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Abstract This study identifies technology and data related to disaster management
with the concept of the Smart City. A natural disaster has a huge impact on city
sustainability, it could destroy physical infrastructure, harmpeople, ormake activities
stop for a range of time. Environment evolvement in recent years, such as climate
change and increasing population impacted to the natural disaster casualty. It then
examines the technology to construct natural disaster management, consisting of
preparation, mitigation, response and recovery for disaster recovery. Technology,
such as IoT, GIS, big data, AUV, and Social media can be integrated to provide
a solution for the city. Furthermore, this study proposed a model for smart disaster
management that integrates ICT (Information andCommunications Technology) and
Smart City domain.
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1 Introduction

Currently, 55% of the world’s population lives in urban areas, and this proportion
is predicted to have 68% growth by 2050. Urbanization, which means a shift in
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the population from rural to urban areas related with world population growth, an
additional 2.5 billion people will live in urban areas by 2050, nearly 90% of them
in Asia and Africa. Many countries will have to face the challenges of their growing
urban populations, that includes some consideration about transport, housing, energy
systems, and infrastructure, as well as education, employment, health care, decent
work and a safe environment [1]. When the city becomes more important in the
future, a smart city is a concept to utilize ICT to help the citizens in a very day life
and make the city more sustainable.

A disaster is a phenomenon that causes tremendous losses of life, property and
the environment in a very short period of time. Nowadays when urbanization is at its
peak, most of the population density would be concentrated on the city. Therefore,
disasters that occur in urban areas with such a large population can cause the death of
many people and loss of property [2]. To best of our knowledge, disastermanagement
is rarely discussed as part of smart city initiative. Despite the fact that for any event of
a disaster will affect city sustainability. For practical reason, this paper will examine
only natural disaster, which is a disaster that caused by the mother nature. The aim
of the present research is to identify what kind of technology that can be integrated
into smart disaster management and which information and data will be provided.

2 Literature Review

2.1 Smart City

To get insight about the concept of the smart city, we need to understand why cities
have a significant and important role in the future, especially in the social and eco-
nomic aspects of the world, and that they also have a strong impact on the envi-
ronment. A smart city definition has been reviewed by [3] and [4], keep pace with
changes in the field of information technology as a new approach to mitigate and
give solutions for the urban problem and make development more sustainable.

There also two domains that applied in this term. First, the domain where ICT
becomes a machine used in assisting cities in overcoming problems, for example,
energy grids, water management, natural resources, mobility, waste management,
and logistic. Secondly, this smart city has also been applied to “soft domain” such
as culture, education, social inclusion, government, and political innovation, where
the use of ICT is usually not too crucial, but as additional support. Neirotti classified
each domain and sub-domains in the smart city as described in Fig. 1 [5].

As state by Cocchia [4], smart city definition by Giffinger and Gudrun [6] is the
most cited, “ASmart City is a citywell performing built on the ‘smart’ combination of
endowments and activities of self-decisive, independent and aware citizens”. Albino
et al. [3] has been trying to provide some of the key factors and concepts of Smart
City, therefore Smart City’s focus is not just on smart technology, but also on solving
core urban and regional issues. There are three fundamental issues that need to be
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Fig. 1 Domain and sub-domain in smart city

addressed in cities whose smart technology can help solve these problems: culture,
metabolism and governance.

Ojo et al. [7] summarize the concept of “smart city” as an interaction between
technological innovation, organizational innovation, and policy innovation. Sectors
that are typically affected by smart city initiatives include transport, environment,
governance, energy, lifestyle and people, technology and infrastructure.

Significant progress has been made in information technology, such as sensors,
actuators, and smartphones, which create great business potential for the Internet of
Things, as all devices can be interconnected and communicate on the Internet. Then
data can be analyzed using big data technology.

2.2 Disaster Management

This paper will take a definition of disaster from twoUN agencies, CRED (Centre for
Research on the Epidemiology of Disaster) and WHO (World Health Organization).
CRED defines a disaster as “a situation or event which overwhelms local capacity,
necessitating a request at national or international level for external assistance; an
unforeseen and often sudden event that causes great damage, destruction and human
suffering”. The WHO definition of natural disaster state that “A natural disaster is
an act of nature of such magnitude as to create a catastrophic situation in which
the day-to-day patterns of life are suddenly disrupted and people are plunged into
helplessness and suffering, and, as a result, need food, clothing, shelter, medical
and nursing care and other necessities of life, and protection against unfavourable
environmental factors and conditions.”

