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ABSTRACT. Zakat is a Muslim act of worship that is related to wealth and is one of the instruments used in economic
development so that it can solve the problem of poverty. According to the Central Statistics AgencyZakat is an Islamic
obligation related to wealth distribution and functions as a key instrument in economic development, particularly in
alleviating poverty. According to the Central Statistics Agency, East Java had the highest number of poor people in
Indonesia in 2023. BAZNAS (Badan Amil Zakat Nasional) plays a strategic role in managing zakat funds to support
poverty reduction efforts. Accurate information on zakat potential is crucial for ensuring the effective management
and distribution of zakat. This study aims to model, evaluate the accuracy, and forecast the zakat potential at BAZNAS
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East Java untuk Januari sampai dengan Desember 2024 using the Autoregressive Integrated Moving Average with
Exogenous (ARIMAX) Variables method. ARIMAX extends the ARIMA model by incorporating exogenous variables. In
this study, the exogenous variables used are a deterministic trend and a Hijri calendar dummy variable representing
the month of Ramadan, The results show that the best-performing model is ARIMAX([12],1,1), with a MAPE value of

18%, indicating a reasonably accurate forecast. The zakat potential for the next 12 months is projected to remain
relatively stable, with a significant increase of IDR 6,674,988,827.25 expected in April 2024. This spike coincides
with the month of Ramadan, when Muslims customarily pay zakat fitrah and zakat mal.

This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution-NonComercial 4.0 International License. Editorial of EULER: Department of Mathematics, Uni-
NC versitas Negeri Gorontalo, JIn. Prof. Dr. Ing. B. J. Habibie, Bone Bolango 96554, Indonesia.

1. Introduction cially to alleviate poverty. However, there are several challenges
faced in zakat management, including fluctuations in zakat in-
come, growth in the number of zakat recipients, and trans-
parency issues in managing zakat funds can create uncertainty
among people who want to give zakat. Information about the
total potential zakat receipts will help BAZNAZ in managing and
distributing the zakat, therefore a forecast is needed regarding
the potential zakat that may be collected in the future. Fore-

casting is a strategy used to estimate future situations based on

Zakat is a form of worship related to wealth. Islam requires
all Muslims who have a certain amount of wealth to purify their
wealth by setting aside half of their wealth or paying zakat to
groups entitled to receive zakat to help meet their needs [1].
BAZNAZ (National Zakat Agency) is an institution tasked with col-
lecting and distributing zakat, and also acts as a supplier of social
security benefits for the poor. Zakat is one of the instruments
used in economic development so that it can solve the problem
of poverty [2]. Poverty is considered as the inability of the econ- historical data information from previous periods [6]. BAZNAZ

omy to meet primary needs, food or other very important needs East Java has never previously made a forecast of the potential
3]. zakat that will be obtained. Forecasting potential zakat needs

to be done so that zakat management can move efficiently and
BASNAS East Java can take appropriate policies.

One of the methods created to analyze time series data is
ARIMA (Autoregressive Integrated Moving Average). Previous re-
search by Han et al compared ARIMA and LSTM in predicting CO2
concentrations in vehicles, ARIMA was better with a MAPE value
of 0.46% [7]. Another study that obtained the same results was
conducted by Moftakhar et al. who compared it with Neural Net-
work to predict COVID-19 patients in Iran [8].

Previous research on the ARIMA method used one variable,
namely the dependent variable, while there are several cases of
time series data influenced by independent variables involving
the effects of calendar variations, such as in this study the use of
zakat potential data in a monthly period. Forecasting zakat po-
tential in a monthly period must consider the effects of calendar

According to the Central Statistics Agency, the total num-
ber of poor people in Indonesia for five consecutive years is
East Java province and in 2023 the poor people in East Java
province are 4,188.81 residents [4]. Poverty can be handled in
two steps, namely cultural and structural steps. Cultural steps
are aimed at individuals, both as subjects who are expected to
play a role in economic empowerment for the poor and needy
and as objects that receive empowerment, while structural steps
are more aimed at special institutions for their action, so that
they can run well [5]. Therefore, in alleviating poverty in East Java
province, BAZNAZ East Java has several programs in distributing
zakat funds to zakat recipient (mustahik).

