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Abstract. Sea level rise is a real impact of global climate change and can have 

severe consequences for regional and local ocean hydrodynamics. This study 

analyzes the trend of sea level rise in Tambu Bay using data from the Geospatial 

Information Agency (BIG). The existence of sea level data for Tambu Bay 

obtained from measurements is compared with data from the Geospatial 

Information Agency. Hourly observation data for 1 (one) month provides an 

RMSE value of 0.18 cm. After the least squares inter-calibration procedure and 

seasonal trend decomposition based on SARIMA and trendline, it is known that 

the rate of sea level rise in Indonesia is +1.4 mm/year in the period 1985-2024. 

This positive linear trend indicates that the sea level in Indonesia will continue 

to increase, where y is the sea level anomaly, and x is time.  
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1 Introduction 

Climate change is a multifaceted phenomenon that significantly impacts global sea 

levels, primarily through the thermal expansion of ocean water and melting ice sheets 

and glaciers. The rise of global mean sea level (GMSL) directly results from these 

processes, which are driven by anthropogenic greenhouse gas emissions that cause 

global warming. Studies have shown that between the late 19th and early 21st centuries, 

GMSL rose by approximately 195 mm at an average rate of 1.44 mm per year, with 

projections indicating that this rate will increase significantly throughout the 21st 

century [1] and [2] . Thermal expansion of ocean water, along with melting of polar ice 

caps, have been identified as significant contributors to this rise, with the 

Intergovernmental Panel on Climate Change (IPCC) indicating that the rate of sea level 

rise is likely to increase as global temperatures rise [3], [4] and [5]. Sea level rise 

projections vary widely, depending on the emission scenario considered. For example, 

in the RCP8.5 scenario, which represents a high greenhouse gas emission trajectory, 

projections suggest that sea levels could rise by as much as 180 cm by 2100, with a 5% 

probability of exceeding this threshold [5] and [6]. These projections underscore the 

urgency of addressing climate change, as even modest sea level rises could have 

catastrophic impacts on coastal ecosystems and human settlements. Coastal areas are 

particularly vulnerable, facing threats such as increased flooding, erosion, and 

salinization of freshwater resources, which could have dire consequences for agriculture 

and infrastructure [7]. In addition to the direct impacts of rising sea levels, indirect 

effects exacerbate the situation. Changes in oceanographic parameters, such as changes 
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indirect effects exacerbate the situation. Changes in oceanographic parameters, such 
as changes in currents and wave patterns, could further influence coastal dynamics 
and increase vulnerability to extreme weather events [8]. The interaction between 
these factors complicates predictions of future sea level changes and requires a 
comprehensive approach to climate modelling incorporating climate and non-climate 
variables [9].  
The sea level rise (SLR) poses a significant threat to Indonesia, an archipelagic 
country of more than 17,000 islands with a coastline stretching over 80,000 
kilometers. The impacts of sea level rise are multifaceted, affecting not only the 
physical geography of the region but also the socio-economic fabric of coastal 
communities. Studies have shown that Indonesia is experiencing varying degrees of 
sea level rise, with estimates varying from 0.72 mm/year to as high as 14.10 mm/year 
in different regions, underscoring the urgency for comprehensive assessments and 
adaptive strategies [10] and [11]. The implications of these changes are enormous, as 
rising sea levels threaten to inundate coastal areas, disrupt ecosystems, and exacerbate 
existing vulnerabilities among local populations [12] and [9] .  

The implications of sea level rise are also alarming. Coastal communities, especially 
in developing countries, face risks of flooding, salinization of freshwater resources, 
and loss of agricultural land [13]. The economic losses associated with these impacts 
can be substantial, affecting livelihoods and increasing displacement.  

