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ABSTRACT 
Climate change is a global issue that is of concern to the world. One of the impacts of climate change is sea level 
rise. Rising sea levels can cause tidal floods, especially in coastal areas. Based on data from the Meteorology, 
Climatology and Geophysics Agency (BMKG), one evidence of climate change is an increase in sea level. Satellite 
altimetry measurements show a trend of sea level rise in Indonesia from 1992-2022 averaging around 4 
mm/year. Rising sea levels have an impact on increasing the frequency of coastal flooding, retreating coastlines, 
and the disappearance of national borders. The city of Surabaya is one of the coastal cities in Indonesia which 
has the potential to experience an increase in the height of tidal floods due to climate change. The potential for 
tidal floods due to climate change could harm the spatial planning of coastal areas in Surabaya. The results of 
this research show that the coast of Surabaya has a moderate level of tidal flood vulnerability with an area of 
8230.77 ha, a high category with an area of 1739.21 ha, and a very high category with an area of 178.13 ha. The 
area is dominant from most of the coast of the Semampir subdistrict to Benowo and the border of the Bulak and 
Mulyorejo subdistricts. Tidal floods can cause the submergence of productive lands, such as settlements, fish 
farms, and warehouses. This can cause economic and social losses for coastal communities. Therefore, 
adaptation efforts are needed to reduce the impact of tidal floods due to climate change. These adaptation efforts 
can be carried out through improving spatial planning and environmental planning for coastal areas. 
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1. Introduction 
Global warming is a global problem. The consequences of global warming are climate 

changes on Earth. There are several impacts of climate change, including rising sea levels, 
which if they continue to increase will cause parts of the land to become inundated 
(Wirasatriya et al, 2008). The rise in sea level has the potential to cause tidal flood disasters, 
where seawater will enter the land and will cause tidal floods in various areas. Coastline 
changes will also occur. This is characterized by the retreat of the coastline from its original 
position which is then defined as abrasion (Maurizka and Adiwibowo, 2021). 

According to Saputra et al (2017) the city of Surabaya has coastal and water areas that 
have sufficient potential for development. The large number of shipping activities in 
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Surabaya waters requires information about the dynamic conditions of the waters to ensure 
shipping security and safety. Triana and Hidayah (2020) said that the Surabaya coastal area 
is a coastal area that is affected by rising sea levels. The risk of tidal floods in this area is also 
supported by the topography of the city of Surabaya which is dominated by lowlands. The 
city of Surabaya consists of 80.72% or around 26,345.19 Ha of area with a height of 0-10 
meters above sea level. Therefore, if tidal flooding occurs in this area, community activities 
could be disrupted and even stopped. 

Tidal flooding (tidal flooding) is a pattern of sea level fluctuations that are influenced 
by the gravitational force of celestial bodies, especially the moon, and sun, on the mass 
(specific gravity) of seawater on Earth. Tidal floods include flood disasters caused by the 
entry of seawater onto land as a result of high tides. Rob directly occurs in areas on the coast 
where the highest sea tides enter the land and are blocked by barriers or physical buildings. 
Rob occurs when high tides inundate land that is lower than sea level at the highest tide. 
Tidal floods in coastal areas will get worse with the supply of rainwater or direct floods and 
local floods due to poorly maintained drainage channels. Sea water enters the drainage 
system at the highest tide and then breaks through the poorly maintained embankment 
onto land and inundates the area. Tidal floods pose a serious threat, namely abrasion of the 
shoreline, causing the shoreline basin to sink deeper into the land. Tidal floods cause 
changes in land use to become narrower or even disappear due to being submerged by tidal 
floods (Ikhsyan et al, 2017). 

According to Desmawan and Sukamdi (2012), the impact of tidal floods is disruption of 
daily activities including household activities, disruption of road accessibility, and limited 
use of facilities and infrastructure. The impact of the tidal flood caused coastal 
infrastructure to be damaged due to coastal abrasion. As a result, coastal residents will lose 
their homes and livelihoods. Factors that cause tidal floods include sea level rise and land 
subsidence, apart from that, there are also factors such as the height of the land area and 
the existing drainage system that can also influence the existence of tidal floods. Factors 
causing tidal floods include tides, high rainfall, regional geography, and climate change. 
Besides that, tidal floods can also be caused by other factors or external forces such as the 
push of sea waves, storm surges, and tropical storms, which are phenomena that often occur 
at sea. The combination or interaction of all of these causes sea level anomalies which cause 
tidal floods (Jamalludin et al., 2016). 

