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Welcome back to class!

Today, we'll be discussing TECHNOLOGY & INNOVATION IN DISASTER MANAGEMENT (TIDM)

Technology & Innovation in Disaster Management (TIDM) refers to the strategic use of modern
technological tools, systems, and innovative methods to prevent, prepare for, respond to, and recover



from disasters—whether natural (like floods, earthquakes, or pandemics) or human-induced (like
industrial accidents or conflicts).

Career Opportunities related to Technology and Innovation in Disaster Management

@ Public Sector (Government and Agencies)

Professionals in this sector work with national and state disaster management agencies, emergency
response units, and local governments to strengthen preparedness and response systems.

1. Disaster Risk Management Officer

2. Emergency Response Coordinator

3. Climate Resilience and Adaptation Specialist

4. Early Warning Systems Developer

5. ICT Systems Administrator (Emergency Operations Centers)

6. Smart Infrastructure and Urban Resilience Planner



7. Policy Analyst / Research Officer (Disaster Technology)

Q Private Sector (Consulting, Engineering, and Technology Firms)

Experts here focus on applying innovation, data analysis, and digital tools to develop sustainable, tech-
driven solutions for risk management and resilience building.

1. Technology and Innovation Consultant (Humanitarian & Development Projects)
2. GIS and Remote Sensing Specialist

3. Data Analyst for Disaster Management

4. Drone Operations Specialist (Emergency Response)

5. Relief Logistics and Supply Chain Manager

6. Smart Infrastructure Design Engineer / Planner

O International NGOs and Humanitarian Organizations

Professionals in this category often work on global or regional projects funded by organizations like the
UNDP, UNICEF, WHO, Red Cross, World Bank, or USAID, promoting innovation in crisis response and
recovery.

1. Humanitarian Innovation Officer

2. Community Resilience Educator / Trainer

3. Climate and Disaster Preparedness Program Manager
4. Monitoring, Evaluation, and Learning (MEL) Specialist

5. Researcher / Policy Advisor (Technology for Humanitarian Action)



You heed this.

Why You Need a Training in Technology and Innovation in Disaster Management (TIDM)

Disasters—whether floods, fires, epidemics, or building collapses—are becoming more frequent and
complex across the world, including Nigeria. Traditional response methods alone are no longer enough.
To save lives, protect infrastructure, and build resilient communities, there’s a growing demand for
skilled professionals who can use technology and innovation to manage emergencies effectively.

A training in Technology and Innovation in Disaster Management (TIDM) equips you with the knowledge
and practical tools needed to predict, prepare for, and respond to disasters using modern digital
solutions. You'll learn how to apply drones, data analytics, GIS mapping, mobile alert systems, and early
warning technologies to strengthen community safety and response systems.

Whether you work in government, humanitarian aid, security, environmental management, or urban
planning, TIDM training gives you a competitive edge—helping you contribute meaningfully to national
resilience, climate adaptation, and sustainable development goals.

Be part of the next generation of innovators shaping a safer, smarter, and more resilient Nigeria.



In 2027, heavy rainfall caused severe flooding across parts of Bayelsa State, displacing thousands of
residents and damaging farmlands and infrastructure. Traditionally, response efforts were slowed by

poor communication, lack of real-time data, and limited coordination among emergency agencies.

However, the state government, in collaboration with private tech firms and the National Emergency
Management Agency (NEMA), launched the “Smart Flood Response System (SFRS)” —a technology-
driven innovation designed to improve disaster management efficiency.

Key Technological Features:
1. Early Warning Sensors:

loT-based water level sensors were installed along major rivers and flood-prone areas. These sensors
transmitted real-time data to a central monitoring dashboard via satellite and GSM networks, alerting
authorities before floodwaters reached critical levels.

2. Mobile Alert Application:

Residents received automated SMS and app-based alerts in local languages, warning them of rising
water levels and safe evacuation routes. The app also allowed users to mark their current location for
rescue teams.



3. Drone Surveillance:

Drones equipped with infrared cameras conducted aerial mapping to identify stranded individuals,
monitor water spread, and assess infrastructure damage—helping responders prioritize rescue zones.

4. Al-Powered Coordination Platform:

Artificial Intelligence analyzed incoming data to predict flood patterns and allocate resources more
effectively—deploying rescue boats, ambulances, and relief materials based on severity and population
density.

5. Digital Relief Management System:

Displaced residents were registered using biometric verification linked to the National ID system,
ensuring transparency and reducing duplication in relief distribution.

Impact:

Within 72 hours, over 5,000 people were safely evacuated. Real-time data sharing improved
coordination among NEMA, the Nigerian Red Cross, and local volunteers. Post-disaster analysis showed
a 40% reduction in response time and improved accountability in relief aid delivery.

