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Abstract. In Indonesia, the rate of sea level rise is expected to continue to increase. As a
result, 115 small islands in Indonesia are threatened with sinking in 2100. Not only because
of the high intensity of rain, this condition is also closely related to current environmental
problems where weather changes occur due to global warming. A warmer earth will
eventually have an impact on increasing the volume of seawater due to the melting of
icebergs. This increase threatens the lives of people living in coastal areas. In fact, this
condition is exacerbated by the phenomenon of land subsidence that has occurred in 112
coastal districts/cities in Indonesia, where the highest land subsidence occurs in the coastal
city of Pekalongan. The combination of sea level rise and land subsidence makes tidal
disasters unavoidable, resulting in the vulnerability of the people living in the area. Not
only hinders community activities, but also causes damage to infrastructure, so a flood
prevention and management strategy is needed. Various studies on tidal flooding have been
carried out in Pekalongan City with various perspectives, such as the use of Geographic
Information Systems/GIS, disaster prevention strategies, social and economic vulnerability
to tidal flooding, environmental service assessment, and changes in land use. This study
analyzes the government's policy on tidal flooding in Pekalongan City and its impact on
urban flooding. This type of research is qualitative, using primary data and secondary data.
The head and staff of the service are the main sources of research, to analyze existing
policies related to flood inundation in Pekalongan City, especially in North Pekalongan
District as the research location.
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1 Introduction

Over the past decade, environmental issues have become the most discussed topic due to
increasingly worrying environmental conditions, especially related to climate change issues.
Climate change is a serious challenge for the world community. Climate change occurs due to
the increasing temperature of the earth, known as the phenomenon of Global Warming which
among others results in weather change patterns throughout the world.

ICESDM 2023, November 02, Banjarmasin, Indonesia
Copyright © 2024 EAI
DOI 10.4108/eai.2-11-2023.2348205


mailto:netaqila2@gmail.com
mailto:diah.wulandr19@gmail.com

Weather change can be a threat to human populations both in terms of public health and
well-being (Bunz and Miicke 2017). An increase in global average temperature not only impacts
various physical and biological systems followed by a higher potential for social conflict (Ipcc
2018; Strafer et al. 2022), but also to people's physical and mental health (Bunz and Miicke
2017). Although many people are aware of these environmental issues, many of them fail to act
climate-friendly (StraBer et al. 2022). According to Campbell et al. (Richards, H.L. Gauch, J.M.
Allwood, 2023) climate change that has an impact on weather change can worsen the entire
food production system, thus weakening the availability of accessibility, utilization, and stability
of food security. Therefore, these impacts have serious consequences for the well-being and
health of people around the world. Not only that, but these changes also contribute to the melting
of polar ice so that there is a rise in sea level and has a severe impact, especially on coastal areas
that have low altitudes (Macias, et. al., 2021). There are various impacts in coastal areas, such
as flooding.

Pekalongan City is one of the coastal cities that is vulnerable due to tidal floods with the
threat of economic losses of up to 7 trillion IDR (Mercy Corps Indonesia 2022). Thus,
government policy is very important to reduce and prevent the spread of impacts. For that, this
article aims to discuss: (1) How does the flood occurs in Pekalongan City?; (2) How is the
development of government policy towards tidal flooding in Pekalongan City?

2 Research Methods

The method used in this study is qualitative descriptive research using primary data and
secondary data with the following details: (1) Primary Data: The main subjects for interview
of this study are the Head and staff of Regional Disaster Management Agency (BPBD),
Development Planning Agency at Sub-National Level (Bappeda), and 7 village heads of
impacted tidal flood area (Panjang Wetan, Bandengan, Panjang Baru, Padukuhan Kraton,
Krapyak, Pandang Panjang, and Degayu) in Pekalongan City, to analyze existing policies
related to tidal flood disasters in Pekalongan City; (2) Secondary Data: Presidential Regulation
Number 79 of 2019 concerning the Acceleration of Economic Development in Kendal -
Semarang - Salatiga - Demak - Grobogan, Purworejo - Wonosobo - Magelang - Temanggung
areas, and Brebes - Tegal - Pemalang areas, National Medium-Term Development Plan
(RPJIMN) for 2020-2024, Regional Medium-Term Development Plan (RPJMD) of the
Pekalongan City Government for 2021-2026, Mayor Regulation Number 72 of 2020 concerning
the Position, Organizational Structure, duties, and functions as well as the Work procedures of
the Public Works and Spatial Planning Office for flood and tidal management and infrastructure
arrangement, articles, documents, images, etc. that are related to the focus of research.

