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Abstract:   

This research aims to analyze the effective and efficient management of zakat and its impact 

on community welfare. Zakat, as one of the pillars of Islam, serves not only as a religious 

obligation but also as a social instrument to reduce poverty and enhance the quality of life. 

The research findings indicate that zakat distribution follows a normal distribution with a 

p-value of 0.155 for the Shapiro-Wilk test and 0.200 for the Kolmogorov-Smirnov test. 

Furthermore, the homogeneity test shows a p-value of 0.267, indicating homogeneous 

variances among groups. The linearity test demonstrates a Pearson correlation coefficient 

of 0.872 with a p-value of 0.001, confirming a significant positive relationship between 

zakat contributions and the economic welfare of recipients. Simulation results show zakat 

distribution growth from 500,000 units in the first month to 1,200,000 units after 12 months, 

with a high R-squared value (0.975) in model validation. This study recommends exploring 

additional factors influencing zakat distribution and innovations in the collection and 

distribution of zakat, leveraging technology to enhance efficiency and fairness in the zakat 

system. Thus, it is expected that zakat can contribute more significantly to economic 

empowerment and sustainable community welfare 

Keywords: Distribution, Nonlinear, Differential Equations, Economic Systems, Poverty 

Alleviation, Modern Applications 

1. Introduction 

Zakat is one of the key financial instruments in Islamic economics, plays a vital role in wealth 

redistribution and poverty alleviation. As one of the Five Pillars of Islam, zakat serves as a social 

welfare mechanism aimed at uplifting disadvantaged groups such as the poor, indebted, and 

marginalized. Beyond its religious significance, zakat is seen as a potential tool to mobilize economic 

resources to promote inclusive economic growth (Shirazi, 2016). However, the effective distribution 

of zakat is often hindered by inefficiencies in management and allocation, leading to suboptimal 

outcomes in terms of poverty reduction and economic impact (Sadeq, 2017). 

In the modern era, the distribution of zakat faces new challenges due to the increasing number of 

beneficiaries and the complexities of the global economic system. Traditional, linear approaches to 

zakat allocation may not be sufficient to address these challenges. Therefore, there is a growing need 

to apply more advanced modeling techniques to design a more efficient zakat distribution system. 

Nonlinear differential equations provide a valuable mathematical tool to model the complex dynamics 

of zakat distribution, allowing for a deeper understanding of the relationships between the amount of 

zakat disbursed and its socio-economic effects. This approach can aid in developing more adaptive 

and effective distribution strategies (Farooq, 2018). 

Surah Al-Baqarah, verse 177, offers a foundational framework for understanding zakat distribution, 

emphasizing not only religious obligation but also principles of social justice and economic inclusivity. 

The verse underscores the importance of equitable wealth distribution, outlining various categories of 

zakat recipients with diverse needs (Iqbal & Mirakhor, 2017). These principles highlight the relevance 
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of modern zakat distribution models that consider the complexities of contemporary societal and 

economic needs, moving beyond simple linear assumptions. 

While much research has focused on the management and regulation of zakat, few studies have 

integrated advanced mathematical approaches to analyze zakat distribution. For example, Hassan 

(2019) highlights the importance of using technology and quantitative methods to improve zakat 

management efficiency. However, there remains a gap in exploring how mathematical models—

specifically nonlinear differential equations—can offer deeper insights into designing more optimal 

and sustainable zakat distribution strategies. 

This research seeks to bridge that gap by developing a nonlinear differential equation-based model to 

simulate zakat distribution dynamics. The model will explore how zakat can be allocated more 

effectively, considering the social justice principles outlined in Islamic teachings. Additionally, this 

study aims to provide practical insights for zakat institutions in Indonesia to design more adaptive 

strategies in response to the dynamic socio-economic environment (Nadzri, 2020). 

In the context of globalization, the need for more efficient zakat distribution has become increasingly 

pressing. In Indonesia, which has the largest Muslim population in the world, zakat is viewed as a 

critical tool for addressing poverty and economic inequality. According to the National Zakat Agency 

(BAZNAS, 2021), the potential for zakat in Indonesia reaches trillions of rupiah annually. However, 

the effective realization of zakat distribution often falls short of its potential due to limitations in 

conventional distribution methods (Huda, 2020). 

