexico [25]; spatiotemporal analysis and reflections on the usefulness of GIS in the pan-
demic [26]; and the analysis of restrictive measures during the pandemic [27]. A Suscep-

tible–Infected–Recovered (SIR) model for estimating COVID-19 reproduction number in 
East Kalimantan and Samarinda [28]. 

Based on the background description above, this research was carried out using the 

Improved Geographically Temporally Weighted Regression model with the development 
of the distance function and the application of COVID-19 cumulative data in Kalimantan, 

Indonesia. The first objective of this research was to identify the factors that influenced 
the cumulative increase in COVID-19 at a region/city scale in Kalimantan, Indonesia—
which consists of 56 regions/cities—by using data from 2020 and 2021. The second 

objective of this research was to map the spatial distribution for the 56 regions/cities based 
on significant predictor variables. 

2. Materials and Methods 

2.1. Geographically and Temporally Weighted Regression 

The Geographically and Temporally Weighted Regression (GTWR) model represents 

an effective approach to dealing with the problem of spatial and temporal non-stationarity 
[9]. The GTWR model is a development of the GWR model, adding the time (temporal) 

element. In contrast to the GWR model, GTWR combines temporal and spatial infor-
mation in a weighted matrix to identify spatial and temporal variability. The GTWR 
model in Equation (1) is for the independent variable p with the response variable at the 

location (ui, vi, t) for each observation: 

𝑦𝑖 = 𝛽0(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖) +∑𝛽𝑘(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖)

𝑝

𝑘=1

𝑥𝑖𝑘 + 𝜀𝑖 (1) 

where 𝑦𝑖  is the observed value of the response variable for the observation location 
(𝑢𝑖 , 𝑣𝑖) and time 𝑡𝑖; the parameter 𝛽0(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖) is the constant of the intercept value; the 
parameter 𝛽𝑘(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖) is the regression coefficient of the k-th independent variable at the 

observation location (𝑢𝑖 , 𝑣𝑖) and time 𝑡𝑖; the variable 𝑥𝑖𝑘 is the observed value of the k-

th explanatory variable at the observation location (𝑢𝑖 , 𝑣𝑖) and time 𝑡𝑖; and 𝜀𝑖 is error the 
i-th observations which are assumed to be identical, independent, and 𝜀𝑖~𝑁(0, 𝜎

2). 

2.2. GTWR Model Parameter Estimation 

The regression coefficient �̂�𝑖(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖) at the i-th point can be obtained by using the 

Weighted Least Square. The estimated parameters of the GTWR model are given in Equa-

tion (2): 

�̂�(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖) = [𝑿
𝑇𝑾(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖)𝑿]

−1𝑿𝑇𝑾(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖)𝒚 (2) 

where the weight 𝑾(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖) = 𝑑𝑖𝑎𝑔(𝑤𝑖1, 𝑤𝑖2, … , 𝑤𝑖𝑛) is the weighting matrix at the ob-
servation location (𝑢𝑖 , 𝑣𝑖) and time 𝑡𝑖 . The diagonal element 𝑤𝑖𝑗(1 ≤  𝑗 ≤  𝑛) is the 

spatiotemporal distance function at the observation point (𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖). In the modeling stage, 
it is assumed that the proximity of the data observation point to the i point in the spatio-

temporal coordinate system has a greater effect on the parameter estimator �̂�(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖) 
than that of the data located further from the i point. The proximity has two elements, 
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spatial proximity and temporal proximity; thus, the definition and measurement of spati-
otemporal proximity in the coordinate system constitute major problems in the construc-
tion of the GTWR model. 

The present study used a date located at three dimensions in the spatiotemporal co-
ordinate system and it was known that the observations were close to the i point. There-

fore, [9] used an ellipsoidal coordinate system to measure the proximity of the regression 
point to the observation points that surround it. 

 

 

2.3. Distance Function and Geographical Weight of the GTWR Model 

The spatiotemporal distance function consists of a combination of the spatial distance 
function and the temporal distance function, which are given as follows [9,14]: 

{
 
 

 
 (𝑑𝑖𝑗

𝑆 )
2
= (𝑢𝑖 − 𝑢𝑗)

2
+ (𝑣𝑖 − 𝑣𝑗)

2
                                            

(𝑑𝑖𝑗
𝑇 )

2
= (𝑡𝑖 − 𝑡𝑗)

2
                                                                       

(𝑑𝑖𝑗
𝑆𝑇)

2
= 𝜑𝑆 [(𝑢𝑖 − 𝑢𝑗)

2
+ (𝑣𝑖 − 𝑣𝑗)

2
] + 𝜑𝑇 [(𝑡𝑖 − 𝑡𝑗)

2
]

 (3) 

where 𝜑𝑆 and 𝜑𝑇  are the affecting factors that balance the different effects used to meas-
ure the spatiotemporal distance. Based on the distance function in Equation (3), the geo-

graphical weighting function according to Equation (4) is obtained: 

𝑤𝑖𝑗 = exp {−(
𝜑𝑆 [(𝑢𝑖−𝑢𝑗)

2
+ (𝑣𝑖−𝑣𝑗)

2
]+ 𝜑𝑇 [(𝑡𝑖− 𝑡𝑗)

2
]

ℎ𝑆𝑇
2 )} 

= exp {−(
[(𝑢𝑖−𝑢𝑗)

2
+ (𝑣𝑖 −𝑣𝑗)

2
]

ℎ𝑆
2 +

[(𝑡𝑖− 𝑡𝑗)
2
]

ℎ𝑇
2 )} 

(4) 

The value of ℎ𝑆
2 =

ℎ𝑆𝑇
2

𝜑𝑆
 and ℎ𝑇

2 =
ℎ𝑆𝑇
2

𝜑𝑇
, then Equation (5) is obtained: 

𝑤𝑖𝑗 = exp{−(
(𝑑𝑖𝑗

𝑆
)
2

ℎ𝑆
2 +

(𝑑𝑖𝑗
𝑇
)
2

ℎ𝑇
2 )} 

= exp {−(
(𝑑𝑖𝑗

𝑆
)
2

ℎ𝑆
2 )} × exp {−(

(𝑑𝑖𝑗
𝑇
)
2

ℎ𝑇
2 )} 

= 𝑤𝑖𝑗
𝑆 ×𝑤𝑖𝑗

𝑇  

(5) 

where 𝑤𝑖𝑗
𝑆 = exp {−(

(𝑑𝑖𝑗
𝑆 )

2

ℎ𝑆
2 )} and 𝑤𝑖𝑗

𝑆 = exp {−(
(𝑑𝑖𝑗
𝑆 )

2

ℎ𝑆
2 )} 

ℎ𝑆 is a parameter of the spatial window width, ℎ𝑇  is a parameter of the temporal 

window width, and ℎ𝑆𝑇  is a parameter of the spatial-temporal window width. 
In most cases, the value of 𝜑𝑆 and 𝜑𝑇  is not equal to zero. Let 𝜏 be the ratio param-

eter of =
𝜑𝑇

𝜑𝑆
 with 𝜑𝑆 ≠ 0; then, Equation (6) [30] is obtained: 

(𝑑𝑖𝑗
𝑆𝑇)

2

𝜑𝑆
= [(𝑢𝑖 − 𝑢𝑗)

2
+ (𝑣𝑖 − 𝑣𝑗)

2
] + 𝜏 [(𝑡𝑖 − 𝑡𝑗)

2
] (6) 

Let 𝜑𝑆 = 1 in order to reduce unknown parameters. In this problem, there is only 
one unknown parameter, 𝜏. The parameter 𝜏 serves to increase or decrease the effect of 
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temporal distance on spatial distance. This parameter is obtained from the minimum 
cross-validation criteria by initializing the initial 𝜏 value, as given in Equation (7). 

(𝜏) =∑(𝑦𝑖 − �̂�≠𝑖(𝜏))
2

𝑖

 (7) 

The Gaussian kernel function is a weighting function which is used in the GTWR 

model, as given in Equation (8). 

𝑤𝑖𝑗 = 𝑒𝑥𝑝 (−(
𝑑𝑖𝑗
𝑆𝑇

ℎ𝑆𝑇
)

2

) (8) 

The weighting matrix is 𝑾𝑖𝑗  determined by the spatiotemporal distance (𝑑𝑖𝑗
𝑆𝑇) and 

the window width ℎ𝑆𝑇 . The window width value can be calculated using the geographic 

weighted regression model, as proposed by [3]. The estimator value of the response vari-
able is determined by Equation (9). 

�̂� = [

�̂�1
�̂�2
. . .
�̂�𝑛

] =

[
 
 
 
𝑋1
𝑇(𝑋𝑇𝑊(𝑢1, 𝑣1, 𝑡1)𝑋)

−1𝑋𝑇𝑊(𝑢1, 𝑣1, 𝑡1)

𝑋2
𝑇(𝑋𝑇𝑊(𝑢2, 𝑣2, 𝑡2)𝑋)

−1𝑋𝑇𝑊(𝑢2, 𝑣2, 𝑡2)
. . .