3 Overview

Pekalongan City is a city covering an area of 46.41 km2 with coordinates 6°50'42"- 6°55'
44" South Latitude and 109 37'55" -109 42'19" East Longitude and is located on the lowland
coast of Java Island with an altitude of approximately 1 meter above sea level. Broadly speaking,
Pekalongan City is a line of cities that play an important role in the economic sector. This is
because Pekalongan City is included in the northern coastal area (Pantura) of Java Island which
has a large role in contributing to the national economy and has a comparative advantage so it



is expected to contribute to improving the progress and welfare of the community sustainably.
However, Pekalongan City is also one of Indonesia's cities that experienced the worst tidal flood
disaster.

When looking at topographic conditions, the height of land in the north is between 1 meter
and in the south is 6 meters above sea level accompanied by a land slope of between 0-5%
(Lutfitiana, et.al, 2022). This condition illustrates that Pekalongan City is very flat and has a
height below sea level, indicating the occurrence of land subsidence in the Pekalongan area.
Moreover, in the last decade, global warming has affected the volume of seawater so sea water
has increased. Consequently, Pekalongan City as a coastal area is impacted.

The population of Pekalongan City has a total of around 308,310 people, consisting of
152,609 women and 155,701 men in 2021. The population density of Pekalongan City is in the
range of 6,813 people/km2, higher than in 2020 which has a density in the range of 6,813
people/km2. Reporting from the RPJIMD of Pekalongan City for 2021-2026, the people of
Pekalongan City tend to work in the processing industry such as the batik handicraft industry
and its derivatives, and in the trade sector such as wholesale and retail trade. Given that
Pekalongan City has a great advantages in the batik industry, the government makes Pekalongan
City a tourist destination by organizing festivals/arts as an effort to preserve the batik. The
existence of these efforts makes Pekalongan City hold the title of the world city of batik.

4 Results and Discussion
4.1 Flooding in Pekalongan City

As an archipelagic country, Indonesia is one of the regions that experiences many flood
events. The issue of flooding is one of the most frequent issues in Indonesia. Even reported by
the National Disaster Management Agency (BNPB), in 2023 there have been 2,477 natural
disaster events with floods totaling 825 events from January 1 to July 31, 2023 (BNSP, 2023).
The following is data on the number of disaster events in 2023:

Table 1. Number of Natural Disasters in Indonesia (1 January — 31 July 2023)

No Disaster Name Disaster Value/Event Percentage
1 Flood 825 33,31%
2 Extreme weather 802 32,38%

3 Landslide 427 17,24%
4 Forest/land fires 343 13,85%
5 Tidal wave/abrasion 24 0,97%
6 Earthquake 19 0,77%
7 Volcanic eruptions 2 0,08%
8 Drought 35 1,41%
Sum 2.477 100%

Source: Indonesia Disaster Data Geoportal, BNPB 2023

Based on Table 1 above, it can be concluded that floods almost occupy half of the total
number of natural disaster events in Indonesia throughout 2023. This is also supported by data
from the Indonesian Disaster Data Geoportal which recorded that from 2021 to 2022, floods
occupied the top position with 3,326 disasters, followed by extreme weather disasters of 2,642,
and landslides of 1,987. Therefore, flood disasters are one of the challenges of the Government



of Indonesia in providing improvements in infrastructure and comfort and security for the
community (Hadi, et al, 2020). Flooding occurs due to several factors such as extreme rainfall,
tidal waves, or river flow discharge, which can cause major damage (Ningtyas, T, 2021; (Thakur
and Mohanty 2023).

