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The Gembong reservoir in Pati Regency, Java, Indonesia is a rain-fed reservoir, which
experiences a depletion of it carrying capacity. The characteristic of local rainfall is one of
the important factors in assessing the potential of hydrometeorology disasters in its area.
Sedimentation in watersheds and reservoirs has covered water sources, so local rainfall
determines the dynamics of water availability. This research is needed in the development
of mitigation strategies. This article contains an analysis of the characteristics of local
rainfall, and forecasting based on local daily rainfall data. This data was obtained from
the rainfall gauge station in the Gembong reservoir area in 2007-2019. Variation
coefficient, anomaly index, rainfall concentration index, and Mann-Kendall test were used
to identify its characteristics. The time series model is used as modeling for forecasting.
The results of empirical analysis show that rainfall volatility with irregular changes in high
variability, meteorological drought in moderate category, rainfall trends follow fluctuating
patterns and do not follow monotonic trend patterns but high concentrations of rainfall.
Forecasting results with the Autoregressive Integrated Moving Average model for the wet
months show an increasing in total rainfall by 17% in the next year. So, the potential for
flooding is greater than the potential for drought. Based on the analysis of the local rainfall
characteristics, then mitigation on flood is preferred.

1. Introduction

shows the size of fluctuations in rainfall data that is the size of the
deviation to the average rainfall needs to be observed properly [5].

Water is the most important natural resources for sustainable
life in the world. Rainfall is one of the environmental variables that
is often used to track the level and variability of climate change
and is influencing the availability of water in the future [1]. Long-
term climate change associated with changing patterns and
intensity of rainfall has a potency to increase the frequency of
drought or flooding.

Trend analysis based on historical rainfall data is needed to
detect trends in climate variables [2], and in general, patterned
sinusoidal periodic waves [3]. Climate change with volatile
changes between water abundance and water scarcity make it
difficult to manage its water availability [4]. Volatility of rainfall
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Rainfall volatility explains changes in rainfall intensity, which
is very important to consider in the preparation of
hydrometeorology disaster mitigation strategies [3-5]. The number
of losses incurred due to natural disasters of climate change is
necessary to mitigate disasters.

Observations at the location confirmed that the Gembong
reservoir in Pati Regency, Indonesia is a rain-fed reservoir. The
water collected in the Gembong Reservoir comes from direct
rainwater or water through watersheds that inflow to the reservoir
during the rainy season. The rivers are not able to drain their water
into the reservoir in the dry season. The availability of water in the
reservoir depends only on local rainfall. Climate change and its

299


http://www.astesj.com/
mailto:kartono@live.undip.ac.id
http://www.astesj.com/
https://dx.doi.org/10.25046/aj050339

K. Kartono et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 3, 299-305 (2020)

effect on local rainfall condition potentially influences the annual
variability of water availability in reservoir.

Potential of hydrometeorology disasters depend on rainfall
volume, intensity and duration of rainfall. Rainwater increases
river flow and causes flooding [5,6]. Extreme changes of low to
high rainfall intensity in a short period of time are often indications
of flash floods or landslides. The frequency and intensity of
hydrometeorology disasters and their impacts in Indonesia are
increasing and resulting in greater losses, even claiming human
lives. The Situ Gintung tragedy on March 27, 2009 is as an
example

Extreme changes in rainfall intensity from high to low over a
long duration of time lead to drought. Water scarcity impacts all
aspects of life and the economy [7, 8]. Floods, landslides and
drought are related with the characteristics of local rainfall as a
consequence of climate change. The Climate change impacts the
changes in hydrological cycle and water availability in reservoirs
[9], the frequency and extent of flooding [6], and also makes it
difficult to form reservoirs operating patterns [10].

