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Abstract

In this paper, we measure the spatial pattern of the impact of zakah with poverty data in Indonesia and form a zakah cluster

. e in Indonesia using the Bayesian geoadditive model approach. [n'this study, we collected data from the Indonesian Central
Statistics Agency and thé National Amil Zakah Agency (BAZNAS) in 2024 respectively to map and model socio-economic
and spatial determinants, namely the relationship between zakah and the poverty in Indonesia. We found strong support
for our approach to mapping and modeling flexibly to include spatial analysis. Spatial analysis shows a different pattern that
shows the effect of zakah variables on the poverty with a significant spatial structure. The resulting mapping can be used
to target efforts to receive zakah to reduce the number of poverty people or to explore the relationship between zakah and
the poverty. This mapping is a new tool to help policymakers achieve their goal of reducing poverty in Indonesia.

1. Introduction

Spatial data includes information about location and spatial distribution in a geographical area. When
the response variable contains spatial information, spatial Bayesian models often capture spatial dependence or
correlation between neighbouring locations (Krapu et al., 2023). In spatial Bayesian modeling, the prior
distribution is combined with the likelihood function to produce a posterior distribution that reflects prior
knowledge and observed data (Geyer et al., 2021; Omre & Rimstad, 2021). Spatial Bayesian models generally use
Gaussian or Markov random distributions to account for spatial autocorrelation (Wang, 2022). Spatial Bayesian
modeling is preferred over classical linear regression because spatial data tend to violate assumptions such as
independence in the data (Kang et al., 2024; Louzada et al., 2021; Zhao & Xu, 2023). Classical linear regression
assumes that residuals are uncorrelated and homoskedastic, which often does not hold in a spatial context where
neighbouring observations in one region tend to have similar characteristics in another region (Chen, 2016;
Dumelle et al., 2023). Spatial Bayesian models have the advantage of flexibility because they allow for spatial
heterogeneity (Ling & Le Gallo, 2023).

. o Tobler explains the first law of geography, namely that the characteristics of a point or area are related to
the characteristics of a point or area that is closer together (Goodchild, 2009; Lu & Dong, 2022). This concept is
the basis for regional scientific research, sometimes there are dependencies between points or regions (Karim et

:8 al., 2019; Karim, Suhartono, et al., 2020). So to overcome this, a regression model was developed using the

Bayes1an geoadditive model approach Reglonal effects (spatial) can occur from one region to another, in spatial

dataloften observations|in one _adJacent locations|(neighboring). Spatial

modeling is becoming increasingly popular in the regional applied sciences, with its popularity there have been
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challenges and evolutions in thinking about how best to incorporate spatial heterogeneity in models (Amalia &
Sari, 2019; Lacombe & McIntyre, 2016; Maulidina & Oktora, 2020).

Adding a Bayesian approach to spatial modeling is one of the appropriate solutions for analyzing spatial
data. By incorporating prior distributions and accounting for spatial structure, spatial Bayesian models allow for
more flexible data analysis results, especially on data with complex spatial dependencies and eftects varying
across locations (Congdon, 2021; Lee et al., 2022; Roman & Brandt, 2023). This model extends the traditional
Bayesian model by incorporating an additive approach that includes nonlinear eftects of covariates and spatial
effects, both structured and unstructured (Razen & Lang, 2020). This approach allows flexibility in handling
complex data, including nonlinear relationships between covariates and response variables and spatial
interactions. Bayesian geoadditive models allow flexibility in the distribution of the response variable. The
geoadditive component of the model includes spatial effects with a basis function or Gaussian process approach,
which allows the model to capture spatial patterns that are not explicitly observed. In addition, these models
often also consider random effects to accommodate variability between groups or hierarchical levels in the data
(Moraga et al., 2021).

Measured in terms of the quality of the economy as a whole, based on the 2024 IMD World
Competitiveness Ranking (WCR), Indonesia is ranked 27th out of 67 countries and is still below Singapore and
Thailand, which are respectively ranked 1 and 25, but Indonesia is still better than Malaysia and Philippines
(IMD, 2025). A high level of economic growth is found in most of Java [sland, while medium economic growth
is found In several provinces in Sumatra and Sulawesi. I'or other regions, such as parts of Sulawesi and Sumatra,
all ot Kalimantan, Irast Nusa Tenggara, West Nusa Tenggara, Bali, Maluku, and Papua, tend to have low
economic growth rates. It shows that economic growth in Indonesia has not been evenly distributed and its
distribution is still dominated by the island of Java, while other regions support national economic growth after
the island of Java.

