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Abstract. Makassar Port plays a crucial role in the Ministry of Transport's hub-

and-spoke strategy, significantly impacting the reduction of economic disparities 

between the eastern and western regions of Indonesia. As a vital port, the safety 

of the port and the marine environment must be safeguarded at all costs. In this 

regard, the Ministry of Transport has established a Vessel Traffic Service (VTS) 

to monitor and supervise the daily activities of inbound and outbound ships at 

Makassar Port. To enhance operational safety, this article discusses the utilization 

of historical Automatic Identification System (AIS) data to assess hazardous ar-

eas that require the utmost attention from VTS and the harbor master. By analyz-

ing seven days of AIS past data using Geographic Information System (GIS) soft-

ware, we were able to calculate traffic density based on the number of points per 

grid cell. The results revealed persistent dark red grid squares, indicating sub-

stantial congestion across all days, particularly on Days 1, 3, 5, and 7. The vari-

ance in traffic volume on different days suggests that certain periods of the week 

experience higher traffic levels. These findings highlight that the port entrance is 

a critical hub for maritime traffic, and if not managed effectively, it could lead to 

bottlenecks and navigational difficulties. 
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The development of Makassar Port, particularly the Makassar New Port (MNP), has 

been a subject of extensive research and strategic planning. Several studies have 

focused on various aspects of the port's development, including eco port management, 

capacity utilization, and integration with transportation modes [1,2]. The strategic 

importance of the Makassar New Port in supporting international trade and 

transportation connectivity has been highlighted [3]. Additionally, the role of feeder 

ports, such as Tanjung Ringgit Port, in supporting the main port and the program of sea 

tollways has been emphasized [4]. Furthermore, the development of the port has been 

linked to the acceleration of the Eastern Indonesian Region's development [5]. 

The sustainable development of ports, including environmental sustainability and 

green port concepts, has been a growing concern in the industry [6,7,8]. The impact of 

the digital economy on economic growth and development strategies, particularly in 
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the post-COVID-19 era, has also been recognized as an important factor [9]. Moreover, 

the potential cargo demand and the role of ports as international hub ports have been 

subjects of analysis and strategic planning [10]. The historical significance of Makassar 

as a strategic port city with established commerce networks has been acknowledged, 

emphasizing its role in regional and international trade [11,12]. The economic and 

regional development effects of transport infrastructure, particularly in the context of 

trade gateway regions, have been studied, highlighting the importance of port 

infrastructure development [13]. 

In conclusion, the development of Makassar Port, particularly the Makassar New 

Port, is a multifaceted and strategically significant endeavor that addresses various 

dimensions, including eco-port management, sustainability, regional economic 

impacts, and historical significance. The research and strategic planning undertaken in 

these areas offers valuable insights for the sustainable and strategic advancement of the 

port, aligning with broader goals of regional economic development and enhancing 

international trade connectivity. 

2 Literature Review 

Utilizing spatiotemporal AIS data for marine traffic risk assessment is a vital area of 

study that involves analyzing historical AIS data to understand traffic distributions, 

densities, and trends. This analysis is crucial for assessing risks, preventing accidents, 

and enhancing maritime safety. Numerous studies have highlighted the significance of 

using AIS data to evaluate marine traffic patterns, assess collision likelihood, determine 

congestion levels, and facilitate automated maritime routing [14,15,16]. By leveraging 

AIS data, it is possible to identify high-risk areas, detect anomalies, and recognize 

marine traffic patterns. These capabilities are essential for enhancing safety protocols 

and optimizing traffic management [17,18]. Further evidence shows that integrating 

AIS data with Geographic Information Systems (GIS) methodologies provides 

effective spatiotemporal risk assessment capabilities, facilitating a more comprehensive 

understanding of maritime traffic dynamics [19,20]. 

Additionally, researchers have stressed the significance of using AIS data for 

maritime spatial planning, which includes examining fishing zones, shipping lanes, 

navigation flows, maritime traffic density, and possible uses that conflict or 

complement one another in marine regions [18]. Beyond collision avoidance, marine 

surveillance, environmental effect assessment, traffic monitoring, forecasting, and 

commercial activity appraisal are among the applications of spatiotemporal AIS data 

processing [21]. Researchers have extracted useful insights from AIS data to predict 

traffic flow, congestion, and anomalies by using sophisticated techniques like 

spatiotemporal clustering, non-negative matrix factorization, and attention-based 

neural networks [22,23,24]. 

