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Abstract 

Accurate and comprehensive land condition mapping is crucial for infrastructure development planning, particularly for data center 
construction in Nongsa Special Economic Zone (SEZ). This research integrates terrestrial survey, photogrammetry, and geographic 
information system (GIS) data to produce optimal land condition maps. The methodology involves field data collection through terrestrial 
measurements, aerial photography using photogrammetry, and data processing/analysis using GIS tools. This integrated approach enables 
the creation of comprehensive land condition maps, incorporating topography, land use, and other supporting parameters. The results 
demonstrate improved mapping accuracy and detailed spatial information, supporting informed location decisions. Eleven thematic maps 
were created, including topography, longitudinal and transverse profiles, composite volume, DSM/DTM contours, land cover, soil type, 
slope, water density, and flood hazard maps. Flood hazard analysis reveals that Nongsa has low (1.13 km²), moderate (61.16 km²), high 
(34.32 km²), and very high (0.0078 km²) flood risk areas. The majority of Nongsa (61.16 km²) falls within the moderate flood risk category. 
This research identifies that a significant portion of Nongsa, specifically 61.16 km², is categorized as having a moderate flood risk, 
highlighting the need for targeted infrastructure planning and risk mitigation strategies in the development of data centers within the SEZ. 
The results of this study also provide important insights into the impact of land use changes on the local ecosystem, making them valuable 
for planning more environmentally friendly and sustainable development. 
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1. Introduction  

1.1 Sub Introduction 

The construction of a data center building requires in-
depth planning and analysis to ensure the sustainability, 
efficiency, and security of the infrastructure built. Nongsa 
Special Economic Zone (SEZ), as one of the strategic areas 
for information technology development in Indonesia, is an 
ideal location for data center construction. However, the 
development in the area faces various challenges, such as 
varied topography, potential environmental risks, and the 
need for optimal land use. 

In this context, mapping land conditions is a critical first 
step to support the planning and development. Accurate 
mapping not only helps in understanding the physical 
characteristics of the land, but also provides important 
information related to site feasibility, potential risks, and 
optimal spatial planning. To achieve a high level of accuracy, 
a comprehensive integration of data and methods is 
important. 

The combination of terrestrial survey, 
photogrammetry, and geographic information system (GIS) 
is very relevant for this purpose. Terrestrial surveys 
provide detailed data on field conditions directly. 

Photogrammetry enables spatial data collection through 
aerial photography. GIS plays a role in spatial data 
processing, analysis, and visualization. By integrating these 
three methods, accurate and informative land condition 
maps can be provided. 

This research aims to develop the data integration 
method and survey technique to support the mapping of 
suitable land conditions for the construction of the data 
center building in Nongsa SEZ. This approach resulted in a 
mapping model that is not only efficient but also reliable for 
data-based development planning needs. 

The results of the data processing can be used to assess 
flooding in Nongsa, where all data center buildings will be 
constructed. Flooding is a frequent natural disaster in many 
parts of the world, including Indonesia, which has a 
geography that is vulnerable to such disasters. Flooding can 
occur due to a variety of factors, such as heavy rainfall, river 
overflow, deforestation, land use change, and errors in 
planning and management of urban and rural areas. Floods 
often have adverse impacts on society, the environment, 
and the economy, such as damage to infrastructure, loss of 
natural resources, and threats to human safety (Sulaiman et 
al., 2020). 
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The importance of flood-related research lies not only 
in understanding its causes and impacts but also in efforts 
to reduce risks and increase community resilience to this 
disaster. Flood-related research aims to obtain accurate 
data on the causative factors, patterns of flood occurrence, 
and impacts so that more effective policy recommendations 
and mitigation strategies can be developed. Batam, located 
in the Riau Islands, Indonesia, is one of the fastest growing 
industrial and trading cities. As one of the economic centers 
in southern Sumatra, Batam has a well-developed 
infrastructure, as well as high tourism and industrial 
potential. Nevertheless, Batam faces various challenges 
related to environmental governance and natural disasters, 
one of which is flooding. 

Flooding in Batam has become an increasingly frequent 
problem in recent years. Climate change, heavy rainfall, and 
errors in urban planning and management are some of the 
factors that cause flooding in Batam. In addition, rapid 
urbanization and deforestation of the surrounding forests 
exacerbate the situation, impeding water flow and 
increasing the risk of flooding (Indrastuti & Yunita, 2020). 