Furthermore, floods also occur not only due to high rainfall, but global warming can have
major implications for Indonesia because one of the impacts of global warming is sea level rise
which occurs due to melting polar ice due to an increase in earth’s temperature (Halla, Harvey,
Manning, 2019; Princess, Musrifin, Mubarak, 2021; Mann, 2023).

Sea level rise can have a serious impact on people's lives, especially those in low-lying
areas in coastal areas as the most vulnerable areas affected (Susanto & Mardiatno., 2010;
Handoko, Yuwono, Reny, 2020; Shalsabila, et.al., 2022(Pariartha et al. 2023). The poor in the
northern area of Semarang City coast, for example, are impacted by flooding around 1-7 times
monthly, up to 30 cm height and with the duration of inundation around 6 hours (Muktiali et al,
2023).

The rate of sea level rise in Indonesia is expected to continue to increase. Based on the
IPCC Report in 2021, there was a sea level rise of 3.2-4.2 mm/year with an average increase of
3.7 mm/year in the 2006-2018 period (EGSA, 2023). This has resulted in 115 small islands in
Indonesia being threatened with sinking by 2100 (CNN, 2021), in addition to floods that will
hit many coastal cities, including Pekalongan City on the north coast of Java Island. The
northern coastal area of Java is not only hit by common flood, but also bu inundiation flood,
occurs during the moon light when the sea rice increase because of gravitation (Hadi, et al, 2020)

Pekalongan City is a city bordering the coastal area of the Java Sea so it is vulnerable to
flooding due to sea level rise. The existence of this vulnerability causes the community to
experience the impact of tidal floods that they often feel. When tidal floods occur, people are
even forced to continue to evacuate because their homes are often affected by the disaster. Not
only the difficulty of housing, the community also finds it difficult to find a livelihood because
they often have to evacuate, tidal floods make it difficult for them to make a living (Hariandja,
2023). If these conditions are not immediately overcome, their health can also be affected
(Macias, et.al, 2021).

Fig. 1. The Eternal Inundation of Tidal Floods
Source: Field Activity (2022)



The soil type of Pekalongan City is soft soil so it is more vulnerable to land subsidence,
which has the potential to increase the risk of increased waterlogging (Lutfitiana, et.al., 2022).
This is to the opinions expressed by Whittaker and Reddish (Prasetya, Bambang, &;
Moehammad, 2017; Miftahudin, 2021; Lutfitiana, et.al., 2022) who stated that land subsidence
is influenced by various factors, such as geotechnical conditions in the form of groundwater
extraction, natural consolidation, mining activities and building loads, and geological conditions
such as tectonic factors and underground cavities.

The combination of sea level rise and land subsidence creates inevitable tidal disasters. This
triggers the emergence of inundation that hampers community activities and causes damage to
infrastructure, so flood prevention and mitigation strategies are needed. Various studies on tidal
flooding have been conducted in Pekalongan City with various perspectives, such as the use of
Geographic Information Systems / GIS, disaster prevention strategies, social and economic
vulnerability to tidal floods, valuation of environmental services, and land use change. However,
there has been no research specifically discussing various flood management policies in
Pekalongan City. Therefore, it is interesting to conduct research related to this topic, considering
that for the handling of serious natural disasters such as tidal floods in Pekalongan, a public
policy that is a form of use of authority and resources owned by the government has a central
role.