Conclusion:

This illustrates how technology and innovation—from loT and Al to drones and mobile apps—can
transform disaster management in Nigeria. By integrating smart systems and community participation,
resilience and preparedness can be strengthened for future emergencies



Introduction to Disaster Management & Technology

Disasters are defined as serious disruptions that overwhelm a community’s capacity to cope using its
own resources. Such events can arise from natural forces (like earthquakes, floods, wildfires) or from
human actions (like industrial accidents, environmental degradation, or conflict. Natural disasters are
triggered by environmental processes with little human influence (e.g., a tectonic quake or a hurricane).
In contrast, human-induced (anthropogenic) disasters result from human decisions, negligence, or error
— examples include oil spills, nuclear accidents, and terrorism. Complex disasters (e.g., climate-change-
driven hazards) may combine natural and human factors. Understanding these distinctions is crucial for
effective disaster management planning and response.

Disaster Management Cycle (Mitigation, Preparedness, Response, Recovery)

Disaster management follows a cyclical process to reduce harm and rebuild. The four main phases are
Mitigation, Preparedness, Response, and Recovery. Each phase has specific goals:

o Mitigation: Proactive actions to reduce or prevent disaster risk. This includes structural
measures (e.g., building seawalls, retrofitting buildings, creating firebreaks) and non-structural measures
(e.g., land-use planning, stricter building codes). The aim is to minimize the impact of future
emergencies. For example, designing cities to avoid flood zones or installing earthquake-resistant
infrastructure are mitigation efforts. Risk assessments and hazard maps also help identify where to focus
mitigation (such as reinforcing bridges or elevating electrical systems).

. Preparedness: Planning and training before a disaster strikes. Preparedness includes developing
emergency plans, conducting drills and exercises, stockpiling supplies, and educating communities.
Organizations define roles and communication protocols (for instance, evacuation routes and family-
reunification plans) so that when an event occurs, people know how to act. Regular exercises (fire drills,
active shooter drills, mass evacuation rehearsals) ensure that responders and citizens are ready.



Preparedness also means maintaining early-warning systems (sirens, alerts) and ensuring logistics (e.g.,
backup generators in hospitals) are in place.

. Response: Immediate actions during and right after a disaster to save lives and limit further
damage. Response operations include search and rescue, emergency medical care, firefighting, debris
removal, and providing shelter and food to affected people. Critical tasks are communicating alerts,
coordinating first responders, and helping evacuees. For example, emergency services may shut off gas
lines after an earthquake or use smartphones and social media to reunite families. At this stage, the
focus is on safeguarding human life and property and stabilizing the incident.

o Recovery: Restoring and rebuilding affected areas and communities. Recovery can last months
or years and involves both short-term relief (restoring utilities, healthcare, housing) and long-term
reconstruction (rebuilding infrastructure, economic revitalization). Priorities are sequenced: first
restoring essentials like water, power, and roads, then repairing schools, businesses, and government
services. The recovery phase also includes “build back better” principles: using the disaster as an
opportunity to increase resilience (for example, rebuilding stronger levees or more resilient housing).
Proper recovery planning and documentation (after-action reports) can improve future mitigation and
preparedness.

Global Frameworks: Sendai Framework for DRR

Global leaders coordinate disaster risk reduction through international agreements. The current
framework is the Sendai Framework for Disaster Risk Reduction 2015-2030. Adopted at the Third UN
World Conference on DRR (Sendai, Japan, 2015), it aims to prevent new and reduce existing disaster
risks worldwide. The framework sets seven targets (e.g., reducing disaster mortality and economic
losses) and four priorities for action:

1. Understanding disaster risk: Risk management must begin with studying hazards, vulnerabilities,
and exposure so that mitigation and planning are evidence-based.

2. Strengthening risk governance: Effective laws, institutions, and coordination at all levels
(national to community) are needed to manage risk across sectors.

3. Investing in resilience: Both public and private sectors should finance measures (like resilient
infrastructure, early warning systems, and community programs) that make societies less vulnerable.

4. Enhancing preparedness and “Build Back Better”: Governments and communities must improve
readiness for response and use recovery as a chance to increase future resilience.



The ultimate goal is “the substantial reduction of disaster risk and losses in lives, livelihoods and health
and in the economic, physical, social, cultural and environmental assets” of people and communities.
The Sendai Framework emphasizes that disaster risk management is not just a government task but
requires all-of-society engagement — including local governments, the private sector, and civil society.

