
The Development of the SARIMAModel
for Flood Disaster Resilience

Heri Sulistiyono1(B) , Faisal Irshad Khan2 , Humairo Saidah1 , Ery Setiawan1,
I Wayan Yasa1 , I Wayan Suteja1 , Salehudin1, and I Dewa Gede Jaya Negara1

1 University of Mataram, Mataram 83125, Indonesia
h.sulistiyono@unram.ac.id

2 Texas A&M University, College Station, TX 77840, USA
fikhan@tamu.edu

Abstract. Some agencies in the world warned that the recent flood disaster has
been getting worse all over the world. Engineers have studied flooding and its
impact with various simulation models. Yet, there is no model considered the
best for all estimations of flood disasters in the future. In this paper, the authors
propose a procedure to develop the Seasonal Autoregressive Integrated Moving
Average (SARIMA) model. The model is for generating future rainfall. In this
paper, the authors use the procedure for drainage evaluation in an effort of flood
risk resilience. The authors use the rainfall data of the Monjok Station from 2008
to 2018 in the demonstration of the proposed procedure to generate 20 years of
rainfall data from 2008 to 2028. This paper evaluates the flood resilience of the
Wahidin drainage system. The authors use the Correlation Coefficient and Volume
Error to determine the bestmodel. The results showed that the best SARIMAmodel
was (0, 1, 1) with a Correlation Coefficient of 0.71 and a Volume Error of 13%.
Based on themodel, the 10-year return period of future rainfall is 137.60mm. This
rainfallwill cause runoff in theWahidin 01, 02, and 03 of 4.35m3/sec, 1.22m3/sec,
and 9.496 m3/sec, respectively. However, because the capacity of the three canals
is only 1.32 m3/s, only Wahidin 02 canal is safe until 2028. Wahidin 01 and 03
channels are not.

Keywords: SARIMA Model · Correlation Coefficient · Volume Error ·
Drainage Evaluation · Flood Risk Resilience

1 Introduction

Please Natural disasters such as floods are becomingmore andmore common all over the
world [1] [2] [3]. According to the National Disaster Management Agency (BNPB), 827
floods have occurred throughout Indonesia [4] [5]. Floods often happen when rainfall
is higher than usual. The Lack of water infiltration zones, insufficient drainage systems,
meandering rivers, tidal effects in estuaries, and garbage in waterways can increase the
severity of flood events [6] [7]. Besides improving watersheds and drainage systems,
engineers have to study changes in future rain patterns and characteristics [8] [9] [10] to
be able to evaluate the ability of the drainage system in the effort of flood risk resilience.
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In some cases, the historical rainfall data is insufficient for flood analysis. Conse-
quently, engineers must perform modeling simulations to obtain adequate rainfall data
[11] [12]. Among the simulation methods, the Forecasting method based on the same
data type becomes preferable when another type is unavailable. This type of modeling
uses past events to estimate future events. This paper proposes the Development of the
SARIMA Model for Flood Disaster Resilience.

The SARIMA model is a univariate model. The SARIMA Model for forecasting
rainfall data only considers the past rainfall events instead of involving other variables
[13] [14]. The objectives of this research are:

1. To develop a Seasonal Autoregressive Moving Average (SARIMA) model for the
simulation of future rainfall in Mataram City.

2. To estimate the future runoff in the Wahidin main canals based on future rainfall.
3. To evaluate the status of Wahidin drainage main system based on future runoff.

2 Methodology

2.1 The Principles of Proposed Data Forecasting

According to some references, forecasting includes [15] [16] [17] [18]:

1. The random distribution of model residuals.
2. Short-term forecasting is more accurate than long-term forecasting.
3. Group forecasting is more accurate than individual forecasting.

The flowchart in Fig. 1 shows the proposed procedure.
The proposed procedure has three steps. The first step is data preparation. The second

step is model development. The model considers seasonal phenomena, previous self-
data, and changes in residuals. The third step is model application. In this paper, the
application of the model is the evaluation of the drainage system for Flood Disaster
Resilience.

