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	The number of drug abuse cases in Indonesia from 2015-2020 tends to fluctuate. Factors influencing drug abuse cases in each region are thought to vary according to geographical location. This geographic effect is known as spatial heterogeneity. Spatial heterogeneity was analyzed usingGeographically Weighted Regression(GWR). This study aims to model the factors that influence drug abuse in every province in Indonesia, namely Economic Situation (), Association/Environment (), Convenience () and Lack of Supervision () using a Gaussian kernel. The results showed that the GWR with the Gaussian kernel is better at estimating the model because it has a higher value, namely  with 90.94% and the AIC value equals 598.798979. Factors that significantly affect the number of cases of drug abuse in Indonesia are Economic Conditions, Association/Environment, Convenience and Lack of Supervision.
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1. INTRODUCTION
Regression analysis is an analysis that functions to obtain the relationship of a variable. Regression modeling can be implemented in various fields which include social, economic, health and environmental fields. Often spatial data is found in these fields. Spatial data is a data type that contains information in the form of attributes and locations that are interdependent on one another. Spatial data has different characteristics at each observation point but has a very close relationship to observation points that are close together [9].
The classical regression method is used by researchers to see the relationship between drug abuse cases and the variables that influence them. However, this method does not show the level of drug abusers regionally. The statistical technique used to determine the dependent variable model with independent variables based on area or area is Geographically Weighted Regression [4]. Compared to modeling with the classical regression method, Geographically Weighted Regression can provide regional or regional models and can determine the factors of the variables that influence the spatial aspect [15].
Geographically Weighted Regressionis the development of multiple linear regression and a spatial model that contains geographic information in the form of coordinate points, namely longitude and latitude which have geographic weights [8]. According to data from the Police Headquarters, the number of drug-related crimes in Indonesia in 2015-2020 tends to increase. In 2015 there were 62694 cases, in 2016 there were 67250 cases, in 2017 there were 73168 cases, in 2018 there were 97835 cases. Whereas in 2019 there were 113647 cases of drug abuse and the peak in 2020 was 128716 cases [5].
Based on the records owned by BNN in 2020 North Sumatra occupies the first position with more than 1 million drug abusers [8]. Even though Indonesia is being hit by the Covid-19 pandemic, drug trafficking still exists.With the increasing number of drug abuse in Indonesia, we need a way to prevent this problem.
2. RESEARCH METHODS
The procedures contained in this study function to find out what factors can influence drug abuse cases in Indonesia using the Geographically Weighted Regression (GWR) analysis method, which are as follows:
1. Collect data collection from each source
2. Conduct descriptive analysis on the data to find out the initial picture of drug abuse in Indonesia
3. Perform data assumption testing
4. Analyzing data using the basic approach of the Regression model
5. Analyzing data using the Geographically Weighted Regression (GWR) model approach generated through the GWR4 software application
6. Comparing the results of the Regression model with the Geographically Weighted Regression (GWR) model
7. Make a thematic map of the spread of drug abuse in Indonesia based on the estimation results from the Regression model, the Geographically Weighted Regression (GWR) model
8. Conclusion

3. RESULT AND ANALYSIS
Types of independent variables and dependent variables that will be used in this study. The dependent variable is often referred to as the dependent variable, in this study the dependent variable is the number of cases of drug abuse in Indonesia in 2020. The independent variable is often called the independent variable, where this variable will affect other variables, in this study the independent variable is symbolized by the letter X and there are 4 independent variables that are thought to affect the dependent variable[1].
The variables used in this study are:
Table 1. Table of Research Variables
	No.
	Variable
	Variable Definitions

	1
	Drug Abuse (Y)
	The number of cases of drug abuse in Indonesia in 2020

	2
	Economic Situation ()
	This variable defines the number of poor people in Indonesia in 2020

	2
	Association/Environment ()
	This variable defines the number of dropouts that occurred in Indonesia in 2020

	3
	convenience()
	This variable defines the number of location points in drug-prone areas in Indonesia in 2020

	4
	Lack of supervision ()
	This variable defines the number of broken families in Indonesia in 2020



Descriptive Analysis
Descriptive statistical analysis is needed to be able to see an overview of drug abuse cases in Indonesia in 2020. The following are the results of descriptive statistics that can be seen through the size of the concentration and distribution of data obtained through the SPSS program.


