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Abstract

Developing a hydrological forecasting model based on past records is crucial for effective hydropower reservoir management
and scheduling. Numerous popular discharge forecasting models have been developed; however, real-time forecasts remain
challenging. This study evaluates discharge forecasts using the Markov Chain model, Seasonal Autoregressive Integrated
Moving Average (SARIMA), and Multiple Linear Regression (MLR) models for forecasting monthly discharge time series.
This study compares the accuracy of the discharge forecast results produced by the Markov Chain, SARIMA, and Multiple
Linear Regression using five statistical indicators. Based on the simulation results, the Markov Chain, SARIMA, and MLR
have accuracy levels of probability in discharge of 63%, 66%, and 76%, respectively. In comparison to other models, the
highest correlation (r) is found in the MLR model (0.76) with MAPE (0.19), followed by SARIMA and Markov Chain.
Therefore, the most accurate, precise, and representative water source model alternative for forecasts is the MLR model. The
Markov Chain model and the SARIMA model are time series generation models, while the MLR model is a statistical
regression model. In addition, this model is to be selected as the basis for modeling in forecasting river flow or optimal
management of a reservoir, as well as determining future discharge, especially in monsoon climate regions.
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The identification of suitable models for forecasting future monthly inflows to hydropower reservoirs is a significant
precondition for effective reservoir management and scheduling. The results, especially in long-term predictions, are
useful in many water resources applications such as environmental protection, drought management, operation of water
supply utilities, and optimal reservoir operation involving multiple objectives of irrigation, hydropower generation, and
sustainable development of water resources. As such, hydrologic time series forecasting has always been of particular
interest in operational hydrology. It has received tremendous attention from researchers in the last few decades, and many
models for hydrologic time series forecasting have been proposed to improve hydrology forecasting [1-3].

These models can be broadly categorized into three groups: regression-based methods, time series models and Al-

based methods. Multiple linear regression (MLR) analysis is among the most widely utilized statistical techniques [3-5].
A regression model that involves more than one regressor variable is called a multiple linear regression model [5].
Multiple linear regression modelling has been widely utilized for modelling such as urban runoff pollutant load, wash
load sediment concentrations, suspended-sediment discharge, and prediction of swell potential of clayey soils [6-8]. The
is suitable for predicting discharge data, as well as for optimal reservoir management [3-5].

Markov chain models, often recognized as autoregressive stochastic models, are widely regarded as effective tools for
discharge forecasting, particularly when the discharge at a given time depends on the flow from previous periods. Over time,
these models have undergone significant improvements, making Markov chains more reliable for predicting both river and
reservoir discharges [9, 10].

Markov Chain is used to evaluate discharge predictability by leveraging key hydrological characteristics. However,
achieving accurate forecasts requires advanced data processing capabilities to refine the model’s performance. Recent studies
highlight the suitability of Markov chain models for estimating inflow discharge, tackling challenges like managing excess
water discharge and supporting optimized reservoir operations. Built on established frameworks such as the French EDF
model, these models prove to be essential for predicting discharge patterns and promoting more efficient, sustainable reservoir
management [10-12].

The Seasonal Autoregressive Integrated Moving Average (SARIMA) model is a powerful tool in hydrology, widely
used to forecast time series data that show both trends and seasonal patterns — such as river inflows, rainfall, and reservoir
levels. Its ability to account for recurring climatic cycles makes it especially effective for modeling hydrological processes
influenced by seasonal changes. Research has shown SARIMA’s effectiveness in predicting monthly river inflows, daily
monsoon rainfall, and groundwater levels, providing reliable forecasts that are essential for managing water resources,
controlling floods, and mitigating droughts. Additionally, SARIMA’s flexibility allows it to be combined with advanced
machine learning models, further improving its accuracy when dealing with complex hydrological systems [13-15].

2. Method

The study was conducted at the Ciberang watershed, the Ciujung sub-watershed, in Lebak Regency, Banten Province
(Figure 1). The Ciberang watershed covers a catchment area of 458 kii. The Ciberang River, originating at the Karian dam
site and extending 78.3 km from the mountain’s summit, flows through the central Karian basin and converges with the
Ciujung River at Rangkasbitung [16].
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Figure 1.
Map Location of Ciberang-Karian watershed area in Indonesia.