The description of the steps is as follows:

1. The Development of the SARIMAmodel. Some models that are popular in the time
series analysis are as follows [19] [20]:

a. Time series Plot of rain data to see the presence of seasonality Calibrate model
parameters using the Box-Cox method

b. Determine the autoregressive coefficient using the Autocorrelation function.

The autocorrelation function is the relationship (correlation) between each data and
its previous data. The equation to perform the autocorrelation function is

ρk =
∑n−k

t=1

(
Zt − Z

)(
Zt+k − Z

)

∑n
t=1

(
Zt − Z

)2 , k = 0, 1, 2, . . . (1)
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Fig. 1. The Flowchart of Proposed Procedure.

With: ρk is a correlation coefficient for a k-lag period, Zt is an observation value in
t period, Zt + k is an observation value in t + k period, Z is the average of observation
values.

The autoregressive model has the following form

Yt = β0 + β1 Yt − 1 + β2 Yt − 2 + ... + βp Yt − p + εt (2)

With: Yt is the stationary series; Yt-1 and Yt-2 are the past value of the series in
question; β0, β1, and β2 are the constants and model coefficients; and εt is the model
residuals.

c. Perform data differencing by applying data shift (Lagging).

A differencing is the process of calculating the deviation between Zt and Zt-1. Each
data has an estimated difference from the previous data. Lambda values in the Box-Cox
Plot indicate the need for a transformation to stabilize the mean and standard deviation.
Transformation formula is as

y(λ) =
{

X λ−1
λ

, if λ �= 0
logX , if λ = 0

(3)

With: y is the transformed data, X is the data, and λ is the transformation model
parameter. The backward shift operator is suitable to describe the difference [18] and is
as shown below.

BXt = Xt − 1 (4)
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With: Xt is the value of variable X at time t, X t−1 is the value of variable X at time
t1, and B is the backward shift operation.

d. Determine themoving average coefficient using the Partial Autocorrelation function.

A partial autocorrelation function shown below states the relationship between an
observation result and the result of the observation.

φkk = ρk − ∑k−1
j=1 φk−1, jρk−j

1 − ∑k−1
j=1 φk−1, jρj

(5)

With: ∅kk is the partial autocorrelation coefficient for the -period lag, ∅kj is the
partial autocorrelation coefficient for lag period j = 1,2, … k – 1

The Moving Average model has the following form:

Yt = α0 + εt−1εt − 1−2εt − 2 − . . . −qεt − q (6)

With: Yt is the stationary series value; εt is the forecast error (error); εt 1 and εt-2 are
the past forecasting error; α0, α1, and α2 are the constants and the model coefficients.
In case of Engineers must merge Autoregressive-Moving Average (ARIMA) Models to
obtain the best solution, the form is becoming

Yt = β0 + β1Yt − 1 + ... + εt−α1εt − 1 + ... (7)

With: Yt is the stationary series; Yt-1 and Yt-2 are the past value of the series in
question; β0, β1, and β2 are the constants and the model coefficients; εt is the model
residuals; εt-1 and εt-2 are the past forecasting error; α0, α1, and α2 are the constants
and model coefficients.

If the discrepancies or the “differencing” arises in the sequential data values, engi-
neers need an “integrated” part. The model becomes an Autoregressive Integrated
Moving Average (ARIMA). The equation is

(1 − B)(1 − θt B)Xt = μ + (1 − θt B)εt (8)

With: Xt is the stationary series; (1-B) is the differencing of non-seasonal parameter,
θt B is the AR non-seasonal parameter,μ is the average of data; εt is the model residuals.

In case of the season affects the movement of sequential changes in the data, then
the model form is

�PB
Sφ

P(B)(1−B)d (1−BS)
DZt

= θq(B)�q

(
BS

)
at (9)

With: P(B) is the AR Non seasonal parameter, �PBS is the AR seasonal parameter,

(1 − B)d is the differencing of non-seasonal parameter,
(
1 − BS

)D
is the differencing

of seasonal parameter, θq(B) is the MA non seasonal parameter, and �q
(
BS

)
is the MA

of seasonal parameter.

e. Perform the goodness of fit test
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In this paper, the authors use the correlation coefficient and the volume Errors to test
the model results [21]. The equations are

rxy =
∑n

i=1(xi − x)(yi − y)
√∑n

i=1(xi − x)
√∑n

i=1(yi − y)
(10)

With: rxy is the correlation coefficient, x is the observed data, y is the predicted data.