Disaster
Management

Cycle




Role of Technology in Emergency Planning and Intervention

Modern technology plays a critical role at every phase of disaster management, from planning to
response and recovery. Communication and information technologies form the backbone of
coordination: resilient networks (Internet, mobile, satellite, radio) allow warnings and real-time updates
to reach responders and the public. For example, Internet-based alert systems and mobile apps can
send evacuation orders instantly to residents. According to the Internet Society Foundation, reliable
Internet connectivity “empowers managers and key figures to respond better to emergencies” by
enabling the rapid exchange of critical information.

Geospatial and data technologies greatly enhance situational awareness. Geographic Information
Systems (GIS) and mapping tools help planners identify hazard zones (floodplains, fault lines) and
simulate disaster scenarios. In response, drones and satellite imagery provide fast damage assessments
over wide areas. As a recent RAND analysis notes, machine vision processing of aerial data can quickly
map disaster impacts and even locate survivors.

Al and machine learning further advance prediction and decision support. For instance, algorithms
trained on weather and climate data can forecast hurricanes, floods, or wildfires with greater precision;
NASA has used Al on satellite data to predict where wildfires are likely to ignite, allowing pre-disaster
mitigation. Al-driven “digital twins” — virtual models of cities or infrastructure — enable planners to test
how a quake or storm would affect a region and strengthen weak points in advance.



Social media and crowdsourced information also play a key role. Platforms like Twitter and Facebook
allow authorities to broadcast alerts and collect real-time reports from citizens. In past disasters,
responders have used social media posts and mobile location data to identify people in need and
coordinate relief. New tools can even filter and verify user-generated content to avoid misinformation.

Examples of technology in action include:

. Early Warning Systems: loT sensors (seismic sensors, flood gauges, weather stations)
automatically detect hazards and trigger alarms. For example, networks of earthquake detectors or
river-level sensors relay data to alert centers. In one study, loT-based early-warning systems provided
alerts to over 90% of the population in dozens of countries, substantially improving readiness.

o Communication Networks: Temporary networks (e.g., portable satellite terminals, mesh radio
systems) restore connectivity in broken telecom environments. After major quakes, emergency teams
often deploy satellite Internet (as done by Cisco TacOps in Nepal) to reconnect hospitals and relief
coordinators.

o Data and Analytics: Big-data platforms aggregate weather models, population data, and
infrastructure information. Predictive analytics can identify which areas are most at risk, optimizing
resource allocation. Al tools (such as machine learning models) analyze social media and sensor data
streams for anomaly detection during a disaster.

o Decision Support Software: Emergency Operations Centers (EOCs) now use integrated software
dashboards. These systems combine GIS maps, resource tracking, and communication channels to give
leaders a “common operating picture,” improving coordination and speed of response.

o Training and Simulation: Virtual reality (VR) and serious gaming simulate disaster scenarios for
training responders and officials. Generative Al can create realistic disaster drills tailored to specific
communities, while online platforms provide continuous education on DRR practices.

Overall, technology improves the speed, scale, and precision of disaster management. It enables faster
warnings, more efficient rescues, and better-informed recovery planning. However, successful use of
technology also requires addressing challenges like infrastructure resilience (power and networks) and
digital equity, ensuring vulnerable communities have access to lifesaving information.

https://youtu.be/Nz2mU1Y4Zww

Kindly click on the link above to watch the video


https://youtu.be/Nz2mU1Y4Zww

Digital Communication & Information Technologies

Early Warning Systems (EWS)

Early Warning Systems are integrated processes that detect hazards, assess risks, and deliver timely
alerts so that individuals and communities can act before a disaster strikes. Such “end-to-end” systems
combine monitoring (e.g., sensors, weather forecasts), risk analysis, warning dissemination, and
response preparation. For example, the UN defines an EWS as “an integrated system of hazard
monitoring, forecasting and prediction, disaster risk assessment, communication and preparedness
activities... that enables ... people to take timely action to reduce disaster risks”. Well-designed EWS rely
on community involvement and education so that warnings are trusted and actionable. They have
repeatedly been shown to save lives and livelihoods, from tsunami alerts after 2004 to modern flood
and cyclone warnings.

An effective EWS typically includes four interrelated elements:

o Risk knowledge: Understanding the local hazards, vulnerabilities, and thresholds.
o Monitoring & analysis: Tracking changing conditions with sensors and models.
o Warning communication: Packaging data into clear, actionable alerts and sending them

promptly.



. Response capacity: Ensuring plans and resources are ready so people can act on warnings.

When each element works efficiently, early warnings give people advance notice of hazards — enabling
evacuations, sheltering, or other preparations. By contrast, failures in any link (e.g. poor communication
or unprepared communities) can negate benefits. Modern EWS also strive to be people-centered:
communities not only receive warnings but help generate and interpret information. For instance,
community-based systems empower locals to report flood levels or wildfire sightings, feeding real-time
data into the warning system (a “last mile” or often “first mile” approach).