By employing nonlinear differential equations, this study aims to identify more efficient distribution 

patterns and offer a scientific basis for optimizing the management of zakat resources. The study will 

utilize mathematical modeling software such as MATLAB to test and verify the proposed model, with 

the ultimate goal of improving the sustainability and effectiveness of zakat distribution (Rahman & 

Anwar, 2021). 

2. Methods 

Research Design 

This research adopts a descriptive-analytic approach. The descriptive aspect focuses on explaining the 

principles of zakat distribution as outlined in Islamic teachings, particularly in Surah Al-Baqarah, 

Verse 177. The analytic component involves constructing a mathematical model using nonlinear 

differential equations to simulate the zakat distribution process, incorporating real-world economic 

data. According to Hassan and Khan (2017), integrating Islamic economic principles into modern 

financial models has significant potential in promoting social justice through wealth redistribution. In 

the yurimetric approach developed by Hanintyo, this research not only applies mathematics in 

simulating zakat distribution but also assesses the alignment of zakat laws and principles with existing 

economic data. The yurimetric approach allows for a deeper evaluation of the effectiveness of zakat 

regulations in achieving their social and economic objectives, examining how the rules and their 

implementation in practice can be enhanced to maximize benefits for the community. This includes 

statistical analysis of zakat distribution data and evaluating its impact on recipients and the economy 

as a whole, providing crucial insights into the dynamics between Islamic teachings and contemporary 

economic practices. 

Data Collection 

The primary data for this research will be collected from the following sources: 

Zakat distribution data from Indonesian zakat institutions such as BAZNAS (Badan Amil Zakat 

Nasional) and LAZ (Lembaga Amil Zakat). 
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Economic data related to poverty levels, population distribution, and income inequality from 

government agencies and reputable financial databases such as the World Bank and BPS (2019). 

Islamic jurisprudence and scholarly sources that interpret the zakat allocation categories as described 

in Surah Al-Baqarah, Verse 177, based on interpretations provided by Abdul-Rahman (2016). 

Mathematical Modeling 

The core of this research is the development of a mathematical model using nonlinear differential 

equations. The nonlinear nature of the zakat distribution process stems from the complex interactions 

between economic factors, such as the income level of recipients, the amount of zakat available, and 

the diverse needs of the beneficiaries. Ahmed and Siddiqi (2018) emphasize the importance of 

considering multiple economic variables when modeling zakat and other forms of Islamic charity in 

contemporary settings (Ahmed and Siddiqi, 2018). 

The general form of the nonlinear differential equation used in this context can be expressed as follows: 

 

Model Assumptions 

Several assumptions are made to simplify the model: 

• The population of zakat recipients is constant over the short term (Bakar & Abdullah, 2019). 

• The rate of zakat collection is constant or can be adjusted to reflect real-world collection rates 

(Ismail, 2017). 

• Wealth distribution follows a nonlinear pattern influenced by economic inequality, where 

wealthier individuals contribute a higher proportion to zakat (Zulkifli, 2020). 

Solving the Nonlinear Model 

The nonlinear differential equation model will be solved using numerical methods such as Runge-

Kutta or other appropriate methods. These methods are useful in finding approximate solutions to 

nonlinear differential equations that cannot be solved analytically. According to Omar and Saad 

(2016), numerical methods like Runge-Kutta are highly effective in modeling complex economic 

systems, especially when dealing with social welfare and redistribution dynamics (Omar and Saad, 

2016). 

Software and Tools 

The mathematical model will be developed and simulated using the MATLAB or Mathematica 

software platforms, both of which are widely used for solving nonlinear differential equations and 
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simulating dynamic systems. Ali and Mustapha (2020) highlight the utility of MATLAB for economic 

modeling, noting its ability to handle complex, nonlinear systems (Ali and Mustapha, 2020). 

Statistical Tests 

Several statistical tests will be applied to validate the data and the results of the mathematical model: 

• Normality Test: The data distribution will be tested for normality using the Shapiro-Wilk or 

Kolmogorov-Smirnov test to ensure the data follows a normal distribution (Sarwono, 2018). 

• Homogeneity Test: The homogeneity of variances will be tested using Levene’s Test to verify 

that the data variances across different groups (zakat recipients) are equal, which is essential for robust 

model development (Hasan, 2016). 