𝑋𝑛
𝑇(𝑋𝑇𝑊(𝑢𝑛 , 𝑣𝑛, 𝑡𝑛)𝑋)

−1𝑋𝑇𝑊(𝑢𝑛 , 𝑣𝑛 , 𝑡𝑛)]
 
 
 
𝑦 = 𝑆𝑦 (9) 

The selection of the model’s goodness of fit can be calculated using the AIC (Akaike 
information criterion) value. The corrected AIC value [30] is used to overcome the spatio-

temporal variability, as given in Equation (10). 

𝐴𝐼𝐶 = 2 𝑛 ln(�̂�) + 𝑛 ln(2𝜋) + 𝑛 (
𝑛 + 𝑡𝑟(𝑆)

𝑛 − 2 − 𝑡𝑟(𝑆)
) (10) 

2.4. Research Methodology 

2.4.1. Data and Data Sources 

Data and data sources are described in Table 1. 

Table 1. Description of Resesarch Variables and Data Sources. 

Variable Symbol Variable Description Observation Data Source Unit Scale 

Response y 
Cumulative positive 

cases of COVID-19 

Official websites  

www.covid19.kaltimprov.go.id  

www.corona.kalselprov.go.id  

www.corona.kalteng.go.id  

www.coronainfo.kaltaraprov.go.id 

www.corona.kalbarprov.go.id (accessed on 10 

August 2021) [10-14] 

People 

56 regions/cities in 

the island of 

Kalimantan 

Predictor 

x1 Number of doctors 

Statistics Indonesia of East Kalimantan Province, 

North Kalimantan Province, South Kalimantan 

Province, Central Kalimantan Province, West 

Kalimantan Province, 2020–2021 [41-50] 

People 

56 regions/cities in 

the island of 

Kalimantan 

x2 Number of TB cases 

Public Health Office of East Kalimantan Province, 

North Kalimantan Province, South Kalimantan 

Province, Central Kalimantan Province, West 

Kalimantan Province, 2020–2021 [31-40] 

Cases 

56 regions/cities in 

the island of 

Kalimantan 

x3 
Percentage of elderly 

population 

Statistics Indonesia of East Kalimantan Province, 

North Kalimantan Province, South Kalimantan 

Province, Central Kalimantan Province, West 

Kalimantan Province, 2020–2021 [41-50] 

Percentage 

56 regions/cities in 

the island of 

Kalimantan 

x4 Population density 
Statistics Indonesia of East Kalimantan Province, 

North Kalimantan Province, South Kalimantan 
People/Km2 

56 regions/cities in 

the island of 

Kalimantan 

http://www.covid19.kaltimprov.go.id/
http://www.corona.kalselprov.go.id/
http://www.corona.kalteng.go.id/
http://www.coronainfo.kaltaraprov.go.id/
http://www.corona.kalbarprov.go.id/
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Province, Central Kalimantan Province, West 

Kalimantan Province, 2020–2021 [41-50] 

x5 

Gross Regional 

Domestic Product at 

Market Price 

Statistics Indonesia of East Kalimantan Province, 

North Kalimantan Province, South Kalimantan 

Province, Central Kalimantan Province, West 

Kalimantan Province, 2020–2021 [41-50] 

Billion 

Rupiah 

56 regions/cities in 

the island of 

Kalimantan 

x6 Number of hospitals 

Public Health Office of East Kalimantan Province, 

North Kalimantan Province, South Kalimantan 

Province, Central Kalimantan Province, West 

Kalimantan Province, 2020–2021 [31-40] 

Units 

56 regions/cities in 

the island of 

Kalimantan 

x7 

Number of villages/ 

kelurahan with 

public health centers 

Public Health Office of East Kalimantan Province, 

North Kalimantan Province, South Kalimantan 

Province, Central Kalimantan Province, West 

Kalimantan Province, 2020–2021 [31-40] 

Units 

56 regions/cities in 

the island of 

Kalimantan 

x8 
Percentage of poor 

population 

Statistics Indonesia of East Kalimantan Province, 

North Kalimantan Province, South Kalimantan 

Province, Central Kalimantan Province, West 

Kalimantan Province, 2020–2021 [41-50] 

% 

56 regions/cities in 

the island of 

Kalimantan 

2.4.2. Stages of Analysis 

The analysis and modeling processes were carried out by using the R-Studio version 

2021.09.1 Build 372. The analysis stages are shown in Figure 1. 
 

 

Figure 1. Improved GTWR Model Flowchart. 

Based on the objectives of the study, the following are the stages of data analysis 

using the GTWR model to determine factors affecting the cumulative increase in COVID-
19 cases and to map the spatial distribution based on significant predictor variables. 

1. Explore the distribution of response variables and predictor variables for the period 
of 2020–2021 using a spatial distribution mapping; 

2. Describe cumulative data of COVID-19 cases and the predictor variables; 
3. Perform a multicollinearity test by taking the value of VIF (variance inflation factor) 

into account; 
4. Explore temporal variability using a boxplot of response variables for each year; 

5. Perform an analysis using the GTWR method as follows: 

Model 

hypothesis 

testing 

Model 

equations are 

formed at 

Model equations are 

formed at every location 

and time 

Data exploration 

(correlation and 

multicollinearity) 

Diversity/Heterog

eneity Test 

Langrange Multiplier 

test (identify the effect 

of location, time, and 

Spatial-temporal distance 

at coordinates (x,y,t) 

between the i-th 

observation and all other 

observations by using the 

Spatial and 

Temporal 

Weighting 

Estimation of 

parameters for 

each location 
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a. Calculate the optimum spatial bandwidth (ℎ𝑆) using cross-validation based 
on the GWR optimization approach with the formula as given by Equation 
(11): 

𝐶𝑉(ℎ𝑆) =∑(𝑦𝑖 − �̂�≠𝑖(ℎ𝑆))
𝑖

2

 (11) 

b. Calculate the optimum spatiotemporal ratio parameter (𝜏)(𝜏) using cross-
validation based on the GTWR optimization approach with the formula as 

given by Equation (7); 
c. Calculate parameters 𝜑𝑆 and 𝜑𝑇  using the cross-validation approach with 

the formula given in point b. Both parameters are based on the spatiotem-
poral distance function with the formula as given by Equation (12): 

(𝑑𝑖𝑗
𝑆𝑇)2 = 𝜑𝑆[(𝑢𝑖 − 𝑢𝑗)

2 + (𝑣𝑖 − 𝑣𝑗)
2] + 𝜑𝑇(𝑡𝑖 − 𝑡𝑗)

2 (12) 

d. Determine the weighting matrix (W)(𝑊) using the spatiotemporal distance 

measure for each observation location based on the Gaussian kernel function 
with the formula given by Equation (8). 

6. Estimate parameters in the GTWR model at each location using the weighted least 
square (WLS) according to Equation (2); 

7. Perform a parameter significance test for the GTWR model; 

8. Map the variable significance for each region. 

3. Results and Discussion 

This section begins by providing information on descriptive statistics, especially the 

presentation of data using a spatial distribution map, followed by information on the 
measure of concentration and the measure of data distribution. The results of the statisti-
cal inference research begin with regression analysis and a test of spatial effects, GTWR 

modeling, GTWR model estimation, the GTWR model significance test, and spatial map-
ping based on the GTWR model results. The analysis to determine factors affecting the 

increase in confirmed COVID-19 cases is based on the region/city scale on the island of 
Kalimantan, Indonesia. 

3.1. Spatial Distribution Mapping 

The observation data in Table 1 were subjected to descriptive statistical analysis and 

statistical inference. Observation data were categorized based on variables and are de-
scribed in Figures 2 and 3. 
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Figure 2. Spatial Distribution Mapping of 𝑥1 − 𝑥4. (a) Map of the number of confirmed positive 
COVID-19 cases 2020–2021; (b) map of the number of doctors 2020–2021; (c) map of the number of 
TB cases 2020–2021; (d) map of the percentage of elderly population in 2020–2021. 

Figure 2a shows that the number of confirmed positive COVID-19 cases in 2020 
spread evenly across the regions/cities in Kalimantan, as indicated by the similar distri-

bution colors. However, in comparison, in 2020 the number of confirmed cases was rela-
tively scant, while the number of positive COVID-19 cases increased in 2021. This is clearly 

shown by the color changes for regions/cities in East Kalimantan Province. Figure 2b 
shows the distribution of the number of doctors at the region/city scale in Kalimantan 
2020–2021. Most regions/cities in Kalimantan had a small and evenly distributed number 

of doctors. In 2021, the number of doctors increased quite significantly in Samarinda and 
Balikpapan. This is shown by the dark color contrast, indicating a large number of doctors 

in these areas. This is commensurate with the increasing number of COVID-19 cases. Fig-
ure 2c shows the distribution of the number of TBC cases in 2020–2021. In general, there 
was no increase in the number of TBC cases in each region/city in Kalimantan. This is 

shown by the almost similar and evenly distributed color pattern in each area. However, 
the City of Banjarmasin had higher TB cases than that of other region/cities, as indicated 

by its darker color. Figure 3a shows the distribution of population density in 2020–2021. 
In general, there was no increase in population density in every region/city in Kalimantan. 
This is shown by the almost similar and evenly distributed color pattern in each area. 

However, the city of Samarinda had a higher population density than that of other re-
gions/cities, as indicated by the darker color. Furthermore, the city of Samarinda had a 

decrease in population density from 2020 to 2021, as indicated by the color difference, 
which gets brighter. 
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(c) 

 

(d) 

Figure 3. Spatial Distribution Mapping of 𝑥5 − 𝑥8. (a) Map of population density in 2020–

2021; (b) map of Gross Regional Domestic Product (GRDP) 2020–2021; (c) map of the number 
of hospitals in 2020–2021; (d) map of the number of public health centers in 2020–2021. 