However, Indonesia's economic growth did not fully provide a positive impact in terms of reducing the
wealth disparity. It can be seen in the poverty data of the Central Statistics Agency (Badan Pusat Statistik) in
March 2023 that Indonesia's Gini Ratio reached 0.388. This means that currently, 1% of the richest people
control 88.8% of national assets. This fact indicates that the distribution of wealth from economic growth that
occurs is not evenly distributed and is only controlled by a certain group of groups and regions (BPS, 2024).

As the country with the largest population in ASEAN, based on the results of the 2020 population census,
there were 270.20 million people. Currently, Indonesia is entering the era of demographic bonus (Heri Mis Cicih
Lembaga Demografi et al.,, 2021), namely, the productive age population is more than the unproductive age
(unproductive age plus unproductive age). This demographic bonus is expected to have an impact
on zakah receipts in Indonesia (Bilqis & Zaki, 2020; Setiyowati, 2017). Reducing poverty disparities should be
able to encourage the growth of zakahin Indonesia (Harahap, 2021), in line with the increase in population
demographics which is expected to encourage an increase in zakah receipts. An important issue in this context
1s how significant the influence of zakah is in reducing poverty in Indonesia. A good distribution of zakah is the
goal of meeting the demand in the community to reduce the disparity of people's prosperity.

As previously mentioned, there are different approaches that can be taken to diminish poverty. On a
broader scale, enhancing economic growth and development, along with ensuring fair income distribution, are
crucial factors in alleviating poverty in Indonesia. On a small scale, the resources accessible to households grant
them income and impact the extent of poverty experienced. (A. Karim, Utami, et al., 2020; Abdul Karim et al.,
2017). Moreover, within the framework of fair economic growth distribution and dwindling data concerning
poverty rates in Indonesia, there is a necessity for alternative approaches. In this scenario, zakah emerges as a
viable solution to address these challenges. (Qomari, 2017). Zakah, as the third pillar of Islam, entails specific
duties for Muslims to fulfill provided certain conditions are met. (Andriono & Hidayatulloh, 2020; Harahap, 2021;
Kalimah, 2020). Zakah's primary objective could serve as a means to alleviate a range of socio-economic issues
like poverty. (Karim, Mudhofi, et al., 2020; Syari’ah et al., 2017).
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Zakah has a more significant role in poverty alleviation strategies at the micro-level (Agbar & Iskandar,
2019). Approaches to addressing poverty will depend on the types of resources and rights that households
have. Zakah is an income conversion right because it is the right of the poverty to the wealth and income of the
rich (Ichdayati & Puspitasari, 2021; Jamaluddin et al., 2021). To understand how to use this conversion right to
solve the problem of poverty that persistently affects a large part of the population.

At the policy level, it shows that the macroeconomic environment must be improved and zakak institutions
must be strengthened so that they have an impact on poverty. This requires the integration of zakah institutions
in the national development strategy. Therefore, the role of zakah in poverty alleviation must be studied from
the regional perspective of each province. However, to date, very few countries including Indonesia have
integrated zakah into their development programs. Meanwhile, the government calls for using all alternatives
to reduce poverty (Hadiyati, 2019; Herlita, 2017; Sofianto, 2019).

The utilization of zakah as an alternative tool to reduce poverty rates should be maximized. (N. W.
Pratama & Purba, 2021; Y. C. Pratama, 2015). Hence, exploring the capacity of zakah in Indonesia is crucial..
(Abdul Karim, Mudhofi, et al., 2020) conducted research on zakah and poverty in Indonesia, employing the local
indicator spatial association (LISA) method. The findings of the LISA analysis reveal a noteworthy and
affirmative impact of zakah potential on poverty in Indonesia, demonstrating interdependence among adjacent
areas in terms of both zakah potential and poverty levels.

Difterences in conditions owned by each district/city such as differences in the number of poverty people
and economic growth can cause variations in the growth of zakah receipts in each region. Differences in regional
characteristics that have implications for zakah receipts vary. The increase in regional connectivity and or
proximity as well as the same characteristics between regions is strongly suspected of having a spillover effect.
Therefore, to see the effect of zakah based on regional data with the Bayesian geoadditive stochastics model
approach 1s a smart solution in solving the problem of the phenomenon above!