In addition, the socio-economic implications of sea level rise are significant. Coastal 
cities, especially in developing countries, are at higher risk due to their geographic 
location and limited adaptive capacity. Sea level rise is not uniform; it varies 
regionally due to factors such as ocean currents and land subsidence [2] . For 
example, coastal areas that have already experienced land subsidence may face even 
more significant sea level rise, exacerbating flood risks and habitat loss [14] . The 
economic damage associated with sea level rise is significant, with estimates 
indicating significant losses in infrastructure damage, especially in areas without 
adaptation measures. Land subsidence occurred in Sirenja, Tambu Bay, Donggala 
Regency, caused by an earthquake on 28 September 2018 with a magnitude of 7.4 SR. 
Land subsidence causes tidal flooding that inundates hundreds of houses, and some 
plantations owned by residents. Approximately 150 residents were relocated because 
their houses were submerged by tidal flooding. Plants such as coconut trees, banana 
trees, cocoa trees, teak trees and others were damaged. In addition to harming local 
residents, tidal flooding damages government inventory, damaging village office 
buildings, schools, and provincial roads. Symptoms of sea level rise and land 
subsidence events will further exacerbate the ROB inundation [15].  

This background information leads to the implementation of this research by selecting 
the Teluk Tambu Location. Specifically, we will assess the ability to predict seasonal 
sea-level variability.  
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2 Methods 

2.1 Geospatial Information Agency (BIG) Tidal Data 

Until 2023, BIG increased the number of tidal stations to 265 spreads throughout 
Indonesia. The distribution of tidal stations managed by BIG can be accessed at 
srgi.big.go.id/tides. Figure 2 shows the distribution of BIG tidal station locations, and 
the altimetry satellite trajectories used in the study. BIG tidal stations are shown in 
red, and the altimetry satellite trajectories are black [16]. The sea level data used is 
data up to 2023, namely observation data from the tidal station closest to Teluk Tambu 
owned by the Geospatial Information Agency (BIG). 
(https://srgi.big.go.id/map/pasut-active).   

Fig. 1. Distribution of BIG tidal stations (red) and altimetry satellite tracks. 

Fig. 2. Location map of the study area 

https://srgi.big.go.id/map/pasut-active
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2.2 Observations 

This study used a tidal gauge to collect data on the tidal time series in Tambu Bay. The 
sea area is a gentle coast, and this means that the gauge is placed offshore to maintain 
sufficient water depth while remaining submerged during low tide. Tides can be 
measured using manual tabulation of data recorded by tidal staff [17] .  

The Indonesian National Standard [17] also requires a minimum of 29 days of tidal 
record observations and a maximum of 1-hour sampling interval to analyze tidal 
constituents. This generally means that a 1-hour sampling interval is appropriate 
because it allows one to study all tidal constituents. Shorter intervals can be used 
when shortterm variations in sea level are required for tidal analysis, but the 
maximum possible is 1 hour [18]. An acceptable interval needs to be selected in 
advance because resampling the data at more frequent intervals is impossible.  

Our observations in Tambu Bay from 1 July 2024 to 30 July 2024 were conducted 
with meticulous attention to detail. The length of the tidal data recording, 720 hours or  

30 days, exceeds the minimum duration of 29 days required by the temporal station  
[17]. This careful research process ensures the reliability and accuracy of our findings. 

2.3 Prediction Method 

The Seasonal Autoregressive Integrated Moving Average (SARIMA) model is a 
recognized statistical approach for forecasting sea level rise, particularly due to its 
ability to incorporate seasonal variations in time series data. SARIMA models are 
effective in capturing the underlying trends and seasonal patterns in sea level data, 
making them suitable for long-term predictions in the context of climate change. 
Recent studies have highlighted the effectiveness of SARIMA in predicting sea level 
changes. For instance, [19] demonstrated that SARIMA can effectively model sea 
level anomalies by considering seasonal conditions, while also comparing its 
performance with machine learning methods such as Long Short-Term Memory 
(LSTM) networks. This dual approach underscores the versatility of SARIMA in 
handling both linear and nonlinear characteristics of sea level data. Similarly, [20] 
emphasized that while SARIMA is adept at modeling linear trends, it can be 
complemented by LSTM to address the nonlinear aspects of sea level variability, 
thereby enhancing predictive accuracy. Moreover, the integration of SARIMA with 
other forecasting techniques has been shown to improve prediction outcomes. For 
example, [21] combined SARIMA with exponential smoothing state space models to 
analyze sea level rise using satellite radar altimeter data. This hybrid approach 
allowed for a more robust analysis of sea level trends over an extended period, 
demonstrating the model's adaptability to different data sources and methodologies. 
Additionally, [22] compared SARIMA with other models, such as Prophet and LSTM, 
to estimate sea level changes in the South China Sea, further validating the model's 
effectiveness in various geographical contexts. The SARIMA model's popularity is 
also reflected in its application across different studies focused on sea level rise. For 
instance, [23] explored the long-term records of mean sea level at Grand Isle, 
Louisiana, using SARIMA alongside other models, reinforcing its utility in regional 
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sea level assessments. Furthermore, [24] specifically focused on the application of 
SARIMA models to forecast mean sea level in Manila South Harbor, showcasing its 
relevance in localized studies. In summary, the SARIMA model remains a cornerstone 
in the field of sea level rise forecasting due to its ability to effectively model seasonal 
patterns and trends in time series data. Its integration with other statistical methods 
enhances its predictive capabilities, making it a valuable tool for researchers and 
policymakers addressing the challenges posed by rising sea levels.  