3.2. Description of COVID-19 Cumulative Data and Predictor Variables 

The descriptions of the COVID-19 cumulative data and predictor variables for the 
observation data in Table 1 are shown in Table 2. 

Table 2. Summary of Variable Statistics. 

Descriptive 

Statistics 

Confirmed 

Positive Cases 

of COVID-19 

Number of 

Doctors (x1) 

Number of 

TB Cases 

(x2) 

Percentage of 

Elderly 

Population (x3) 

Population 

Density (x4) 
GRDP (x5) 

Number of 

Hospitals 

(x6) 

Number of 

Public Health 

Centers (x7) 

Percentage of 

Poor 

Population 

(x8) 

Minimum 15 5 11 2 1  1763 1  5 2 

Maximum 33,996 821 2708 59 8792 126,160 20 212 12 

Range 33,981 816 2697 58 8791 124,397 19 207 10 

Sum 332,489 12,084 49,283 1149 45,054 1,818,623 382 3861 675 

Median 1183 73 355 6 31 8512 2 20 5 

Mean 2969 108 440  10  402 16,238 3 34 6 

SE.Mean 464 12 39  1 133 2122 0 4 0 

Variance 24,119,005 16,810 166,245 118  1,969,598 504,525,521 11 1609 5 

Std.dev 4911 130 408 11 1403 22,462 3 40 2 

Correlation between the variable y and each variable 𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5, 𝑥6, 𝑥7, and 𝑥8 

is given in Table 3. 

Table 3. Correlation of independent variables to the number of positive COVID-19 cases. 

Variable Correlation p-Value 

𝑥1 0.684 0.000 * 

𝑥2 0.255 0.006 * 

𝑥3 0.048 0.612 

𝑥4 0.232 0.013 * 

𝑥5 0.628 0.000 * 

𝑥6 0.501 0.000 * 

𝑥7 0.353 0.000 * 

𝑥8 −0.144 0.129 
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Note: (*) = significant at 5% significance level. 

The value of the correlation of the explanatory variable to the response variable 
shows that the variable 𝑥1 had a high and positive correlation to the variable y. In addi-
tion, the variable 𝑥1 had a significant correlation to the variable y. It can be concluded 

that the higher the number of positive COVID-19 cases, the higher the number of doctors 
will be. 

The results of the multicollinearity test in Table 4 show that all variables had a VIF 
value of < 5; thus, all independent variables had no multicollinearity. 

Table 4. Multicollinearity Test. 

Predictor Variable VIF 

𝑥1 2.521 

𝑥2 2.481 

𝑥3 1.294 

𝑥5 1.455 

𝑥6 3.557 

The results of the spatial variability test using the Breusch–Pagan test are shown in 
Table 5. It shows a p-value of 4.642 × 107 < 0.05; thus, there was spatial variability in the 

multiple linear regression model. 

Table 5. Spatial variability test value. 

Breusch–Pagan p-Value 

0.90079 4.642 × 107  

Figure 4 shows the visualization results of the number of positive COVID-19 cases 

from 2020 to 2021 using a boxplot. Figure 4 shows that, in 2021, the variability in the num-
ber of positive COVID-19 cases was larger than that of 2020. This difference in variability 

indicates a variability between years, or so-called temporal variability. The results of the 
analysis of the Breusch–Pagan and boxplot tests leads us to the conclusion that GTWR 
modeling can effectively be performed in the study of the 56 regions/cities in Kalimantan. 

 

Figure 4. Boxplot of temporal variability for each year. 

3.3. Geographically Temporally Weighted Regression (GTWR) Modeling for 56 Regencies/Cities 
in Kalimantan 

3.3.1. Estimation of GTWR Model 

The analysis of the GTWR model estimation uses Equation (2) at the i-th location 

where the location 𝑖 = 1,2,⋯ ,56 is the initials for 56 regions/cities in Kalimantan, and the 
t time is 1 for 2020 and 2 for 2021. The estimation results of the GTWR model are given in 

Equation (13). 
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�̂�𝑖𝑡 = �̂�0(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖) + �̂�1(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖)𝑥𝑖𝑡1 + �̂�2(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖)𝑥𝑖𝑡2 + �̂�3(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖)𝑥𝑖𝑡3
+ �̂�5(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖)𝑥𝑖𝑡5 + �̂�6(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖)𝑥𝑖𝑡6   , 𝑖 = 1,2,… ,56 ;  𝑡

= 1,2 

(13) 

Table 6 shows the summary results of GTWR modeling using the Gaussian kernel 
function with a fixed bandwidth on the spatial and temporal weighting function. The var-

iable number of doctors (𝑥1) has a coefficient value ranging from 3.750 to 23.5555. The 
variable number of TB cases (𝑥2) has a coefficient value ranging from 4869 to 2702. The 

variable percentage of elderly population has a coefficient value ranging from 20,633 to 
110,781. The variable GRDP (𝑥5) has a coefficient value ranging from 0.0303 to 0.2104. The 
variable number of hospitals (𝑥6) has a coefficient value ranging from 308.44 to 1024,983. 

The coefficient values for each of these variables are spread across all regions/cities in Ka-
limantan. 

Table 6. Summary of the estimated values of the GTWR model parameters. 

Parameter Estimator Minimum 𝑸𝟏 Median 𝑸𝟑 Maximum 

�̂�0 −1612.200 −886.460 −282.050 −64.537 1206.736 

�̂�1 −3.750 −0.609 0.033 5.815 23.556 

�̂�2 −4.870 −0.634 −0.197 0.560 2.702 

�̂�3 −20.633 −4.809 5.696 29.529 110.782 

�̂�5 0.030 0.033 0.086 0.170 0.210 

�̂�6 −308.440 170.570 220.270 849.960 1024.984 

The results of parameter estimation provide GTWR model estimators which state the 
correlation of the independent variables of number of doctors (𝑥1), number of TB cases 
(𝑥2), percentage of elderly population (𝑥3), GRDP (𝑥5), and number of hospitals (𝑥6) to the 

percentage of positive COVID-19 cases in the Kalimantan provinces. Four GTWR models 
are given for four region/city locations in Equations (14)–(17). 

Samarinda City, East Kalimantan Province 2020: 

�̂�𝑖𝑡 = −206.539 − 0.898𝑋𝑖𝑡1 + 0.248𝑋𝑖𝑡2 − 2.802𝑋𝑖𝑡3 + 0.034𝑋𝑖𝑡5 + 264.725𝑋𝑖𝑡6 (14) 

Samarinda City, East Kalimantan Province 2021: 

�̂�𝑖𝑡 = −515.123 + 12.700𝑋𝑖𝑡1 + 1.194𝑋𝑖𝑡2 + 4.734𝑋𝑖𝑡3 + 0.149𝑋𝑖𝑡5 + 432.961𝑋𝑖𝑡6 (15) 

Kapuas Hulu Regency, West Kalimantan Province 2020: 

�̂�𝑖𝑡 = −405.751 − 0.096𝑋𝑖𝑡1 − 0.149𝑋𝑖𝑡2 + 19.508𝑋𝑖𝑡3 + 0.04𝑋𝑖𝑡5 + 188.398𝑋𝑖𝑡6 (16) 

Kapuas Hulu Regency, West Kalimantan Province 2021: 

�̂�𝑖𝑡 = −1382.853 + 5.676𝑋𝑖𝑡1 − 4.156𝑋𝑖𝑡2 + 74.872𝑋𝑖𝑡3 + 0.185𝑋𝑖𝑡5 + 903.160𝑋𝑖𝑡6 (17) 

3.3.2. Measure of Model’s Goodness of Fit 

The measure of the goodness used to compare the OLS model and GTWR model is 
the coefficient of determination (𝑅2), adjusted R2, Akaike information criterion (AIC), and 

the root mean square error (RMSE). The results of the comparison of the value of the good-

ness-of-fit measure are shown in Table 7. 

Table 7. Comparison of models in terms of the number of positive COVID-19 cases. 

Criteria OLS GTWR 

R2 0.6134 0.95713 

Adjusted R2 0.5952 0.92855 
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AIC 2128.229 1900.76 

RMSE 3039.91 1302.99 

The above comparison of models shows that the GTWR model is better than the OLS 
model. This is indicated by the higher values of R2 and adjusted R2, as well as the smaller 

values of AIC and RMSE criteria. 

3.3.3. Simultaneous Significance Test of GTWR Model Parameters 

The first hypothesis testing conducted were the simultaneous tests of the model in 

order to test the goodness of fit of the GTWR model. The hypothesis testing for the good-
ness of fit of the GWPR model was as follows: 

H0: �̂�𝑘(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖) = �̂�𝑘    , 𝑘 = 1,2,… ,5 ; 𝑖 = 1,2,… ,56 ; 𝑡 = 1,2 

 
(There is no significant difference between multiple linear regression models 

and GTWR models.) 