This study highlights the significant benefit of employing flexible modeling techniques to capture region-
specific effects, which surpass the limitations of traditional parametric and frequentist methods. For instance,
while frequentist modeling leads to redundant parameters for single variables, Bayesian geoadditive models ofter
the unique advantage of incorporating spatial, nonlinear, and temporal variations of covariates alongside linear
effects through appropriate adjustment of smoothness. Moreover, the novelty of this analytical approach holds
promise for informing policy formulation, allowing governments to focus on strategies concerning zakah policy.
Increasing awareness about zakah initiation may be imperative, extending from provinces to districts and cities.

2. Data and Methods
2.1. Data

A primary repository of extensive national data concerning zakah and the economy lies within the National
Amil Zakah Agency (Baznas) and the Central Statistics Agency of the Republic of Indonesia (BPS). Baznas
functions as a non-structural governmental entity with a key role in overseeing zakah, infaq, and sadaqah
management, among other responsibilities.

The data used in this study is secondary data from the National Amil Zakah Agency (Baznas) and the
Central Statistics Agency (BPS) in 2024. [The unit of observation in this study is all provinces in Indonesia. This
research is the development of a study on the potential of zakah conducted by (Abdul Karim, Mudhofi, et al.,
2020) which uses the spatial association methodology with the global moran's and local moran's methods, the
difference is that analysis development is carried out in the form of modeling and clustering using the Bayesian
Geoadditive Model.

2.2. Bayesian Geoadditive Model
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This section discusses a Bayesian geoadditive approach that aims to estimate fixed effect parameters,
unknown smooth functions of metric covariates, and spatial effects of geographic location (Balekelayi, N., &
Tesfamariam, S, 2019). This approach is based on fully Bayesian inference using the Markov Chain Monte Carlo
(MCMC) technique. The Bayesian method is used to overcome limitations in modeling, such as complex models
and unrealistic assumptions. In Bayesian modeling, the parameter 0 is treated as a random variable with a certain
distribution. The basis of Bayesian modeling is the posterior model, which combines prior information with
observed data through the likelihood function. The estimator in the Bayesian approach is the mean or mode of
the posterior distribution. Before making an observation, the parameter 0 is assumed to have a prior distribution.
After observing data, the likelithood function incorporates the observed information to form the posterior
distribution.

f(x]0)f(o
folx) = O o fxj0)E(o)

f(x’
with f(0 | x) defined as posterior distribution, f(x | 0 ) a likelihood function, f(8) as prior distribution, x as data
and B as parameter. (Soejoeti and Soebanar in Hidayah, 2016) (Safitri, 2010).

Furthermore, in multiple linear regression models cannot accommodate the non-linear influence of
independent variables and require strict assumptions about the distribution of data. One method that can be used
to overcome these problems is the additive model (Sukarsa, 2001). Suppose we have a set of data

n : : . :
{yi, Xi1) Xi2) o) Xip}i_l where n is the number of observations. Then the additive model can be written as follows:

P
j=1

where fj(.) is a single function that belongs to each predictor, p is the number of independent variables, E(g) has
the value 0 and Var(g) is 2.

Additive models (AM) is one of the development methods of linear regression which replaces linear
functions into additive functions, AM is used in order to define the relationship between the dependent variable
and several independent variables that have non-linear characteristics. (Jamilatuzzahro et al., 2018). The
Generalized Additive Model is a development of linear models and the Generalized Linear Model (GLM) which
assumes that the independent variables follow the characteristics of an exponential distribution (Shafia et al.,
2017). Nonlinear impacts stemming from continuous covariates can manifest within regression models, even
when dealing with binary or other non-normally distributed response variables. Echoing the additive models
discussed earlier, prioritizing the incorporation of adaptable nonparametric effects for continuous covariates is
typically preferred over imposing rigid parametric structures. Techniques for flexible and data-informed
estimation of nonlinear effects assume heightened significance in scenarios involving non-normally distributed
responses, given that visual aids like scatter plots may not always be viable for grasping the relationship between
the response variable and covariates.

Generalized Additive Models are an extension of linear regression by substituting the linear function
Z]P:l B;Xj into an additive function Z]P:l f; (Xj). This makes the GAM model more flexible than GLM or Additive
Models (AM). GAM can be formulated as follows:

p
g(u) = §p t+ Z 1Sj (X]) + €
]=
Through the response variable is assumed to be exponentially distributed, and s is a smooth function.
GAM and GLM models can be applied in similar situations, but they provide different analytics. GLM focuses
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more on estimation and inference for model parameters, while GAM focuses on nonparametric data exploration
(Statsoft in Safriana et all, (2017)).