Flooding in Batam not only affects the social and 
economic life of the community but also damages 
infrastructure, affects industrial activities, and reduces the 
quality of life of local residents. Therefore, it is important to 
conduct research on flooding in Batam to find out the 
underlying causes, impacts, and workable solutions to 
reduce the risk of flooding in the future. 

Nongsa, located in the eastern part of Batam, is one of 
the fastest growing areas, especially in the tourism and 
housing sectors. It is also home to many industrial estates 
and other facilities that support Batam's economy. Although 
Nongsa is not as densely populated as some other areas in 
Batam, it still has the potential for flooding, especially 
during the rainy season with heavy rainfall. 

One of the factors affecting flood potential in Nongsa is 
heavy rainfall. Batam in general experiences a tropical 
climate with relatively heavy rainfall, especially during the 
rainy season which lasts between November and March. 
Heavy rainfall in a short period of time can lead to a large 
volume of water and potentially cause flooding, especially 
in lowlands and areas close to rivers. 

The topography of Nongsa is highly varied, with some 
areas being lowlands and potentially submerged in water 
during heavy rainfall (Indrastuti & Yunita, 2020). Lowlands 
tend to have less than optimal drainage channels. Poor 
drainage systems and clogged drains can lead to 
widespread inundation. 

Rapid development in the Nongsa area, especially in the 
housing, property, and tourism sectors, is sometimes not 
matched by good environmental management planning and 
drainage management. Reduced urban green spaces and 
increased land conversion for residential or industrial use 
can reduce the absorption of water into the soil, increasing 
the potential for flooding. 

Some areas in Nongsa are close to rivers and waterways 
that can overflow during heavy rainfall. If these rivers do 
not have enough capacity to accommodate rainwater, 
overflowing rivers can cause flooding around the area. In 
addition, environmental degradation around the river, such 
as sedimentation or destruction of natural habitats, can 
reduce the flow capacity of the river. Limited drainage 
infrastructure is one of the main problems often faced by 
fast-growing urban areas due to inadequate development 
and maintenance of drainage infrastructure. Poor or 
inappropriate drainage systems that do not match the 
development of the area can lead to the accumulation of 

rainwater on the ground surface, which has the potential to 
cause flooding. 

Some areas that have the potential to flood in Nongsa 
include areas around the coast and lowlands. Areas near the 
coast tend to have low elevations and are more prone to 
inundation. New settlement areas and newly developed 
residential areas, especially if the drainage infrastructure 
development is inadequate, are more prone to flooding. 
Areas close to small rivers or poorly managed waterways 
can be submerged and cause localized flooding. 

To reduce the potential for flooding in Nongsa, one of 
the mitigation measures that must be considered is the 
improvement of drainage infrastructure through the 
construction and maintenance of good drainage systems, 
especially in flood-prone areas, to accelerate the flow of 
rainwater and prevent water accumulation. Waterways and 
rivers must be cleaned and maintained so water can flow 
smoothly. Sedimentation control and pollution prevention 
are also very important. Sustainable land management 
raises awareness of the importance of maintaining the 
balance of nature by maintaining urban green spaces and 
reducing uncontrolled land conversion. Environmentally 
friendly urban planning is needed by considering disaster 
mitigation aspects in any new development. Communities 
need to be educated on the importance of maintaining 
waterways as well as ways to prevent flooding such as 
disposing of garbage in its proper place. 

This research aims to show that flooding in Nongsa is 
caused by various factors, both natural and human. Key 
factors include heavy rainfall, land cover, drainage system, 
soil type, and slope. The impacts are extensive, involving 
social, economic, and environmental losses. 

2. Research Method 

2.1 Research Location 

This research was conducted in Nongsa, Batam. Nongsa 
consists of four sub-districts, which are Batu Besar, Sambau, 
Kabil, and Ngenang. 
 

 

Fig 1. Map of research location. 

2.2 Flowchart 

The land condition mapping process for the proposed 
data center development in the Nongsa Special Economic 
Zone begins with a literature study (Fig 2), which aims to 
review relevant theories, methodologies, and previous 
studies related to land assessment, flood zoning, and GIS-
based mapping. This step helps to establish a strong 
theoretical foundation and identify data requirements. 
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Following this, the data collection phase is conducted, 
combining both terrestrial surveys and aerial 
photogrammetry. This stage involves gathering primary 
and secondary data, including topographic data, rainfall, 
soil types, slope, and drainage characteristics, which are 
essential for land condition evaluation. 