In recent years, technology has expanded EWS capabilities. Satellites, high-speed weather models, and
even artificial intelligence are being integrated to forecast complex, cascading hazards. Global initiatives
like the UN/WMO Early Warnings for All emphasize multi-hazard coverage and equity of access. The
ultimate goal is to have every person able to receive timely alerts via radio, television, mobile phones, or
other channels, and to understand how to respond safely.

Emergency Communication Networks

Emergency communication networks are the systems and channels used to share information during
disasters. These networks must function under extreme conditions to support rescue and relief
operations. In practice, they are heterogeneous and redundant: they combine whatever means are
available (fixed, mobile, wireless, satellite, etc.) to quickly restore connectivity and coordinate
responders. For example, after a major earthquake or hurricane, public cell towers may be offline.

In such cases, responders rely on satellite links, radio repeaters, mesh networks and other alternatives
to maintain communications. An effective emergency network should provide wide coverage, high
reliability, and the ability to keep critical information flowing even if parts of the system fail.

Common elements of emergency networks include:

. Cellular and Internet networks: Modern disasters still primarily use mobile networks (4G/5G)
and the Internet. These cover large areas at low cost. New technologies like device-to-device (D2D)
communication or portable base stations can extend coverage when infrastructure is damaged. For
example, smartphones can form local “mesh” networks or connect to drones/UAVs to relay messages in
a blackout.



. Satellite networks: Satellite communication (GEO, MEO, LEO systems) provides coverage
independent of ground infrastructure. Its wide area, high reliability and resistance to damage make it
invaluable when local networks are down. Satellite phones and terminals can link remote areas, while
satellite TV/radio broadcasts reach broad populations. However, satellite systems are expensive and
may have limited bandwidth.

o Radio and broadcasting: Analog and digital radio (AM/FM, shortwave, ham radio) and broadcast
TV are traditional backbones of emergency messaging. Two-way radios (trunked systems like TETRA,
P25, DMR) are used by first responders and public safety agencies for dispatch and coordination.
Amateur (HAM) radio operators also provide critical links when other networks fail. For the public,
radio/TV can broadcast alerts en masse. Satellite-based services like NOAA Weather Radio or paging can
also notify people.

o Wireless ad hoc and mesh networks: These are rapidly deployable wireless networks that form
without existing infrastructure. Mesh (Wi-Fi) networks, MANETs (Mobile Ad Hoc Networks) and VANETs
(Vehicular Ad Hoc Networks) allow devices to connect peer-to-peer and relay information dynamically.
They self-organize and self-heal, so if one node drops out, others re-route the traffic. This flexibility
makes them especially suitable for temporary post-disaster field networks.

Together, these technologies create a layered emergency communication system. For instance, a hybrid
setup might link mobile towers, satellite links, and UAV relays, ensuring that if one medium fails the
others can carry traffic. The Common Alerting Protocol (CAP) and similar standards help by formatting
alerts so they can broadcast across multiple channels (cell SMS, siren, radio, mobile apps)
simultaneously.

In essence, emergency networks adapt dynamically: before and during disasters they expand coverage
(by adding portable nodes or auxiliary channels) and switch to modes (e.g. trunked radio, satellite
phone) that remain operational.



Accra, the capital city of Ghana, faces frequent flooding during the rainy season, especially in low-lying

areas like Nima and La. To reduce the impact of these floods, the Ghana National Disaster Management
Organization (NADMO) partnered with local tech companies and the Ghana Meteorological Agency
(GMet) to implement a Digital Early Warning System (EWS).

How the System Works

1. Monitoring and Detection:

Sensors placed along rivers, drains, and flood-prone areas continuously measure water levels and
rainfall intensity. Data is transmitted in real time to a central command center.

2. Risk Analysis:

Al-driven software analyzes rainfall patterns, river flow, and urban drainage capacity to predict areas
at risk of flooding within 24—48 hours.

3. Warning Dissemination:



Alerts are automatically sent via SMS, WhatsApp, social media, and local radio stations, ensuring
residents receive information in both English and local languages (Twi, Ga).

* Example alert: ”A Flood Warning: Residents of Nima and La should prepare for evacuation within

12 hours. Follow local authority instructions.”

4. Response Preparation:

Community leaders and volunteers are trained to guide residents to safe zones using digital maps and
solar-powered public address systems. Shelters, health teams, and emergency vehicles are pre-notified

through the platform.

Outcome:

During the 2025 rainy season, the system successfully alerted over 30,000 residents, significantly
reducing casualties and property damage compared to previous flood events. It has become a
benchmark for technology-driven disaster management in Ghana.