• Linearity Test: While the model being developed is nonlinear, a preliminary linearity test 

between zakat contribution and the economic well-being of recipients will be performed to confirm 

that the assumption of a nonlinear relationship is valid (Mansur & Zakaria, 2017). 

Model Validation 

The results of the model will be validated using real-world data from zakat distribution agencies, such 

as BAZNAS, and compared with the model predictions. If the model accurately predicts the patterns 

of zakat distribution and its socio-economic impact, it will serve as a useful tool for optimizing zakat 

distribution strategies. Rahim and Wahid (2019) provide methodologies for validating zakat models 

using real-world economic data (Rahim and Wahid, 2019). 

Formulation of Zakat Distribution Based on Nonlinear Dynamics 

The general form of the nonlinear zakat distribution equation can be expressed as: 

 

3. Results 

Normality Test 

The normality test aims to evaluate whether the data obtained from the research follow a normal 

distribution. The normal distribution is an important assumption in many parametric statistical 

analyses, such as linear regression and ANOVA. Ensuring that the data follow a normal distribution 

allows researchers to use appropriate statistical methods, which in turn can lead to valid inferences. 

The results of the normality test are as follows: 
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Table 1 : Result Normality Test 

For the Shapiro-Wilk test, a p-value of 0.155 indicates that there is not enough evidence to reject the 

null hypothesis, which states that the data follow a normal distribution. Similarly, for the Kolmogorov-

Smirnov test, a p-value of 0.200 also suggests that the data can be considered as following a normal 

distribution. Both p-values are greater than 0.05, which is a common threshold for significance testing. 

This indicates that the assumption of normality is not violated. In the context of zakat distribution 

research, these results provide confidence that further statistical analyses, including regression analysis 

or other mathematical modeling, can be conducted without concern for deviations from normality. 

If the data were not normal, the results of mathematical models, such as nonlinear differential 

equations, might not be reliable. Ensuring normality allows for the use of simpler and more easily 

interpretable models. Zakat distribution policies based on valid statistical analyses will be more 

effective and fair. With normally distributed data, the results of the analysis can be used to make more 

robust recommendations about how and to whom zakat should be distributed. Therefore, the normality 

test is not only an important methodological step but also provides a strong foundation for the analysis 

and decisions made in zakat distribution research. 

Homogeneity Test 

The homogeneity test aims to verify whether the variance within several groups of data is the same. In 

the context of zakat distribution, this is important because zakat is often distributed to various recipient 

groups, such as the poor, orphans, and other needy individuals. Ensuring that the variance between 

these groups is homogeneous (equal) will provide confidence that the analysis conducted to assess the 

effectiveness of zakat distribution is valid. 

The results of the homogeneity test are as follows: 

 

Table 2. Result Homogeneity test 

The results indicate that the p-value of 0.267 is greater than 0.05. This means that we fail to reject the 

null hypothesis, which states that the variances between the groups are equal. Since there is not enough 

evidence to claim a difference in variance among the groups, we can conclude that the variances 

between the groups are homogeneous. This fulfills the homogeneity assumption required for further 

statistical analysis. 

In distributing zakat, it is important for zakat managers to understand whether the variance among 

zakat recipients is consistent. If the zakat recipient groups exhibit homogeneous variance, this may 

indicate that uniform distribution policies can be applied without the risk of bias or unfairness. Thus, 

the homogeneity test helps ensure that research on zakat distribution can provide accurate and relevant 

insights, which are crucial in formulating effective and fair distribution policies. 
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Linearity Test 

The Linearity Test aims to determine whether there is a significant linear relationship between two 

variables, in this case, between zakat contributions and the economic welfare of zakat recipients. 

Understanding this linear relationship is important because it indicates that changes in one variable 

(zakat contributions) can proportionally affect the other variable (the economic welfare of recipients). 

The results of the linearity test using Pearson correlation coefficients are as follows: 

 

Table 2. Linearity Test Result 

The high correlation coefficient (0.872) indicates a strong positive relationship between zakat 

contributions and the economic welfare of recipients. This means that the greater the zakat contribution 

received, the higher the economic welfare of the recipient. The obtained p-value (0.001) is much 

smaller than the common significance threshold of 0.05. This indicates that the relationship between 

zakat contributions and economic welfare is not only strong but also statistically significant. In other 

words, there is strong evidence that zakat contributions influence the economic welfare of recipients. 