The collected data are then used to produce several 
thematic maps. This involves two parallel activities: (1) 
Preparation of contour/topography maps from aerial 
photography, cut-and-fill volume maps, and profile maps 
(longitudinal and transverse). These maps provide a 
detailed understanding of surface elevation and landform 
features, (2) creation of slope maps, soil type maps, rainfall 
maps, land cover maps, and drainage density maps. These 
layers serve as critical inputs in determining the land's 
susceptibility to flooding and its overall suitability for 
development. 

 

Fig 2. Research flow diagram 

Next, the thematic maps are integrated using overlay, 
scoring, and weighting techniques in a GIS environment. 
This step allows for the evaluation of each land parameter 
by assigning weights based on its influence on flood 
potential and land stability. The output of this spatial 
analysis is a tentative map of flood zones, identifying areas 
with varying levels of flood risk. This map serves as a basis 

for further analysis of land conditions in relation to data 
center infrastructure requirements. 

Subsequently, a comprehensive land condition analysis 
is carried out, synthesizing the spatial and physical 
parameters to assess site suitability. This includes 
consideration of accessibility, elevation stability, drainage, 
and development constraints. 

2.3 Tools and Materials 

The tools and materials used for this research include 
Trimble Total Station, single prism, stative, RTK drone, tape 
measure, umbrella, stakes/nails, laptop, ArcMap 10.8, QGIS 
3.28.8, Google Earth, Microsoft Word, and Microsoft Excel. 

2.4 Data Collection 

There are two types of data collected, which are primary 
data and secondary data. The primary data collected are 
location and elevation data, which are taken using Total 
Station, RTK, GPS, and aerial photography data taken using 
RTK drone. The secondary data collected was obtained 
from various sources. The following are 6 secondary data 
used in this study. 
a. Rainfall 

The data used in this parameter is rainfall data for 
2023. The data source is the climate hazards infrared 
precipitation with station (CHIRPS). 

b. Land cover 
The data used in this parameter is land cover data in 
2023. The data was acquired from from Badan Pusat 
Statistik of Batam. 

c. Soil type 
The data used in this parameter is the soil type data 
from Badan Pengusahaan Batam. 

d. Slope 
The data used in this parameter is the National Digital 
Elevation Model (DEMNAS) data from Ina-Geoportal. 

e. Water density 
Water density data is obtained from Badan Informasi 
Geospasial. 

f. Base Map 
The administrative data containing the shapefile of 
Batam's administrative boundaries comes from 
Badan Pusat Statistik. This data includes details such 
as roads, buildings, vegetation, and vacant land. 

2.5 Data Processing 

The primary data was used to create a 
contour/topographic map, a longitudinal and transverse 
profile map, and a cut-and-fill volume map. The topographic 
contour data obtained from the field was processed using 
ArcGIS. The contour map was created for every 2 meters for 
minor contours and every 8 meters for major contours, with 
a scale of 1:1300. The longitudinal and transverse profiles 
were created using AutoCAD using topographic data, by 
inserting alignment lines, using the section/profile feature, 
adding elements, and finishing with map layout. The 
creation of the volume composite map started from creating 
a triangulated irregular network (TIN) model from the 
existing topographic data. Then, the cut-and-fill volume was 
determined. 

Secondary data collected on each flood-causing 
parameter were processed by scoring and weighting. Then, 
the resulting maps of the five parameters were overlaid to 
obtain the index and areas in the flood hazard map of 
Batam. The score, weight, and flood index can be seen in 
Table 1 to Table 6. 
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Table 1. Rainfall. 

Rainfall (mm/year) Score 
<1500 

1500-2000 
2000-2500 
2500-3000 

>3000 

1 
3 
5 
7 
9 

Table 2. Land cover. 

Land Cover Score 
Vacant Land 
Plantation/Forest 
Rice Field/Pond 
Settlement/Built-up Land 
Water Body 

1 
3 
5 
7 
9 

Table 3. Soil type. 