Moreover, research has indicated the value of spatiotemporal AIS data analysis for 

a range of real-world uses beyond maritime traffic, including crime prediction, traffic 

forecasting, traffic emissions analysis, and flood risk simulation [25,26,27]. The 

adaptability of such techniques in solving complex environmental concerns is 
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demonstrated by the integration of spatiotemporal GIS with hydrodynamic models for 

flood risk assessment [27]. Furthermore, the creation of novel models for traffic 

forecasting, such as multi-head attention spatiotemporal graph neural networks, 

emphasizes the ongoing development of techniques to capture complex spatiotemporal 

interactions in a variety of datasets [28]. 

In conclusion, the synthesis of spatiotemporal AIS data for maritime traffic risk 

assessment is a multidisciplinary field utilizing knowledge from environmental science, 

geography, transportation engineering, and computer science. Researchers can improve 

maritime safety, optimize traffic management tactics, and support the sustainable 

development of marine habitats by utilizing the capability of AIS data analytics. 

Spatiotemporal analysis methods' ongoing development and the incorporation of 

cutting-edge technology will boost the field's progress toward more precise risk 

assessment and proactive marine decision-making. 

3 Method 

The method of spatiotemporal analysis using AIS (Automatic Identification System) 

data has been a subject of interest in various fields, including maritime studies, 

computer science, and medicine. AIS data, which provides information about vessel 

movements, has been leveraged for spatiotemporal analysis to understand vessel 

behaviors, detect patterns, and support decision-making. In the maritime domain, 

studies have utilized AIS trajectories to discover vessel spatiotemporal co-occurrence 

patterns, enabling the differentiation of vessel behaviors in terms of space, time, and 

other dimensions. Additionally, the application of AIS data in analyzing collision-

avoidance patterns using AI-based methods has been explored, demonstrating the 

potential for effective learning of ship encounter data. 

In the context of medical research, AI and machine learning methods have been 

employed to analyze medical imaging data, such as PET/CT scans and retinal 

photographs, for the detection and prediction of diseases, including lymph node 

metastases, glaucoma, and cerebral ischemia. These studies highlight the potential of 

AI in processing and analyzing spatiotemporal medical data for diagnostic and 

predictive purposes. Moreover, the application of spatiotemporal analysis methods 

using AIS data has been extended to other domains, such as environmental research 

and public health. For instance, spatiotemporal patterns of the 2019-nCoV epidemic 

were detected using nonparametric statistical tests and spatial autocorrelation indexes 

implemented in Python and ArcGIS, demonstrating the utility of spatiotemporal 

analysis in understanding the spread of infectious diseases. In summary, the research 

method of spatiotemporal analysis using AIS data has been applied across diverse 

domains, including maritime studies, medicine, and public health. The utilization of 

AIS trajectories for understanding vessel behaviors, the application of AI in medical 

imaging analysis, and the detection of spatiotemporal patterns of epidemics exemplify 

the broad applicability and significance of spatiotemporal AIS analysis in various 

research fields [29,30,31,32,33,34]. 

The research flow summarizes in the figure below: 
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Fig. 1. Research flow. 

Marine traffic density is a critical factor in understanding the impact of human activities 

on marine ecosystems. Several studies have focused on analyzing marine traffic density 

and its implications. conducted a study in the Eastern Mediterranean Sea of Turkey, 

where they retrieved two years of monthly marine traffic density data, indicating an 

average density of 0.37 hours of monthly vessel activity per square kilometer during 

the study period [35]. This demonstrates the quantification of marine traffic density in 

a specific region. Additionally, it utilized Automatic Identification System (AIS) big 

data to extract density-based maritime traffic routes, employing kernel density 

estimation (KDE) within a Geographic Information System (GIS) framework [36]. This 

approach provides a method for analyzing and visualizing marine traffic density 

patterns. In addition, significant sulfur and nitrogen oxide emissions from global marine 

traffic highlight the environmental implications of high marine traffic density [37]. 

4 Result & Discussion 

Upon analyzing the ship particularly according to the AIS data, we managed to identify 

a total of 121 ships. On average, 35 ships traverse the designated area daily, with a peak 

of 40 ships recorded in a single day. The largest vessel measures 230 meters in length 

and on average, these vessels weigh 7,622 gross tons (GT), with the heaviest ship 

reaching 47,366 GT, underscoring the range of vessels handled by Makassar Port. The 

diversity of vessels consists of container ships that account for the largest proportion, 

comprising 21% of the fleet, followed closely by general cargo ships, which make up 

20%. Tankers represent 17% of the traffic, while passenger vessels, including roll-

on/roll-off (RORO) ships, constitute 15%. Other vessel types include bulk carriers 

(10%), LPG carriers (8%), and car carriers (3%), with a small percentage (5%) 

classified under 'Other.' In terms of vessel size, the AIS data reveals that the fleet is 

varied, with a significant concentration of ships in the 51-100-meter range (40%), and 

an equal proportion in the 101-150-meter range. Fewer ships fall into the larger size 
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categories, with 12% measuring between 151-200 meters and just 1% exceeding 200 

meters. The age of the vessels is also recorded, showing a wide range, with the oldest 

ship being 50 years old and the fleet's average age being 22 years. This suggests a mix 

of both older, possibly less technologically advanced vessels, and newer, more modern 

ships. 