VE =
∑n

i=1(xi − yi)
∑n

i=1(xi)
(11)

With: VE is the volume error, x is the observed data, y is the predicted data.

2. Model Application

a. The Forecasting rainfall using the Seasonal Autoregressive Moving Average
(SARIMA) model

b. The estimation of the future runoff
c. The evaluation of the drainage system this paper uses the rational method in the

peak runoff calculation. The equation is [22] as follows

Qp = 0, 002778 C.I .A (12)

With Qp is the peak runoff rate (discharge) in m3/sec, C is the runoff coefficient
(0<C<1), I is the rainfall intensity in mm/hour, and A is the area of the watershed in
hectares.

The formula of concentration time in this paper is as follows [23]

tc =
(
0.87.L2

1000S

)0.385

(13)

With: tc is the time of concentration, L is the length of the main canal from the
upstream to the drain in Km, S is the slope of the canal in m/m.

The authors use runoff coefficient (C) as shown in Table 1 [23]
The authors use the Mononobe formula as follows [24]

I = R24

24

(
24

tc

) 2
3

(14)

With: I is the rain intensity (mm/hour), R24 is the maximum rain height in 24 hours
(mm), and tc is the time of concentration of rainfall.

In this paper, the authors use the open channel approach to calculate the drainage
capacity. The formula is as follows [24]

Q = VA = 1

n
R

2
3 S

1
2A (15)

With:Q is theFlowDischarge,A is theCanalCross-sectionalArea,R is theHydraulic
radius, and S is the Canal slope.



216 H. Sulistiyono et al.

Table 1. Runoff Coefficients.

Description Runoff Coefficient, C

Businesses

Urban 0.70–0.95

Suburbs 0.50–0.70

Housing areas

Single unit 0.30–0.50

separate multi-unit 0.40–0.60

Merged multi-unit 0.60–0.75

Village 0.25–0.40

Apartment 0.50–0.70

Industries

Light industrial area 0.50–0.80

Dense industrial area 0.60–0.90

Pavements

Asphalt and concrete 0.70–0.95

Brick and paving 0.50–0.70

Roof 0.75–0.95

Yards, Sandy soil

Flat, 0%-2% 0.13–0.17

Moderate, 2%-7% 0.10–0.15

Steep, > 7% 0.15–0.20

Playground 0.20–0.35

Graveyard 0.10–0.25

Forest

Flat, 0%-5% 0.10–0.40

Moderate, 5%-10% 0.25–0.50

3 Results and Discussions

The following sections present a case study to demonstrate the application of the
proposed framework. Figure 2 shows the case study location.

Figure 2 shows the existing condition of the Wahidin Main Canal. This canal has
three sections: Wahidin 1, Wahidin 2, and Wahidin 3. The catchment area of this canal
is 240.79 ha. Table 2 shows the technical data of the Wahidin canal.

This paper uses maximum rainfall data from the Monjok Station from 2009 to 2018.
Figure 3 shows the maximum rainfall from the Monjok Station from 2009 to 2018.
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Fig. 2. Case Study Location.

Table 2. Technical Data of the Canals.

Canal A (ha) C S L (m) W (m) D (m)

Wahidin 01 75.52 0.3 0.2% 235.3 1.60 0.60

Wahidin 02 20.11 0.3 0.2% 240.6 1.60 0.60

Wahidin 03 145.1 0.4 0.2% 650.0 1.60 0.60

Fig. 3. The Maximum Daily Rainfall from the Monjok Station from 2009 to 2018.

Figure 3 shows the monthly rainfall data from the Monjok Station following the
seasons. The monthly rainfall reaches the peak value every January and the base value
every August. By the proposed procedure, the next step is to analyze the autocorrelation
function plot. Figure 4 shows the autocorrelation function plot for monthly rainfall data.