Soil Type Score 
Lithosols, Organosols, Rendzinas 
Andosols, Podzols, Podzolic 
Mediterranean Soil 
Latosols 
Alluvial, Planosols, Groundwater Laterite 

1 
3 
5 
7 
9 

Table 4. Slope. 

Slope Score 
0–8% 

8–15% 
15–25% 
25–45% 

>45% 

9 
7 
5 
3 
1 

Table 5. Water density. 

Density km/km² Score 
0–211.21 

211.21–422.42 
422.43–633.63 
633.64–844.84 

>844.85 

9 
7 
5 
3 
1 

Table 6. Score weight. 

Parameter Weight 
Rainfall 
Land Cover 
Soil Type 
Water Density 
Slope 

30% 
30% 
15% 
10% 
15% 

 

2.6 Flood Hazard Index 

The following is the formula for determining flood 
hazard. 
Flood Hazard = Score x Weight (1) 
The following is the formula for determining the flood 
hazard index. 
Index Difference = Maximum score / Number of flood 
classes (2) 
The score of each class in each parameter is multiplied by 
the predetermined weight. The flood hazard index in this 
study, after the calculation, can be found in Table 7. 

Table 7. Flood hazard index. 

Flood Hazard Index Class 
0–2.25 

2.25–4.45 
4.45–6.75 

6.75-9 

Low  
Medium  
High  
Very high 

3. Results and Discussion 

3.1 Topographic Map 

The resulting topographic map is presented in Figure 3. 
This was the condition of the land before land maturation 
activities were carried out. 

 

Fig 3. Topographic map (before maturation). 

The topographic map is the result of primary data 
collection in the field using the DJI Phantom RTK drone, 
which produced aerial photographs as the basemap, 
contours (from DEM data), and situation details (from the 
results of digitization). After combining the data, a 
topographic map was produced (Figure 3). 

3.2 Longitudinal and Transverse Profile Map 

The longitudinal and transverse profiles are presented 
in C1 and L3, as shown in Figure 4. 

 

Fig 4. Longitudinal section and transverse section at 
Nongsa SEZ. 

Figure 4 is a sample of the longitudinal section and 
transverse section generated using the CAD application. 
The longitudinal section and transverse section were based 
on the contour and volume data created in Figure 5. From 
Figure 4, we can see the sample sections C3 and L1. C stands 
for cross or transverse. L stands for long or longitudinal. C3 
and L1 are shown in red. This means that areas in C3 and L1 
are cut. Areas shown in green are filled, which are absent in 
C3 and L1. The cut interval is 20 meters. 

3.3 Composite Map of Volume 

The cut-and-fil volumes based on the intended 
reference heights are presented in Figure 5.  

Here are some explanations of the map. Red indicates 
cut sections and green indicates fill sections. The volumes 
of the cut-and-fill sections are 65685.35 Cu. M and 315.12 
Cu. M respectively. The reference elevation for determining 
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the height of the cut-and-fill is 19.5 meters. AutoCAD Civil 
3D is used in the processing. 

 

Fig 5. Map of the cut-and-fill volume in a data center building 
construction area. 

3.4 Digital Surface Model (DSM) Contour Map Before 
and After Land Maturation 

The DSM contour maps before and after land 
maturation are presented in Figure 6a and Figure 6b. 

 

Fig 6a. DSM contour map (before maturation). 

 

Fig 6b. DSM contour map (after maturation). 

DSM data is a model of the Earth's surface that describes 
all visible objects on the Earth's surface. The shape of the 
earth's surface is visible in the photo. The DSM maps were 
created by rendering aerial photo data in Agisoft 
Metashape. After that, the data were exported and 

reprocessed using ArcGIS. The data were processed into 
contours and assigned a color classification to mark the 
height of the area before land maturation (Figure 6a). 

The DSM map was created by rendering aerial 
photography data in Agisoft Metashape. After the data had 
been exported, it was reprocessed using ArcGIS. The data 
were processed into contours and assigned a color 
classification to indicate the height of the area after land 
maturation (Figure 6b). 

3.5 Digital Terrain Model (DTM) Contour Map Before 
and After Land Maturation 

The DTM contour maps before and after land 
maturation are presented in Figure 7a and Figure 7b. 

 

Fig 7a. DTM contour map (before maturation). 