3. Result and Discussion
3.1 Result

Based on Figure [1, the distribution of the poverty in Indonesia is divided into two groups. The yellow areas
show areas with a low percentage of the poverty population ranging from 53 to 1357 (thousand people), and the
red provinces show areas with high poverty rates ranging from 1358-4586 (thousand souls). The provinces with
a significant population of impoverished individuals are located across East Java, West Java, and Central Java,
respectively. Meanwhile, provinces that have a low number of poor people are spread out respectively in East
Kalimantan province, Bangka Belitung Islands province, and North Maluku province.

w .,%z» .

&

Poverty
[ sa3-13s7

B 1258 - ases

0 76150 300 450 800
Miles

Figure 1 Distribution of the number of poor people for each province in Indonesia (thousands of people)

A confidence interval refers to a span between two points within which the sample mean is precisely

positioned at the midpoint. Hypothesis testing on the parameters is carried out using the 95% Probability

Confidence Interval approach for each parameter. The 95% Probability Confidence Interval is calculated with
the lower limit being the 50% quintile and the upper limit being the 97.5% quintile. The parameter is declared
significant if the 95% Probability Confidence Interval parameter does not contain a zero value.

Table 1 Parameter Estimation Results

Variable Mean Standard Deviation 95%PCI Significant
Constant 2804.49 2661.89 3335 -
Zakah 210421 281424 (12665.3,30185.0) Yes

Table 1 shows the results of fixed effect parameters (non-spatial) in Indonesia. From the table above, it

can be seen that the zakah variable has a value of 0 at the 95% Probability Confidence Interval. This shows that
the zakah variable has a positive influence on the variable of the poor population in Indonesia with an average of
210421. It can be interpreted that the higher the value of zakah in an area will have a positive effect on reducing
poverty levels in Indonesia with an average of 210421.

This indicates that globally zakah provides benefits for the poor in Indonesia. This study is following the

research that states the importance of increasing zakah receipts and encouraging people's productivity to
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increase. Currently, it can be seen that individual and corporate productivity will be able to
increase zakah receipts. The higher the potential level of zakah, both individuals and corporations, it is strongly
suspected that zakah receipts will increase so that it will be able to reduce the level of poverty in Indonesia.
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Zakah
Figure 2. The impact of zaka/ on|the poverty in Indonesia

Figure 2|shows the non-linear eftect of|the predictor variable, namely the zakah variable on the poverty in
Indonesia. Figure 8 shows the effect of zakah in Indonesia, such as research conducted by (Kandala, 2006), the
effect is in the form of an inverted U graph, the decreasing part shows that zakah tends to have a smaller impact
on the poverty in Indonesia. These results indicate that the existing zakah in each province does not spread to
the people of the surrounding provinces or it can be said that the growth of existing zakah is not necessarily able
to reduce the poverty population in the surrounding provinces.

3.2 Analysis of Spatial Effects on the Poverty

Territories are in most cases not a set of unconnected administrative units. Numerous connections exist
among localities, leading to interactions that generate a spillover impact. (Czyzewski et al., 2020; Kim et al,,
2021). Among these effects, we can calculate the association for each region.

Thus, when provinces have interacted with each other, the expansion of public goods and services offered
by a specific province stimulates economic growth not only within its own political and administrative borders
but also throughout the surrounding geographic region it's connected to. This interconnectedness fosters a
ripple eftect, spreading economic benefits beyond the province's immediate boundaries. (Asmawi et al., 2017;
Chai et al., 2021).

In Bayesian inference, Probability Confidence Interval (PCI) is the posterior probability interval used for
interval estimation, while in the classical approach the Probability Confidence Interval is obtained from sample
data. To find out the specific spatial eftects in Indonesia, Figures 3 to 6 show the importance of the observed
spatial effects in the form of a posterior probability map! As research conducted by (Kandala, 2006) the level of
significance corresponds to the Probability Confidence Interval. The value of Probability Confidence Interval 0
to 317.67 (colored red) shows a significant positive effect, the|value of Probability Confidence Interval 0 (colored
white) shows an insignificant effect, and the yvalue of Probability Confidence Interval -317.67 to 0 (colored blue)
shows a significant negative effect.