United Nation classifies natural disaster to Floods, landslides, earthquakes,
extreme temperature, storms, wildfire, volcanic activity, drought, and mass
movement-dry.Disasters occurwhen natural hazards that lead to the death or accident
of people who are at risk or the loss of valuables. Vulnerability emerges and increases
for various reasons, including population growth, urban development at vulnerable
sites, land use change, environmental degradation, weak governance, poverty and
inequality, and climate change [8]. UNISDR report, that between 1998 and 2017,
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climate-related and geophysical catastrophes killed 1.3 million people and caused
another 4.4 billion injuries, homeless, displacement or emergency relief.

In managing disaster, it is necessary to understand the Disaster Management
phase, therefore solutions have to related to the following phase: preparation,
response, recovery, and mitigation. (1) Hazard mitigation is a continuous effort to
reduce the physical and social impact of future disasters. There are two main types
of mitigation: Structural mitigation and non-structural mitigation (2) preparedness,
action taken before a disaster to deal with anticipated disaster response and recovery.
(3) Response, Direct protection of life and property, damage control and minimizing
the impact of disasters. (4) Recovery, in this case both short-term activities, to restore
the vital physical and social systems, concurrently for long-term activities aimed at
restoring system to pre-disaster conditions [9, 10].

ICT (Information Communication Technology) has become an indispensable part
of implementing disaster management. The application of ICT at the beginning had
the effect of weather forecast and communication for disaster announcements. The
advance of the new technology can provide an improvement in the field of disaster
management.

2.3 Technology Solution

Smart disaster system task is to perform any action pre-disaster until post-disaster that
givewarrants to save people and protect property. To properlymanage disaster events,
informationmust be collected, such as: by sharing resources (data or information) and
coordinating, making decisions and activities. In addition, these resources and data
must be collaborated to accomplish complex tasks such as evacuation of geographic
areas and operations with actuators. The insufficiency of integrated platforms and
infrastructures leads to failure of emergency management [11].

IoT (Internet of Things)
IoT is a broadband network that uses a standard communication protocol whose point
of convergence is the Internet. The main concept of IoT is the presence of universal
objects that can be measured, derived and understood, and that can transform the
environment. Because of this, IoT is made possible by the development of various
objects and communication technologies. Example of the IoT technology found in
smart devices, including cell phones and other items such as an appliance, landmarks,
monuments, and works of art that can be general objectives [12].

Using IoT, system can integrate between internet and any device/object. Sensors
can be developed at different location for any purposes (e.g. Weather and water sys-
tem, environmental pollution, surveillance system). IoT in smart disaster system that
installs in Weather and water systems can apply some sensors to provide appropriate
information like temperature, wind speed, rain, and pressure.

Cloud-Based Big Data
Big data can also activate disaster resilience for smart cities. The use of huge data
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and data analytics in smart city development is increasing resulting from intelli-
gence processing, exploitation, dissemination, and analysis. Today we see unusual
interdependence on a local and global scale, and today’s risks are systemic, viral,
devastating and unpredictable consequences. Therefore, traditional emergency man-
agement methods or technology cannot encounter this new challenge. Big data, with
the advantages of data collection, data merging, data storage, data analysis, data
representation, and data visualization can be used to mine patterns, analyze user
behavior, visualize, and track data among communities to overcome the underlying
vulnerability. With big data, disaster managers can identify potential risks, make
actions to prevent risks and ultimately enable the resilience of the city [13].

The development of crisis analysis-based on the big data platform offers many
applications that can improve the response to disasters. Disasters often have a sequen-
tial impact (e.g. tsunamis followed by earthquakes). Analysis platforms have to be
developed in real time to prioritize urgent problems, avoid further dangers, for exam-
ple, coordinate aid organizations and organize first responders. Some features that can
be done using big data include: Emergency services need to process large amounts of
data that are entered through multiple channels, such as first responders, satellite net-
works, sensors, and social media. Therefore, the major challenge is to develop data
integration protocols that ensure proper data collection, modeling, and messaging
systems [10].

GIS (Geographic Information System) and Remote Sensing
Natural disaster management requires many types of information that have a spatial
component. Geospatial data includes data with geographical components such as
maps, aerial photographs, GPS data, rainfall data, satellite imagery, Roads, land
use, hydrography, elevation, boundaries, image base, etc. Information from remote
sensing and GIS has proven useful in disaster management.