Areas far from the coastline can also be affected by tidal floods due to overflowing 
rivers. One of the causes of increasing river water discharge is rainfall. So analysis of rainfall 
levels in an area is very important because it can increase an area's vulnerability to tidal 
floods (Pyanto et al., 2021). 

Elevation is a criterion that is no less important. The characteristics of tidal floods will 
inundate areas with elevations lower than the tide level. Apart from that, distance from the 
river and distance from the coastline can also influence the formation of tidal floods 
(Saputra et al., 2020). 

The Coastal Part of the Surabaya City Regional Spatial Plan Based on Surabaya City 
Regional Regulation Number 12 of 2014, which is currently being reviewed to be revised 
from the 2014-2034 period to the 2023-2043 period, which it determines the coastal area 
of the City of Surabaya as a strategic urban area. This coastal area has an area of around 
1,231.50 hectares and covers the districts of Gunung Anyar, Kenjeran, Bulak, Asemrowo, 
Sukolilo, Benowo to Pakal. 

The coastal area of Surabaya City has great potential for economic and tourism 
development. However, this area is also vulnerable to natural disasters, such as tidal floods 
and abrasion. To create sustainable, competitive, and sustainable coastal areas, the 
Surabaya City Government has established several policies, including: 
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1. Development of industrial and logistics areas, tourist areas, residential areas, and 
agricultural areas by paying attention to environmental aspects and natural 
sustainability. 

2. Increasing water capacity on land, improving flood management infrastructure, 
relocating communities and public facilities, as well as changing spatial functions to 
reduce the risk of flooding and increase the resilience of coastal areas to natural 
disasters. 

The development of the coastal area of Surabaya City will be carried out in stages by 
paying attention to environmental aspects and natural sustainability. 

2. Methods  
This research was conducted on the north coast of Surabaya starting from Pakal District 

to Gununganyar District (Figure 1). The data used in this research are listed in Table 1. 

 
Figure 1. Map of research location 

 

Table 1. Data used in research 
No. Data Requirements Data source 

1 Rainfall BMKG data 
2 Coastline shapefile RBI map per region 
3 River Shapefile RBI map per region 
4 Topography DEMNAS 

 
The data processing method used in this research uses an overlay and scoring method 

based on Geographic Information Systems (GIS). GIS is a system designed to capture, store, 
manipulate, analyze, organize, and display all types of geographic data (Irwansyah, 2013). 
a. overlay method is an overlay method used to combine several maps containing 

information or data to produce a zoning of the level of physical vulnerability. 
b. scoring method is the assignment of a score and weight to each parameter which is 

calculated based on its influence on the level of vulnerability. The score given to 
measure the level of physical vulnerability is 1-5, the greater the score and weight 
given, the higher the influence. 
In determining the weight to measure the level of vulnerability, it is based on which 

factors have more influence on tidal floods (Fauzi et al., 2022). The tools used _ namely a 
Laptop, Ms. Word, Ms. Excel, and ArcGIS. ArcGIS is A software developed by ESRI ( 
Environment Science & Research Institute ) where meaning is compilation functions from 
various types different GIS software such as desktop GIS, server, and based GIS websites ( 
Setyawan et al, 2018). Determination of scoring and weighting is listed in tables 3 to 6. 
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Table 2. Distance score criteria from the coastline 

Parameter Indicator Score Weight 

Distance from 
Coastline 

(m) 

> 1000 m 1 

30% 
750 – 1000 m 2 
500 – 750 m 3 
250 – 500 m 4 

0 – 250 m 5 
Source: (Ramadhany et al ., 2021) with modifications 

Table 3. Score Criteria for Distance from River 
Parameter Indicator Score Weight 

Distance from River 
(m) 

> 400m 1 

20% 
300 – 400 m 2 
200 – 300 m 3 
100 – 200 m 4 

0 – 100m 5 
Source: (Ramadhany et al ., 2021) with modifications 

 
Table 4. Topography score criteria 

Parameter Indicator Score Weight 

Topography 
(m) 