H1: 
There is at least 

one 
�̂�𝑘(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖) ≠ �̂�𝑘  𝑘 = 1,2,… ,5 ; 𝑖 = 1,2,… ,56 ; 𝑡 = 1,2 

Table 8 shows that F-Statistics = 14,440 > F-table = 1537 or p-value = 0.000 < 𝛼 = 0.05. 

Thus, H0 was rejected and there was a significant difference between the multiple linear 
regression model and the GTWR model. 

Table 8. Values of simultaneous hypotheses testing of the model’s goodness of fit. 

F-Statistics F Table p-Value Keputusan Uji 

14.440 1.537 0.000 Tolak Ho 

3.3.4. Partial Significance Test of GTWR Model Parameters 

Partial parameter tests aim to determine the partial effects of the independent varia-
bles on the dependent variable. The hypothesis for the partial tests of the regression model 
parameters for the parameter �̂�𝑘(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖) was as follows: 

H0: �̂�𝑘(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖) = 0   , 𝑘 = 1,2,… ,5 ; 𝑖 = 1,2,… ,56 ; 𝑡 = 1,2 

 
(The independent variable 𝑋𝑘𝑡 has no effect on the number of positive COVID-19 

cases in Kalimantan Provinces.) 

H1: �̂�𝑘(𝑢𝑖 , 𝑣𝑖 , 𝑡𝑖) ≠ 0   , 𝑘 = 1,2,… ,5 ; 𝑖 = 1,2,… ,56 ; 𝑡 = 1,2 

 
(The independent variable 𝑋𝑘𝑡 has an effect on the number of positive COVID-19 

cases in Kalimantan Provinces.) 

The test statistic of the partial parameter testing was the statistic of the t-test. The 

criteria for rejecting H0 at the significance level of 𝛼 = 0.05 was to reject H0 if the p-value 

< 0.05. The results of the partial test of parameters are shown in Table 9. The table above 
shows that the factors affecting the number of positive COVID-19 cases in the Berau re-

gion were the human development index, life expectancy, gross regional domestic in-
come, population growth rate, and so on, for all observation locations in the Kalimantan 
provinces. This is shown by the p-value of those variables that is lower than 0.05. 

Table 9. The test statistical value of partial hypothesis testing of the GTWR model parameters. 

Location Year Parameter 
Estimator 

Value 

Standard 

Error 
T-Value p-Value 

Samarinda 2020 𝛽0 −206.539 421.063 −0.491 0.625 

    𝛽1 −0.898 4.825 −0.186 0.853 

    𝛽2 0.248 0.859 0.289 0.773 
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    𝛽3 −2.802 21.995 −0.127 0.899 

    𝛽5 0.034 0.011 3.016 0.003 * 

    𝛽6 264.725 129.780 2.040 0.044 * 

  2021 𝛽0 −515.123 422.710 −1.219 0.226 

    𝛽1 12.700 2.200 5.773 0.000 * 

    𝛽2 1.194 1.109 1.076 0.284 

    𝛽3 4.734 24.235 0.195 0.845 

    𝛽5 0.149 0.011 13.838 0.000 * 

    𝛽6 432.961 142.856 3.031 0.003 * 

Kapuas Hulu  
2020 𝛽0 −405.751 388.938 −1.043 0.299 

  𝛽1 −0.096 3.698 −0.026 0.979 

    𝛽2 −0.149 0.770 −0.194 0.846 

    𝛽3 19.508 20.966 0.930 0.354 

    𝛽5 0.040 0.010 4.088 0.000 * 

    𝛽6 188.398 111.859 1.684 0.095 

  2021 𝛽0 −1382.853 400.964 −3.449 0.001 * 

    𝛽1 5.676 2.290 2.478 0.015 * 

    𝛽2 −4.156 0.738 −5.631 0.000 * 

    𝛽3 74.872 22.760 3.290 0.001 * 

    𝛽5 0.185 0.010 17.661 0.000 * 

    𝛽6 903.160 117.218 7.705 0.000 * 

Note: (*) Significant at the 5% significance level. 

3.3.5. Mapping Based on the Significance of GTWR Model Parameters 

Figure 5 shows the result of a GTWR model analysis, indicating variables signifi-
cantly affecting the number of positive COVID-19 cases in Kalimantan in 2020–2021. In 

2020, GRDP (𝑥5) and number of hospitals (𝑥6) had a significant effect on the number of 
positive COVID-19 cases in the majority of regions/cities. Meanwhile, in 2021, 𝑥2, 𝑥3, 𝑥5 

and 𝑥6 were those variables with a significant effect on the number of positive COVID-
19 cases in West Kalimantan Province. In North Kalimantan Province, the variables 𝑥1, 𝑥3 
and 𝑥5 had a significant effect on the number of positive COVID-19 cases. Furthermore, 

in South Kalimantan Province, the variables with a significant effect on the number of 
positive COVID-19 cases were 𝑥1, 𝑥5, and 𝑥6. 
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Figure 5. Significance of variables at 5% significance level. 

4. Conclusions 

The present study developed a geographically temporally weighted regression 
(GTWR) model by constructing a distance function with spatial and temporal interactions. 
The GTWR model uses a Gaussian kernel function with a fixed bandwidth on its spatial 

and temporal weighting functions. The GTWR model had the greatest goodness of fit, as 
shown by the coefficient of determination 𝑅2 = 0.957, adjusted R2 = 0.928, Akaike infor-

mation criterion (AIC) = 1900.76, and root mean square error (RMSE) = 1302.99. Based on 
the spatio-temporal analysis using the GTWR model, the factors that influenced the in-
crease in positive cases of COVID-19 were different for each district/city in Kalimantan. 

Overall, the factors that affected COVID-19 were the number of doctors, the number of 
hospitals, the number of villages that had puskesmas, and the number of tuberculosis 

cases. The population sector included the percentage of elderly population, population 
density, and the percentage of the poor. The highest effects, based on the GTWR model, 
were tuberculosis cases, health services, and elderly population percentage. Therefore, lo-

cal governments need to pay attention to patients with tuberculosis, health services, and 
population density, considering those who are most vulnerable to contracting the COVID-

19 virus. The mapping of the spread of COVID-19 based on the model’s significant varia-
bles was grouped into 11 groups, so that each region can identify the factors that can be 
considered to prevent an increase in positive cases of COVID-19. 
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Abstract: This article describes the application of spatial statistical epidemiological modeling and 

its inference and applies it to COVID-19 case data, looking at it from a spatial perspective, and con-

sidering time-series data. COVID-19 cases in Indonesia are increasing and spreading in all prov-

inces, including Kalimantan. This study uses applied mathematics and spatiotemporal analysis to 

determine the factors affecting the constant rise of COVID-19 cases in Kalimantan. The spatiotem-

poral analysis uses the Geographically Temporally Weighted Regression (GTWR) model by devel-

oping a spatial and temporal interaction distance function. The GTWR model was applied to data 

on positive COVID-19 cases at a scale of 56 districts/cities in Kalimantan between the period of 

January 2020 and August 2021. The purpose of the study was to determine the factors affecting the 

cumulative increase in COVID-19 cases in Kalimantan and map the spatial distribution for 56 dis-

tricts/cities based on the significant predictor variables. The results of the study show that the 

GTWR model with the development of a spatial and temporal interaction distance function using 

the kernel Gaussian fixed bandwidth function is a better model compared to the Ordinary Least 

Squares (OLS) model. According to the significant variables, there are various factors affecting the 

rise in cases of COVID-19 in the region of Kalimantan, including the number of doctors, the number 

of TB cases, the percentage of elderly population, GRDP, and the number of hospitals. The highest 

factors that affect COVID-19 cases are the high number of TB cases, population density, and the lack 

of health services. Furthermore, an area map was produced on the basis of the significant variables 

affected by the rise in COVID-19 cases. The results of the study provide local governments with 

decision-making recommendations to overcome COVID-19-related issues in their respective re-

gions. 

Keywords: COVID-19 outbreak; spatio-temporal; geographically and temporally weighted regres-

sion model; statistical modeling; time series analysis; statistical inference; GIS mapping 

 

1. Introduction 

The spread of active cases of COVID-19 has significantly increased in a number of 

countries in 2021, including Indonesia. As of 7 September 2021, COVID-19 had spread to 

204 countries and had infected more than 220 million people, resulting in nearly 4.5 mil-
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lion deaths [1]. Moreover, Indonesia was also reported to have more than 4 million con-

firmed positive cases of COVID-19, with over 130 thousand deaths [2]. The transmission 

of COVID-19 was also found to have increased in one of the provinces of Indonesia, spe-

cifically in Kalimantan, with a total number of accumulative cases of 245,205 in August 

2021. Based on the increasing number of COVID-19 cases in Kalimantan, it is necessary to 

conduct research to identify the reasons and factors which led to this increase in COVID-

19 cases. This purpose of this research was to determine contributing factors to the in-

crease in COVID-19 cases based on the Improved Geographically and Temporally 

Weighted Regression model. 

Spatial data were modeled using spatial regression with geographic weighting, also 

known as the geographically weighted regression (GWR) model. GWR was first intro-

duced by Fotheringham in 1967 [3-4]. The GWR model is the development of Linear Re-

gression Analysis with the addition of geographic weighting for each regression parame-

ter to handle emerging spatial diversity. GWR theory has been widely used by research-

ers, including [5-8]. However, the GWR model only uses spatial data (location) in one time 

period, while spatial data is usually influenced by the time series. Spatial data should be 

analyzed by involving several time observations (temporal), thus demanding a more ac-

curate parameter estimation. Therefore, to increase the precision of the parameter estima-

tor on the GWR model, observations should be highly carried out for each location at a 

certain time. Referring to that matter, a Geographically Temporally Weighted Regression 

(GTWR) model was developed to overcome the weaknesses of the GWR model [9], by 

considering the elements of location and time. 