The results of this linearity test are crucial in the context of zakat distribution research because they 

provide a solid foundation for claiming that zakat has a significant positive impact on economic 

welfare. With a strong linear relationship, zakat managers can be more confident that the implemented 

zakat distribution policies are effective in enhancing the welfare of recipients. Furthermore, these 

results can be used to support the argument that increasing zakat contributions will directly contribute 

to improving economic welfare in the community, thereby encouraging greater participation in zakat 

programs 

Nonlinear Differential Equation Modeling 

Nonlinear differential equation modeling is an essential step in analyzing dynamic systems, including 

in the context of zakat distribution. This step involves solving a model that represents the interactions 

between various variables, such as the amount of zakat distributed, the recipient population, and the 

wealth of the community, using numerical methods like the Runge-Kutta method. 

Model Simulation Results 

After applying the model, the simulation results show the following data: 

 

Table 4. Model Simulation Result 

The results of the study indicate a clear trend in zakat distribution, showing significant growth over 

time; specifically, the zakat distributed increased from 500,000 units in the first month to 1,200,000 

units after 12 months, reflecting a responsive adjustment to the needs of the recipients. Despite the 

recipient population remaining constant at 10,000 throughout the study period, the wealth of the 
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community rose from 2,000,000 to 2,300,000, suggesting that the increase in zakat distribution not 

only impacts the amount received but also contributes to an overall enhancement in community wealth. 

The model parameters were carefully calibrated to real-world data, ensuring that the results accurately 

represent the actual socio-economic conditions of the recipients. These findings provide a robust 

foundation for zakat managers to develop more effective distribution policies, as they underscore the 

potential influence of zakat on the economic well-being of recipients, thus allowing for the design of 

more targeted and responsive programs. Furthermore, the application of numerical methods such as 

Runge-Kutta facilitates a deeper and more precise analysis of complex systems, which is invaluable in 

zakat distribution research and enhances decision-making. Overall, nonlinear differential equation 

modeling enhances the understanding of dynamic relationships within zakat distribution, enabling the 

formulation of strategies that more effectively improve community well-being. 

Model Validation 

Validating the model involves comparing real-world data from zakat institutions, such as BAZNAS 

and LAZ, with the predicted values generated by the model. The results of this comparison are as 

follows: 

 

Table 5. Validation Model Result 

The predicted values closely align with the actual data from BAZNAS, indicating that the model 

accurately represents the dynamics of zakat distribution. For instance, at one month, the predicted 

distribution was 500,000 units compared to an actual distribution of 510,000 units, showing only a 

slight deviation. Similarly, at six months, the prediction of 800,000 units was near the actual 

distribution of 790,000 units, and at twelve months, the model's prediction of 1,200,000 units was 

closely matched by the actual figure of 1,210,000 units. This strong correlation between predicted and 

actual distributions not only validates the model's reliability but also reinforces its utility in 

understanding zakat distribution trends and informing effective zakat management policies. The 

model's ability to accurately forecast zakat distribution can help zakat managers make data-driven 

decisions and improve the effectiveness of their programs in addressing the needs of the community. 

Statistical Validation of the Model 

The accuracy of the model can be further validated by applying goodness-of-fit tests, such as R-squared 

and Mean Absolute Error (MAE). The results of these validation metrics are as follows: 

 

Table 6. Statistical Validation Model result 
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The R-squared value of 0.975 indicates that the model explains 97.5% of the variance in the data, 

which signifies a very high level of fit between the predicted and actual values. This suggests that the 

model effectively captures the underlying dynamics of zakat distribution. Additionally, the low MAE 

of 5,000 units indicates that the model's predictions are highly accurate, as it demonstrates minimal 

average deviation from the actual zakat distribution data. Together, these metrics confirm the model's 

reliability and robustness, providing a strong foundation for utilizing the model in practical 

applications related to zakat management and policy formulation. The high R-squared value and low 

MAE reinforce the confidence in the model's ability to accurately represent and predict zakat 

distribution trends, facilitating better decision-making for enhancing community welfare. 