11 – 28 m 1 

30% 
6 – 11 m 2 
3 – 6 m 3 
0 – 3 m 4 
-5 – 0 m 5 

 
Table 5. Rainfall score criteria 

Parameter Indicator Score Weight 

Total Rainfall 
(mm/year) 

< 1500 1 

20% 
1501 – 2000 2 
2001 – 2500 3 
2501 – 3000 4 

> 3000 5 
Source: (Fauzi , 2022) with modifications 

3. Results and Discussion 
 

3.1 Analysis of spatial results  
The city of Surabaya is one of the cities in East Java which has an area of 33,440 ha with 

31 sub-districts. The 16 sub-districts are close to the sea, namely the sub-districts of Pakal, 
Benowo, Asemrowo, Krembangan, Pabean Cantian, Semampir, Kenjeran, Simokerto, 
Tambaksari, Bulak, Genteng, Gubeng, Mulyorejo, Sukolilo, Rungkut, and Gununganyar. The 
Surabaya coastal area is a coastal area that is affected by rising sea levels which can cause 
tidal floods. In simple terms, flooding is the inundation of land by water in excess volume 
(not by its capacity). Floods can be caused by two factors, namely human factors and natural 
factors. Human factors are based on spatial planning and human activities themselves on 
the condition of sewers and flood drainage channels. Natural factors are influenced by 
topography, soil type, land use, and rainfall. In this research, mapping of coastal areas that 
are vulnerable to tidal floods was carried out using parameters such as topography, rainfall, 
distance from land to rivers, and distance from the coastline. With mapping, the government 
can take appropriate policies to address and overcome it. 

Based on the elevation map which has been processed using ArcGIS software, it can be 
seen that the elevation in the coastal area of Surabaya City ranges from -5 to 28 meters. Most 
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of the coastal areas of Surabaya City which are directly adjacent to the ocean have a very 
low elevation, namely -5 to 0 meters compared to areas in the center of the city with a 
percentage of 28.27%. This is following Suprijanto's statement (2003), that the city of 
Surabaya is divided into two topographic areas, namely lowlands and undulating plains, 
with 80.72% composed of lowlands. Most of the lowland areas are at elevations below the 
highest tide with the highest tide in December 2022 in the northern part reaching 184.3 cm 
and in the eastern part reaching 172.7 cm. The low elevation of the coastal areas of Surabaya 
City, which has a lower elevation than the highest tide or the same as MSL, is an indication 
of tidal flooding. Where the main cause of tidal floods is the land surface elevation which is 
not higher than the highest sea tide. 

 

 
Figure 2. Elevation map in the surabaya coastal area 

 Tha area based on elevation in the Surabaya coastal area is more clearly listed in 
Table 6 below. 

Table 6. Altitude elevation values in the surabaya coastal area 

 
Apart from land surface elevation, land distance from rivers is one of the variables 

calculated in determining the zoning level of physical vulnerability to tidal floods. 
Geographically, the city of Surabaya is downstream of the Brantas River Basin (DAS) which 
empties into the Madura Strait. The Surabaya River is one of two branches of the Brantas 
River. The Surabaya River originates in Mojokerto City and flows northeast across Surabaya 
City until it empties into the Madura Strait. As a downstream area, the city of Surabaya is an 
area where water overflows from passing rivers and can result in flooding during the rainy 
season. Apart from that, the presence of rivers in coastal areas during the rainy season can 
increase the vulnerability of these areas to tidal floods. Based on the map of land distance 
from river bodies, it can be seen that most coastal areas are far from river bodies. In areas 
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that are less than 400 meters from the river body, you must be careful because it can 
increase the vulnerability of the area to flooding. Tidal floods are not only caused by the 
overflow of tidal seawater, but these floods can occur due to overflowing river water. This 
could be due to the possibility of narrowing the width of the river or sedimentation of the 
river bed due to careless dumping of rubbish or due to the presence of a tidal prism in the 
river (Saputra et al., 2020). 

 

 
Figure 3. Map of distance from land to rivers in the Surabaya coastal area 

 

The area based on land distance class from rivers in the Surabaya coastal area is 
more clearly listed in Table 7 below. 