The GTWR model is a development of the GWR model, but it is not able to handle 

non-stationary data both spatially and temporally at the same time. Consequently, this 

research was conducted by applying the Improved Geographically Temporally Weighted 

Regression model with the development of the distance function. This model is expected 

to be capable of generating local models at any location and time, resulting in a more 

representative model. Furthermore, the spatial and temporal information in the GTWR 

model is regarded as a crucial element in creating the weighting matrix. Thus, the im-

proved model is expected to be succeed in identifying spatial and temporal variability. 

The GTWR model, one of the spatio-temporal models, has been widely used in various 

fields. As stated by Fotheringham, the 2015 GTWR model is generally used to handle is-

sues of spreading infectious diseases, water pollution, hydrology, and urban planning. In 

this research, the GTWR model was used to address the issue of the spread of the COVID-

19 disease. The COVID-19 virus has spread globally in various countries, including in 

Indonesia. 

Indonesia is an archipelagic country, consisting of various large and small islands. 

Kalimantan represents the largest island in Indonesia, and consists of five provinces—

East Kalimantan, North Kalimantan, South Kalimantan, Central Kalimantan, and West 

Kalimantan Provinces—all with an increasing daily spread of COVID-19. Data from the 

official COVID-19 website of the five provinces on the island of Kalimantan showed that 

the highest cumulative number of positive COVID-19 cases, as of 10 August 2021, was 

East Kalimantan Province with 133,826 cases [10], followed by South Kalimantan Province 

with 55,257 cases [11], Central Kalimantan Province with 38,123 cases [12], North Kali-

mantan Province with 26,050 cases [13], and West Kalimantan Province with 17,999 cases 

[14]. Based on this, it is important to undertake a study to understand the factors causing 

such an increase from a spatial and temporal point of view. The present study offers local 

governments information with regard to overcoming the increase in COVID-19 cases in 

their respective regions. 

COVID-19 modeling studies using spatiotemporal analysis include: Pearson’s corre-

lation methods for spatiotemporal analysis in regions of China [15]; Levy’s flight to ex-

plain the spatiotemporal dynamics of the pandemic regions in China [16]; prospective 

space−time statistics to identify active and emerging COVID-19 groups at a county level 

in the USA [17]; and an online questionnaire for the geographical identification of possible 



Symmetry 2022, 14, x FOR PEER REVIEW 3 of 19 
 

 

symptomatic regions in Israel [18]. Studies predicting the global spread of COVID-19 

based on geographic and climatic data regions include: the Caribe Basin [19]; geographical 

characteristics and spatiotemporal analysis of infection regions in the USA [20]; analysis 

by province of the effectiveness of quarantine on the spread of the pandemic in Spain [21]; 

spatiotemporal analysis of COVID-19 at national and provincial levels in India [22]; the 

Poisson segmented model for the analysis of changing patterns in different geographic 

areas in China [23]; spatiotemporal analysis and reflections on health geography in Ar-

gentina [24]; spatiotemporal analysis of COVID-19 at national and provincial levels in 

Mexico [25]; spatiotemporal analysis and reflections on the usefulness of GIS in the pan-

demic [26]; and the analysis of restrictive measures during the pandemic [27]. A Suscep-

tible–Infected–Recovered (SIR) model for estimating COVID-19 reproduction number in 

East Kalimantan and Samarinda [28]. 

Based on the background description above, this research was carried out using the 

Improved Geographically Temporally Weighted Regression model with the development 

of the distance function and the application of COVID-19 cumulative data in Kalimantan, 

Indonesia. The first objective of this research was to identify the factors that influenced 

the cumulative increase in COVID-19 at a region/city scale in Kalimantan, Indonesia—

which consists of 56 regions/cities—by using data from 2020 and 2021. The second 

objective of this research was to map the spatial distribution for the 56 regions/cities based 

on significant predictor variables. 

2. Materials and Methods 

2.1. Geographically and Temporally Weighted Regression 

The Geographically and Temporally Weighted Regression (GTWR) model represents 

an effective approach to dealing with the problem of spatial and temporal non-stationarity 

[9]. The GTWR model is a development of the GWR model, adding the time (temporal) 

element. In contrast to the GWR model, GTWR combines temporal and spatial infor-

mation in a weighted matrix to identify spatial and temporal variability. The GTWR 

model in Equation (1) is for the independent variable p with the response variable at the 

location (ui, vi, t) for each observation: 

𝑦𝑖 = 𝛽0(𝑢𝑖, 𝑣𝑖, 𝑡𝑖) +∑𝛽𝑘(𝑢𝑖, 𝑣𝑖, 𝑡𝑖)

𝑝

𝑘=1

𝑥𝑖𝑘 + 𝜀𝑖 (1) 

where 𝑦𝑖  is the observed value of the response variable for the observation location 

(𝑢𝑖, 𝑣𝑖) and time 𝑡𝑖; the parameter 𝛽0(𝑢𝑖, 𝑣𝑖, 𝑡𝑖) is the constant of the intercept value; the 

parameter 𝛽𝑘(𝑢𝑖, 𝑣𝑖, 𝑡𝑖) is the regression coefficient of the k-th independent variable at the 

observation location (𝑢𝑖, 𝑣𝑖) and time 𝑡𝑖; the variable 𝑥𝑖𝑘 is the observed value of the k-

th explanatory variable at the observation location (𝑢𝑖, 𝑣𝑖) and time 𝑡𝑖; and 𝜀𝑖 is error the 

i-th observations which are assumed to be identical, independent, and 𝜀𝑖~𝑁(0, 𝜎
2). 

2.2. GTWR Model Parameter Estimation 

The regression coefficient �̂�𝑖(𝑢𝑖, 𝑣𝑖 , 𝑡𝑖) at the i-th point can be obtained by using the 

Weighted Least Square. The estimated parameters of the GTWR model are given in Equa-

tion (2): 

�̂�(𝑢𝑖, 𝑣𝑖, 𝑡𝑖) = [𝑿
𝑇𝑾(𝑢𝑖, 𝑣𝑖, 𝑡𝑖)𝑿]

−1𝑿𝑇𝑾(𝑢𝑖, 𝑣𝑖, 𝑡𝑖)𝒚 (2) 

where the weight 𝑾(𝑢𝑖, 𝑣𝑖, 𝑡𝑖) = 𝑑𝑖𝑎𝑔(𝑤𝑖1, 𝑤𝑖2, … , 𝑤𝑖𝑛) is the weighting matrix at the ob-

servation location (𝑢𝑖, 𝑣𝑖) and time 𝑡𝑖. The diagonal element 𝑤𝑖𝑗(1 ≤  𝑗 ≤  𝑛) is the spa-

tiotemporal distance function at the observation point (𝑢𝑖, 𝑣𝑖, 𝑡𝑖). In the modeling stage, it 

is assumed that the proximity of the data observation point to the i point in the spatiotem-

poral coordinate system has a greater effect on the parameter estimator �̂�(𝑢𝑖, 𝑣𝑖, 𝑡𝑖) than 

that of the data located further from the i point. The proximity has two elements, spatial 
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proximity and temporal proximity; thus, the definition and measurement of spatiotem-

poral proximity in the coordinate system constitute major problems in the construction of 

the GTWR model. 

The present study used a date located at three dimensions in the spatiotemporal co-

ordinate system and it was known that the observations were close to the i point. There-

fore, [9] used an ellipsoidal coordinate system to measure the proximity of the regression 

point to the observation points that surround it. 

 

 

2.3. Distance Function and Geographical Weight of the GTWR Model 

The spatiotemporal distance function consists of a combination of the spatial distance 

function and the temporal distance function, which are given as follows [9,14]: 

{
 
 

 
 (𝑑𝑖𝑗

𝑆
)
2
= (𝑢𝑖 − 𝑢𝑗)

2
+ (𝑣𝑖 − 𝑣𝑗)

2
                                            

(𝑑𝑖𝑗
𝑇 )

2
= (𝑡𝑖 − 𝑡𝑗)

2
                                                                       

(𝑑𝑖𝑗
𝑆𝑇
)
2
= 𝜑𝑆 [(𝑢𝑖 − 𝑢𝑗)

2
+ (𝑣𝑖 − 𝑣𝑗)

2
] + 𝜑𝑇 [(𝑡𝑖 − 𝑡𝑗)

2
]

 (3) 

where 𝜑𝑆 and 𝜑𝑇 are the affecting factors that balance the different effects used to meas-

ure the spatiotemporal distance. Based on the distance function in Equation (3), the geo-

graphical weighting function according to Equation (4) is obtained: 

𝑤𝑖𝑗 = exp {−(
𝜑𝑆 [(𝑢𝑖−𝑢𝑗)

2
+ (𝑣𝑖−𝑣𝑗)

2
]+ 𝜑𝑇 [(𝑡𝑖− 𝑡𝑗)

2
]