Sensitivity Analysis 

Sensitivity analysis is conducted to understand how changes in key parameters (such as the zakat 

collection rate or the recipient population) affect the zakat distribution process. The results of the 

analysis are as follows: 

 

Table 7. Sensitivity Analysis Result 

The analysis reveals that an increase in the zakat collection rate by 10% results in a 15% increase in 

the amount of zakat distributed. This highlights the positive relationship between the collection 

efficiency and the overall distribution of zakat, indicating that improved collection practices can lead 

to a more substantial impact on recipients. Conversely, a 5% increase in the recipient population leads 

to a decrease of 7% in the amount of zakat distributed per individual. This underscores the challenges 

faced in distributing zakat as the number of recipients grows, suggesting that the available zakat 

resources become more diluted among a larger group, potentially affecting the economic well-being 

of each recipient. Overall, sensitivity analysis provides valuable insights into how fluctuations in key 

parameters can influence zakat distribution outcomes, enabling zakat managers to develop more 

informed strategies for optimizing resource allocation in response to changing conditions. 

4. Discussion 

Effective and efficient management of zakat has a significant impact on improving community welfare. 

As one of the pillars of Islam, zakat not only serves as a religious obligation but also as a social 

instrument that can help reduce poverty and enhance the quality of life for individuals and 

communities. According to Haneef (1998), zakat can be a tool for alleviating poverty and improving 

the social conditions of society (Haneef, 1998). Effective zakat management involves several aspects, 

from collection and distribution to monitoring and evaluation. When zakat is managed well, the 

collected funds can be allocated effectively, providing maximum benefit to those in need. 

Efficiency in zakat management is crucial to ensure that each unit of zakat distributed has a significant 

impact. Optimizing resources—whether financial, time, or human—is a key step in enhancing 

efficiency. For example, by leveraging technology in the collection and distribution processes, zakat 

institutions can reduce operational costs and expedite fund disbursement. Saad and Madun (2019) state 

that the use of information technology can enhance zakat management, including in collection and 

distribution (Saad and Madun, 2019). This ensures that more zakat recipients can benefit in a shorter 

time frame and improves transparency in fund management. 
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This research also aligns with various previous studies highlighting the importance of statistical 

assumptions such as normality, homogeneity, and linearity in data analysis. The assumption of 

normality is crucial to ensure that the data used in statistical analysis meet the requirements for 

parametric methods (Field, 2013). Homogeneity of variance among groups allows for fair comparisons 

between zakat recipient groups, while linearity indicates a clear relationship between zakat 

contributions and recipient welfare. Previous studies provide a strong theoretical foundation for these 

findings, demonstrating that appropriate analysis can contribute to a better understanding of zakat's 

impact (Tukang, 2020). 

In terms of zakat distribution policy, it is essential to formulate policies that can ensure the benefits of 

zakat are maximally felt by all segments of society. This includes identifying the groups that are most 

in need, proportional allocation of funds, and evaluating the impact of zakat distribution. With the right 

analytical approach, zakat managers can formulate smarter distribution strategies. According to 

Nurhayati and Lestari (2021), using valid data and in-depth analysis allows zakat managers to meet 

the needs of recipients while increasing public trust in zakat institutions (Nurhayati and Lestari, 2021). 

Further research is expected to explore additional factors influencing zakat distribution and impact. 

Factors such as demographic changes, local economic conditions, and government policies related to 

zakat can provide deeper insights into the effectiveness of zakat distribution. Further analysis of 

innovative ways in collecting and distributing zakat, such as the use of digital platforms and mobile 

applications, can help increase community participation in the zakat system. Rohmat and Syukri (2022) 

state that these innovations can enhance transparency and accountability within zakat institutions 

(Rohmat and Syukri, 2022). 

In its implementation, zakat must also be adapted to the modern context. For example, with the 

advancement of technology, zakat institutions can utilize digital platforms to simplify the zakat 

payment process and reach more mustahik. In addition, there needs to be innovation in empowerment 

programs funded by zakat, such as skills training and micro-enterprise development, to increase the 

economic competitiveness of the community (Arsyad dkk., 2023). 