Zakat contributions can continue to be increased, espe-
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variations in its calculations, because in Islam there are months
that have priority for zakat. Therefore, the ARIMA method is not
good enough to practice modeling. One method for forecasting
by identifying independent variables is ARIMAX (Autoregressive
Integrated Moving Average Exogenous). ARIMAX is a develop-
ment of the ARIMA model and time series regression which is
equipped with calendar-based dummy variables. This model not
only captures the internal patterns of time series data, but also
accommodates the influence of exogenous variables and tempo-
ral events, such as specific days in the calendar [9]. The use of
time series regression with dummy variables was first performed
to test the significant influence of a particular temporal event or
time category on the response variable, before the model was fur-
ther developed using an approach such as ARIMAX [10]. The func-
tion of adding exogenous variables in ARIMAX is to identify other
patterns and increase the level of accuracy of forecasting results
[11]. Research by Luo et al on forecasting scarlet fever infectious
diseases in China using the ARIMAX method, this study includes
BSI (Baidu Search Index) as an exogenous variable and considers
seasonal transmission patterns in building the model, the final
result obtained is the ARIMAX model (1, 0, 2) (2, 0, 0) (12) with a
MAPE accuracy of 2.16% [12]. This study aims to model, evaluate
the level of accuracy, and forecast the potential of zakat in BAZ-
NAS East Java for the period January to December 2024 using
the Autoregressive Integrated Moving Average with Exogenous
Variables (ARIMAX) method. The ARIMAX model is expected to
provide better forecasting accuracy than the conventional ARIMA
model because it includes relevant exogenous variables, such as
deterministic trends and dummy variables for specific months.

2. Methods
2.1. Time Series Regression

Time series regression consists of variations in impacting
components, including trends, seasonal variations, and calendar
variations. The equation is:

M J
Zi =061+ Y amMpy+ Y BiDmys +et, (1)
m=1

— j=1

with ¢ is the trend, « is the coefficient of the seasonal compo-
nent, 3 is the coefficient of calendar variation, M,, ; is the sea-
sonal dummy variable, D,,, ; is the dummy variable, and ¢ is the
error [13]. Dummy variables that have a perfect collinearity case,
namely a precise linear relationship between variables or vari-
ables that have m categories, must follow the rule (m — 1) dummy
variables [14].

2.2. ARIMA Model with Addition of Exogenous Variables (ARIMAX)

The ARIMAX (Autoregressive Integrated Moving Average
Exogenous) method is seen as an extension of the ARIMA model
[15]. ARIMA is a time series forecasting method that takes advan-
tage of the relationship between current values, past values, and
past errors, and requires the data to be stationary before model-
ing can be done. The constants in the ARIMA model are (p, d, q),
where p is the Autoregressive constant, d is the differencing con-
stant, and q is the Moving Average constant. The ARIMA model is
represented by the order (p, d, q) with the equation form below
[16].

ép (B) (1= B)'Z; = 6,(B), )

where ¢, is the coefficient of AR of order p, B is the Backshift
operator, d is the differencing parameter, and 6, is the coeffi-
cient of MA of order q. The ARIMAX model extends ARIMA by
including exogenous variables, allowing it to account for exter-
nal influences and thereby improve the accuracy of forecast re-
sults [17]. Exogenous variables refer to variables that can influ-
ence other variables without being influenced by other variables
in the model being considered. The ARIMAX model formed with
the presence of deterministic trends, monthly dummies, and cal-
endar variations is as follows [18]:

0, (B
B

M J
7y =90 amMm + ,8le7 .
‘ mZ_ ‘ g "6, (B)(1- B)
3)

2.3. Forecasting Accuracy Level

Forecasting accuracy serves to evaluate the extent to which
the forecasting results align with reality or actual data. By know-
ing the level of accuracy, one can assess how good the forecasting
model is [19]. The level of model accuracy can be determined us-
ing the Mean Absolute Percent Error (MAPE). The MAPE equation
is stated as follows [20].

n

1
MAPE = — Z

t=1

Zt—Zt

1 4
7 00, (4)

where n is the amount of data, Z is the initial data, and Z is the
forecast data.

2.4. Modeling Procedure

This study applies secondary data obtained from related
institutions in the form of financial reports of BAZNAZ East Java,
starting from January 2016 to August 2023. The variables applied
in this study are one response variable and a dummy variable as
in the Table 1.