The tidal flood disaster in Pekalongan City is an environmental issue that cannot be
avoided, and at the same time a complicated public administration problem. Moreover, if you
look at the topographic conditions of the area that continue to decline, resulting in tidal floods
in Pekalongan City getting worse over the past 5 years. The following are the conditions of
flooding and tidal inundation in Pekalongan City:

Table 2. Flood and Rob Puddles in Pekalongan City in 2016-2020

Year Area of Pekalongan City Puddle Area Percentage
2016 4,525 Ha 1,870 Ha 41,33%
2017 4,525 Ha 1,396 Ha 30,85%
2018 4,525 Ha 1,391 Ha 30,75%
2019 4,525 Ha 1,057 Ha 23.35%
2020 4,525 Ha 1,730 Ha 38,23%

Source: RPIMD Kota Pekalongan 2021-2026

Based on Table 2 above, it can be seen that there are fluctuating conditions where from
2016 to 2019 the percentage of flood and tidal inundation has decreased. However, from 2019
to 2020 there was a high increase where in 2019 flooding and tidal inundation were 1,057
hectares (23.35% of the area) to 1,730 hectares (38.23% of the area) in 2020. The increase
illustrates that if the problem of tidal flooding is not handled as soon as possible, it can have a
major impact on the affected communities.

4.2 Flood Management Policy in Pekalongan City

Based on these conditions, the central and regional governments have made various efforts
as a way out of the problem of tidal flooding through policies and programs that have been set.
This is done because the government is the main milestone of the government that is responsible
for protecting its people. As stated in paragraph IV of the Constitution of the Republic of
Indonesia Year 1945 which mandates that "the government or the Unitary State of the Republic
of Indonesia protects the entire Indonesian nation and all Indonesian bloodshed...". The



statement regarding this role is also affirmed in the form of government responsibility in disaster
management which is affirmed in Law Number 24 of 2007 concerning Disaster Management
which states that "the government and local governments are responsible for the implementation
of regional management". Therefore, the existence of Law Number 24 of 2007 became a
foundation that gave birth to various other policies.

There is a National Medium-Term Development Plan (RPJMN) for 2020-2024 which
discusses the development of the northern coastal area (Pantura) of Java Island which has the
potential to face the challenges of sea level rise, tidal flooding, and land subsidence in various
regions, including Pekalongan. By the vision carried out in the form of "The Realization of an
Advanced Indonesia that is Sovereign, Independent, and Personality Based on Gotong Royong",
this RPJMN has a benchmark to provide strengthening of the transformation process in the
economic sector to achieve the 2045 development goals so that infrastructure strengthening is
needed. Given that Pekalongan City is included in the ranks of the northern coastal area
(Pantura) which plays a major role in the national economy, the government has scheduled
coastal security of Pantura Java as stated in the RPJMN Major Project as an effort to overcome
floods and tidal disasters.

There is also a flood management policy in the Regional Medium-Term Development Plan
(RPIMD) of the Pekalongan City Government for 2021-2026. Broadly speaking, the plan
contains various opportunities to be achieved by Pekalongan City from various aspects,
including flood and tidal mitigation which is affirmed in "Mission 4: Realizing Urban
Infrastructure Facilities Based on the Principles of Sustainable City Development". Floods and
tidal disasters are included in the ranks of 4 main problems focused by the Pekalongan City
Government, but floods and tidal floods are the top priorities. This is because the disaster has
an interrelated relationship so that it can provide interesting other problems, namely
environmental quality, availability of basic infrastructure, and environmental quality.
Therefore, the RPJMD makes it easier for the government to carry out strategies and innovations
that have been carried out to solve these problems.

Currently, the Pekalongan City Government has also sought various ways to deal with the
problem of tidal flooding in the city. This is marked by the tidal flood management program
located in Pekalongan City as stated in Presidential Regulation Number 79 of 2019 concerning
the Acceleration of Economic Development in Kendal - Semarang - Salatiga - Demak -
Grobogan, Purworejo - Wonosobo - Magelang - Temanggung areas, and Brebes - Tegal -
Pemalang areas. The regulation discusses flood and tidal control with a focus on the City and
Regency of Pekalongan. Not only controlling floods and tidal floods, but also accelerating
economic development with the construction of TOD (7ransit Oriented Development) and
improving the degree of public health through the creation of Regional General Hospitals
(RSUD). The existence of this regulation indicates that the central government contributes to
providing solutions to the problem of tidal floods. The regulation also regulates funding
provided by the government through the State Budget (APBN).