This study utilized discharge (Q) and rainfall (P) data acquired directly from existing records maintained by pertinent
agencies, including the office of the Cidanau-Ciujung-Cidurian River Area (BBWSC3) and the Korean International
Cooperation Agency (KOICA) [16].

All the discharge data Figure 1 utilized data recorded from the discharge gauge station Q1 Bojongmanik (6° 34' 33.031"
S- 106° 10' 9.354" E), Q2 Leuwidamar (6° 30' 49.982" S- 106° 11' 37.136" E), Q3 Jahe Cilaki (6° 25' 47.568" S -106° 14'
26.664" E), Q4 Karian (of 5°50' 7°10'S-105°48’ 07°28' E), Q5 Sabagi (6° 23' 50.91" S-106° 15' 14.58" E), Q6 Jembatan
Keong (6° 21' 30.661" S -106° 14' 34.523" E), Q7 Jembatan Rangkas (6° 20' 55.223" S-106° 14' 49.578" E). In this study,
Karian Q4 (1997-2023) input discharge data was used in Table 1 [16].

The input discharge data in this study was built upon our prior study published in E3S Web of Conf. Volume 485, 2024.
For the input discharge data from previous research, this will be referred to as historic discharge. Furthermore, this research

aims to deepen the understanding of forecasting input discharge, while the previous study aimed to deepen the understanding
of generating input discharge.
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Table 1.
Water discharge data at Karian (1997-2023).

Yea | Januar | Februar | Marc | Apri | Ma | Jun | Jul | Augus | Septembe | Octobe | Novembe | Decembe
r y y h [ y e y t r r r r
1997 20 13 16 17 18 6 4 6 4 5 9 10
1998 12 20 21 20 18 10 11 4 10 16 18 16
1999 43 23 16 11 10 8 8 5 7 12 5 16
2000 19 35 15 9 10 9 9 5 8 8 18 9
2001 20 36 17 12 12 10 11 8 10 11 12 7
2002 12 23 13 18 10 8 10 6 10 5 9 13
2003 12 28 13 15 18 9 8 3 10 9 9 37
2004 10 19 15 15 10 4 9 4 8 8 21 12
2005 16 33 15 14 18 14 14 10 8 9 19 15
2006 19 34 17 14 13 9 7 7 7 14 14 13
2007 20 29 16 14 13 6 8 9 15 16 16 20
2008 18 26 17 17 13 8 9 8 7 20 14 16
2009 13 18 12 18 14 10 9 10 4 18 10 15
2010 13 21 11 9 8 9 13 16 11 23 9 14
2011 18 20 19 16 14 7 10 6 5 11 19 15
2012 26 19 14 15 10 8 7 4 6 10 13 17
2013 45 22 13 15 17 10 13 10 9 9 6 15
2014 25 25 13 14 14 8 11 11 8 13 21 13
2015 22 28 13 16 16 9 8 4 4 4 12 18
2016 20 30 15 14 10 12 13 9 4 7 5 22
2017 20 27 14 13 13 12 12 9 8 14 12 13
2018 13 23 11 11 10 7 7 6 7 5 13 10
2019 15 19 15 12 8 8 7 6 10 7 8 15
2020 8 22 11 10 5 8 8 6 6 10 6 34
2021 16 28 10 15 8 8 10 8 12 7 5 12
2022 8 20 16 8 11 13 10 10 7 9 6 23
2023 20 22 12 7 11 6 10 7 6 8 12 8

All the rainfall data Figure 1 utilized data recorded from the Rainfall gauge station of P1 Banjar Irrigation (6° 34' 9.12"
S-106° 24' 39.96" E), P2 Ciminyak Cilaki (6° 32' 22.92" S-106° 18' 29.16" E), P3 Sampang Peundeuy (6° 30' 6.12" S-106°
11'21.84" E), P4 Sajira (6° 29' 58.6" S- 106° 21' 57.38" E), P5 Cimarga (6° 25' 26.04" S- 106° 14' 7.08" E) and P6 Pasir Ona
(6° 22" 9.84" S-106° 15' 56.88" E). The rainfall data used is in the range of 1997-2023 (Figure 1) [16].