Table 1. Research variables

Variables Information
Z Data on total zakat receipts at BAZNAZ
East Java in month ¢
Trend t,witht =1,2,3,....,n
1, F
My, = , For January
0, For other months
Moo — 1, For February
Monthly Effect Dummy R 0, For other months
1, For December
Mz =
0, For other months
1, For Muharram
Dy =
0, For other months
L 1, For Ramadan
Calendar Variation Dummy D2 =
0, For other months
1, For Dzulhijjah
D3, =
0, For other months
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Figure 1. ARIMAX method flowchart

This study begins with data exploration to determine
events that affect the increase in zakat potential at BAZNAZ East
Java. Next, modeling the independent variables with time series
regression. After that, looking for the best model from ARIMA.
Finally, ARIMAX modeling is carried out by entering significant
independent variables. This method is displayed in the form of a
flowchart in Figure 1.

3. Results and Discussion

3.1.  Descriptive Potential of Zakat at BAZNAZ East Java Province
This research analysis uses data on the acquisition of zakat

fitrah and zakat mal at BAZNAZ East Java Province for 92 months,

starting from January 2016 to August 2023. The characteristics

of zakat acquisition can be identified through the results of de-

scriptive analysis shown in Table 2.

Table 2. Descriptive analysis of zakat potential at BAZNAZ
East Java province

Year Mean St.Dev
918,441,858 890,972,501
(2016-2023) Min Max
71,425,750  6,333,203,576

Based on Table 2, the data on zakat potential at BAZ-
NAS East Java during the period 2016 to 2023, obtained an
average value of IDR 918,441,858, with a standard deviation
of IDR 890,972,501. This shows that there are huge fluctu-
ations from year to year. The minimum value was recorded
at IDR 71,425,750, while the maximum value reached IDR

6,333,203,576, indicating a significant spike in a given year. The
long distance between the minimum and maximum values, as
well as the high standard deviation, indicates the possibility of
outliers or the influence of seasonal factors such as the month of
Ramadan, which has an impact on a sharp increase in the poten-
tial of zakat in certain years.

3.2. Data Exploration

The increase in the potential for zakat at BAZNAZ East Java
occurred in the month of Ramadan. This significant increase oc-
curred because there was payment of zakat fitrah and mal, but
an increase in the potential for zakat could occur in other hijriah
months besides the month of Ramadan, such as the months of
Muharram and Dzulhijjah which have good virtues in paying za-
kat mal. Therefore, the potential for zakat is influenced by sea-
sonal factors and calendar variations, for the dummy variable of
the seasonal factor is:

M, = 1, Month —¢
’ 0, Other month

where ¢ = 1,2,3,...,12 which are the months of January to
December, for the dummy variable of the effect of variation of
the hijriah calendar is:

L,
Di,t = {O’

where i = the months of Muharram, Ramadan, and Dzulhijjah.

Month — i
Other month
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Figure 2. Plot (A) Autocorrelation Function (ACF) and (B) Spatial Autocorrelation Function (PACF)

Table 3. Parameter estimation, diagnostic test, and ARIMA model accuracy

Diagnostic Test (P-Value) AIC
Model Parameters - -
Ljung-Box  Kolmogorov-Smirnov  Accuracy
IMA(1,1) 0.86670 0.2744
ARIMA([T1],1,1) ARI(1,1) 0.58395 0.208051 3929.131
IMA(1,1) 0.74285 0.3325 «
ARIMA([12],1,1) ARI(1,1) 1.00000 0.208051 3886.786

*) Best Model

3.3. Deterministic Trend Modeling, Monthly Dummy, and Calender
Variation

The model that contains trend components, seasonal ele-
ments, and calendar variations, then the calculation utilizes the
regression model according to eq. (2), which can be written:

Zy =0 oMy + oMoy + agMszy + agMyy + asMs 4
+ acMe,t + ar My + agMg y + agMg ¢ + cv10Mio s
+aiiMiig + B1 D1 + BaDay + BsDs + €.

The process of estimating the parameters of the equation
model above uses the dummy regression method. While for the
parameter significance test, it is completed as a whole using the
F test and partially with the ¢ test. From the F test, the decision
is obtained that one of the variables has a significant influence
on the potential zakat obtained, and from the ¢ test, it is ob-
tained that there are only two significant variables, namely the
deterministic trend variable and the Ramadan calendar variation.
From the significant simultaneous test and the partial test where
several parameters are not significant, the new model approach
is tested again by deleting insignificant variables, a new model is
obtained with significant variables, namely:

Zy = Bo+ P16 + PraDay + &4
= — 377833153 4 250787974, + 748138081 D 4 + 4.