Seasonal Autoregressive Integrated Moving Average (SARIMA) is an ARIMA model 
modified by considering seasonal factors. In general, the SARIMA model is denoted 
as follows :   

Φ𝑃(𝐵𝑆)(1 − 𝐵𝑆)𝐷𝑍̇ 𝑡 = Θ𝑄(𝐵𝑆)𝑎𝑡 (1) 

 = 1 − 𝑝𝐵𝑃𝑆

 = 1 − 𝑄𝐵𝑄𝑆

where [p,  d,  q] is  the  nonseasonal  part  and  [P, D, Q]  is  the seasonal  part.  The 
parameter S is  the  number  of  periods  per season.  

3 Result and Discussion 

A comparison was made with available observational data to evaluate the data to be 
used. Sea surface elevation data was obtained from the Indonesian Geospatial 
Information Agency (https://srgi.big.go.id/), while observational data was obtained 
from observations at the study location over 30 days (from 01/07/2024 to 30/07/2024). 
Data accuracy was verified by comparing observational and BIG elevation data, 
which was visually represented through graphs. In addition, several statistical metrics 
such as Bias, Root Mean Squared Error (RMSE), and Pearson's correlation coefficient 
(R) were calculated to evaluate the data.

Sea level rise, a concrete manifestation of global climate change, poses significant 
risks to regional and local ocean hydrodynamics. This study meticulously analyzes the 
sea level rise trend in Tambu Bay using data from the Validation of BIG tidal data 
against observation data. The thorough validation process, which includes testing with 
Root Mean Square Error (R.M.S.E.), Correlation Coefficient (R), and BIAS, instils 
confidence in the results. The validation results, presented in picture Fig.3, confirm 
the data’s validity for sea level rise analysis.  

The existence of sea level data of Tambu Bay Waters obtained from the Geospatial 
Information Agency has quite good quality, by comparing the value of hourly 
observation data for 1 (one) month, the RMSE value is 0.18 cm. BIG sea surface 
elevation was found to have a robust correlation with observational data, as shown in 
Figure 3, making the research process more engaging and understandable for the 
audience.  
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Fig. 3. Statistical parameters (R, RMSE, BIAS, and Slope) of sea level elevation 

Fig. 4. Mean annual Sea Level time series in the study area 

Sea level rise refers to the gradual increase in water level in Tambu Bay, as processed 
from BIG data. The linear projection results of sea level rise are based on historical 
data analysis and linear trend line equations. Figure 5 shows the linear projection 
based on the average annual tidal water levels in 1985 and 2023. The notation y 
indicates the tidal water level in centimeters, and x indicates the time in years. The 
linear trend equation obtained from the graph y = 0.0201x - 29.135.  

A review of sea level changes in Tambu Bay Waters from 1985 to 2023 (38 years) 
obtained 7.64 cm. This shows that the average sea level rise is 2.01 mm/year. These 
results are close to research conducted on the West Coast of Peninsular Malaysia 
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conducted by [25], which found that the average rate of sea level rise at that location 
was in the range of 2.33 to 3.78 mm/year.  

Fig. 5. Mean annual Sea Level time series in the study area 
4 Conclusion 

The sea level data in Tambu Bay Waters obtained from the Geospatial Information 
Agency (BIG) is reasonably good quality. By comparing the value of hourly 
observation data for 1 (one) month, the R.M.S.E. value is 0.18 cm. Based on sea level 
elevation data, the change in sea level in Tambu Bay Waters from 1985 to 2024 (39 
years) is around 7.64 cm, and the average sea level rise is around 2.01 mm/year.  
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