The agricultural sector is directly affected [11], so food security
is very vulnerable to this disaster, both droughts in the dry season
and flooding in the rainy season. Failure to harvest can occur due
to lack of water, as well as when the plants approaching the harvest
hit by flooding. The agricultural sector is very dependent on
climatic conditions and its variability that can change agricultural
ecosystems, which have an impact on agricultural production and
food security [12]. Deforestation in the Muria Mountain by human
activities in land use can trigger a potential of hydrometeorology
disasters in reservoir areas at any time [13]

Reservoir operation patterns in Indonesia are based on the
results of rainfall estimates [14], so that an understanding of the
characteristics (volatility, trends, patterns) of local rainfall [15] is
needed in its preparation. This article contains the results of
research aimed at identifying and analyzing the volatility of local
rainfall and its predictions in the future in rain-fed reservoirs. Local
rainfall is a key component of climate, changing patterns and
intensity having a direct impact on the availability of water in rain-
fed reservoirs. The results of this research provide a very important
and valuable input on sustainable management of water resources
and planning for hydrometeorology disaster mitigation strategies
[3, 5]. The Gembong Reservoir, built in 1933, is very vulnerable
to climate change, especially the local rainfall volatility.

Therefore, the main discussion in this article includes (1)
detecting and analyzing the characteristics of local rainfall in the
Gembong reservoir area, (2) predicting local rainfall using a time
series forecasting model, (3) identifying a potential
hydrometeorology disaster, and (4) conclusions.

2. Methods
2.1. Study Area

Gembong Reservoir belongs to Gembong District, Pati
Regency, Central Java Province, Indonesia and on the eastern of
Mount Muria with altitude of 500-1000 meters above sea level.
Gembong Reservoir is located on 06°41°47.99” South Latitude and
110°57°21.79” East Longitude. The main benefit of this reservoir
is as irrigation water supply to agricultural land area of around
4,606 ha. The Gembong Reservoir was chosen as the location of
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the study because it was the same age as the Situ Gintung Reservoir,
Banten, Indonesia, which had experienced a flash flood disaster.
The tragedy occurred on March 27, 2009 not only due to rainfall
factors but also by the age of the old embankment [16].

2.2. Research Design

Daily rainfall data from the rainfall gauge station in the
Gembong reservoir area in 2007-2019 was obtained from the
reservoir operator's daily records through observation. Raw data
is then presented in an Excel worksheet. It was processed and
analyzed by using the Statistics methods. Software R version 3.6.1
for descriptive statistics dan Minitab version 17 for forecasting.

Rainfall volatility analysis is based on calculating the
coefficient of variation (CV), the standardized precipitation
anomaly index (SPAI), and the precipitation concentration index
(PCI) [17], while the trend is analyzed by using Mann-Kendall
(MK) test [2,18-21]. SPAI was used to display quantitative
analysis related to changes in rainfall and identify potential floods
or droughts [8, 22], where rainfall is seasonal and periodic in a
monsoon-dominated climate context [23], like the climate in
Indonesia. The PCI is an important feature in water resource
management planning, prediction or serves as a warning tool for
potential hydrometeorology disasters [24]. A positive value of Z-
statistic indicates that there is the upward trend in time series data
and vice versa [3].

The ARIMA (Autoregressive Integrated Moving Average)-
Box Jenkins method is one of the prediction methods that is often
applied for the prediction of rainfall time series data [25, 26]. In
this research, the ARIMA model for wet months is used for
forecasting. The MASE (Mean Absolute Scaled Error) value
measures the accuracy of the prediction, because there are zero
data in the dry month [27].

3. Results and Discussion
3.1. Description

The results of in-depth interviews with the community around
the reservoir, sub-district and village officials, reservoir operator
and reservoir care communities, and observations onsite confirm
that there are no spring water sources in the river basin. This
statement confirms that Gembong Reservoir is a rain-fed reservoir.
The daily local rainfall graph in the Gembong Reservoir area is
presented in Figure. The pattern of each year illustrates the form of
periodic sinusoidal waves as generally occurs in other countries [3],
although extreme rainfall of 425 mm occurred at the beginning of
the month in 2018. Extreme fluctuations of rainfall increase the
inflow of the river into the reservoir. Such conditions have the
potential for flooding [5, 6].

Descriptive statistics in Table 1 can explain the average rainfall
on the Gembong Reservoir has a wide data distribution. It shows
the interval of changes in the rise and fall of the local daily rainfall
is wide. Rainfall in the Gembong Reservoir has fluctuations in the
data distribution is quite large. Table 2 shows the maximum
rainfall occurring in January. as in Figure 1.