The data is stationary concerning the mean if the autocorrelation of the first 3-lag is
within the confidence line. Figure 4 shows that the autocorrelation of the first lag is out
of the confidence line.
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Fig. 4. The Autocorrelation Function Plot for Maximum Daily Rainfall.

Fig. 5. The box-cox plot method.

Figure 5 shows the Box-Cox Plot analysis to obtain the value of lambda values
should be in the Box-Cox transformation to stabilize the mean and the standard devi-
ation. Figure 5 shows that the estimated Lambda value is 0.34. Figure 6 shows the
autocorrelation function after the Box-Cox transformation with the Lambda of 0.34.

Figure 6 shows no autocorrelation value sticking out of the confidence limit. The
SARIMA modeling using transformed data does not require an autoregressive function
anymore. Figure 7 shows the partial autocorrelation function.

Figure 7 shows one partial autocorrelation value sticking out the confidence limit.
The transformed data requires a first-order moving average function to model the data.
Table 3 shows the ANOVA of the SARIMA.

Therefore, according to Table 3, the SARIMA equation becomes

(1 − B) yt = (1 + 0.737) (1 + 0.873) εt (16)

Figure 8 shows the prediction of rainfall from 2009 to 2028 using the SARIMA
model.

Figure 8 shows the predicted rainfall increases in the future. Table 4 shows the
goodness of fit tests.
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Fig. 6. The Autocorrelation Function after the transformation.

Fig. 7. The Partial Autocorrelation Function after the transformation.

Table 3. The ANOVA.

Parameter Coef SE Coef. T-Value P-Value

MA 1 0.737 0.096 7.69 0.000

SMA 12 0.873 0.133 6.56 0.000

Constant 0.012 0.011 1.14 0.259

In Table 4, the correlation coefficient is 0.71, and the Volume Error is 13%. This
SARIMA model is suitable for generating future rainfall data.

Figure 9 shows the design rainfall of 2-year, 5-year, and 10-year return periods are
106.87 mm, 126.2117 mm, and 137.67 mm, respectively.

In Table 5, the 10-year return period of discharges of the Wahidin 1, Wahidin 2, and
Wahidin 3 are 4.35, 1.22, and 8.35, respectively.

In Table 6, the capacities of the Wahidin 1, Wahidin 2, and Wahidin 3 are 1.32,
1.32, and 1.32, respectively. Therefore, Table 7 shows the status of theWahidin drainage
system until 2028.

In Table 7, one canal is still safe but the other two canals are not.
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Fig. 8. The time series plot of rainfall and predicted rainfall for the same year.

Table 4. The Goodness of Fit Test.

Parameter Results

R 0.71

VE 0.13

Fig. 9. The Probability Plot of Predicted Maximum Daily Rainfall

Table 5. The Calculation of flow rate.

Canal A (ha) C tc (mnt) R10 (mm) I (mm/h) Disc (m3/s)

Wahidin 01 75.52 0.3 34.34 137.6 69.23 4.35

Wahidin 02 20.11 0.3 31.8 137.6 72.87 1.22

Wahidin 03 145.1 0.4 53.11 137.6 51.77 8.35
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Table 6. The Calculation of drainage capacity.

Canal n S A (m2) P (m) R (m) Q (m3/s)

Wahidin 01 0.013 0.20% 0.96 3.8 0.25 1.32

Wahidin 02 0.013 0.20% 0.96 3.8 0.25 1.32

Wahidin 03 0.013 0.20% 0.96 3.8 0.25 1.32

Table 7. The Status of the Wahidin Drainage System in 2028.

Canal Capacity Discharge Status

Wahidin 01 1.32 4.35 Not safe

Wahidin 02 1.32 1.22 Safe

Wahidin 03 1.32 8.35 Not safe

4 Conclusion

Based on all studies, the authors can conclude that

1. This study has developed a Seasonal Autoregressive Moving Average (SARIMA)
model for the simulation of future rainfall in Mataram City,

2. The prediction of future runoff in the Wahidin main canals no.01, 02, and 03 are
4.35 m3/s, 1.22 m3/s, and 8.35 m3/s, respectively,

3. The Wahidin 02 canal is safe. However, Wahidin 01 and 03 canals are not safe.
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