DTM data consists of an elevation surface representing 
the bare earth referenced to a vertical datum. Each DTM 
point regularly follows the shape of the earth's surface. The 
DTM map was created by rendering aerial photography 
data in Agisoft Metashape. After that, the data were 
exported and reprocessed using ArcGIS. The data were 
processed into contours and assigned a color classification 
to indicate the height of the area before land maturation 
(Figure 7a). 

 

Fig 7b. DTM contour map (after maturation). 

The DTM map was created by rendering aerial 
photography data in Agisoft Metashape. After that, the data 
were exported and reprocessed using ArcGIS. The data 
were processed into contours and assigned a color 
classification to indicate the height of the area after land 
maturation (Figure 7b). 
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3.6 Map from Aerial Photo Before and After Land 
Maturation 

The aerial photography data was taken on September 
17, 2024, using the DJI Phantom RTK drone with a height of 
100 m. The flight duration for data collection was 09:25 
minutes. Sidelap and Frontlap were 70% and 80% 
respectively. The rendering was carried out using Agisoft 
Metashape. The resulting map from the aerial photo before 
land maturation can be seen in Figure 8a. 

 

Fig 8a. Map from aerial photo (before maturation). 

Aerial photography data was taken on November 7, 
2024, using the DJI Phantom RTK drone with a height of 100 
m. The flight duration for data collection was 09:25 
minutes. Sidelap and Frontlap were 70% and 80% 
respectively. The rendering was done in Agisoft Metashape. 
The resulting map from the aerial photo can be seen in 
Figure 8b. 

 

Fig 8b. Map from aerial photo (after maturation). 

3.7 Rainfall Map 

The map in Figure 9 shows the color system used to 
indicate the level of rainfall. 

Dark blue indicates a high rainfall intensity of more than 
3000 mm, with an area of 40.31 km². Light blue indicates 
the lowest rainfall intensity (between 1500 and 2000 mm), 
with an area of 36.03 km². Most of Sambau experiences 
rainfall between 2000 and 2500 mm. Batu Besar must 
endure heavy rainfall of more than 3000 mm. Most of Kabil 
and Ngenang encounter rainfall between 1500 and 2000 
mm, although a small number of areas have recorded more 
than 3000 mm. 

 

Fig 9. Rainfall map. 

Table 8. Rainfall table. 

Rainfall (mm) Area 

1500–2000 

2000–2500 
>3000 

36.03 km²  
28.43 km² 
40.31 km² 

3.8 Land Cover Map 

Figure 10 shows that Sambau, Batu Besar, and Kabil are 
dominated by residential or built-up land, indicating the 
rapid development of settlements in these areas. 
Meanwhile, Ngenang is dominated by plantations or forests, 
indicating land use for agriculture and forestry. Overall, 
Nongsa has the most residential or built-up land at 51.14 
km². This large settlement area has the potential to increase 
the risk of flooding if it is not matched by adequate drainage 
systems and water absorption facilities. On the other hand, 
the smallest land area in this sub-district is rice fields or 
ponds, which only cover an area of 0.31 km². 

 

Fig 10. Land cover map. 

Despite its limited size, the existence of rice fields or 
ponds is still important for the sustainability of the 
agricultural and aquaculture sectors in the region. 

Table 9. Land cover table. 

Land Cover Area 
Vacant Land 
Plantation/Forest 
Rice Field/Pond 
Settlement/Built-up Land 
Water Body 

5.30 km² 
48.14 km² 
0.31 km² 

51.14 km² 
5.15 km² 

3.9 Soil Type Map 
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Figure 11 shows that the soil type in Sambau is alluvial 
soil, although it only covers an area of 1.07 km². Although 
better at absorbing water, this soil type can cause flooding 
in lowlands or areas along riverbanks, especially during 
heavy rainfall or strong river currents. Areas such as Batu 
Besar, Kabil, and Ngenang are dominated by latosols and 
podzolic soils. Nongsa is dominated by podzolic, with an 
area of 86.81 km². 

 

Fig 11. Soil type map. 

Podzolic soils tend to have low water absorption due to 
their high acidity and limited organic matter. This soil type 
is prone to surface runoff as rainwater is slow to absorb, 
which can increase the risk of flooding, especially if there is 
heavy rainfall over a short period of time. 

Table 10. Soil type. 