Zakat is very relevant in modern society, especially in the effort to overcome poverty and economic 

inequality. As one of the pillars of Islam, zakat is clearly regulated in the Qur'an, for example in Surah 

Al-Baqarah (2:177) which states: 

 

ِ وَالْيوَْ  نََۚ وَاٰتىَ الْمَالَ عَلٰى حُب ِهّٖ يْسَ الْبِرَّ انَْ توَُلُّوْا وُجُوْهَكُمْ قبَِلَ الْمَشْرِقِ وَالْمَغْرِبِ وَلٰكِنَّ الْبِرَّ مَنْ اٰمَنَ بِاللّٰه ىِٕكَةِ وَالْكِتٰبِ وَالنَّبيِ ّٖ
ٰۤ
خِرِ وَالْمَلٰ مِ الْْٰ

لٰوةَ  قَابَِۚ وَاقََامَ الصَّ لِيْنَ وَفىِ الر ِ ىِٕ كٰوةََۚ وَالْمُوْفوُْنَ بعِهَْدِهِمْ اِذاَ عَاهَدوُْاَۚ  ذوَِى الْقرُْبٰى وَالْيتَٰمٰى وَالْمَسٰكِيْنَ وَابْنَ السَّبيِْلِِۙ وَالسَّاٰۤ وَاٰتىَ الزَّ

ىِٕكَ الَّذِيْنَ صَدقَوُْاِۗ وَ 
ٰۤ
ءِ وَحِيْنَ الْبَأسِِْۗ اوُلٰ اٰۤ رَّ ءِ وَالضَّ بِرِيْنَ فِى الْبَأسَْاٰۤ ىِٕكَ هُمُ الْمُتَّقوُْنَ وَالصه

ٰۤ
اوُلٰ   

“The virtue is not to turn your face towards the east and the west, but it is to believe in Allah, the Last 

Day, the angels, the scriptures, and the prophets; to give away one's beloved wealth to one's relatives, 

orphans, the poor, the traveler, the beggar, and (to free) slaves; to pray; to pay the zakat; to keep one's 

word when promised; to be patient in poverty, in suffering, and in time of war. They are the righteous 

and they are the pious.” 

This statement underlines that zakat is not just an obligation that must be carried out, but also an 

inseparable part of faith and good deeds in Islam. Zakat serves as an instrument that can encourage the 

realization of welfare in society by distributing wealth from those who can afford it to those who need 

it.  

According to Quraish Shihab, a leading Islamic jurist, zakat has a deeper meaning than just a financial 

obligation. He emphasizes that zakat also reflects the social responsibility of a Muslim towards his 
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community. Through zakat, individuals not only purify their wealth, but also contribute to poverty 

alleviation and reduce social inequality (Nasution, 2017). 

Innovations in zakat management are essential for improving efficiency and fairness within the zakat 

system. By leveraging technology, zakat institutions can expand their reach, reduce administrative 

costs, and provide better access for beneficiaries. According to Zaim and Sulaiman (2019), innovations 

in distribution approaches, such as project-based models or economic empowerment programs, can 

help zakat recipients become more self-reliant (Zaim and Sulaiman, 2019). Thus, these innovations 

can enhance the long-term impact of distributed zakat, creating a more empowered and self-sufficient 

community. 

5. Conclusion  

Effective and efficient management of zakat is a key element in enhancing community welfare. As a 

social instrument with significant potential to alleviate poverty and improve quality of life, zakat needs 

to be managed effectively through various stages, including collection, distribution, and evaluation. 

Efficiency in zakat management not only optimizes available resources but also enhances the 

transparency and accountability of zakat institutions. The findings of this study align with previous 

research that underscores the importance of statistical assumptions in data analysis, such as normality, 

homogeneity, and linearity. By employing appropriate analytical approaches, zakat managers can 

formulate targeted distribution policies, ensuring that the benefits of zakat are felt across all segments 

of society. Furthermore, additional research is necessary to explore other factors influencing zakat 

distribution and impact, as well as innovations in the collection and distribution processes. Innovations 

in zakat management, such as leveraging technology and project-based distribution models, can 

enhance efficiency and fairness within the zakat system. With these measures, zakat is expected not 

only to serve as a religious obligation but also as a tool for sustainable economic empowerment, 

providing long-term benefits for individuals and communities. 
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