The Pekalongan City Government also has Mayor Regulation Number 72 of 2020
concerning the Position, Organizational Structure, duties, and functions as well as the Work
procedures of the Public Works and Spatial Planning Office for flood and tidal management and
infrastructure arrangement. The regulation discusses the duties and functions of the DPUPR of
Pekalongan City in which there are tasks in handling floods and tidal disasters. The presence of
these regulations resulted in various programs such as repairs to coastal and river embankments,
cleaning rivers and waterways, building pumps and retention ponds, to programs involving other
parties such as cooperation with the River Basin Center (BBWS) and the Public Works Office
of Water Resources and Spatial Planning (Pusdataru) Central Jaa Province under embankment



construction (DPUPR, 2021). In addition, there is also a revision of the 2020 Pekalongan City
Drainage Master Plan as a guideline for structuring a more targeted city drainage system
(Miftahudin, 2021). The drainage master plan was prepared by the Regional Development
Planning Agency (BAPPEDA) of Pekalongan City which has been adjusted to the conditions of
Pekalongan City to deal with floods and tidal disasters.

However, until now in Pekalongan City tidal flood disaster events still exist and even
increase in intensity. Despite these efforts, further actions are needed to effectively manage and
mitigate tidal flooding in Pekalongan City According to (Hariandja, 2023), people who
experience this certainly feel disturbed, both in terms of activity, economy, and society. Firstly,
there is a need for improved coordination and collaboration between different government
agencies and stakeholders involved in flood management. This includes better integration of
land use planning, water resource management, and climate change adaptation strategies.
Additionally, there should be a focus on implementing nature-based solutions, such as restoring
mangrove forests and wetlands, which can act as natural buffers against tidal floods.

Furthermore, there is a need for increased investment in research and technology to better
understand the dynamics of tidal flooding and develop innovative solutions. This includes the
use of remote sensing and modeling techniques to accurately predict flood events and assess
their impacts. Additionally, efforts should be made to enhance community resilience through
capacity building and the provision of financial support for flood-affected households and
businesses.

5 Conclusion

One of the main reasons why floods are a major issue in Indonesia, especially in coastal
areas like Pekalongan City, is the combination of sea level rise and land subsidence. Sea level
rise refers to the increase in the average global sea level due to the melting of glaciers and ice
caps, as well as the expansion of seawater as it warms. This phenomenon is primarily caused by
climate change and has significant implications for low-lying coastal regions.

In Pekalongan City, the effects of sea level rise are exacerbated by land subsidence. Land
subsidence occurs when the ground sinks or settles, often due to the extraction of groundwater
or the compaction of soil layers. In Pekalongan City, excessive groundwater extraction for
agriculture, industry, and domestic use has contributed to the sinking of the land. As a result,
the city is more vulnerable to tidal floods, as the sea can easily breach the lower elevation areas.
These tidal floods have severe consequences for the affected communities. Infrastructure such
as roads, bridges, and buildings are damaged or destroyed, disrupting transportation and
communication networks. Additionally, the floods contaminate water sources, leading to health
risks and the spread of waterborne diseases. The livelihoods of the local population, which
heavily rely on agriculture and fishing, are also severely impacted, as crops are destroyed and
fish populations are disrupted.

To address this problem, the government has implemented various policies and programs.
These include the construction of flood control infrastructure such as embankments, seawalls,
and drainage systems. The government has also invested in early warning systems and
evacuation plans to minimize the loss of life during flood events. Furthermore, efforts have been
made to raise awareness about the impacts of climate change and the importance of sustainable
land and water management practices. In conclusion, tidal floods are a significant issue in
Indonesia, particularly in coastal areas like Pekalongan City. The combination of sea level rise



and land subsidence has led to devastating consequences, damaging infrastructure and
impacting the livelihoods of the affected communities. While the government has taken steps to
address this problem, further efforts are needed to effectively manage and mitigate tidal flooding
in Pekalongan City. By implementing comprehensive and integrated strategies, investing in
research and technology, and enhancing community resilience, it is possible to reduce the
impacts of tidal floods and ensure the long-term sustainability of the city.
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