For the density analysis, upon cleaning all the AIS data we then plotted the latitude 

and longitude of the AIS data according to each vessel in GIS and then converted it to 

the point per grid function. We divided based on color where the reddish colored was 

the densest square. The grid is layered based on 1x1 Nautical Mile (NM) with the result 

of the analysis as follows: 
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Fig. 2. Visualization of the marine traffic density in GIS using number of points per grid cell 

function 

5 Conclusion 

A constant region of high traffic density at the entrance of Makassar Port where various 

shipping routes meet is shown in Figure 2 over seven days. Persistent dark red grid 

squares indicate substantial congestion on all days, especially on Days 1, 3, 5, and 7. 
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The variance in traffic volume on various days indicates that there are periods of the 

week with higher traffic volume. These findings imply that the port entrance is an 

important center for maritime traffic and that if it is not handled appropriately, there 

may be bottlenecks and navigational difficulties. The regular pattern of heavy traffic 

highlights the necessity of planned traffic control to guarantee effective and safe 

passage through this region. This might entail introducing new rules, improving 

navigational aids, or optimizing traffic separation systems to control vessel flow and 

lower the likelihood of mishaps connected to congestion, or in this case, creating a new 

anchorage area in nearby Makassar Port. 

The density analysis of Makassar Port indicates that certain areas require attention 

regarding ship traffic, particularly in the adjacent waters. Coastal traffic frequently 

deviates from the fairway, and many vessels visiting or departing Makassar Port do not 

comply with the established regulations for navigating the fairway. It is crucial to 

clarify and communicate the regulations governing the main fairway for entering and 

exiting Makassar Port to all vessels to ensure adherence, thereby enhancing the safety 

of both ships and the marine environment. Based on the AIS data analysis, it is essential 

to monitor the anchorage area and the interactions between vessels traveling in the 

fairway and local traffic, as they are likely to encounter each other in close quarters. 

References 

1. Haryani, E., Alamsyah, A., & Suhalis, A. (2023). Integration between ecoport management 

and capacity utilization of container terminals as a sustainable seaports development 

strategy. Iop Conference Series Earth and Environmental Science, 1221(1), 012058. 

https://doi.org/10.1088/1755-1315/1221/1/012058 

2. Thamrin, M., Pahala, Y., & Ricardianto, P. (2022). Determination of port facilities and 

container flow growth toward the development of makassar port, indonesia. Journal of 

Economics Management Entrepreneurship and Business (Jemeb), 2(2), 103-113. 

https://doi.org/10.52909/jemeb.v2i2.95 

3. Lestari, E. (2021). Impact of the development of makassar new port (mnp) in supporting sea 

tolls. Linguistics and Culture Review, 5(S1), 1265-1275. 

https://doi.org/10.21744/lingcure.v5ns1.1603 

4. Humang, W., Natsir, R., & Fisu, A. (2021). Development of a feeder port of tanjung ringgit 

facilities to support implementation of sea tollway. Jurnal Penelitian Transportasi Laut, 

23(1), 1-8. https://doi.org/10.25104/transla.v23i1.1699 

5. Syamsiah, S., Fauzi, A., Djabier, A., & Nurwahidah, N. (2021). The compatibility analysis 

of human resources competencies of makassar new port (MNP) and its curriculum. Jurnal 

Pendidikan Dan Pengajaran, 54(2), 255. https://doi.org/10.23887/jpp.v54i2.33108 

6. Acciaro, M., Vanelslander, T., Sys, C., Ferrari, C., Roumboutsos, A., Giuliano, G., … & 

Kapros, S. (2014). Environmental sustainability in seaports: a framework for successful 

innovation. Maritime Policy & Management, 41(5), 480-500. 

https://doi.org/10.1080/03088839.2014.932926 

7. Chiu, R., Lin, L., & Ting, S. (2014). Evaluation of green port factors and performance: a 

fuzzy AHP analysis. Mathematical Problems in Engineering, 2014, 1-12. 