3.4. Residual Assumption Testing

Assumption testing is carried out by observing whether the
residuals from the regression analysis are identical, independent,
and normally distributed. If the residuals do not meet the as-
sumptions, they are modeled again with the ARIMA model. It is
found that in the model there is heteroscedasticity or not iden-
tical, autocorrelation is detected or not independent, and it is

not normally distributed. Therefore, it can be modeled with the
ARIMA model.

3.5. ARIMA

The regression model obtained will be checked for station-
arity in the variance and mean. The stationarity test in the vari-
ance obtained a value of A = 0.00, which means it is not station-
ary in the variance, therefore a Box-Cox transformation is needed.
After the Box-Cox transformation, the value of A\ = 1, so it can
be considered that the data is stationary in the variance. Fur-
thermore, the stationary in the mean of the zakat potential data
needs to be differencing once to obtain data that is stationary in
the mean. After obtaining data that is stationary in the variance
and mean, the ARIMA order can be identified.

Figure 2 shows the ACF and PACF plots of the zakat poten-
tial data at BAZNAS East Java. In the ACF plot, autocorrelation
lags at 1, 12, 22, and 34 are observed to be outside the signif-
icance limits, while in the PACF plot, significant spikes occur at
lags 1, 2, 3, 10, 11, and 12. These patterns provide initial guid-
ance for model identification in ARIMA-based forecasting. The
Partial Autocorrelation Function (PACF) is used to determine the
appropriate order of the autoregressive component AR(p), while
the Autocorrelation Function (ACF) helps identify the order of the
moving average component MA(q). In addition, the data has been
differentiated in the mean once until d = 1. Possible models are
presented in Table 3.

Table 3 obtains possible ARIMA models, parameter esti-
mation, diagnostic tests, and selection of the best model. The
best ARIMA model is based on the smallest AIC value, so the
ARIMA model ([12],1,1) is concluded to be the best model. The
ARIMA model equation ([12],1,1). By substituting the estimated
parameters in Table 3, it can be concluded that the ARIMA model
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([12],1,1) is as follows equation:

Zy = Zi—1 — P122¢—12 + P1221—13 + O10e—1 + o
= Zt—l - Zt_12 + Zt_13 — O.742850ét_1 + oy.

3.6. ARIMAX

ARIMAX is a combination of the ARIMA model ([12],1,1)
with a regression model of significant exogenous variables,
namely deterministic trends and variations in the Ramadan cal-
endar.

of ARIMAX model
({12],1,1), trend variables, and variations in the

Table 4. Significance parameters

Ramadan calendar

Parameters Estimation  tcount
Konstan -104265585  -1.73
MAT1,1 0.64135 5.78
AR1,1 1.00000 6.66
t 1122686.1 0.73
Do 617991413 3.76

The significance test of the ARIMAX model parameters
([12],1,1), trend variables, and variations in the Ramadan calendar
are shown in Table 4, with the results that there are insignificant
parameters, namely tcount < t(x/2,100) by (1.98793), so a new
model approach will be applied by removing insignificant vari-
ables, namely deterministic trends.

Table 5. Significance of ARIMAX model parameters ([12],1,1)
and variations in the Ramadan calendar

Parameters  Estimation  {count
Konstan -82162569 -2.30
IMA(1,1) 0.87580 14.52
ARI(1,1) 1.14451 8.21

Do 422222750 2.93

The significance test of the ARIMAX model parameters
([12],1,1) of the Ramadan calendar variation in Table 5 shows that
all parameters are significant. Therefore, it is continued with di-
agnostic model testing can be seen in Table 6, and the follow-
ing is the ARIMAX modeling of calendar variations obtained from
eq. (3):

Zy = — 82162569 + 422222750D9 + Z;_1 — 1.144517;_14

+1.44517;_13 — 0.875800¢;—1 + ay.