2.1. Rainfall Analysis

For the analysis of the rainfall data used in this study, monthly rainfall data were recorded at nine selected rain gauge
stations (Figure 1). The first step for processing rainfall data is filling in rainfall data and testing consistency for data
adjustment [17, 18]. The second stage is to calculate the regional rainfall using the arithmetic method [19].

Water Source Model Analysis

2.2. Multiple Linear Regression (MLR)

The multiple linear regression model can be utilized to fill data gaps, generate, and forecast data. The MLR model
examines the relationship between rainfall and discharge, employing multiple linear regression statistics to forecast input
discharge [3-5].

In multiple linear regression analysis, variables are categorized as dependent and independent. These variables need to
be assessed on an MLR scale (i.e., an interval or ratio variable) [3-5]. Therefore, in this research, the Karian input discharge
generation model uses multiple linear regression analysis, referred to as the MLR model.

Multiple linear regression includes binary, ternary, and quaternary models. The most suitable model was selected from
these various models based on the one with the highest determination value. Previous research indicates that the quaternary
variation model has a higher determination value compared to the ternary and binary variations. This method is preferred due
to its dynamic statistical nuances, which capture variations in hydrological components, such as rainfall and discharge [3-5,
20, 21].
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Figure 2.
Multiple Linear regression of rainfall models.
Source: Sabar [22], Marselina et al. [23] and Dar [24]

2.3. Formula and Calculation of Multiple Linear Regression Rainfall-Discharge par [24]; Patel, et al. [25] and Gupta and Kumar [2]:

Vi = BotPixi + Pozi + -+ € )
Where, for i=n observations:
yi = dependent variable (monthly average discharge at Reservoir)
Xi = explanatory variables (monthly average discharge at neighboring stations)
Zi = explanatory variables (monthly average at rainfall neighboring stations)
50 = y-intercept (constant term)

B1, B2 =slope coefficients for each explanatory
variable
¢ =the model's error term (also known as the residuals)

2.3.1. Seasonal Autoregressive Integrated Moving Average (SARIMA)

The Seasonal Autoregressive Integrated Moving Average (SARIMA) model is an advanced version of the ARIMA
model, designed to handle time series data that show both regular (non-seasonal) trends and recurring seasonal patterns. It’s
represented as ARIMA(p,d,q)(P,D,Q)[s], where Eshragh et al. [26], Perez-Guerra et al. [27] and Lee and Kim [28]:

e p: Non-seasonal autoregressive order (how past values influence the present)

o d: Non-seasonal differencing (to make the data stationary)

e (: Non-seasonal moving average order (how past errors influence the present)

e P: Seasonal autoregressive order (captures seasonal effects from past values)

e D: Seasonal differencing (removes seasonal trends)

e  Q: Seasonal moving average order (captures seasonal error patterns)

e s: The length of the seasonal cycle (e.g., 12 for monthly data with yearly seasonality)

This setup allows SARIMA to model time series data that displays both short-term fluctuations and longer-term seasonal
behaviors. The model’s multiplicative structure comes from combining non-seasonal and seasonal components.
Mathematically, it is expressed [29, 30]:

, (B)D,,(B*)(1 — B)A(1 — B*)PY, = 0,(B)0q(B*)e:

Where :
@, (B) and 04 (B) represent the non-seasonal autoregressive and moving average terms.
&, (B*)and ©4(B*®) capture the seasonal autoregressive and moving average parts.
(1 — B)4 handles non-seasonal differencing, and (1 — B5)P manages seasonal differencing.
Here are the steps for modeling Seasonal Autoregressive Integrated Moving Average (SARIMA) [29, 30]:

1. ldentify the Model: Start by exploring the time series data to spot trends, patterns, and seasonal cycles. If the data in

level origin is stationary, then use the SARMA model, and if the data needs differencing, then use the SARIMA model.
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Next, use visual tools like the Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF) plots to
help determine the right non-seasonal (p, d, q) and seasonal (P, D, Q) parameters.

2. Estimate the Parameters: Once you’ve identified the model structure, estimate the model’s parameters using statistical
techniques. This step involves fitting the SARIMA model to the data and finding the best coefficients that describe the
observed patterns.