Remote sensing is an activity that uses satellite or sensor from aircraft to detect
and classify objects on earth. Remote sensing is one of the most advanced ways to
detect forest fires. Spaceborne (satellite) instruments with built-in sensors provide
information about forest fires on the earth’s surface. An example of remote sensing
is the use of lasers to tracking smoke plume boundaries, its top height, dispersion,
and a change of its intensity with time [14], another example of remote sensing
usability is to detect landslides [15]. Westen [16] describes GIS and remote sensing
role in disaster management: marking left by previous disasters, recognize the initial
stage of the event, monitoring events, planning evacuation route, search and rescue
operation.

Data integration for GIS and types of information are required [16, 17]:

• Data at the disaster phenomenon (e.g. floods, Landslides, earthquakes), their fre-
quency, vicinity, price, etc

• Data at the environment where the disaster possibly take regions: geology, topog-
raphy, hydrology, geomorphology, land use, soils, plant life and masses of others.

• Data on the factors that are likely destroyed if the event takes place: settlements,
infrastructure, the populace, socio-monetary statistics and so on.
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• Data at the emergency comfort property, which embody hospitals, police stations,
hearth brigades, warehouses and loads of others.

Social Media
Nowadays, social media emerged as an important party and playing a significant role
in disastermanagement and response. Socialmedia has a potential source of informa-
tion to improve the management of emergency situations such as disasters triggered
by natural hazards. Recent research has concentrated on using social media not as a
stand-alone information source but also joinwith other information. Social media has
advantages include crowd-sourcing, speed, and easy to access from mobile devices.
It also has disadvantages include bias in user base; confusing information between
related and informative and false content, and out-of-date information. Twitter is one
of the most used social media in term of disaster information, GPS in the smartphone
provides geo-tagged for twitter users [18, 19].

UAV (Unmanned Aerial Vehicle)/Drones
UAV (Unmanned aerial vehicle) or drone playing a vital role as first responders
during the disaster. UAV can achieve a better understanding of which infrastructure
are affected by the event, how much this infrastructure is damaged, how the traffic
infrastructure is affected and how many potential people are affected by the event
[20].

Some application of UAV in the disaster event such as Monitoring and early
warning, disaster information sharing, evacuation support, communication system,
SAR, Damage assessment.

3 Research Method

This paper proposes the model for mapping disaster management and smart city
domain. Following this model, apply technology related to disaster management
solution. This paper examines from a study that has ever existed, then put techno-
logical solutions related to the domains in smart cities that are connected to disaster
management.

For the purpose of understanding how social media used during the rainy season,
this paper examines twitter usage monitor tweet related to “banjir” (flood) in Indone-
sia. Flooding is an event that often occurs during the rainy season in Indonesia. The
event not only happened because of high rainfall but also because of human factors
and infrastructure. The peak of a rainy season usually happened in January until
February, but the data gathered from early December when rainy season has just
begun.

The data were collected by querying using NodeXL (basic) and Twitter API from
28 November 2018 to 2 December 2018, this collection contains on average about
1262 tweets and mention, and data was sampled by tweet every day after 06.00 p.m.
We further filtered tweets by keyword “banjir”.
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But, to request tweet with a geolocation, that indicates user location, there is
difficulty that NodeXL follows rule from twitter search and location search was de-
activate. Consequently, for analyzing user location to match with tweets in urban
area, we use manual searching for city in Indonesia, like “Jakarta”, “surabaya” and
other location that indicates place in city area like “fatmawati” which is sub-district
in Jakarta.

Afterward, we further cleansing tweet and excluded those outside Indonesia and
“mentions” and “replies to” type of tweet. Total tweet collected are 290, tweet then
classified based on the thematic coding, tweet coded manually and group into seven
thematic group adapted categories from [18]. Group of thematic categories consist
of (1) ‘volunteer actions’, (2) ‘media reports’, (3) ‘traffic conditions’, (4), ‘first-
hand observations’, (5) ‘official actions’, (6) ‘infrastructure damage’ and (7) ‘other’.
Table 4 present result from tweet thematic classification.

This study also classifies tweet by its content, using classification adapted from
[21], these categories are related-informative, related-not informative and not related.
Related category concern about tweets that talks “banjir” as flood event no other
meaning of the word. For example “banjir itu berkah” (the flood is a blessing) was
categorize as not related. Informative category use for tweets that gives useful infor-
mation to flood event and not for other purposes. For example “yg mau melintasi
jalur purwodadi pati harap berhati, Banjir yg arusnya kuat dari atas” (who want
to cross the purwodadi pati, please be careful) categorize into related-informative.
Tweet categorization based on relatedness presented in Table 3.