Spatial data is data related to location, based on geography consisting of latitude-longitude and area.
Spatial data analysis cannot be done globally. This means that each location has its characteristics. Most of the
analytical approaches are exploratory data presented in the form of thematic maps. Thematic maps are also
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known as statistical maps or special purpose maps, which produce an overview of the use of space in a particular

place according to the desired theme.

317.67

-317.67

Figure 8 Spatial effects on zakah in Indonesia

To compare the spatial effects, it is presented in Figures 4 to 6 which presents a map showing the eftects

of the provinces in Indonesia. Figure 4 is Island one (1) the region includes Aceh, North Sumatra, West Sumatra,
Riau, Jambi, South Sumatra, Benglkulu, Lampung, the Bangka Belitung Islands, and the Riau Islands. Figure 5
is Island two (2) consisting of DKI Jakarta, Banten, West Java, Central Java, D1 Yogyalarta, East Java, West
Kalimantan Province, Central Kalimantan, South Kalimantan, Fast Kalimantan, North Kalimantan, Bali
Province, West Nusa Ténggara, and East Nusa Tenggara, Figure 6 shows island three (3) consisting of North
Sulawesi, Central Sulawesi, South Sulawesi, Southeast Sulawesi, West Sulawesi, Maluku, North

Gorontalo,
e
Several important findings emerged, among which many of these structured spatial effects were Significant

as|shown by the probability maps (figures 4 to 6). The mapping results show a map of the posterior probability
of zakah at 95% credible intervals. Provinces in blue show @ significant negative

in'red show a significant positive spatial effect. Other provinces (in gray) have no significant effect.

325.67

-325.67

Figure 4. Spatial effect island 1
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The spatial effects of zakah on regions indicate that many variations in the pattern of these relationships
still need to be explained in more detail. The model assigns these spatial effects to structured effects depicted in
Figures 4 through 6. This is because the pattern for each province tends to cluster or spatial dependencies.

Figure 4 shows the provinces on Island one (1) which are divided into several classifications, for example,
Aceh, North Sumatra, Lampung, and South Sumatra, and Bengkulu which are in the positive significant category,
indicating the eftect of zakah on the poverty population of these provinces is influenced by adjacent areas that
have relatively high zakah receipts. This condition causes the poverty in the area to be affected by zakah from
adjacent areas. Furthermore, Riau, Jambi, and West Sumatra are in the significant negative category, indicating
that the effect of zakah on the poverty in these areas is not influenced by adjacent provinces which have relatively
higher zakah receipts.

469.29

-469.29

Figure 5 Spatial effect island 2

Figure 5 shows the provinces in island two (2) which are divided into several classifications. East Nusa
Tenggara which is in the positive significant category indicates that the effect of zakah on the poverty population
of the province is influenced by adjacent areas which have relatively high zakah receipts. This condition causes

. @ the area to be affected by zakah from adjacent areas. Furthermore, North Kalimantan, East Ralimantan, Central

Kalimantan, and South Kalimantan are in the significant negative category, indicating that the effect of zakah on
the poverty in these areas is not influenced by adjacent provinces which have relatively higher zakah receipts.
The provinces on the islands of Java, Bali, and West Kalimantan are areas that do not influence or are influenced
by other regions in terms of the relationship between zakah and the poverty.

436.63

-436.63
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Figure 6 Spatial effect island 3

Figure 6 shows the provinces on Island three (3) which are divided into several classifications. Papua,
which is in the significant positive category, indicates that the relationship between zakah and the poverty of the
province is influenced by the fact that adjacent areas have relatively high zakah receipts. This condition causes
the area to be affected by zakah from adjacent areas. Furthermore, there are no provinces that are in the
significant negative category. Meanwhile, the provinces on the islands of Sulawesi, Maluku, and West Papua are
areas that do not influence or are influenced by other regions in terms of the relationship between zakah and the
poverty.

Based on Figures 4 to 6, the classification of regional (spatial) influences on the poverty in Indonesia using
the Bayesian Geoadditive Regression Models method produces three categories which can be seen in Table 2.
Based on the table 2, we can know which areas have spatial dependencies. Regions or provinces that are in the
significant positive category indicate that these areas influence each other positively. It means that if the poverty
rate in an area is high, the surrounding area will have a high poverty rate as well. However, provinces that are
in the significant negative category indicate that these areas influence each other negatively. It means that if the
poverty rate in an area is high, the surrounding area will have a low poverty rate. As for the insignificant
category, the area does not have spatial dependencies.