	
	N
	Minimum
	Maximum
	mean
	std. Deviation
	variances

	Drug Abuse ()
	33
	73
	20261
	3900.48
	4595,930
	21122575,758

	Economic Situation ()
	33
	36.37
	4419.10
	797.6442
	1117.55974
	12448939.772

	Association / Environment ()
	33
	221
	6030
	1791.79
	1474,522
	2174214.797

	convenience()
	33
	2
	117
	19.00
	23,373
	546,313

	Lack of supervision ()
	33
	0
	65755
	8838.70
	15801.384
	249683735.218

	Valid N (listwise)
	33
	
	
	
	
	


Table 2.Table of Descriptive Statistics

Through Table 2 it can be seen the minimum, maximum, average, standard deviation and coefficient of variance values. The average case of drug abuse in Indonesia in 2020 is quite high, namely 3900 cases. North Sumatra Province is the province with the highest rate of drug abuse, namely 20,261 cases. Meanwhile, East Nusa Tenggara Province is the province with the lowest level of drug abuse, namely 73 cases.
Multicollinearity Test
Multicollinearity testing was carried out to ensure that there is a linear relationship between the independent variables and the dependent variable in the regression model. The relationship between variables can be seen through VIF and tolerance values. The VIF (Varian Inflating Factor) value is approximately 1 and does not exceed 10. The tolerance value is close to 1 with a tolerance[10].
Table 3.tableof Collinearity Statistics
	Variables
	tolerance
	VIF

	Economic Situation ()
	0.110
	9.109

	Association / Environment ()
	0.252
	3,974

	convenience()
	0.753
	1,328

	Lack of supervision ()
	0.195
	5.136



Table 3 above shows that the VIF value range for each variable is still between 1 to 10 and the tolerance value is close to 1, so it can be concluded that there are no multicollinearity problems in the model.
Linear Regression Analysis Model
The linear regression analysis aims to identify the variables that influence data on drug abuse in Indonesia in 2020 without paying attention to their spatial impact. Based on the results of simultaneous testing with a confidence level of 95% it is known that the Economic Condition variable (),Association/Environment (),convenience (), AndLack of supervision () effect simultaneously (together) on cases of drug abuse (). Therefore, based on Table 4, the linear regression model for drug abuse cases in Indonesia in 2020 is:


To obtain a linear regression model from Table 4, the estimated results of the linear regression model for drug abuse in Indonesia in 2020. In addition, the results in Table 4 are compared with a significance level of 5%.
Table 4. Parameter Estimation Results of Linear Regression Model
	Variables
	Estimates
	SE
	

	Intercepts
	-576,720
	937,939
	-0.615

	Economic Situation ()
	-2,892
	2,289
	-1,263

	Association / Environment ()
	1,827
	0.813
	2,249

	convenience()
	99,746
	24,062
	4.145

	Lack of supervision ()
	0.183
	0.122
	1,492



The regression model obtained shows that cases of drug abuse in Indonesia can increase with high association/environment () of 1.827% provided that other variables are constant. Cases of drug abuse in Indonesia can also increase with the high ease of obtaining drugs by 99.746% provided that other variables are constant.
Simultaneous Test
Simultaneous test or F test is used as a determinant of all independent variables which together affect the dependent variable. Below are the results of testing simultaneously with SPSS 26 software.
Table 5.Simultaneous Test
	Model
	Sum of Squares
	df
	R Square
	F

	Regression
	422821100718
	4
	0.626
	11,694

	residual
	253101323,524
	28
	
	

	Total
	675922424242
	32
	
	



By using a confidence level of 95%, the results of the analysis show that there is at least one independent variable that influences the decision. This means that the regression model used is appropriate for describing the variablesdependentwhich has a relationship to the variableindependent.The value of the correlation coefficient () is equal to, which means that the independent variable explaining drug abuse cases is equal to . The rest is explained by other variables outside the model.
Partial Test
After knowing that the independent variables can influence drug abuse cases in Indonesia in 2020 with a simultaneous test, then a partial test is then used to test the effect of each independent variable [2] on drug abuse cases in Indonesia in 2020. The following are the results of the test Partial:
Table 6.Partial Tests
	Variables
	
	Significant

	Intercepts
	-0.615
	0.544

	Economic Situation ()
	-1,263
	0.217

	Association / Environment ()
	2,249
	0.033

	convenience()
	4.145
	0

	Lack of supervision ()
	1,492
	0.147



From the results and in the table above, it can be concluded that there is an influence of independent variables influencing drug abuse cases in Indonesia in 2020.
Geographically Weighted Regression (GWR) Model Analysis
The information used in the GWR model is a spatial model for each geographic region. Knowing geographic information in the form of longitude and latitude points in each province in Indonesia is the first step to get a GWR model with GWR4 software. After knowing the geographic information, the next step is to determine the optimum bandwidth by using the Cross Validation (CV) method. This aims to provide coverage to an area with other areas that are still related to each other. To get optimum bandwidth, you can use GWR4 software. In this study, fixed Gaussian kernel weights were used to determine the weight matrix [6]. To determine the results, you can use the GWR4 software or manually.