https://doi.org/10.1155/2014/802976 

84             F. Saransi and J. R. K. Bokau



8. Pavlic, B., Cepak, F., Sučić, B., Peckaj, M., & Kandus, B. (2014). Sustainable port 

infrastructure, practical implementation of the green port concept. Thermal Science, 18(3), 

935-948. https://doi.org/10.2298/tsci1403935p 

9. Zhang, J., Zhao, W., Cheng, B., Li, A., Wang, Y., Yang, N., … & Tian, Y. (2022). The 

impact of digital economy on the economic growth and the development strategies in the 

post-covid-19 era: evidence from countries along the “belt and road”. Frontiers in Public 

Health, 10. https://doi.org/10.3389/fpubh.2022.856142Sd 

10. Sinaga, R., Humang, W., & Kurniawan, A. (2018). Potential cargo demand of kuala tanjung 

port as international hub port in western indonesia. Matec Web of Conferences, 181, 09001. 

https://doi.org/10.1051/matecconf/201818109001Sds 

11. Musyaqqat, S. and Pradjoko, D. (2020). The role of parepare port in trading and shipping of 

rice commodities in south sulawesi, 1930−1942. Journal of Maritime Studies and National 

Integration, 4(2), 115-126. https://doi.org/10.14710/jmsni.v4i2.8211 

12. Sutherland, H. (2001). The makassar malays: adaptation and identity, c. 1660-1790. Journal 

of Southeast Asian Studies, 32(3), 397-421. https://doi.org/10.1017/s0022463401000224 

13. Ishikura, T. (2020). Regional economic effects of transport infrastructure development 

featuring trade gateway region-asymmetric spatial cge model approach. Transportation 

Research Procedia, 48, 1750-1765. https://doi.org/10.1016/j.trpro.2020.08.211 

14. Kundakci, B. and Nas, S. (2018). Mapping marine traffic density by using ais data: an 

application in the northern aegean sea. Polish Maritime Research, 25(4), 49-58. 

https://doi.org/10.2478/pomr-2018-0131 

15. Lee, E. (2023). Improving the maritime traffic evaluation with the course and speed model. 

Applied Sciences, 13(23), 12955. https://doi.org/10.3390/app132312955 

16. Tsou, M. (2010). Discovering knowledge from ais database for application in vts. Journal of 

Navigation, 63(3), 449-469. https://doi.org/10.1017/s0373463310000135 

17. Zhang, Y. and Liu, W. (2022). Dynamic maritime traffic pattern recognition with online 

cleaning, compression, partition, and clustering of ais data. Sensors, 22(16), 6307. 

https://doi.org/10.3390/s22166307 

18. Tixerant, M., Guyader, D., Gourmelon, F., & Queffelec, B. (2018). How can automatic 

identification system (ais) data be used for maritime spatial planning?. Ocean & Coastal 

Management, 166, 18-30. https://doi.org/10.1016/j.ocecoaman.2018.05.005 

19. Syafiq, M. (2023). A review on the gis usage in spatio-temporal risk assessment in asset 

management. Iop Conference Series Earth and Environmental Science, 1274(1), 012005. 

https://doi.org/10.1088/1755-1315/1274/1/012005 

20. Wu, Y., Peng, F., Peng, Y., Kong, X., Liang, H., & Li, Q. (2019). Dynamic 3d simulation 

of flood risk based on the integration of spatio-temporal gis and hydrodynamic models. Isprs 

International Journal of Geo-Information, 8(11), 520. https://doi.org/10.3390/ijgi8110520 

21. Arco, E., Ajmar, A., Cremaschini, F., & Monaco, C. (2021). Spatio temporal data cube 

applied to ais containerships trend analysis in the early years of the belt and road initiative 

– from global to local scale. The International Archives of the Photogrammetry Remote 

Sensing and Spatial Information Sciences, XLIII-B4-2021, 71-78. 

https://doi.org/10.5194/isprs-archives-xliii-b4-2021-71-2021 

22. Azimi, R. and Regan, A. (2021). Clustering of time series data with prior geographical 

information.. https://doi.org/10.48550/arxiv.2107.01310 

23. Balasubramaniam, A., Balasubramaniam, T., Jeyaraj, R., Paul, A., & Nayak, R. (2021). 

Nonnegative matrix factorization to understand spatio-temporal traffic pattern variations 

during covid-19: a case study.. https://doi.org/10.48550/arxiv.2111.03592 

24. Li, L. (2024). Ast3drnet: attention-based spatio-temporal 3d residual neural networks for 

traffic congestion prediction. Sensors, 24(4), 1261. https://doi.org/10.3390/s24041261 