4 Results and Discussion

4.1 Smart Disaster Management

A sustainable city is inseparable with managing disaster event. Combining possible
technology will make it more effective and useful for both the city and its citizen.
Figure 2 describes a technology which already uses in disaster management. The
model integrates technology with smart city domain with the intention to give more
quick and reliable solution for the future event.

An action was taken in every phase of disaster management that state by National
Research Council (NRC) [9] mapping into smart city domain described by Neirotti
et al. [5] to give clear visibility for authorities and citizen. Action and data provide
from disaster management described in Table 1, every phase is fulfilled by smart city
domain and contribution that smart city should plan in disaster management.

Furthermore, technologies solution for smart disaster management describe in
Table 2. In addition, these technologies will provide information which available for
authorities to use and optimize to gain advantage from smart disaster system pre-
sented. This solution was obtained from previous literature and research, for instance
[16] already presented the utilization of GIS and remote sensing for every phase of
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Table 1 Mapping disaster phase and smart city domain

Smart city domain Disaster phase

Preparedness Mitigation Response Recovery

City logistics Mapping
logistic route

Logistic
evacuation
support

Send logistic
along with the
rescue team

People mobility Mapping
evacuation
route

• Evacuate
geographical
area

• Tracking
people
location

• Alarm
people
through
mobile
phone

• Prediction
population
displacement

• Identify area
affected

Pollution control Install IoT in
water and
weather
system

• Analyze data
from remote
sensing

• Analyze
anomaly of
precursor

• Spatial
monitoring

Public safety • Potential risk
identification

• Identify
important
place for
people

• Crowd-
sourcing for
disaster
information

• Early
warning

• Sending
search and
rescue team

• Predicting
future event
and impact

Health care Mapping
rescue team
route

• Dispatch
emergency
and rescue
team

• Disaster
response
system

Building Mapping
danger zone

• Damage
assessment
for
reconstruction

• Update
danger zone



Proposing Smart Disaster Management in Urban Area 11

Fig. 2 Smart disaster management

disaster management. Recent technology introduced UAV and drones for image cap-
ture and aerial data gathering, usingUAVs canmake observations of disaster-affected
areas faster and real-time [20].

Finally big data consolidate all the data and analyze them then provide valuable
information for agency, government and emergency services personnel. With the aid
of these information, it is expected that decisionmaking can be donemore accurately.
In some cases, there is a combination and integration between each technology, data
from different platform has enormous amount of specific data (location, sensor,
spatial), big data can provide real-time information for emergency services.

The flood forecasting system design for the Krishna River valley with GIS and
meteorological data. The map is created with ArcGIS, which includes the depth of
inundation and the degree of flooding with presentation maps. This information will
be available to the relevant authorities in the near future in order to take the necessary
action [22].

Recent experience shows that the public can use social media and Web 2.0 inter-
active Web sites to communicate effectively and inform online colleagues about
event location information by creating map-based mashups. Cartographer Experts
and emergency response professionals can benefit and collect various types of infor-
mation [23].

Study on Floods in Germany and how related information from Twitter and real-
time event show significantly information from Twitter as disaster response and
monitoring management. From that study found that Tweets related to the high of
water level related to the proximity of the tweet. The study correlates the proximity of
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Table 2 Technology applied for smart disaster management

Technology Applied Data

IoT • IoT sensor on water gauge
and weather system

• IoT sensor for temperature,
CO and CO2 level in the
forest for monitoring forest
fire

• IoT on the ocean for
detecting a seismic wave
(e.g. Tsunami)

Water sensor, weather sensor,
emergency service wireless
network, surveillance,
seismic, air pollution

GIS and smart sensing • Provide spatial data of the
affected area (mapping
disaster area)

• Zoning the area based on
risk magnitude

• Simulating damage scenario
• Planning evacuation and
operation

• Damage assessments for
rehabilitation and
reconstruction

Spatial data (maps, satellite
imagery, aerial photographs,
GPS data, Roads, land use,
boundaries, rainfall data,
hydrography, elevation)

Social media • Communication and
interaction between agency
and community

• Information dissemination
• Early warning

Geo-location, hashtag,
frequency of tweets

Smartphone and wearable • Early warning
• Tracking, navigating
searching and rescuing

GPS

UAV/drones • First responder, capture area
affected by the disaster

• Access to
hard-to-reach-area

Image, GPS/location

Big data • Analyze

tweet using geo-tagged and water gauge sensor [18]. Another work [19] examining
twitter usage in Padang, suggests that government adopts Twitter as an element of
disaster management for planning and an early warning.