Bandwidth Determination
The first thing that must be done is to determine the geographical position by knowing the longitude and latitude coordinate points in each province, namely by determining the Euclidean distance [11]. Furthermore, with Cross Validation (CV) to obtain the optimum bandwidth value, shown in Table 7 below:
Table 7. Optimum Weight
	Function weights
	Optimum Bandwidth
	Minimum CV

	Fixed Gaussian
	5,525
	7484337.451


The Optimum Bandwidth value is 5,525 andCross Validation (CV)the minimum is 7484337.451 The function of the Fixed Gaussian weighting in this study is a function that will describe for all observation locations will have the same bandwidth value. The bandwidth value will be used for statistical calculations in equation 2.21 which is symbolized as h.


become
Geographically Weighted Regression (GWR) Model Weighting
To determine the model weightingGeographically Weighted RegressionGaussian Karnel function weighting is required. With a minimum value of Cross Validation (CV) of 7484337.451, the weighting value of the Gaussian Karnel function produces a bandwidth value of 5.525. After getting the results of the most optimum bandwidth value using the Gaussian Karnel function, the weighting matrix will be determined from the resulting matrix for each location to form a model, so that it will be different at each location [14].



 

 



 

 

 

 

 





 

 

 

 

 
After knowing the value of the Euclidean distance at the first location, then using the Gaussian Karnel function to get the weight matrix at the first location (). With the value of the bandwidth used for5,525, the weight matrix is ​​obtained at location 1 as follows.
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In matrix form as follows


The following is the result of the weighting matrix usingGaussian Karnel function at each observation location.


Parameter estimation of GWR is determined by a weighting matrix for each observation. The results of parameter estimation with the GWR model can be seen using the GWR4 software.
[bookmark: _Hlk112265239]GWR Model Suitability Testing
To test the suitability of the model in this study an F or Goodness of Fit test will be carried out to be able to determine the effect of weighting on parameter estimation [7]. The results of the analysis obtained through the GWR4 software are shown in Table 8 below:
Table 8.Geographically Weighted Regression Model Suitability (GWR) Test
	Source
	SS
	DF
	Ms
	F

	Global Residuals
	253101323,524
	28,000
	
	

	GWR Improvement
	191904180.249
	11,098
	17291566,474
	

	GWR Residuals
	61197143.275
	16,902
	3620733,682
	4.775708



Through Table 8 above, it can be seen that the rejection model in the GWR model suitability test by making a decision to reject if the value is at a confidence level of 95%. With that is equal to 2.701 and that is equal to 4.775708.

GWR Model Significance Variable Mapping
Mapping provinces in Indonesia are grouped based on variables that significantly influence data on drug abuse cases with a confidence level of 95% as shown in Figure 1, there are 8 groups based on variables that significantly influence drug abuse cases. The mapping of drug abuse case data for each province in Indonesia from the local model to the GWR model using ArcMap 10.4.1 software is as follows:
[image: ]
Figure 1. Mapping of Drug Abuse Cases with the Local GWR Model
The model produced with the Geographically Weighted Regression model for each province is different. As an example, the GWR model for North Sumatra Province is, but after doing a comparison with the GWR model, it is significantly relevant.

4. CONCLUSION
With the Geographically Weighted Regression (GWR) model it is proven to be able to show the factors that influence drug abuse cases in Indonesia in a spatial aspect. This is evidenced by the magnitude of the valueon modelsGeographically Weighted Regression(GWR)of 0.909461 or equal to 90.9461%. Compared to the global regression model which has a value of 0.625547 or equal to 62.5547%. With so on the modelGeographically Weighted Regression (GWR)factorEconomic Condition, Association/Environment, Convenience and Lack of Supervision simultaneously (together) influence drug abuse cases in Indonesia by 90.9461%. While the rest is influenced by other factors.A model is also said to be good if it has valueClassic AIClower. The Geographically Weighted Regression (GWR) model is also proven to have a Classic AIC valueof 598.798979 where the value is smaller awhen compared with the global regression which has a Classic AIC value of 628.792109. So that the Geographically Weighted Regression (GWR) model is considered the best model for modeling Drug Abuse Cases in Indonesia.
	As for suggestions that can be used for further research, namely the addition of independent variables to determine the effect on drug abuse inIndonesia.
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