Table 2 Classification of spatial effect on the poverty

Categories Islands Provinces
Significant Positive Aceh, North Sumatra, Lampung, and South Sumatra and Bengkulu
Not significant Island 1 Bangka Belitung
Significant Negative Riau, Jambi, and West Sumatera
Significant Positive East Nusa Tenggara
Not SiEmRcant West Kalimantan, Banten, DKI Jakarta, West Java, Central Java,
& Island 2 East Java, Bali and West Nusa Tenggara
— . North Kalimantan, East Kalimantan, Central Kalimantan and South
Significant Negative :
Kalimantan
Significant Positive Papua
North Sulawesi, Gorontalo, Central Sulawesi, West Sulawesi,
Not significant Island 8 South Sulawesi, Southeast Sulawesi, Maluku, North Maluku and
West Papua
Significant Negative -

Source: Analysis, 2025
3.8 Discussion

Poverty in the simplest terms can be defined as the lack of basic needs such as food, clothing, and shelter
(Bogaevskaya, 2019; “Rural Poverty and the Nonfarm Sector in Rural Asia,” 2024; Satpathy et al., 2023). In other
words, the lack of means and money to meet these needs. More than that, the current condition is very worrying
where poverty is rampant in Muslim countries. Poverty among Muslims should be able to be suppressed because
Islam strongly recommends helping others and encouraging mutual assistance in terms of goodness, especially
reducing poverty (Hunjra et al., 2024; Sulaiman et al., 2025; Thalgi, 2024). Many countries in the Muslim world
are rich in resources but poverty is beyond normal limits. Somalia and Yemen are examples of how poverty
destroys the social fabric. In the past, these two countries were the main exporters of food and livestock in the
Region. In addition, Iraq and Libya are two rich countries that have natural resources and many people still
suffer from poverty (Abdi Ali et al., 2025; Alnashwan et al., 2021; Samatar, 2025).
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The third pillar of Islam is Zakah, which is mandatory for eligible Muslims (muzakki) to purify their wealth
by allocating a portion to those entitled to receive it (mustahik). On a broader scale, Zakah serves not only to
cleanse the wealth of the giver but also to address the basic economic needs of the recipients, potentially
contributing to poverty alleviation. The Republic of Indonesia, as a unitary state, exhibits diverse characteristics
across its provinces. (Shaifudin, 2020). Modernization leads to a contemporary societal setting where individuals
exhibit high levels of openness. Muslim communities residing in diverse locales must adopt an inclusive
approach, treating one another as siblings in faith, while acknowledging differences in economic status,
population demographics, and geographical location. This underscores the necessity for ongoing cooperation
among fellow Muslims to alleviate poverty.

Zakah holds significance in reducing poverty, but its effectiveness depends on the efficiency of zakah
institutions in collecting and distributing funds. These institutions require a robust governance framework and
effective management practices, including transparent decision-making, implementation, skilled personnel,
adaptability for innovation, and cost-eftective operations. To achieve optimal results, the tasks of fundraising and
distributing funds should be distinctly separated. This research confirms that poverty is not only seen globally,

L e and solving its problems requires a multidimensional approach. One part of this research |is to examine the role
of|zakah on the poverty. [The|results of|the macro analysis in Indonesia show that poverty cannot be eliminated
without using zakah effectively because it is one of the important roles in reducing poverty.

This research also indicates that certain circumstances are conducive to zakah effectively reducing poverty.
Firstly, zakah needs to be supported by robust macroeconomic strategies that foster growth and equitable income
distribution to combat poverty. Secondly, the impact on poverty alleviation is most significant when a higher
proportion of zakah proceeds is directed towards productive endeavors, necessitating increased collection and
efficient allocation. Integrating zakah into broader development agendas requires collaborative efforts and policy
enhancements to fortify the amil zakah institution. Presently, governmental zakah collections in many regions
are minimal compared to overall receipts, with the bulk directed towards individuals or non-governmental
bodies. Such decentralized distribution may not eftectively alleviate poverty. Centralizing zakah collection and
distribution through public institutions in an organized manner could amplify its impact. Enhancing the
efficiency of public zakah institutions in collecting and disbursing funds would instill trust among the populace,
encouraging greater compliance with zakah contributions to government bodies. Crucially, the government
must demonstrate competence in utilizing these funds eftectively and efficiently to benefit target demographics,
fostering trust and bolstering compliance.