Lesson:

This case study illustrates how Digital Communication and EWS, combined with community involvement
and education, can save lives, protect property, and transform disaster response from reactive to

proactive.
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Kindly click on the link above to watch the video
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https://youtu.be/g0V_u3cuI5U

Social Media for Crisis Reporting & Citizen Engagement

Social media platforms (Twitter, Facebook, WhatsApp, etc.) have become powerful tools in disaster
management. They enable real-time, two-way communication between the public and authorities.
Governments and NGOs use social accounts to disseminate warnings, safety tips, and official updates
instantly to millions of people. Conversely, citizens use social media to share on-the-ground reports, ask
for help, and connect. In other words, people become both producers and consumers of disaster
information.

Key uses of social media in crises include:

. Early warning and information sharing: Agencies post alerts, evacuation orders, and hazard
maps. Because social networks are immediate and widespread, such warnings can reach diverse
audiences fast. Studies show that engaging warnings (with clear facts, urgency and relevance) on social
channels can improve public compliance.



. Situational awareness and crowdsourcing: Citizens upload photos, videos, and tweets about
what they see (e.g., flooding, damage, blocked roads). Emergency managers can mine this data to verify
conditions and prioritize response. For example, during a flash flood or wildfire, many people post
current location updates, which can be aggregated to map danger zones. In one study, social media
queries and posts helped rescue millions of requests for information, donations, and assistance during
past disasters.

. Community engagement and support: social media also helps organize volunteer efforts and
relief. Hashtags and pages are used to coordinate supplies, blood drives, shelter locations, and
fundraising. Peer networks share preparedness tips (e.g., through Facebook community pages) and give
emotional support. After disasters, communities use groups to reconnect and rebuild. For instance,
during the 2019-2020 Australian bushfires, hashtags like #HolidayHereThisYear or #BuyFromTheBush
mobilized donations and tourism to affected towns.

However, using social media in disasters has challenges. The rapid spread of information means
misinformation and rumors can circulate quickly, potentially causing panic or apathy. Not everyone uses
social media equally; younger users may be overrepresented, while vulnerable groups (elderly, poor,
disabled) may be left out. Authorities must therefore verify crowd-sourced information and use trusted
channels. Effective practice involves two-way engagement: officials actively respond to queries, correct
false info, and tailor messages to the local context.

In October 2022, heavy rains caused severe flooding around the Lekki Toll Gate and surrounding areas in
Lagos. Roads were submerged, vehicles stranded, and local residents faced danger from rising waters.

How Social Media Helped:



1. Early Warning & Information Sharing:

P The Lagos State Emergency Management Agency (LASEMA) used its official Twitter and Facebook
accounts to post alerts about flooded roads, safe routes, and evacuation points.

P Real-time updates included hazard maps and instructions, helping commuters avoid dangerous
areas.

2, Citizen Engagement & Reporting:

P Residents shared photos, videos, and live updates on Twitter, Facebook, and WhatsApp groups,
highlighting areas that needed urgent rescue or medical attention.

P Citizens also tagged officials and emergency agencies, turning social media into a two-way
communication platform.

3. NGO and Volunteer Coordination:

P Volunteers used posts and hashtags to mobilize boats, distribute relief materials, and coordinate
medical assistance.

P Verified citizen reports allowed LASEMA to prioritize high-risk areas and dispatch resources
efficiently.

Outcome:

P Social media enabled faster awareness, quicker response, and better coordination between
authorities, volunteers, and affected communities.

P People became both consumers and producers of disaster information, showing the power of digital
communication in urban flood response.



Geospatial Technologies in Disaster Response

Introduction to Geographic Information Systems (GIS)

Geographic Information Systems (GIS) are computer-based tools that integrate and visualize spatial data
(maps) to support decision-making. In disaster response, GIS helps merge data on hazards,
infrastructure, and demographics to highlight at-risk areas and coordinate efforts. Modern GIS enables
real-time mapping and analysis, improving situational awareness as events unfold. Key GIS capabilities in
disaster response include:

o Spatial data integration: Combining layers such as flood maps, population density, and lifelines
to identify hotspots and risks.

o Real-time monitoring: Continuously updating maps with incoming reports, sensor feeds, or
satellite imagery for up-to-date situational awareness.

o Resource planning and allocation: Using spatial analysis to plan evacuation routes, optimize
shelter locations, and prioritize where to send teams or supplies.

. Collaboration and information sharing: Providing common map platforms (e.g., web
dashboards) so agencies and communities share a unified operational picture.



GIS’s ability to visualize complex data on one map makes it an indispensable tool for responders. Recent
studies note a rapid increase in GIS use as disasters intensify globally. By mapping risks and damage, GIS
not only speeds up response but also supports proactive preparedness and recovery planning.