Soil Type Area 
Latosols 
Podzolic 
Alluvial 

7.77 km²  
86.81 km² 
1.07 km² 

3.10 Slope 

 

Fig 12. Slope map. 

Figure 12 shows that Nongsa as a whole has areas with 
slopes between 0 and 8%, covering an area of 58.05 km². 
These areas with relatively flat slopes are more prone to 
flooding, mainly due to their topographical characteristics 
that allow the accumulation of rainwater. The larger the 
area with a low slope, the greater the likelihood of 
inundation during high rainfall intensity. Meanwhile, areas 
with slopes of more than 45% only cover an area of 0.05 
km². These areas, with very steep slopes, are at greater risk 
of landslides and soil erosion, although they are less prone 
to flooding.  

Overall, slope affects how water flows, how long it stays 
on the surface and how much potential damage it can cause. 
Flat areas with poor drainage systems are particularly 
prone to flooding, while steep areas are more at risk of 
landslides and erosion. 

Table 11. Slope. 

Slope Area 
0–8% 

8–15% 
15–25% 
25–45% 

>45% 

58.05 km² 
32.49 km² 
14.78 km² 
2.70 km² 
0.05 km² 

3.11 Water Density 

Figure 13 shows that the most extensive overall water 
density lies between 633.64 and 844.84, with an area of 
29.03 km² per km². This area shows a more evenly 
distributed water density, potentially affecting water flow 
and distribution patterns within the area. The area with a 
water density greater than 844.85 is only 12.00 km² per 
km². 

 

Fig 13. Water density map. 

Areas with higher water density are characterized by 
more concentrated water absorption or distribution, which 
could affect water resources and flood management. 

Table 12. Water density. 

Density km/km² Area 
0–211.21 

211.21–422.42 
422.43–633.63 
633.64–844.84 

>844.85  

16.74 km/km² 
22.04 km/km² 
28.91 km/km² 
29.03 km/km² 
12.00 km/ km² 

3.12 Nongsa Flood Hazard Map 

Figure 14 shows that Sambau, Ngenang, and Batu Besar 
are dominated by areas that fall into the medium flood 
hazard category. This indicates that these areas have a 
moderate risk of flooding, with factors such as slope, soil 
type, and other factors influencing the likelihood of 
flooding. Meanwhile, Kabil is dominated by areas with high 
flood hazards, indicating that these areas are very prone to 
flooding due to factors such as heavy rainfall, surface 
conditions, and existing infrastructure. 

Overall, Nongsa has the largest area of moderate flood 
hazard at 61.16 km², indicating that most of this area has a 
moderate risk of flooding. These findings must be 
considered in natural resource management planning and 
disaster mitigation. 
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Fig 14. Nongsa flood hazard map. 

Table 11. Flood zones. 

Area Class 
1.13 km2 

61.16 km2 
34.32 km2 

0.0078 km2 

Low  
Medium  

High  
Very high 

This study introduces a comprehensive approach to 
land condition mapping by integrating terrestrial surveys, 
photogrammetry, and GIS, resulting in improved accuracy 
and detailed spatial information for data center 
development in the Nongsa Special Economic Zone. The 
findings highlight the advantages of multi-source data 
integration, which enhances mapping precision and 
provides a more reliable basis for infrastructure planning. 
A key outcome of this research is the creation of 11 thematic 
maps that support data-driven decision-making, 
particularly in assessing land feasibility, flood risk, and 
environmental impact. The detailed flood risk analysis 
offers valuable insights for disaster mitigation, while the 
study's methodology contributes to sustainable spatial 
planning and can serve as a replicable model for similar 
infrastructure projects in other regions. 

4. Conclusion 

The conclusion from the map overlay analysis shows 
that most of Nongsa falls into the medium flood hazard 
category, covering an area of 61.16 km². Factors that 
influence the high risk of flooding in this area include heavy 
rainfall, reduced land cover, soil type with low absorption 
capacity, low water density, and steep slopes. All of these 
factors contribute to increased flood risk by accelerating 
water flow and reducing the soil's ability to absorb 
rainwater. In addition, based on the analysis, the area with 
very high flood hazard is only 0.0078 km², indicating that 
although there are areas with very high flood hazard, their 
size is very small compared to other areas that are also 
prone to flooding with a moderate level of hazard. 
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