Marine Traffic Risk Assessment Using Spatio-Temporal AIS Data             85



25. Tang, J. (2023). Spatio-temporal meta contrastive learning.. 

https://doi.org/10.1145/3583780.3615065 

26. Ren, L. (2023). Data mining and spatio-temporal characteristics of urban road traffic 

emissions: a case study in shijiazhuang, china. Plos One, 18(12), e0295664. 

https://doi.org/10.1371/journal.pone.0295664 

27. Wu, Y., Peng, F., Peng, Y., Kong, X., Liang, H., & Li, Q. (2019). Dynamic 3d simulation 

of flood risk based on the integration of spatio-temporal gis and hydrodynamic models. Isprs 

International Journal of Geo-Information, 8(11), 520. https://doi.org/10.3390/ijgi8110520 

28. Hu, X., Wu, Z., Sun, Y., & Zheng, Y. (2023). Multi-head attention spatio-temporal graph 

neural networks for traffic forecasting.. https://doi.org/10.21203/rs.3.rs-3159389/v1 

29. Wang, J., Zhu, C., Zhou, Y., & Zhang, W. (2017). Vessel spatio-temporal knowledge 

discovery with ais trajectories using co-clustering. Journal of Navigation, 70(6), 1383-1400. 

https://doi.org/10.1017/s0373463317000406  

30. Shi, J. and Liu, Z. (2020). Deep learning in unmanned surface vehicles collision-avoidance 

pattern based on ais big data with double gru-rnn. Journal of Marine Science and 

Engineering, 8(9), 682. https://doi.org/10.3390/jmse8090682 

31. Borrelli, P., Larsson, M., Ulén, J., Enqvist, O., Trägårdh, E., Poulsen, M., … & Edenbrandt, 

L. (2020). Artificial intelligence‐based detection of lymph node metastases by pet/ct predicts 

prostate cancer‐specific survival. Clinical Physiology and Functional Imaging, 41(1), 62-67. 

https://doi.org/10.1111/cpf.12666 

32. Li, F., Su, Y., Lin, F., Li, Z., Song, Y., Nie, S., … & Zhang, X. (2022). A deep-learning 

system predicts glaucoma incidence and progression using retinal photographs. Journal of 

Clinical Investigation, 132(11). https://doi.org/10.1172/jci157968  

33. Block, L., El-Merhi, A., Liljencrantz, J., Naredi, S., Staron, M., & Hergès, H. (2020). 

Cerebral ischemia detection using artificial intelligence (cidai)—a study protocol. Acta 

Anaesthesiologica Scandinavica, 64(9), 1335-1342. https://doi.org/10.1111/aas.13657  

34. Yang, W., Deng, M., Li, C., & Huang, J. (2020). Spatio-temporal patterns of the 2019-ncov 

epidemic at the county level in hubei province, china. International Journal of Environmental 

Research and Public Health, 17(7), 2563. https://doi.org/10.3390/ijerph17072563 

35. Awbery, T., Akkaya, A., Lyne, P., Rudd, L., Hoogenstrijd, G., Nedelcu, M., Kniha, D., 

Erdoğan, M. A., Persad, C., Öztürk, A. A., & Öztürk, B. (2022). Spatial Distribution and 

Encounter Rates of Delphinids and Deep Diving Cetaceans in the Eastern Mediterranean 

Sea of Turkey and the Extent of Overlap With Areas of Dense Marine Traffic. Frontiers in 

Marine Science, 9. https://doi.org/10.3389/fmars.2022.860242 

36. Lee, J. S., Son, W. J., Lee, H. T., & Cho, I. S. (2020). Verification of Novel Maritime Route 

Extraction Using Kernel Density Estimation Analysis with Automatic Identification System 

Data. Journal of Marine Science and Engineering, 8(5), 375. 

https://doi.org/10.3390/jmse8050375 

37. Langella, G., Iodice, P., Amoresano, A., & Senatore, A. (2016). Marine Engines Emission 

and Dispersion in Fuel Switching Operation: A Case Study for the Port of Naples. Energy 

Procedia, 101, 368–375. https://doi.org/10.1016/j.egypro.2016.11.047 

 

86             F. Saransi and J. R. K. Bokau



Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

Marine Traffic Risk Assessment Using Spatio-Temporal AIS Data             87

http://creativecommons.org/licenses/by-nc/4.0/

	Marine Traffic Risk Assessment Using Spatio-Temporal AIS Data in Makassar Port, Indonesia