The findings from the analysis highlight the circumstances wherein zakah can effectively contribute to
reducing poverty. Specifically, the findings reveal two main policy considerations concerning the utilization of
zakah for poverty alleviation. The first pertains to incorporating zakah into the comprehensive development plan
of each region, while the second aspect concerns establishing institutions to enhance the utilization of zakah in
poverty alleviation efforts.

Since the majority of macroeconomic policies fall under governmental jurisdiction, the influence of zakah
in fostering growth through such policies will be restricted. Nevertheless, amil zakah institutions can
significantly impact redistribution initiatives. Their primary objective is to equitably distribute income to aid the
impoverished within a society. Zakah's potential contributions to macroeconomic endeavors lie in enhancing
human capital and implementing targeted initiatives for the disadvantaged. These initiatives may encompass
educational provisions, healthcare services, and social welfare programs aimed at enhancing the well-being of
the less fortunate.

Based on the findings above, the policy implications that can be made are as follows: first, poverty in

Indonesia has a significant spatial dependence, which indicates that the provincial government should be

L e strengthened from a broader perspective by involving targeted local amil zakah agencies. [The implementation
of regional economic policies must be based on cooperation with the surrounding area. In particular, the territory

of Indonesia which consists of islands must be considered as the main area, and it is necessary to accelerate
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income distribution as a driver of regional economic growth. In addition, the distribution of zakah should not
always mean that all zakah is distributed entirely or allocated at 1 USD/day for the reduction of poverty families,
the distribution of zakah is intended to empower the poverty. Empowerment is an effort to help those who are
vulnerable and powerless so that they can achieve prosperity in their social life.

It's advised that crafting a focused zakah collection plan should take into account local conditions indicated
by the clustering analysis. Clustering serves not only to assess zakah potential but also to tailor the collection
strategy for each area. Building on the clustering findings, promoting the National Amil Zakah Agency's
initiatives in each province via online platforms, governmental bodies, and private institutions can effectively
reach communities. This initiative aims to inform the public about zakah payment methods facilitated by digital
platforms like e-commerce and banks, simplifying the process. Leveraging online media helps mitigate challenges
posed by diverse economic structures, demographics, and geography, making program dissemination more
effective. Hence, enhancing collaboration between provincial Baznas and digital platforms is crucial in raising
public awareness about fulfilling zakah obligations.

Baznas aims for its outreach efforts in every province to consistently focus on fostering societal
transformation. These endeavors should target social and humanitarian issues to align with societal needs,
particularly in enhancing conditions amidst prevalent poverty. The core of zakah's framework revolves around
initiatives geared towards advancing societal transformation, such as shifting from inequality to equality,
poverty to prosperity, and backwardness to progress. Hence, to disseminate zakah funds effectively across
diverse provinces, it's advisable to tailor socialization efforts towards promoting values like communal
cooperation, mutual aid, and other constructive human principles. These activities aim to cultivate attitudes and
consciousness, fostering wise responses to alleviate poverty within each province.

4. Conclusion

The Bayesian geoadditive model has been discussed in this study, with this approach, it is possible to
distinguish the influence of the geographic location of the region on the relationship of zakah to poverty. This
study describes each province of the region where variations exist. This study uses a powerful method to estimate
regression models with structured additive predictors based on the latest MCMC simulation technique. The
Bayesian hierarchical model models second-order units as correlated random components that substitute for
unobserved contextual factors. This research adopts a versatile method by employing spline functions to handle
metric continuous covariates and incorporating geographic random elements to capture nuanced connections
between covariates and responses.

We concentrate on Bayesian regularization utilizing conditional Gaussian priors within a structured
additive regression model. This framework offers a cohesive approach to statistical modeling and computation.
We intentionally exclude methods relying on the Dirichlet process (DP) or similar priors, which represent
another prevalent avenue in nonparametric regression. This decision stems from their limited suitability for
high-dimensional regression models. Instead, they excel in relaxing stringent assumptions on residual
distributions, random eftects, or limitations by accommodating greater heterogeneity. Nonetheless, DP-based
approaches can complement modeling strategies employing Gaussian smooth priors or adaptive basis function
selection.