ℎ𝑆𝑇
2 )} 

= exp {−(
[(𝑢𝑖−𝑢𝑗)

2
+ (𝑣𝑖−𝑣𝑗)

2
]

ℎ𝑆
2 +

[(𝑡𝑖− 𝑡𝑗)
2
]

ℎ𝑇
2 )} 

(4) 

The value of ℎ𝑆
2 =

ℎ𝑆𝑇
2

𝜑𝑆
 and ℎ𝑇

2 =
ℎ𝑆𝑇
2

𝜑𝑇
, then Equation (5) is obtained: 

𝑤𝑖𝑗 = exp {−(
(𝑑𝑖𝑗

𝑆
)
2

ℎ𝑆
2 +

(𝑑𝑖𝑗
𝑇
)
2

ℎ𝑇
2 )} 

= exp {−(
(𝑑𝑖𝑗

𝑆
)
2

ℎ𝑆
2 )}× exp {−(

(𝑑𝑖𝑗
𝑇
)
2

ℎ𝑇
2 )} 

= 𝑤𝑖𝑗
𝑆 ×𝑤𝑖𝑗

𝑇  

(5) 

where 𝑤𝑖𝑗
𝑆 = exp {−(

(𝑑𝑖𝑗
𝑆
)
2

ℎ𝑆
2 )} and 𝑤𝑖𝑗

𝑆 = exp {−(
(𝑑𝑖𝑗
𝑆
)
2

ℎ𝑆
2 )} 

ℎ𝑆 is a parameter of the spatial window width, ℎ𝑇 is a parameter of the temporal 

window width, and ℎ𝑆𝑇 is a parameter of the spatial-temporal window width. 

In most cases, the value of 𝜑𝑆 and 𝜑𝑇 is not equal to zero. Let 𝜏 be the ratio param-

eter of =
𝜑𝑇

𝜑𝑆
 with 𝜑𝑆 ≠ 0; then, Equation (6) [29] is obtained: 

(𝑑𝑖𝑗
𝑆𝑇)

2

𝜑𝑆
= [(𝑢𝑖 − 𝑢𝑗)

2
+ (𝑣𝑖 − 𝑣𝑗)

2
] + 𝜏 [(𝑡𝑖 − 𝑡𝑗)

2
] (6) 

Let 𝜑𝑆 = 1 in order to reduce unknown parameters. In this problem, there is only 

one unknown parameter, 𝜏. The parameter 𝜏 serves to increase or decrease the effect of 
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temporal distance on spatial distance. This parameter is obtained from the minimum 

cross-validation criteria by initializing the initial 𝜏 value, as given in Equation (7). 

(𝜏) =∑(𝑦𝑖 − �̂�≠𝑖(𝜏))
2

𝑖

 (7) 

The Gaussian kernel function is a weighting function which is used in the GTWR 

model, as given in Equation (8). 

𝑤𝑖𝑗 = 𝑒𝑥𝑝(−(
𝑑𝑖𝑗
𝑆𝑇

ℎ𝑆𝑇
)

2

) (8) 

The weighting matrix is 𝑾𝑖𝑗 determined by the spatiotemporal distance (𝑑𝑖𝑗
𝑆𝑇) and 

the window width ℎ𝑆𝑇. The window width value can be calculated using the geographic 

weighted regression model, as proposed by [3]. The estimator value of the response vari-

able is determined by Equation (9). 

�̂� = [

�̂�1
�̂�2
. . .
�̂�𝑛

] =

[
 
 
 
𝑋1
𝑇(𝑋𝑇𝑊(𝑢1, 𝑣1, 𝑡1)𝑋)

−1𝑋𝑇𝑊(𝑢1, 𝑣1, 𝑡1)

𝑋2
𝑇(𝑋𝑇𝑊(𝑢2, 𝑣2, 𝑡2)𝑋)

−1𝑋𝑇𝑊(𝑢2, 𝑣2, 𝑡2)
. . .

𝑋𝑛
𝑇(𝑋𝑇𝑊(𝑢𝑛 , 𝑣𝑛 , 𝑡𝑛)𝑋)

−1𝑋𝑇𝑊(𝑢𝑛, 𝑣𝑛 , 𝑡𝑛)]
 
 
 
𝑦 = 𝑆𝑦 (9) 

The selection of the model’s goodness of fit can be calculated using the AIC (Akaike 

information criterion) value. The corrected AIC value [30] is used to overcome the spatio-

temporal variability, as given in Equation (10). 

𝐴𝐼𝐶 = 2 𝑛 ln(�̂�) + 𝑛 ln(2𝜋) + 𝑛 (
𝑛 + 𝑡𝑟(𝑆)

𝑛 − 2 − 𝑡𝑟(𝑆)
) (10) 

2.4. Research Methodology 

2.4.1. Data and Data Sources 

Data and data sources are described in Table 1. 

Table 1. Description of Resesarch Variables and Data Sources. 

Variable Symbol Variable Description Observation Data Source Unit Scale 

Response y 
Cumulative positive 

cases of COVID-19 

Official websites  

www.covid19.kaltimprov.go.id  

www.corona.kalselprov.go.id  

www.corona.kalteng.go.id  

www.coronainfo.kaltaraprov.go.id 

www.corona.kalbarprov.go.id (accessed on 10 

August 2021) [10-14] 

People 

56 regions/cities in 

the island of 

Kalimantan 

Predictor 

x1 Number of doctors 

Statistics Indonesia of East Kalimantan Province, 

North Kalimantan Province, South Kalimantan 

Province, Central Kalimantan Province, West 

Kalimantan Province, 2020–2021 [31-40] 

People 

56 regions/cities in 

the island of 

Kalimantan 

x2 Number of TB cases 

Public Health Office of East Kalimantan Province, 

North Kalimantan Province, South Kalimantan 

Province, Central Kalimantan Province, West 

Kalimantan Province, 2020–2021 [41-50] 

Cases 

56 regions/cities in 

the island of 

Kalimantan 

x3 
Percentage of elderly 

population 

Statistics Indonesia of East Kalimantan Province, 

North Kalimantan Province, South Kalimantan 

Province, Central Kalimantan Province, West 

Kalimantan Province, 2020–2021 [31-40] 

Percentage 

56 regions/cities in 

the island of 

Kalimantan 

x4 Population density 
Statistics Indonesia of East Kalimantan Province, 

North Kalimantan Province, South Kalimantan 
People/Km2 

56 regions/cities in 

the island of 

Kalimantan 

Commented [M1]: [41-50] should be put after [31-

40] 

Commented [SS2R1]: Please chek Reference 

Commented [M3R1]: The first citation of 

references number should be in numerical order, 

such as 31-40,40-50. Otherwise, it can’t be sent to 

publishing since it does not meet the standard 

requirements. Please kindly revise them. 

http://www.covid19.kaltimprov.go.id/
http://www.corona.kalselprov.go.id/
http://www.corona.kalteng.go.id/
http://www.coronainfo.kaltaraprov.go.id/
http://www.corona.kalbarprov.go.id/
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Province, Central Kalimantan Province, West 

Kalimantan Province, 2020–2021 [31-40] 

x5 

Gross Regional 

Domestic Product at 

Market Price 

Statistics Indonesia of East Kalimantan Province, 

North Kalimantan Province, South Kalimantan 

Province, Central Kalimantan Province, West 

Kalimantan Province, 2020–2021 [31-40] 

Billion 

Rupiah 
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2.4.2. Stages of Analysis 

The analysis and modeling processes were carried out by using the R-Studio version 

2021.09.1 Build 372. The analysis stages are shown in Figure 1. 

 

 

Figure 1. Improved GTWR Model Flowchart. 

Based on the objectives of the study, the following are the stages of data analysis 

using the GTWR model to determine factors affecting the cumulative increase in COVID-

19 cases and to map the spatial distribution based on significant predictor variables. 

1. Explore the distribution of response variables and predictor variables for the period 

of 2020–2021 using a spatial distribution mapping; 

2. Describe cumulative data of COVID-19 cases and the predictor variables; 

3. Perform a multicollinearity test by taking the value of VIF (variance inflation factor) 

into account; 

4. Explore temporal variability using a boxplot of response variables for each year; 

5. Perform an analysis using the GTWR method as follows: 
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a. Calculate the optimum spatial bandwidth (ℎ𝑆) using cross-validation based 

on the GWR optimization approach with the formula as given by Equation 

(11): 

𝐶𝑉(ℎ𝑆) =∑(𝑦𝑖 − �̂�≠𝑖(ℎ𝑆))

𝑖

2

 (11) 

b. Calculate the optimum spatiotemporal ratio parameter (𝜏)(𝜏) using cross-

validation based on the GTWR optimization approach with the formula as 

given by Equation (7); 

c. Calculate parameters 𝜑𝑆 and 𝜑𝑇 using the cross-validation approach with 

the formula given in point b. Both parameters are based on the spatiotem-

poral distance function with the formula as given by Equation (12): 

(𝑑𝑖𝑗
𝑆𝑇)2 = 𝜑𝑆[(𝑢𝑖 − 𝑢𝑗)

2 + (𝑣𝑖 − 𝑣𝑗)
2] + 𝜑𝑇(𝑡𝑖 − 𝑡𝑗)

2 (12) 

d. Determine the weighting matrix (W)(𝑊) using the spatiotemporal distance 

measure for each observation location based on the Gaussian kernel function 

with the formula given by Equation (8). 