Remote Sensing and Satellite Imagery

Remote sensing refers to gathering data from aircraft or satellites. Satellite imagery provides broad,
high-resolution views of the Earth’s surface and is invaluable before, during, and after disasters. For
example, multispectral satellites (like Sentinel or Landsat) can map flood extents, burned areas, or storm
damage over hundreds of kilometers.

Key benefits include:

o Immediate damage assessment: Near-real-time satellite images pinpoint locations and severity
of destruction, enabling rapid delineation of affected zones for responders.

o Large-area coverage: Satellites observe vast or inaccessible regions (e.g., mountains or disaster
zones), giving a big-picture overview that ground teams alone cannot achieve.

. Continuous monitoring: Frequent revisits allow tracking of evolving events (e.g., flood
progression or wildfire spread), providing ongoing situational updates.

o Integration with GIS: Satellite layers (imagery, elevation models, weather data) feed into GIS for
analysis. For instance, change detection algorithms can compare pre- and post-event images to quantify
damage and detect obstacles.

Remote sensing also aids forecasting and preparedness. Before disasters, satellite data helps identify
hazards (e.g., mapping landslide-prone slopes or drought areas) and plan infrastructure like evacuation
routes. After events, post-disaster imagery supports recovery by tracking repair progress and
highlighting remaining vulnerabilities. Despite challenges (cloud cover, cost, technical expertise),
satellite imagery’s speed, coverage, and precision make it a cornerstone of modern disaster
management

Desktop GIS for mapping, spatial analysis, and visualization.
https://www.precisely.com/product/precisely-mapinfo/mapinfo-pro/

ERDAS IMAGINE (Hexagon Geospatial) — GIS and remote sensing software, ideal for image processing
and environmental analysis.

https://hexagon.com/



https://hexagon.com/

Crisis Mapping and Crowdsourcing Tools

Crisis mapping harnesses volunteers and public data to create maps during emergencies. Crowdsourcing
platforms enable people on the ground or online to contribute information, which is vital when official
data is limited. Key tools and concepts include:

o OpenStreetMap (OSM): A free, editable world map. Humanitarian organizations (e.g. the
Humanitarian OpenStreetMap Team, HOT) train volunteers to digitize roads, buildings, and resources
from satellite/aerial imagery. As one report notes, over 340,000 volunteers have mapped more than 2.1
million miles of roads and 156 million buildings in vulnerable regions. These detailed OSM layers help
responders navigate and plan in areas where commercial maps are incomplete or outdated.

o Crowdsourced reporting: Platforms like Ushahidi or Sahana collect user reports via SMS, apps, or
social media and display them on maps. For example, Ushahidi maps geolocated text/email reports of
crisis needs (food, water, shelter) from affected communities. This “volunteered geographic
information” (VGI) provides real-time situational data that fills gaps. Researchers emphasize that
georeferenced social media and citizen reports can improve awareness by supplementing official
sources.

. Collaborative mapping: In the aftermath of disasters, digital trace data (photos, tweets) and
rapid surveys are aggregated. Tools like Google Crisis Map (now SOS Alerts in Google Maps/Search)
combine layers of weather alerts and hazard zones into one view. Such maps make it easy for anyone to



see evacuation routes, shelter locations, and hazard warnings. Although Google’s standalone Crisis Map
site was phased out in 2021, similar mapping via Google MyMaps or Earth is recommended for
visualizing crisis data.

Crowd-driven mapping bridges local knowledge with technology. For example, volunteers in Haiti 2010
quickly traced satellite images to map debris-blocked roads for relief convoys. In a wildfire incident in
Croatia (2017), citizens posted fire images on social media; researchers combined this VG| with Sentinel
satellite data to reconstruct events and improve understanding.

By engaging communities, crisis mapping not only generates up-to-date maps but also builds trust as
locals see their reports reflected in decision-making. In sum, open mapping and crowdsourcing efforts
enable faster, more detailed maps that assist both responders and affected people.

https://www.openstreetmap.org/#map=6/9.12/8.67

Open Street Map (OSM)

https://www.ushahidi.com/

Crowdsourced reporting

https://youtu.be/31slcubxplQ

Kindly click on the link to watch the video


https://www.openstreetmap.org/#map=6/9.12/8.67
https://www.ushahidi.com/
https://youtu.be/3Is1cu6xpIQ

Innovative Tools & Technologies

Modern emergency management increasingly relies on advanced tools for surveillance, monitoring, and
decision support. This module reviews four cutting-edge domains: drones (unmanned aerial vehicles),
search-and-rescue robotics, the Internet of Things (l1oT) for hazard sensing, and Al & big data systems for
forecasting. For each topic, we describe key capabilities, typical applications, and examples of how they
improve disaster response.