Table 1. Descriptive Statistics of Rainfall (2011-2018)
Min Max
0 425 5.6 17.2

Mean Standard deviation
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3.2. Analysis of rainfall trends and volatility in the Gembong
Reservoir

Non-parametric tests are used to detect trends where the results
are shown in Table 2. Results on Table 2 explain that the largest
CV occurred in August and September, which shows that the
variability between years is greater than in other months, but it has
the smallest volatility. The level of variability in rainfall events is
high according to the classification developed by Hare [2]. At the
significance level a¢=0.05 , the rainfall data do not follow
monotonic trend patterns at all months. Only in January, August
and December, it was significant with a¢=0.1 , with approaching

the pattern of ascending monotonic trends. It illustrates that the
rainfall data fluctuate with the uncertainty in the sense of the
monotonic trend patterns.

Daily Reinfall (mm)

100 200 300 400

0
I

T T
2012 2014 2016 2018
Year

Figure 1: Daily Rainfall on Gembong reservoir 2011-2019

Table 2: Rainfall characteristics at Gembong station

Month Min Max Mean CV Volatility S Z Tau MK-test (Sig)
Jan 0 425 15.9 199.2 31.7 3341 1.5 0.06 (0.10)"
Feb 0 263 1.3 2115 23.8 -693 -0.3 -0.01 (0.74)
Mar 0 98 6.4 2188 14.0 -442 -0.3 -0.01 (0.82)
Apr 0 118 6.7 2348 157 -356 -0.2 -0.01 (0.84)
May 0 61 2.8 3243 9.1 -525 -04 -0.02 (0.71)
Jun 0 93 1.7 475.0 7.9 138 0.1 0.01 (0.90)
Jul 0 75 1.1 587.4 6.3 -285 -04 -0.02 (0.73)
Aug 0 68 0.6 855.6 4.7  -950 -1.6  0.07 (0.10)"
Sep 0 86 0.7 8332 6.0 -447 -0.7 -0.03 (0.51)
Oct 0 86 24 3473 8.3 1227 0.9 0.04 (0.38)
Nov 0 88 43  261.7 11.3 719 04 0.02 (0.67)
Des 0 108 10.4 180.7 18.7 3445 1.6 0.06 (0.10)"
Note: * statistically significant at the level of significance « = 0.1
Table 3: Classification of meteorological drought severity
Month Classification of Meteorological Drought Severity
Extreme Severe Moderate No drought
(Z<-1.65) (-1.65<Z<-1.28) (-1.28<Z<-0.84) (Z>-0.84)

Jan \%

Feb v

Mar \

Apr \%

May \%

Jun v

Jul v

Aug v

Sep v

Oct v

Nov \%

Dec \%
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Volatility, the magnitude of fluctuations in rainfall data
measured using standard deviations, values ranging from 4 to 32.
January has the highest volatility value by 31.7 with an upward
monotonic trend (Z>0) with significance level. Likewise, in the
month of December, however, the value of volatility is smaller
than January by 18.7. In June, October and November, it has an
upward trend (Z>0) but does not follow a monotonic trend pattern.
August has a downward monotonic trend with a level of
significance, while in other months it has a downward trend but
does not follow a monotonic trend pattern. Based on the
calculation of rainfall anomalies standardized as Z in Table 2, the
severity class of meteorological drought is presented in Table 3. It
can be seen that severe meteorological drought is occurred only in
August

A strong indicator for the distribution of temporal rainfall is
shown by PCI [17, 20]. Table 4 present the annual PCI values
based on monthly rainfall data each year. The classification criteria
using the criteria introduced by Oliver in 1980 [21] are presented
in Table.5. The average PCI in the 2007-2018 periods was 19.67,
which was classified as a high concentration of rainfall. Table 5
shows those 9 out of 12 years have a heterogeneous distribution of
rainfall, so the occurrence of rainfall is less predictable. In 2018,
extreme rainfall was confirmed, as shown in Figure. Furthermore,
the amount of rainfall for the future is predicted using the time
series model [26]. Therefore, forecasting local rainfall in the wet
months is  needed to analyze the potential for hydrometeorology
disasters.