3. Check the Model’s Fit: After fitting the model, evaluate how well it performs. Analyze the residuals (the differences
between the model’s predictions and actual data); they should look like random "white noise" with no remaining
patterns. If the residuals show structure or correlation, it’s a sign the model may need adjusting.

4. Make Forecasts: Once the model checks out, use it to make predictions. Compare the forecasts to actual data to see
how accurate they are. If the performance isn’t satisfactory, revisit the previous steps and tweak the model to improve
its accuracy.

Following these steps provides you with a structured, reliable way to build SARIMA models, making it easier to analyze
time series data and capture those tricky seasonal patterns for better forecasting.

2.3.2. Markov Chain Models

The Markov Chain model is one of the stochastic models that utilizes a time series of discrete variables [9-12]. It is
essential to conduct a reliable discharge analysis of the discharge's reliability before implementing the Markov Chain
generation model using the Weibull method. The Weibull probability formula calculates the probability (after data has been
sorted from largest to smallest) of the event being greater than the discharge value [10, 31, 32]. And is given below.

My
Figure 1 Ciberang Watershed research location (Office of Cidanau-Ciujung-Cidurian River Area BBWS-C3)

P (X >x) is the value of the probability occurrences of all events ‘X’ greater than or equal to data ‘x’, my represents the
ranking of data x after sorting from largest to smallest, and n denotes the total amount of data.

The probability of data reliability from several data points is the probability value of an event where the value that occurs
is equal to or above the data value. Furthermore, the calculated reliability is categorized as dry, normal, or wet discharge.
After calculating the discharge reliability using the Weibull method, the discharge generation analysis is carried out using
the Markov Chain method. In the Markov Chain process, the probability at a certain time is determined only from the events
of the previous time [10, 11]. The formula of the Markov Chain model is given below [10, 11, 32, 33]:

qi=di+ei 3)
di represents the deterministic component and e; indicates the random component.

The simplification of water discharge in Markov Chain models was carried out by categorizing it into three classes [17].
In this model (three-class Markov), a stochastic matrix that classifies the historical data into three classes: Dry discharge
(represented by 0), Normal discharge (represented by 1), and Wet discharge (represented by 2), can be created monthly. The
class intervals for each class division were obtained by dividing the probability curve of the distribution of the selected
population into three equal parts, namely 0.333, 0.667, and 1. The guidelines’ trajectory was determined with the concept of
planned discharge by examining the behavior of historical water discharge and subsequently determining the threshold for
the magnitude of future water flow events [10, 11].

2.4. Statistical Analysis

To assess the simulation discharge generation models, a comparison was conducted utilizing the value of correlation,
MAPE [3-5, 27]. The correlation coefficient indicates the extent of association in regression analysis with a cause-and-effect
relationship, ranging from 1 to -1, where 1 signifies a strong positive correlation, 0 denotes no correlation, and -1 indicates a
strong negative correlation [3-5]. Meanwhile, MAPE, or Mean Absolute Percentage Error, is a way to measure how well a
model’s predictions match reality, expressed as an easy-to-understand percentage. In hydrological modeling, it plays an
important role in evaluating how accurately the model simulates phenomena such as river flow, rainfall, or water levels.
Simply put, the lower the MAPE, the better the model’s performance. A low MAPE means the model’s predictions are close
to the actual data, making it a reliable tool for identifying models that are underperforming or overfitted. In this study, each
model's accuracy level was determined using the formula below [3-5, 34, 35]:

o EW)-E0E ©)
Jaze-swrmsy-202)
—1,yn [Qobs=CQmod
MAPE = Jxgi, |22 ] @

MAPE < 10% — Excellent forecasting accuracy
10% < MAPE < 20% — Good forecasting accuracy 20% < MAPE < 50% — Reasonable or Moderate forecasting accuracy
MAPE > 50% — Poor forecasting accuracy

x represents the mean value of x;, y indicates the mean value of y;, MAPE stands for the average error rate, n denotes the
Number of data, ; symbolizes the month-1, Qoss represents the historical discharge, Qmoa Symbolizes the discharge models.
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3. Result and Discussion
3.1. Rainfall Analysis

The rainfall data used in this study is the monthly average rainfall data from 1997-2023 of six stations in the Ciujung
watershed, Karian. Figure 2 shows the trend of average rainfall from six rain gauge stations at the Ciujung-Karian watershed.
Based on an assessment of the average rainfall as shown in Figure 4, it can be proven that this research area is a Monsoon
zone type, with rainfall characteristics that have two peaks of rain concentrated in the rainy season (October to May), while
rainfall occurs in the dry season (June to September). The recapitulation of the average rainfall from 1997 to 2023 can be
seen in Table 2.
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Figure 3.
The average monthly rainfall and regional rainfall at the observation locations.