Table 6. Model diagnostics and forecast accuracy

Diagnostic Test (P-Value) MAPE
Model - -
Ljung-Box  Kolmogorov-Smirnov  Accuracy
ARIMAX ([12],1,1) 0.2488 0.15842 18%
ARIMA ([12],1,1) 0.3325 0.208051 38%

Table 6 presents the results of residual diagnostic tests and
forecast accuracy comparisons between the ARIMAX([12],1,1)
and ARIMA([12],1,1) models. Based on the Ljung-Box test, both
models yield p-values greater than 0.05 (0.2488) for ARIMAX and

(0.3325) for ARIMA, indicating that the residuals of both mod-
els do not exhibit significant autocorrelation and are thus con-
sidered white noise. The Kolmogorov—Smirnov test also shows
p-values above 0.05 for both models (0.1584) for ARIMAX and
(0.2081) for ARIMA, suggesting that the residuals are normally
distributed. In terms of forecast accuracy, the ARIMAX model
outperforms the ARIMA model, with a lower MAPE of 18% com-
pared to 38%. This significant difference indicates that incorpo-
rating exogenous variables, specifically a deterministic trend and
a Ramadan dummy, enhances the predictive performance of the
ARIMAX model. Therefore, the ARIMAX([12],1,1) model is con-
sidered more suitable for forecasting zakat potential at BAZNAS
East Java.

These findings are consistent with prior studies, such as
those by [21], which demonstrate that including exogenous vari-
ables relevant to seasonal or religious patterns improves fore-
casting accuracy in socio-economic time series. Research by [22]
also highlights the effectiveness of ARIMAX in modeling donation
trends, especially when influenced by religious events such as Ra-
madan. This further supports the relevance of religious calendar
variations in modeling zakat-related data.

ARIMAX Model Forecast ([12],1,1) with Calendar Variations
can be seen in Figure 3.

7000000000

6674988827

6000000000

5000000000

Forecast Zakat (IDR)
IS
:
3

1000000000
Month Sep Oct Nov Dec Jan Feb Mar Apr May Jun Ju  Aug
Year 2023 2024

Figure 3. ARIMAX model forecast ([12],1,1) with calendar
variations

Figure 3 shows that the potential for zakat in BAZNAS East
Java tends to be stable. However, in the 8th month of the fore-
cast results, namely April, there was a significant increase of IDR
6,674,988,827.25. This surge coincides with the month of Ra-
madan, during which Muslims traditionally pay zakat al-fitr and
zakat al-mal.

These findings are in line with previous studies, as reported
by [23] which showed an increase in zakat payments during the
month of Ramadan due to religious motivation and seasonal giv-
ing patterns. Similarly, Syamsuri et al. [24] emphasizes that
the contribution of zakat usually reaches its peak in the fasting
month. The consistency of this pattern with previous research re-
inforces the importance of including religious calendar variations
in forecasting models for a more accurate estimation of zakat po-
tential.

The consistency of this seasonal pattern with previous re-
search confirms the importance of incorporating calendar-based
dummy variables, especially those related to religious events,
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into the time series regression model [25]. In this context, ARI-
MAX becomes a relevant method because it is an extension of
the ARIMA framework by integrating exogenous variables, in-
cluding dummy variables for certain calendar periods such as Ra-
madan. This allows the model to capture external and temporal
influences that cannot be explained by standard ARIMA models,
thereby improving forecasting accuracy. For future research, it
is recommended to explore the inclusion of additional exoge-
nous variables, such as macroeconomic indicators (e.g., inflation
rate, unemployment rate), digital campaign intensity, or public
income levels [26] which may also influence zakat contributions.
Moreover, comparing the performance of ARIMAX with more ad-
vanced machine learning [27] or hybrid time series models [28]
could provide further insights into optimizing zakat forecasting
for strategic planning and policy formulation.

4. Conclusion

Based on the research conducted by incorporating exoge-
nous variables specifically, a deterministic trend and a Hijri calen-
dar dummy variable for the month of Ramadan into the forecast-
ing model for zakat potential at BAZNAS East Java, the forecast
results for the next 12 months tend to remain stable. However,
in April 2024, there is a notable spike of IDR 6,674,988,827.25.
This increase aligns with the occurrence of Ramadan during that
month, when Muslims traditionally pay zakat fitrah and zakat
mal. The best-performing forecasting model was identified as
ARIMAX([12], 1, 1), as indicated by an MAPE value of 18%, which
suggests that the model is reasonably accurate for predicting za-
kat potential at BAZNAS East Java over the next year.

Further research is recommended to include additional ex-
ogenous variables, such as macroeconomic indicators, digital
campaign intensity, or revenue levels, as well as identify other
relevant dummy variables. In addition, a comparison of ARIMAX’s
performance with machine learning models or hybrid models can
provide further insights to optimize zakat forecasting.
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