6. Estimate parameters in the GTWR model at each location using the weighted least 

square (WLS) according to Equation (2); 

7. Perform a parameter significance test for the GTWR model; 

8. Map the variable significance for each region. 

3. Results and Discussion 

This section begins by providing information on descriptive statistics, especially the 

presentation of data using a spatial distribution map, followed by information on the 

measure of concentration and the measure of data distribution. The results of the statisti-

cal inference research begin with regression analysis and a test of spatial effects, GTWR 

modeling, GTWR model estimation, the GTWR model significance test, and spatial map-

ping based on the GTWR model results. The analysis to determine factors affecting the 

increase in confirmed COVID-19 cases is based on the region/city scale on the island of 

Kalimantan, Indonesia. 

3.1. Spatial Distribution Mapping 

The observation data in Table 1 were subjected to descriptive statistical analysis and 

statistical inference. Observation data were categorized based on variables and are de-

scribed in Figures 2 and 3. 
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Figure 2. Spatial Distribution Mapping of 𝑥1 − 𝑥4. (a) Map of the number of confirmed positive 

COVID-19 cases 2020–2021; (b) map of the number of doctors 2020–2021; (c) map of the number of 

TB cases 2020–2021; (d) map of the percentage of elderly population in 2020–2021. 

Figure 2a shows that the number of confirmed positive COVID-19 cases in 2020 

spread evenly across the regions/cities in Kalimantan, as indicated by the similar distri-

bution colors. However, in comparison, in 2020 the number of confirmed cases was rela-

tively scant, while the number of positive COVID-19 cases increased in 2021. This is clearly 

shown by the color changes for regions/cities in East Kalimantan Province. Figure 2b 

shows the distribution of the number of doctors at the region/city scale in Kalimantan 

2020–2021. Most regions/cities in Kalimantan had a small and evenly distributed number 

of doctors. In 2021, the number of doctors increased quite significantly in Samarinda and 

Balikpapan. This is shown by the dark color contrast, indicating a large number of doctors 

in these areas. This is commensurate with the increasing number of COVID-19 cases. Fig-

ure 2c shows the distribution of the number of TBC cases in 2020–2021. In general, there 

was no increase in the number of TBC cases in each region/city in Kalimantan. This is 

shown by the almost similar and evenly distributed color pattern in each area. However, 

the City of Banjarmasin had higher TB cases than that of other region/cities, as indicated 

by its darker color. Figure 3a shows the distribution of population density in 2020–2021. 

In general, there was no increase in population density in every region/city in Kalimantan. 

This is shown by the almost similar and evenly distributed color pattern in each area. 

However, the city of Samarinda had a higher population density than that of other re-

gions/cities, as indicated by the darker color. Furthermore, the city of Samarinda had a 

decrease in population density from 2020 to 2021, as indicated by the color difference, 

which gets brighter. 
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(d) 

Figure 3. Spatial Distribution Mapping of 𝑥5 − 𝑥8. (a) Map of population density in 2020–

2021; (b) map of Gross Regional Domestic Product (GRDP) 2020–2021; (c) map of the number 

of hospitals in 2020–2021; (d) map of the number of public health centers in 2020–2021. 

3.2. Description of COVID-19 Cumulative Data and Predictor Variables 

The descriptions of the COVID-19 cumulative data and predictor variables for the 

observation data in Table 1 are shown in Table 2. 

Table 2. Summary of Variable Statistics. 

Descriptive 

Statistics 

Confirmed 

Positive Cases 

of COVID-19 

Number of 

Doctors (x1) 

Number of 

TB Cases 

(x2) 

Percentage of 

Elderly 

Population (x3) 

Population 

Density (x4) 
GRDP (x5) 

Number of 

Hospitals 

(x6) 

Number of 

Public Health 

Centers (x7) 

Percentage of 

Poor 

Population 

(x8) 

Minimum 15 5 11 2 1  1763 1  5 2 

Maximum 33,996 821 2708 59 8792 126,160 20 212 12 

Range 33,981 816 2697 58 8791 124,397 19 207 10 

Sum 332,489 12,084 49,283 1149 45,054 1,818,623 382 3861 675 

Median 1183 73 355 6 31 8512 2 20 5 

Mean 2969 108 440  10  402 16,238 3 34 6 

SE.Mean 464 12 39  1 133 2122 0 4 0 

Variance 24,119,005 16,810 166,245 118  1,969,598 504,525,521 11 1609 5 

Std.dev 4911 130 408 11 1403 22,462 3 40 2 

Correlation between the variable y and each variable 𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5, 𝑥6, 𝑥7, and 𝑥8 is 

given in Table 3. 

Table 3. Correlation of independent variables to the number of positive COVID-19 cases. 

Variable Correlation p-Value 

𝑥1 0.684 0.000 * 

𝑥2 0.255 0.006 * 

𝑥3 0.048 0.612 

𝑥4 0.232 0.013 * 

𝑥5 0.628 0.000 * 

𝑥6 0.501 0.000 * 

𝑥7 0.353 0.000 * 

𝑥8 −0.144 0.129 



Symmetry 2022, 14, x FOR PEER REVIEW 12 of 19 
 

 

Note: (*) = significant at 5% significance level. 

The value of the correlation of the explanatory variable to the response variable 

shows that the variable 𝑥1 had a high and positive correlation to the variable y. In addi-

tion, the variable 𝑥1 had a significant correlation to the variable y. It can be concluded 

that the higher the number of positive COVID-19 cases, the higher the number of doctors 

will be. 

The results of the multicollinearity test in Table 4 show that all variables had a VIF 

value of < 5; thus, all independent variables had no multicollinearity. 

Table 4. Multicollinearity Test. 

Predictor Variable VIF 

𝑥1 2.521 

𝑥2 2.481 

𝑥3 1.294 

𝑥5 1.455 

𝑥6 3.557 

The results of the spatial variability test using the Breusch–Pagan test are shown in 

Table 5. It shows a p-value of 4.642 × 107 < 0.05; thus, there was spatial variability in the 

multiple linear regression model. 

Table 5. Spatial variability test value. 

Breusch–Pagan p-Value 

0.90079 4.642 ×  107  

Figure 4 shows the visualization results of the number of positive COVID-19 cases 

from 2020 to 2021 using a boxplot. Figure 4 shows that, in 2021, the variability in the num-

ber of positive COVID-19 cases was larger than that of 2020. This difference in variability 

indicates a variability between years, or so-called temporal variability. The results of the 

analysis of the Breusch–Pagan and boxplot tests leads us to the conclusion that GTWR 

modeling can effectively be performed in the study of the 56 regions/cities in Kalimantan. 

 

Figure 4. Boxplot of temporal variability for each year. 

3.3. Geographically Temporally Weighted Regression (GTWR) Modeling for 56 Regencies/Cities 

in Kalimantan 

3.3.1. Estimation of GTWR Model 

The analysis of the GTWR model estimation uses Equation (2) at the i-th location 

where the location 𝑖 = 1,2,⋯ ,56 is the initials for 56 regions/cities in Kalimantan, and the 

t time is 1 for 2020 and 2 for 2021. The estimation results of the GTWR model are given in 

Equation (13). 
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+ �̂�5(𝑢𝑖, 𝑣𝑖, 𝑡𝑖)𝑥𝑖𝑡5 + �̂�6(𝑢𝑖, 𝑣𝑖, 𝑡𝑖)𝑥𝑖𝑡6   , 𝑖 = 1,2, … ,56 ;  𝑡 = 1,2 

(13) 

Table 6 shows the summary results of GTWR modeling using the Gaussian kernel 

function with a fixed bandwidth on the spatial and temporal weighting function. The var-

iable number of doctors (𝑥1) has a coefficient value ranging from −3.750 to 23.5555. The 

variable number of TB cases (𝑥2) has a coefficient value ranging from −4869 to 2702. The 

variable percentage of elderly population has a coefficient value ranging from −20,633 to 

110,781. The variable GRDP (𝑥5) has a coefficient value ranging from 0.0303 to 0.2104. The 

variable number of hospitals (𝑥6) has a coefficient value ranging from −308.44 to 1024,983. 

The coefficient values for each of these variables are spread across all regions/cities in Ka-

limantan. 

Table 6. Summary of the estimated values of the GTWR model parameters. 

Parameter Estimator Minimum 𝑸𝟏 Median 𝑸𝟑 Maximum 

�̂�0 −1612.200 −886.460 −282.050 −64.537 1206.736 

�̂�1 −3.750 −0.609 0.033 5.815 23.556 

�̂�2 −4.870 −0.634 −0.197 0.560 2.702 

�̂�3 −20.633 −4.809 5.696 29.529 110.782 

�̂�5 0.030 0.033 0.086 0.170 0.210 

�̂�6 −308.440 170.570 220.270 849.960 1024.984 

The results of parameter estimation provide GTWR model estimators which state the 

correlation of the independent variables of number of doctors (𝑥1), number of TB cases 

(𝑥2), percentage of elderly population (𝑥3), GRDP (𝑥5), and number of hospitals (𝑥6) to the 

percentage of positive COVID-19 cases in the Kalimantan provinces. Four GTWR models 

are given for four region/city locations in Equations (14)–(17). 