Table 2.

Recapitulation of average rainfall (mm).
Month P1 P2 P3 P4 P5 P6
Jan 281 396 386 204 292 315
Feb 272 358 332 201 271 277
Mar 230 280 279 140 196 194
Apr 239 274 247 118 207 214
May 278 251 187 125 181 190
Jun 204 176 137 94 121 123
Jul 133 141 108 68 81 96
Aug 124 101 96 38 68 77
Sep 145 132 119 88 129 124
Oct 201 206 177 123 174 166
Nov 224 257 217 166 217 214
Dec 255 262 287 193 223 221
Average 216 236 214 130 180 184

3.2. Water Sources Model

Figure 4, Figure 5, Figure 6, depicts the simulation results of historical data discharge comparisons with Markov Chain,
Autoregressive Moving-Average models SARIMA and Multiple Linear Regression (MLR) models' predictions. Each water
source model has advantages; for example, the Markov Chain, Seasonal Autoregressive Integrated Moving-Average models
SARIMA and Multiple Linear Regression (MLR) models can predict discharges in both river catchments and dams. The
Markov Chain, SARIMA, and MLR models are also appropriate for generating discharge data and predicting future flow
rates [3-5, 11, 26, 27].

4182



International Journal of Innovative Research and Scientific Studies, 8(3) 2025, pages: 4176-4188

50
—— Q4Historic
T 40
5 —— Q4Markov
o 30
m | !
3 20 } .|} I ' | )
oo O I A A A
M\ ! | 1
w10 ‘A ANY *'] W : UV Y f M % ™
= atl 0 0 ) |
m '
S 0
2 B = T O O A I e T T I O - T T I <
e 2?09 2 9 2 ¢ 2 9 9 Q@ 9 odon o ddaaadaqg
€ O = = > £ = W o *¥ 2 0 £ L0 = = = £ =2 W o +H >0
o & o & 5 2 3 0o Y 0 o o & 2 &8 5 2 3 o Y 0O o
Sz < S " a@anuoO0ZzZpg_LwLzz<s 2" IunOz2Zao
Figure 4.
The simulation results of historic discharge compared to the Markov Chain models.
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The simulation results of historic discharge compared to the SARIMA.
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The simulation results of historic discharge compared to the MLR-1, MLR-2, MLR-3.

3.2.1. Markov Chain Models

In the Markov process, the probability at a certain time is determined only from previous events. The Markov Chain
process is as follows [36]:

1. Data is sorted from smallest to largest. Calculate the probability value for each data point using the Weibull method
(p=m/(N+1))

2. The cumulative probability for each month's data series is classified into three classes, namely with probability
intervals as follows:

e Class0=dry
p=0-1/3

e Class 1 =normal
p=1/3-2/3

e Class 2 = wet
p=2/3-1

3. From the data range (dry, normal, wet), look for the average of the three results, namely dry, normal, and wet discharge.

4. Next, a three-class first-order monthly transition matrix is created for dry, normal and wet monthly discharge. example of
a monthly transition matrix for the month of February, Table 3.

Table 3.
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Class 3rd order monthly Markov Chain transition matrix (dry, normal and wet) Jan to Feb.

Monthly discharge Jan Monthly discharge Feb
0 1 2
0 0.56 0.22 0.22 1.00 PON
1 0.22 0.22 0.56 1.00 PIN
2 0.22 0.56 0.22 1.00 P2N
1.00 1.00 1.00 3.00 PNN
PON PIN P2N PNN

5. Next, perform monthly discharge data prediction based on the monthly probability of 3 classified categories that have
been calculated.