This study describes the impact of zakah on poverty data in Indonesia. To achieve these outcomes, we
conceptualize poverty as a phenomenon incorporating spatial influence, as poverty in Indonesia exhibits non-
random distribution. Provinces on the island of Java tend to concentrate larger gaps in the number of poverty
people than |provinces outside Java. Then, we use the Bayesian geoadditive regression model approach which
takes into account the spillover effect to measure the impact of zakah on poverty, while the cluster analysis
approach is used to form a potential zakah cluster. The estimation results show, consistently across all
specifications, that the impact of zakah has a significant effect on poverty data accompanied by a substantial
spillover effect in Indonesia.
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L o We assess the causal effect of zakah income on the multidimensional poverty gap! This study goes beyond
simply establishing that provinces that have more zakah receipts are those that have higher zakah receipts and
lower poverty rates, but our results show that provinces that are in the positive significant category indicate that
these areas influence each other positively, meaning that if the poverty rate in an area is high, the surrounding
area will have a high poverty rate as well. However, provinces that are in the significant negative category
indicate that these areas influence each other negatively, meaning that if the poverty rate in an area is high, the
surrounding area will have a low poverty rate. As for the insignificant category, the area does not have spatial
dependencies.

The study's results also propose various subjects that should be included in the agenda for adjusting and
improving the decentralization model. One such subject involves enhancing the zakah collection system to
enhance local zakah data, particularly at the grassroots level such as districts or cities, through increased
awareness campaigns about zakah contributions. This strategy is anticipated to be most impactful in provinces
with significant geographical connectivity to neighboring regions. Provinces with higher zakah potential and
greater capacity to boost local revenues are likely to experience greater success in poverty alleviation efforts.
Therefore, public policies that strengthen the autonomy of regional amil zakah bodies to develop their programs
with responsibilities that are appropriate to the region are encouraged to be included in the agenda.

We discover robust backing for our method of adaptively mapping and modeling various covariates with

nonlinear impacts, incorporating spatial analyses as well. Spatial analysis shows a different pattern that shows

L o the effect of zakah variables on the poverty with a significant spatial structure. To evaluate the potential impact

of zakah on poverty from alternative policies to strengthen the capacity of local governments through increasing

their zakah collection, this study analyzes scenarios of zakah collection strategies. The results of this scenario

L o show that policies targeted at provinces are strongly correlated with their neighbors and with high deprivation
rates are more effective in poverty alleviation than national strategies that are uniformly applied o provinces.

Therefore, it is recommended that zakah collection be collected through regional amil zakah institutions,
not directly to mustahik. Direct distribution will ignore the aspects of coaching and empowering mustahik
especially to accommodate the needs of poor families. The amil zakah institution is an official and professional
institution that plays a role in representing mustahik in carrying out this role. The results of the study illustrate
the importance of collaboration between the amil zakah agency and local governments to
optimize zakah collection which can be used for empowering the poverty, which will later assist the government
in tackling poverty in Indonesia. The benefits of zakah are very large, including optimizing the use of
government spending in poverty reduction programs.

The existence of institutions related to the collection and distribution of zakah, namely the government,
national and regional amil zakah agencies, and private zakah amil institutions, therefore further studies are
needed to design information systems between these institutions, as well as information systems for the
collection and distribution of zakah so that they can work. effectively. Collection and operation of
potential zakah, without overlapping from several amil zakah agencies/institutions.

The resulting mapping can be used to target efforts to receive zakah to reduce the number of poverty
people or to explore the relationship between zakah and the poverty. For example, the Bayesian geoadditive
L 0 regression model can be overlaid with a map of other types of data, say the mapping of zakah potential. The
map's visual characteristics can illuminate unanticipated connections often missed in conventional regression
analysis. This mapping tool presents a fresh approach to aid policymakers in their endeavor to alleviate poverty
in Indonesia.

Finally, we find that the regional effect is highly correlated with the poverty data. These findings indicate
that the primary distinction regarding poverty in Indonesia lies not in the divide between urban and rural
regions, but rather in the disparities among provinces within Java characterized by higher population densities
or proximity to urban centers, compared to those with lower densities and situated farther from cities. These
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results underscore the importance of crafting poverty alleviation plans tailored to specific regions. Policies that
address spatial disparities and embrace decentralized approaches accommodating regional diversity are

L) o recommended to foster greater social equality. The role of spillover effects has proven to be very important in
the design of such policies.
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