 
Table 7. Value of land distance from river in surabaya coastal area 

 
 
According to Ramdhany et al . (2021), distance from the coast is also a determining 

factor in identifying areas that are potentially threatened by tidal flooding. The coastline is 
the meeting point between land and sea which is influenced by tides and its condition will 
change from time to time. The coastline has a dynamic shape so it can cause continuous 
changes in shape. Changes in coastlines can be in the form of land reduction (abrasion) or 
land increase (accretion). Changes in coastlines in the form of land reduction or abrasion 
will have the impact of increasing an area's vulnerability to tidal floods. If an area is located 
close to the coastline, it can be identified that the area is vulnerable to tidal floods due to 
tidal runoff. Based on the map of land distance from the coastline which has been created 
using the scoring method, it can be seen that a distance of 0 – 250 meters from the coastline 
has a high vulnerability to tidal lines. This can happen because the closer an area is to the 
coast, the greater the high tides reaching that land area. In the city of Surabaya, the distance 
from the beach is > 1000 meters and has an area of 29326.67 ha so the area can be said to 
be safe from tidal floods. 
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Figure 4. Map of land distance from the coastline in the surabaya coastal area 

 
The area based on the land distance value from the coastline in the Surabaya 

coastal area is more clearly listed in Table 8 below. 
 

Table 8. Value of land distance from the coastline in the surabaya coastal area 

 
 
According to Jannah and Rohmatun (2018), tidal floods are floods that occur due to 

overflowing sea or river water which can be caused by excessive water overflowing in a 
place, one of which is due to high rainfall. Areas far from the coastline can also be affected 
by tidal floods due to overflowing rivers. One of the causes of increasing river water 
discharge is rainfall. So analysis of rainfall levels in an area is very important because it can 
increase an area's vulnerability to tidal floods. Based on the rainfall distribution map that 
has been created using data from two BMKG stations in Surabaya, it can be seen that most 
of the city of Surabaya during 2022 will have high rainfall intensity with rainfall amounts of 
2501 to 3000 mm/year. With fairly high rainfall, the potential for tidal flooding on the coast 
of Surabaya City is relatively high. 
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Figure 5. Rainfall distribution map in the surabaya coastal area 

 
The area based on the rainfall intensity value in the Surabaya coastal area is more 

clearly listed in Table 9 below. 
 

Table 9. Rainfall intensity values in the surabaya coastal area 

  
 

Based on the parameters of land surface elevation, distance from rivers, distance from 
the coast, and rainfall, scoring, and overlaying have been done to produce a map of areas that 
are vulnerable to tidal flooding. The scoring for each parameter is different, namely the 
weight of the parameters for elevation, height of the land surface, and distance from the 
coastline is 30%, while the weight of the parameters for distance from rivers and rainfall is 
20%. Determining the weights for each thematic map is based on subjective considerations 
based on certain considerations based on an understanding of the process, the possibility 
of flooding is influenced by each geographic parameter that has been determined and will 
be used in carrying out GIS analysis. After scoring and overlaying, a map of areas prone to 
tidal flooding is obtained. Based on the map of areas prone to tidal flooding, it can be seen 
that the vulnerability of coastal areas directly adjacent to the coast has a higher level of 
vulnerability than areas not directly adjacent to it with moderate to very high levels of 
vulnerability. Overall, the coastal area of Surabaya City which has a very low level of 
vulnerability has an area of 100.28 ha with a percentage of 0.5%, areas with a low level of 
vulnerability have an area of 9759.95 ha with a percentage of 48.78%, areas with a medium 
level of vulnerability have an area of 8230.77 ha with a percentage of 41.14%, areas with a 
high level of vulnerability have an area of 1739.21 ha with a percentage of 8.69%, and areas 
with a very high level of vulnerability have an area of 178.13 ha with a percentage of 0.89%. 
Areas that have a moderate to very high level of vulnerability can be caused by being close 
to coastlines and rivers, having land surface elevations that are less than or equal to MSL, 
and having high rainfall. Based on the map of areas prone to tidal floods, it can be seen that 
the Semampir to Benowo sub-districts have areas that are more vulnerable to tidal floods 
than other areas. This is following the statement by Triana and Hidayah (2020), who stated 
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that the Semampir to Benowo sub-districts have the potential to be inundated by tidal 
floods. 