The value of the_coefficient correlation between the historical discharge comparison and the estimated discharge
simulation of the Markov Chain model is 63% (Figure 5). Based on the correlation value, the correlation value of the
SARIMA forecast discharge with the generation discharge is a moderate relationship. It shows that this model is capable of
predicting an increase or decrease in discharge of up to 63%. Based on the simulation of Markov Chain models, the MAPE
values are 26%. The MAPE value in the SARIMA model is 25%, which shows reasonable or moderate forecasting accuracy.
This shows that the model is good at predicting monthly discharge [3-5, 34, 35].

The Markov Chain model can predict monthly average discharge because the model predicts discharge using the
probability method of possible past discharges, which often appear to predict the future. Moreover, the discharge is classified
into three classes: dry, normal, and wet, which makes the model effective in predicting data with uniform patterns but has
limitations in forecasting extreme data. Extreme data can disrupt normal distribution, and the Markov Chain model is most
effective for forecasting discharge when the data approximates a normal and uniform distribution [37].

3.2.2. Seasonal Autoregressive Integrated Moving Average (SARIMA)

ARIMA is a way to estimate time series data stochastically. The ARIMA model represents three models, namely from
Moeeni et al. [13], Yang et al. [14] and Kenyi and Yamamoto [15]:

1. Autoregressive model (AR)
2. Moving averages (MA)
3. Autoregressive and moving average model (ARMA)

SARIMA method, which was originally a development of the Box-Jenkins (ARIMA) method. The SARIMA model can
overcome the seasonal pattern of a time period. Based on Figure 7 illustrates that the discharge data typically decreases in
January each year and increases in the subsequent month, and this pattern repeats annually, reflecting the impact of
seasonality, therefore, the ARIMA model is developed into the SARIMA model. Based on Figure 7, the Karian discharge
data from 1997-2023 is stationary (Figure 7 and Table 3), therefore, there is no need for differencing. If the data is stationary
in the first difference, then modeling using ARMA (p,q) d shows the degree of stationarity. Based on plotting data and
stationary tests, stationary discharge data at the origin level, the model chosen is the ARMA model [26-28]:

— Q4Historic «v-+ee Linear (Q4Historic)

50
— 45
40
35
30
25
20
10

s

Discharge (m3/second

(]

19
23

';'_'!.
<
Time (Month)

Jan-97
Jun-98
Nov-99
Jul-05
Dec-06
May-08

Jan-14
Jul-

Dec-

Apr-01
Sep-02
Feb-04
Oct-09
Mar-11
Jun-15
Nov-16
Apr-18
Sep-19
Feb-21

Figure 7.
Karian input discharge plots (1997-2023).

The stationary test uses the Dickey-Fuller method with the following hypothesis and results [38]:
HO: data is not stationary

H1: stationary data
P-value < 0.05 - reject HO > Conclusion: data is stationary Table 4.

4184


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/correlation-coefficient

International Journal of Innovative Research and Scientific Studies, 8(3) 2025, pages: 4176-4188

Table 4.

Stationary Test.
Level Dickey-Fuller P-Value Conclusion
Origin -10.709 0.01 Stationary

The next stage after the stationary test is to estimate the model. This will determine the initial estimated values for the
parameters of the ARMA model based on the autocorrelation correlogram (ACF) and partial autocorrelation correlogram
(PACF) patterns. From the results of the model selection, the best model was then re-selected, using statistical tests [26-28].

From the ACF, PACF, and statistical test results, the best model was SARIMA (2,0,2) (2,1,0) with a drift model. For
this reason, the Karian input discharge forecast uses the SARIMA (2,0,2) (2,1,0) with a drift model. After obtaining the best
model, a prediction of Karian's input discharge from 1997 to 2023 was carried out, and then calibration was performed using
the historic data (Figure 6) [26-28].

Based on the calibration results of the SARIMA input discharge forecast and historic data, the correlation value is 65%.
Based on the correlation value, the correlation of the SARIMA forecast discharge with generation discharge has a moderate
relationship. This shows that this model is capable of predicting an increase or decrease in discharge of up to 65%. The
MAPE value in the SARIMA model is 25%, which shows reasonable or moderate forecasting accuracy. This indicates that
the model is good at predicting monthly discharge [3-5, 34, 35].