Samarinda City, East Kalimantan Province 2020: 

�̂�𝑖𝑡 = −206.539− 0.898𝑋𝑖𝑡1 + 0.248𝑋𝑖𝑡2 − 2.802𝑋𝑖𝑡3 + 0.034𝑋𝑖𝑡5 + 264.725𝑋𝑖𝑡6 (14) 

Samarinda City, East Kalimantan Province 2021: 

�̂�𝑖𝑡 = −515.123+ 12.700𝑋𝑖𝑡1 + 1.194𝑋𝑖𝑡2 + 4.734𝑋𝑖𝑡3 + 0.149𝑋𝑖𝑡5 + 432.961𝑋𝑖𝑡6 (15) 

Kapuas Hulu Regency, West Kalimantan Province 2020: 

�̂�𝑖𝑡 = −405.751− 0.096𝑋𝑖𝑡1 − 0.149𝑋𝑖𝑡2 + 19.508𝑋𝑖𝑡3 + 0.04𝑋𝑖𝑡5 + 188.398𝑋𝑖𝑡6 (16) 

Kapuas Hulu Regency, West Kalimantan Province 2021: 

�̂�𝑖𝑡 = −1382.853+ 5.676𝑋𝑖𝑡1 − 4.156𝑋𝑖𝑡2 + 74.872𝑋𝑖𝑡3 + 0.185𝑋𝑖𝑡5 + 903.160𝑋𝑖𝑡6 (17) 

3.3.2. Measure of Model’s Goodness of Fit 

The measure of the goodness used to compare the OLS model and GTWR model is 

the coefficient of determination (𝑅2), adjusted R2, Akaike information criterion (AIC), and 

the root mean square error (RMSE). The results of the comparison of the value of the good-

ness-of-fit measure are shown in Table 7. 

Table 7. Comparison of models in terms of the number of positive COVID-19 cases. 

Criteria OLS GTWR 

R2 0.6134 0.95713 

Adjusted R2 0.5952 0.92855 

AIC 2128.229 1900.76 
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RMSE 3039.91 1302.99 

The above comparison of models shows that the GTWR model is better than the OLS 

model. This is indicated by the higher values of R2 and adjusted R2, as well as the smaller 

values of AIC and RMSE criteria. 

3.3.3. Simultaneous Significance Test of GTWR Model Parameters 

The first hypothesis testing conducted were the simultaneous tests of the model in 

order to test the goodness of fit of the GTWR model. The hypothesis testing for the good-

ness of fit of the GWPR model was as follows: 

H0: �̂�𝑘(𝑢𝑖, 𝑣𝑖, 𝑡𝑖) = �̂�𝑘    , 𝑘 = 1,2, … ,5 ; 𝑖 = 1,2,… ,56 ; 𝑡 = 1,2 

 
(There is no significant difference between multiple linear regression models 

and GTWR models.) 

H1: 
There is at least 

one 
�̂�𝑘(𝑢𝑖, 𝑣𝑖, 𝑡𝑖) ≠ �̂�𝑘  𝑘 = 1,2,… ,5 ; 𝑖 = 1,2,… ,56 ; 𝑡 = 1,2 

Table 8 shows that F-Statistics = 14,440 > F-table = 1537 or p-value = 0.000 < 𝛼 = 0.05. 

Thus, H0 was rejected and there was a significant difference between the multiple linear 

regression model and the GTWR model. 

Table 8. Values of simultaneous hypotheses testing of the model’s goodness of fit. 

F-Statistics F Table p-Value Keputusan Uji 

14.440 1.537 0.000 Tolak Ho 

3.3.4. Partial Significance Test of GTWR Model Parameters 

Partial parameter tests aim to determine the partial effects of the independent varia-

bles on the dependent variable. The hypothesis for the partial tests of the regression model 

parameters for the parameter �̂�𝑘(𝑢𝑖, 𝑣𝑖, 𝑡𝑖) was as follows: 

H0: �̂�𝑘(𝑢𝑖, 𝑣𝑖, 𝑡𝑖) = 0   , 𝑘 = 1,2,… ,5 ; 𝑖 = 1,2,… ,56 ; 𝑡 = 1,2 

 
(The independent variable 𝑋𝑘𝑡 has no effect on the number of positive COVID-19 

cases in Kalimantan Provinces.) 

H1: �̂�𝑘(𝑢𝑖, 𝑣𝑖, 𝑡𝑖) ≠ 0   , 𝑘 = 1,2,… ,5 ; 𝑖 = 1,2,… ,56 ; 𝑡 = 1,2 

 
(The independent variable 𝑋𝑘𝑡 has an effect on the number of positive COVID-19 

cases in Kalimantan Provinces.) 

The test statistic of the partial parameter testing was the statistic of the t-test. The 

criteria for rejecting H0 at the significance level of 𝛼 = 0.05 was to reject H0 if the p-value 

< 0.05. The results of the partial test of parameters are shown in Table 9. The table above 

shows that the factors affecting the number of positive COVID-19 cases in the Berau re-

gion were the human development index, life expectancy, gross regional domestic in-

come, population growth rate, and so on, for all observation locations in the Kalimantan 

provinces. This is shown by the p-value of those variables that is lower than 0.05. 

Table 9. The test statistical value of partial hypothesis testing of the GTWR model parameters. 

Location Year Parameter 
Estimator 

Value 

Standard 

Error 
T-Value p-Value 

Samarinda 2020 𝛽0 −206.539 421.063 −0.491 0.625 

    𝛽1 −0.898 4.825 −0.186 0.853 

    𝛽2 0.248 0.859 0.289 0.773 

    𝛽3 −2.802 21.995 −0.127 0.899 
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    𝛽5 0.034 0.011 3.016 0.003 * 

    𝛽6 264.725 129.780 2.040 0.044 * 

  2021 𝛽0 −515.123 422.710 −1.219 0.226 

    𝛽1 12.700 2.200 5.773 0.000 * 

    𝛽2 1.194 1.109 1.076 0.284 

    𝛽3 4.734 24.235 0.195 0.845 

    𝛽5 0.149 0.011 13.838 0.000 * 

    𝛽6 432.961 142.856 3.031 0.003 * 

Kapuas Hulu  
2020 𝛽0 −405.751 388.938 −1.043 0.299 

  𝛽1 −0.096 3.698 −0.026 0.979 

    𝛽2 −0.149 0.770 −0.194 0.846 

    𝛽3 19.508 20.966 0.930 0.354 

    𝛽5 0.040 0.010 4.088 0.000 * 

    𝛽6 188.398 111.859 1.684 0.095 

  2021 𝛽0 −1382.853 400.964 −3.449 0.001 * 

    𝛽1 5.676 2.290 2.478 0.015 * 

    𝛽2 −4.156 0.738 −5.631 0.000 * 

    𝛽3 74.872 22.760 3.290 0.001 * 

    𝛽5 0.185 0.010 17.661 0.000 * 

    𝛽6 903.160 117.218 7.705 0.000 * 

Note: (*) Significant at the 5% significance level. 

3.3.5. Mapping Based on the Significance of GTWR Model Parameters 

Figure 5 shows the result of a GTWR model analysis, indicating variables signifi-

cantly affecting the number of positive COVID-19 cases in Kalimantan in 2020–2021. In 

2020, GRDP (𝑥5) and number of hospitals (𝑥6) had a significant effect on the number of 

positive COVID-19 cases in the majority of regions/cities. Meanwhile, in 2021, 𝑥2, 𝑥3, 𝑥5 

and 𝑥6 were those variables with a significant effect on the number of positive COVID-

19 cases in West Kalimantan Province. In North Kalimantan Province, the variables 𝑥1, 𝑥3 

and 𝑥5 had a significant effect on the number of positive COVID-19 cases. Furthermore, 

in South Kalimantan Province, the variables with a significant effect on the number of 

positive COVID-19 cases were 𝑥1, 𝑥5, and 𝑥6. 

 

Figure 5. Significance of variables at 5% significance level. 
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4. Conclusions 

The present study developed a geographically temporally weighted regression 

(GTWR) model by constructing a distance function with spatial and temporal interactions. 

The GTWR model uses a Gaussian kernel function with a fixed bandwidth on its spatial 

and temporal weighting functions. The GTWR model had the greatest goodness of fit, as 

shown by the coefficient of determination 𝑅2 = 0.957, adjusted R2 = 0.928, Akaike infor-

mation criterion (AIC) = 1900.76, and root mean square error (RMSE) = 1302.99. Based on 

the spatio-temporal analysis using the GTWR model, the factors that influenced the in-

crease in positive cases of COVID-19 were different for each district/city in Kalimantan. 

Overall, the factors that affected COVID-19 were the number of doctors, the number of 

hospitals, the number of villages that had puskesmas, and the number of tuberculosis 

cases. The population sector included the percentage of elderly population, population 

density, and the percentage of the poor. The highest effects, based on the GTWR model, 

were tuberculosis cases, health services, and elderly population percentage. Therefore, lo-

cal governments need to pay attention to patients with tuberculosis, health services, and 

population density, considering those who are most vulnerable to contracting the COVID-

19 virus. The mapping of the spread of COVID-19 based on the model’s significant varia-

bles was grouped into 11 groups, so that each region can identify the factors that can be 

considered to prevent an increase in positive cases of COVID-19. 
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