Table 4: The Annual PCI 2007-2018

Year PCI Year PCI
2007 16 2013 15
2008 25 2014 19
2009 20 2015 20
2010 11 2016 15
2011 17 2017 17
2012 20 2018 42
Table 5: The PCI Classification
Index Precipitation Concentration Class” Number of Years
(2007-2018)
<10 Low (almost uniform) 0
11-15 Moderate 3
16-20 High 7
>21 Very high 2

Note: *Processing results based on Oliver's criteria

3.3. ARIMA modeling for wet months

In this modeling, wet months are months where rainfall
exceeds 100 mm/ month, otherwise called dry months. Modeling
is based on rainfall data in the Gembong reservoir in 2007-2018,
while testing uses rainfall data for 2019. The iterative steps that
have been carried out in ARIMA modeling for the wet month
include:

a. Data stationary test shows that the rainfall data of the
Gembong reservoir is stationary in the mean.

b. The charts of the autocorrelation function( ACF) and partial
autocorrelation function (PACF) describe that the
Autoregressive (AR) model was interrupted at lag 3, 4 and
the Moving Average (MA) model was also interrupted in lag
3, 4. Therefore, the possible ARIMA models are ARIMA([3,
4], 0, [3, 4]), ARIMA([3, 4], 0, 0) or ARIMA(0, 0,[3, 4]).

c. Testing parameter ¢ in the AR model. The hypothesis Ho:

@ = 0 (the parameter ¢ is not significant in the model) is
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rejected based on the ¢ test statistic with level of significance
o = 5% . Table 6 displays the test results for significance
of the model parameters. The parameters of the ARIMA ([3,
4], 0, 0) or ARIMA (0, 0, [3, 4]) are significant.

d. The white-noise process can be detected using the residual

autocorrelation test in its error analysis, which is detecting
whether there is a residual correlation between lags. The Ho
hypothesis is rejected with level of significance o =5% .
The ARIMA([3,4], 0,0) has the R? greater than the
ARIMA(0.0, [3,4]).

e. The ARIMA([3,4],0,0) or AR([3,4]) model was chosen as the

best model because it fulfills all assumptions. Based on the
coefficient values in Table 6, the ARIMA([3,4],0,0) model
can be written

Xe = Qo+03X,3+0, X4 (1)

X, = 0.024623 — 0.24784X,_5 — 0.35878X,_, (2)
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Table 6: Test results for the significance of model parameters

Model Parameter Coefficient p-value Explanation

ARIMA([3,4],0,0) ¢ 0.024623 0.0000 Significant
AR 3 -0.24784 0.0280
AR 4 -0.35878 0.0018

ARIMA(0.0.[3,4]) ¢ 0.024404 0.0000 Significant
MA 3 -0.31918 0.0039
MA 4 -0.31767 0.0042
Table 7: Validations and Forecasting

Wet Month Average Rainfall in Average Rainfall Average Rainfall in

2019 (data) in 2019 (model) 2020 (forecasted)

1 14.52 6.25 7.83

2 471 5.13 7.54

3 6.87 5.08 6.64

4 8.40 5.55 5.98

5 3.23 6.91 5.84

Accumulation 37.73 28.92 33.83

MASE (model)= 0.73< 1 ; MASE (forecasted) = 0.63< 1

where X; is the observation data at time #.

f.  The model is validated using rainfall data for 2019. Because
there is monthly rainfall data that is the amount of 0 (dry
season), then forecasting accuracy is based on value of
MASE studied in [27]. Table 7 presents the model validations
and forecasting.

The calculation results show that the MASE value is smaller
than one, which indicates it is a good forecasting [27]. Forecasting
results show that the accumulation of average rainfall in a wet
month is increased by 17%. This condition can trigger a
hydrometeorology disaster in the reservoir area.

3.4. Potential of Hydrometeorology Disasters

Analysis of rainfall data is also intended to be able to assess the
dynamics of extreme fluctuations in rainfall. Potential of
hydrometeorology disasters generally occur in extreme conditions
that cause very heavy rain to fall in a short time or long drought.
From Figure, an extreme rainfall was occurred on the Gembong
Reservoir area in 2018. Therefore, studies in extreme conditions
need to be conducted in order to anticipate the potential
hydrometeorology disasters.