A SARIMA model works well for predicting discharge data like river flow because it captures both short-term
fluctuations and seasonal patterns that naturally occur in this kind of data. Discharge often follows a seasonal rhythm; for
example, rivers might swell during rainy seasons and then slow down in drier months. SARIMA models are built to handle
this by including seasonal components (P, D, Q, s), which recognize and adjust for these repeating cycles, whether they
happen daily, monthly, or yearly. By combining trend detection, seasonal behavior, and random variations, SARIMA
becomes a powerful tool for understanding and forecasting discharge patterns, even when the data is noisy or unpredictable
[13-15, 26-28].

3.3. Multiple Linear Regression (MLR) Model

In the Multiple Linear Regression (MLR) model, there are various model configurations. The selection of the forecasting
discharge model is conducted using several variations of the quaternary MLR model. This approach is based on previous
studies showing that the four-variable (quaternary) variation produces a higher correlation value compared to the two-variable
(binary) and three-variable (ternary) variations. Moreover, using more than four variables tends to yield correlation values
that are not significantly different from those produced by the four-variable variation [3-5, 17, 18].

For the quaternary MLR variations in this study, three variations were created: MLR-1 variation of Q4 (Q4t-1 P1t-1 P4t-
1); MLR-2 variation of Q4 (Q4t-1 Q4t-2 P1t-1). MLR-3 variation of Q4 (Q4t-1 Q4t-2 P4t-1).

The selection of these variations is based on the hydrological components present in the upstream area of the Karian
Reservoir, specifically P1, P4, and Q4 (Figure 1). This approach was chosen because using hydrological components from
the downstream area of the Karian Reservoir would not align with the characteristics of Karian’s input discharge. This
discrepancy occurs due to changes in hydrological characteristics downstream of the Karian Reservoir, where the flow has
been influenced by the reservoir itself. As a result, the downstream hydrological characteristics differ from those found in
the upstream components of the Karian Reservoir.

Additionally, the model variations are also based on differences in the time periods of rainfall and discharge recordings.
There are time step variations of t-1, which predict the value for period t, and t-2 time steps, which predict the discharge
value for period t. This approach aims to evaluate how strongly the time factor influences future prediction results [3-5].

The MLR-1 model (Figure 7) has a correlation value of 76%, it shows that the relationship between the Q4 MLR-1
forecast discharge and historic data has a high correlation. Meanwhile, the MAPE value in the MLR-2 is 19%, which shows
good forecasting accuracy. This shows that the model is good at predicting monthly discharge [3-5, 34, 35].

The MLR-1 model is effective at predicting discharge; this is because the MLR-1 model Q4 (Q4t-1P1t-1P4t-1) uses t-1
month rainfall data and t-1 month discharge data. The variables t-1 month rainfall and t-1 month discharge have a strong
correlation with t month historic discharge data. This is because the rainfall in the previous month (t-1) becomes the discharge
in month t, and the relationship between discharge t and discharge t-1 is also strong. The strong correlation between a river's
discharge in the current month (Qy) and its discharge in the previous month (Q-1) can be attributed to the inherent persistence
in hydrological systems. This persistence arises because various hydrological processes—such as groundwater contributions,
soil moisture retention, and basin storage effects—exhibit temporal continuity, causing river discharge to be autocorrelated
over time.

A study examining river discharge variability across major global basins highlighted that the variations in river discharge
are influenced by climate and the nature of the Earth's surface and subsurface. These factors contribute to the temporal
persistence observed in discharge records, leading to significant correlations between consecutive monthly discharges. These
factors result in a good discharge forecast [2, 26].

The MLR-2 model Figure 7 it has a correlation value of 75%, which shows that the relationship between the Q4 MLR-
2 forecast discharge and historic data has a high correlation. Meanwhile, the MAPE value in the MLR-2 is 22%, indicating
reasonable or moderate forecasting accuracy. This demonstrates that the model is effective at predicting monthly discharge
[3-5, 34, 35].