 
3.2 Analysis of robust flood prone areas on spatial planning and environmental planning on 
the coast of Surabaya 
 

After reviewing the Surabaya Regional Spatial Planning (RTRW) for coastal areas for 
2023-2043, the Surabaya City Government is trying to increase the competitiveness and 
welfare of Surabaya's coastal communities through developing the potential of coastal areas 
in a sustainable and environmentally sound manner. Regarding the potential for coastal 
flooding, including tidal floods, the government has made efforts to maximize the function 
of green space for water catchment areas, maximize drainage system management, and 
promote mangrove planting for coastal areas that are prone to coastal flooding. However, 
over time, the population of Surabaya's coastal residents has increased, so that settlements 
in Surabaya's coastal areas have become increasingly dense. On the other hand, climate 
change creates new problems that must be watched out for, because several tidal floods that 
have occurred on the coast of Surabaya have been in conditions beyond normal. This is of 
course due to sea levels increasing every year, also triggered by quite high rainfall, as well 
as poor awareness of waste and waste management which further worsens the existing 
conditions. 

Quoting from the book "The City of Surabaya Towards a Disaster Resilient and Climate 
Change Resilient City" published by the Directorate General of Spatial Planning of the 
Ministry of Agrarian Affairs and Spatial Planning/National Land Agency in 2016, the 
analysis of the risk of high tide/tidal flood disasters is assessed based on the KRB Flood 
Flood map from the RTRW Surabaya City, results of vulnerability analysis and capacity 
analysis results. According to Prasita and Kisnarti's research conducted in 2013, a picture 
was obtained if it was assumed that if there was a rise in sea level of 1 meter, the coastal 
areas in Surabaya that could potentially be directly affected were Romokalisari and Tambak 
Osowilangun (Benowo District), Tambak Langen, Greges, and Kalianget ( Asemrowo 
District), Morokrembangan and West Perak (Krembangan District), North Perak and East 
Perak (Pabean Cantikan District), Kedung Cowek (Kenjeran District), Sutorejo Hamlet, 
Kalisari, and Kejawen Putih Tambak (Mulyorejo District), Keputih (Sukolilo District), 
Medokan Ayu, and Wonorejo (Rungkut District), Gunung Anyar Tambak (Gunung Anyar 
District). 

Prawira and Pamungkas (2014) stated that there are 11 vulnerability factors related to 
tidal flood mitigation in the northern coastal area of Surabaya, namely high building density, 
condition of the road network inundated by tidal floods, less than optimal condition of 
drainage channels, residential areas in the lowlands, facilities general areas are inundated 
by tidal floods, high population density, decreased income of people in vulnerable sectors, 
reduced water catchment areas, reduced mangrove forest areas, residential areas are in the 
lowlands and built-up areas are built on former swamp land. Based on vulnerability factors, 
the formulation given by Prawira and Pamungkas (2014) in efforts to mitigate areas prone 
to tidal flooding in the North Coast Area of Surabaya is building embankments and sluice 
gates, building pump houses, providing a stilt house concept, developing mangrove forest 
areas, arranging buildings in around the coast, the formation of government and non-
government organizations related to disasters, the provision of hazard and risk maps of sea 
level rise and the provision of disaster-friendly spatial planning concepts. 

Based on the results of the spatial analysis in this research, it can be seen that the 
Surabaya coastal area has a fairly high level of vulnerability to tidal floods. Therefore, 
policies and strategies in the Surabaya RTRW for the coast need to be focused again on the 
Surabaya coastal area. This is important to do so that appropriate mitigation steps can be 
taken if conditions change in the coastal areas of Surabaya. 
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4. Conclusion 
Based on the research that has been carried out, several conclusions can be drawn: 

a. Based on the land surface elevation map, distance from the river, distance from the 
coastline, and rainfall, it can be seen that the land surface elevation on the coast of 
Surabaya City ranges from -5 to 28 meters, most of the land distance from the river is 
> 400 meters, most The distance from the coastline is > 1000 meters, and most of the 
coast of Surabaya City has an amount of wet rainfall with an intensity of 2001 to 2500 
mm/year. 

b. Judging from the four parameters used as well as the scoring and overlay results, it can 
be seen that the coast of Surabaya City has moderate to very high vulnerability. Areas 
that have a moderate level of vulnerability are dominantly on the east coast of Surabaya 
City, while areas that have high to very high vulnerability are predominantly on the 
north coast of Surabaya City. 

c. By mapping areas prone to tidal flooding, it can be used as a government archive to be 
used as consideration in making policies and decisions regarding Spatial Planning and 
Environmental Planning for the City of Surabaya, especially coastal areas. 
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