Table 3 shows the distribution of relatedness found in flood event, 43% of the
tweet is not related to “banjir”, and only 27% of the tweets related and informative,
Table 4 shows the distribution of content-type found in flood event. “other” content
type has the highest portion of 64% of tweet, with some portion of the tweets is
running by tweet bot. The second highest portion 21% are tweets from online media,
reporting about flood event. From this data, we can observe considerable tweets that
are not informative and most of the informative tweet is from online media. But this
can also occur because the rainy season is not yet at its peak, so people have not felt
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Table 3 Tweets categorized by relatedness

Period 28 Nov
2018

29 Nov
2018

30 Nov
2018

01 Dec
2018

2 Dec
2018

Total

All
Tweets

27 100% 21 100% 58 100% 90 100% 94 100% 290 100%

Related-
informative

7 26% 4 19% 12 21% 30 33% 25 27% 78 27%

Related
not infor-
mative

9 33% 10 48% 15 26% 13 14% 40 43% 87 30%

Not
related

11 41% 7 33% 31 53% 47 52% 29 31% 125 43%

Table 4 Tweets categorized by content type

Period 28-Nov-18 29-Nov-18 30-Nov-18 01 Dec
2018

02 Dec
2018

Total

All Tweets 27 100% 21 100% 58 100% 90 100% 94 100% 290 100%

Volunteer
action

0 0% 0 0% 0 0% 2 2% 0 0% 2 1%

Media
report

10 37% 7 33% 17 29% 31 34% 20 21% 85 29%

First
observation

0 0% 4 19% 3 5% 1 1% 0 0% 8 3%

Official
action

2 4% 0 0% 1 2% 2 2% 3 3% 7 3%

Infrastructure
damage

0 0% 0 0% 0 0% 1 1% 0 0% 1 0%

Traffic
condition

0 0% 0 0% 1 2% 0 0% 0 0% 1 0%

Other 15 56% 10 48% 36 62% 53 59% 71 76% 185 64%

a crisis. Caution and advice tweet about flood situation frequently came from online
media.

On the search for location related tweet, we found that some of tweets that indicate
for location, for example

“Wah musim hujan jakarta banjir lagi nih” (Wow, the Jakarta rainy season floods
again)
“Warga Bekasi Berharap Solusi Untuk Atasi Banjir” (Bekasi Residents Hoping for
Solutions to Overcome Floods)

Some of the locations that mention in tweets related to location are: Jakarta/DKI,
Bekasi, Jembarna (Bali), Pesawaran (Lampung), Bandung, Fatmawati (Jakarta sun-
district), Tangerang, Gumilir (cilacap), Sunter (Jakarta sub-district).



14 D. W. Sukmaningsih et al.

Most of the tweet from residents that mention about location, is mention city area.
Tweet from media and government covers a wider area like province and village.
This is an interesting insight if there is a disaster that has a greater impact, then it is
probable that the information from Twitter will come from urban areas.

Do not conclude that information from social media is useless, we can position
twitter media to provide insight if we can understand the details of diffusion from
the twitter data. Government or any disaster agency who need to develop disaster
system must identify data from Twitter that is relevant to the disaster event. and
seeing that most tweets come from urban areas, this can be a consideration for using
this information as a warning system in mitigation in disaster situations and apply
this to the smart city system.

5 Conclusions

Smart disaster management models in this document provide insight into technolo-
gies that can help with disaster management, and how they can be integrated into a
smart city model. As a result, it can provide up-to-date information and references to
take action that can prevent and minimize disasters. Furthermore, in the event of the
disaster, the system is able to display real-time situation and execute a rescue plan.

From the previous study, there is some advanced technology that useful for pro-
viding solutions in disaster management. These technologies provide data and infor-
mation that can be used to support actions in each phase in disaster management.

Analysis from twitter data shows the participation of the community to provide
information. Active social media users are widely located in urban areas, information
from these users provide information if analyze more thoroughly. The government
must take steps and find ways to optimize the benefits of social media. Noticing the
effectiveness of users on social media, the government must also be proactive, not
only gathering information but also using social media as a tool to communicate
accurate information to citizens.

To capitalize on the potential of implementing intelligent disaster management,
the future work has to explore any potential collaboration between other technology.
For example, information from social media integrates with GIS and remote sensing,
or collaboration between UAV and social media using semantic web and machine
learning to analyze data.
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