From Table 2, the volatility value is ranging from 4 to 32, and
the rainfall data fluctuate with an uncertainty of the monotonic
trend patterns. This condition of rainfall that fluctuate in this way
with irregular changes between water abundance and water
scarcity make it difficult to manage water allocation [4]. Changes
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in rainfall patterns and intensity have a direct impact on the
availability of water in reservoirs, which has the potential of
hydrometeorology disasters. Increased rainfall trends can lead to
an increase in the frequency of floods, but a downward trend can
increase meteorological drought [23, 28]. Hydrological behavior
in catchments is influenced by changes in local rainfall patterns
that trigger erosion [ 15]. Uncertainty in local rainfall trend patterns
makes it more difficult to anticipate disaster risk. The capacity of
the Gembong Reservoir as a rain-fed reservoir experiences
environmental stress [13, 29]. The pressure is even greater with the
uncertainty of this rainfall trend pattern, and the occurrence of
rainfall is less predictable. Its condition will complicate the
management of reservoir water availability.

According to the classification in Table 5, the frequency of
both High and Very High Concentration of Rainfall is 75%, and
there is no Low Concentration. This high concentration triggers
erosion and landslides [15, 24], the material of which will increase
sedimentation in reservoirs and upstream reservoirs. The smaller
the capacity due to increased sedimentation and is triggered by
high rainfall concentrations, the chance of flooding through the
watershed or even the sinking Gembong reservoir will increase.
When rain with high intensity flushes the slopes of Muria
experienced deforestation and land conversion in the catchment
area, the absorption capacity of rainwater in the area is getting
smaller, resulting in erosion and the material conducted by water
flow on the slopes of Mount Muria which is included in the
Gembong District area of 342 ha [30]. The occurrence of a flash
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floods caused by a broken embankment in Situ Gintung on March
27,2009is a warning to raise awareness [16].

Potential of hydrometeorology disasters can be caused by the
inability of a reservoir to collect direct rainwater or surface water
from a watershed. When the flow of inflow and precipitation into
the reservoir exceeds the reservoir capacity, it will overflow
through the spillway which has the potential to cause flash floods.
The results of in-depth interviews with community leaders
confirmed that there was a flash flood in 2006 that affected
settlements adjacent to the river that tipped on the slopes of Muria.
The flash floods occurred due to the upstream river on the slopes
of Mount Muria being unable to support rainwater, what if the
Gembong Reservoir which volume of water is 9.5 million meters3
is broken down? In fact, the Situ Gintung tragedy occurred with a
volume of water of around 2.1 million m3 which caused huge
losses and caused many casualties [16].

When the water inflow discharge and precipitation into the
reservoir do not exceed the capacity, even smaller than the capacity,
there will be a shortage of water that starts a drought. Lack of water
will result in drought in the area of irrigation. Forecasting results
with the ARIMA model for wet months show that an increase of
17% in 2020 (Table 7). The average PCI is high (Table 4) and the
reservoir capacity that is shrinking due to sedimentation will
increase the potential for flooding. The potential for flooding is
greater than the potential for drought, especially since the reservoir
is getting older.

Conservation of the catchment areas and protected forests to
increase the absorption capacity of rainwater on the slopes of
Mount Muria is prioritized as flood mitigation strategy in the
highlands. Directives for the management of protected areas have
been outlined in the Pati Regency Spatial Planning in 2010-2030
[30]. Protecting forest conservation should be implemented
immediately when the mountainous area is not yet barren and loses
the topsoil.

4. Conclusions

The characteristics of local rainfall in the Gembong reservoir
area based on empirical studies with statistical methods are
(1)volatility of rainfall with irregular changes in high variability
between maximum and minimum rainfall, (2) there is no extreme
meteorological drought, (3) rainfall trends follow fluctuating
patterns and do not follow monotonic trends with a significance

level @=0.05, but high rainfall concentrations have the potential
to cause erosion or flooding, (4) forecasting with the ARIMA
model for wet months shows that there is an increase in rainfall
accumulation. The ARIMA's prediction results warn that the
vigilance against potential flood disasters is greater than the
potential for drought disasters.

These findings indicate that the Gembong Reservoir is
sensitive to climate change and vulnerable to potential
hydrometeorology disasters.. Preparation of mitigation strategies
is more directed at reducing the risk of flooding because rainfall is
not the only environmental factor that causes disasters. Disaster
mitigation strategies need to pay attention to other triggering
factors, such as reservoir infrastructure and surrounding land use.
Reducing sedimentation in watersheds and reservoirs, accelerating
conservation of water catchment areas and reforestation of
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protected forests on the slopes of Mount Muria are mitigation
strategies on flood that can be preferred at this time.
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