The MLR-2 is good at predicting monthly average discharge, this is because the Q4 MLR-2 uses variables Karian
previous month discharge time step t-1(Qt- 1) and t-2(Qt-2), also using Variable rainfall the previous month time step t-1
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(P1t-1). The result of the model correlation of historic discharge shows a strong correlation with the predicted discharge.
Because the rainfall in the previous month t-1 becomes the discharge in month t, apart from that, there is a strong relationship
between the discharge in Qt-2 and the predicted discharge Qt, but not as strong as the relationship between Q-1 and Q..
Furthermore, the position also determines the strength of the relationship. For rainfall P1, the position is further away than
with P4 on the Karian reservoir, so that the value of MAPE with P1 is a bit different from the MAPE with P4 [3-5].

The MLR-3 model (Figure 7) has a correlation value of 75%. It can be seen that the relationship between the Q4 MLR-
3 forecast discharge and historic data has a strong correlation. The MAPE value in the Q4 MLR-3 it shows reasonable or
moderate forecasting accuracy. This indicates that the model is good at predicting monthly discharge [3-5, 34, 35].

The MLR-2 is good at predicting monthly average discharge, this is because the Q4 MLR-2 uses variables Karian's
previous month discharge time step t-1(Qt- 1) and t-2(Qt-2), also using Variable rainfall the previous month time step t-1
(P4t-1). The result of the model correlation of historic discharge shows a strong correlation with the predicted discharge.
Because the rainfall in the previous month t-1 becomes the discharge in month t, apart from that, there is a strong relationship
between the discharge in Qt-2 and the predicted discharge Qt, but not as strong as the relationship between Q-1 and Q..
Furthermore, the position also determines the strength of the relationship. For rainfall P4, the position is closer to Karian
Reservoir than P4 so the value of MAPE with P4 is a bit different than MAPE with P1 [3-5].

4. Model Comparison
To determine the selected forecast discharge, a statistical test comparison of the Markov Chain forecast model, SARIMA,
and the quaternary MLR model is carried out in Table 5.

Table 5.
Comparison of Karian input discharge forecast models (Q4) Year (1997-2023).
CHAIN-MARKOV SARIMA MLR
1 2 3
Accuracy R2 0.63 0.66 0.76 0.75 0.75
Error MAPE 0.26 0.25 0.19 0.22 0.21

Based on Table 5, it is found that the quaternary MLR-1 model Q4(Q4t-1P1t-1P4t-1) is the most representative model in
forecasting Karian input discharge. This is represented by the correlation value with historic data, which is 76% and has the
smallest model error value. It indicates that the MLR-1 model is a statistically nuanced model that is suitable for random and
stochastic changes in hydrological components [3-5, 34, 35].

5. Conclusion

Based on the results, the Markov Chain, SARIMA, and MLR models all have an accuracy level of probability in
increasing or decreasing discharge ranging from above 63% to 76%. This is also evidenced by the results of the correlation
obtained using the three models, which produced a value in the range of 0.6 to 1, indicating a significant relationship between
each model. Therefore, these models are suitable alternatives for forecasting discharge. The simulation results from the
calibration of the water source model show that the largest correlation, ranging from 75% to 76%, was obtained using the
MLR model, followed by the SARIMA and Markov Chain models with correlation values of 66% and 63%, respectively.
The least average error rate (MAPE) between 19% and 22% was obtained using the MLR model, while the other models
produced values of 25% and 26%. Therefore, the most representative water source model for discharge forecasts, and the
closest to the historical series of discharges, is the MLR, followed by the SARIMA model and the Markov Chain model. In
comparison to other models, the MLR-1 model produced the largest coefficient correlation of 0.76 or 76%. This shows that
this model is capable of forecasting an increase or decrease in discharge of up to 76%. Therefore, the MLR-1 model is the
best model that can serve as the basis for modeling the optimal management of water sources in the Ciberang-Ciujung
watershed [3-5, 34, 35].

This study strengthens the argument that the comparison of the three models (Markov Chain, SARIMA, and MLR) with
a statistical approach (calibration criteria decomposition) can help improve our understanding of model performance. This
approach can assist in the design of a diagnostically robust evaluation strategy that supports the proper identification of
hydrologically consistent models. With the comparison of the three models, it is hoped that the performance of the most
representative model can be used as a basis for modeling analysis, especially to predict discharge data according to the
conditions of the research area. The most representative alternative model in this study will be used as the basis for modeling
discharge predictions and utilized to achieve optimal reservoir conceptualization.
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