Drones (UAVs) for Aerial Surveillance and Rescue

Drones (unmanned aerial vehicles, UAVs) have become vital in disaster and emergency scenarios. Their
rapid deployment and wide-area coverage allow responders to gather high-resolution data over large or
inaccessible areas, much faster and safer than ground teams. In search-and-rescue (SAR), drones carry
cameras (including thermal and infrared), LiDAR, and other sensors to scan terrain, locate missing
persons, and assess damage. For example, drones have been used at night to illuminate a trapped hiker
and guide rescuers, and to map flood extents in real time from above.



Drones also support logistics: they can deliver medical supplies, radios, or lightweight gear to stranded
victims. In flood disasters, drone-mounted flood sensors and cameras monitor river levels and
breakwaters, feeding data into command centers. Because drones can hover and maneuver into tight
spots, they greatly enhance situational awareness while keeping crews out of harm’s way.

In summary, drones provide an on-demand aerial “eyes and ears” network: they map disaster areas,
identify victims, and relay live imagery to emergency teams, greatly improving response speed and
safety.

Search & Rescue Robotics

Rescue robots encompass a variety of robotic platforms ground robots, snake-like crawlers, quadrupeds,
marine robots, and specialized aerial drones that assist responders in dangerous conditions. These
robots can deliver supplies, locate hard-to-find targets, and navigate extreme terrain (rubble, collapsed
buildings, flooded areas) to aid people in need.

For instance, snake-like “snakebots” or flexible crawler robots can wiggle through narrow gaps in
earthquake rubble to find survivors without causing further collapse. Specialized rescue vehicles
(tracked firefighting robots) can pump water into hazardous zones, and underwater remotely operated
vehicles (ROVs) can search beneath ice or murky water.

Rescue robots bring two key benefits: safety and efficiency. They perform high-risk tasks that would
endanger human rescuers, such as entering unstable structures or toxic environments. For example,
robots can enter irradiated zones or chemical spill sites to gather data or remove debris while keeping
people safe. They also work continuously without fatigue, quickly scanning large areas with sensors
(thermal cameras, sonar, gas detectors) and even carrying heavy loads like oxygen tanks or stretchers.
This means faster victim searches and fewer human injuries.

Key features of modern search-and-rescue robots include:

. Rugged mobility: Tracked or wheeled robots (and quadrupedal “robot dogs”) can climb rubble
piles and stairs that would stop a human rescuer. For example, the DEEP Robotics quadruped carries
oxygen and climbs steep slopes in all weather.



. Sensory payloads: Many robots carry cameras, thermal imagers, LiDAR or sonar to see in the
dark or underwater. Thermal drones, for instance, can scan forests or disaster zones at night to locate
survivors.

. Hands and tools: Some robots have arms or grippers to clear obstacles or deliver supplies. The
humanoid Atlas (developed for DARPA’s challenge) can flip switches or open doors in a collapsed
building.

o Autonomous behavior: Advances in Al allow robots to navigate debris fields or maintain
formation in swarms with minimal human control.

Overall, rescue robots extend the reach and capability of emergency teams. By exploring unsafe areas,
carrying gear, and providing real-time data, they often make “the difference between life and death” in
crises.

https://www.youtube.com/watch?v=V-40m 4n998

1. DIJI Matrice 300 RTK
2. Type: Professional industrial drone

Features:

Long flight time (~55 minutes)

Real-time high-resolution video and thermal imaging
E4 obstacle avoidance sensors

IP45 weather-resistant

Use Case: Ideal for search-and-rescue missions, flood damage assessment, and disaster site mapping


https://www.youtube.com/watch?v=V-4Om_4n998

https://www.youtube.com/watch?v=zFUHi3 oiXk

Here's an overview of how the Spot robot can be used in search and rescue (SAR) operations,
Capabilities relevant to SAR

Spot is a quadruped robot (four legs) that can traverse uneven terrain, climb stairs, get into collapsed or
hazardous structures.

It supports various payloads: for example, the “CAM+IR” (camera plus infrared/thermal) system gives
360° situational awareness and thermal imaging, useful for locating people in rubble or smoke.

It can be equipped with an arm/gripper to open doors or move light debris (lifting up to ~15 lbs,
dragging up to ~50 lbs) — aiding access to difficult areas.

It includes autonomy features: for instance, the “Autowalk” function allows pre-planned routes so the
robot can run a mission while the operator monitors elsewhere.

It’s being deployed by fire/rescue departments: e.g., New York City Fire Department (FDNY) uses Spot
for unstable building collapse

loT for Hazard Monitoring (Flood, Landslide, and More)


https://www.youtube.com/watch?v=zFUHi3_oiXk

The Internet of Things (IoT) connects networks of smart sensors and devices to continuously monitor
environmental hazards. In flood and landslide management, loT networks of water-level gauges, rain
sensors, soil-moisture probes, tiltmeters, and weather stations transmit data in real time to early-
warning systems. For example, river-level sensors using LoORaWAN or NB-loT networks can report rising
water levels to a cloud system, triggering alerts if a flood threshold is crossed. Similarly, slope-
monitoring loT systems use rainfall and soil-moisture sensors paired with GPS or tilt sensors on hillsides.
When the data indicate a saturated soil and ground shift beyond safe limits, the system automatically
sends warnings to authorities and residents.

loT hazard monitoring is powerful because it provides real-time, fine-grained data far beyond what
manual gauges can offer. Key loT applications include:

o Flood sensing: Automated streamflow gauges, rain gauges, and flood-level cameras feed data
into dashboards. Alerts can be sent via SMS or apps as soon as thresholds are exceeded. (For example,
cellular l1oT and edge computing allow accurate flood predictions in remote areas.)

o Landslide detection: Soil-moisture sensors and in-ground tiltmeters detect dangerous ground
weakening after heavy rain. This networked monitoring can anticipate slope failures and trigger
evacuation alarms.

. Urban drainage and infrastructure: loT sensors on dams, bridges, and urban drains monitor
stress, overflow, or blockages. These smart monitors (using BLE or Z-Wave) help prevent urban floods
and infrastructure failures.

o Early-warning systems: By combining multiple sensor streams (river flow, rainfall, soil moisture),
Al-driven loT platforms give emergency managers a consolidated view. Edge computing can even
process data locally to issue ultrafast warnings.

In summary, loT transforms hazard monitoring from periodic manual checks to an interconnected,
automated early-warning network. This connectivity allows communities and responders to see evolving
threats (rising floodwaters, creeping landslides) in real time and react before disaster strikes.



Al & Big Data for Forecasting and Decision Support

Artificial intelligence (Al) and big data analytics are revolutionizing how we predict hazards and manage
emergencies. Modern Al models (especially machine learning) can ingest vast heterogeneous data—
satellite imagery, weather statistics, social media feeds, sensor data—and find patterns traditional
methods miss. For forecasting, these models improve hazard prediction accuracy: for instance, Al
trained on historical weather and satellite data can forecast floods or wildfire ignitions more precisely
than older statistical methods.

Digital “twins” of cities and cloud simulations use big data to model how earthquakes, floods, or
hurricanes might impact infrastructure and populations, helping planners strengthen resilience in
advance.

During and after disasters, Al provides decision support in several ways:

. Damage assessment: Computer vision algorithms analyze drone or satellite images to quickly

map destroyed areas and locate survivors. For example, after storms, nonprofits have used Al tools to
identify heavily damaged neighborhoods and direct relief funds more efficiently than manual surveys.
These models can highlight roads blocked by debris, flooded regions, or collapsed buildings almost in

real time.

o Information triage: Machine learning can sift through social media, emergency calls, and reports
to prioritize response. Text and image analysis on crowdsourced data can classify urgent needs (medical,
shelter, rescue) and suggest where to send help. This aids dispatchers who would otherwise be
overwhelmed by raw information.

o Predictive resource allocation: Big data analytics help forecast where demand for aid (e.g. power
outages, hospital admissions) will spike. This supports logistics: pre-positioning supplies, routing crews,
and coordinating evacuation. Al-driven dashboards and recommendation engines synthesize sensor and
historical data for situational awareness in crisis centers.

. Language and communication: Natural language processing (NLP) can auto-translate warnings
and updates into multiple languages, reaching diverse communities. Al chatbots can answer routine
public questions during emergencies, freeing human operators for critical tasks.



In short, Al and big data enhance situational awareness and forecasting. They turn mountains of sensor
and imagery data into actionable insight. As one expert notes, machine learning “can process vast
datasets and forecast fires, floods, and hurricanes with greater precision than traditional methods,”
enabling rescue teams to spot danger sooner and coordinate relief more quickly.

By improving forecasts and providing real-time analysis of unfolding events, Al-driven systems help
decision-makers save lives and property more effectively.

Together, these innovative technologies form a multi-layered disaster management toolkit. By
integrating drones, robots, 10T, and Al, emergency teams can detect hazards earlier, understand crises in
real time, and coordinate rescue operations more efficiently—ultimately saving more lives and reducing
damage.

Enugu State, located in southeastern Nigeria, experiences seasonal heavy rains that often cause flash

floods and hillside landslides, especially in the Udi Hills and surrounding communities. To reduce risks,
the Enugu State Emergency Management Agency (ESEMA) implemented an loT-enabled hazard
monitoring and Al forecasting system.



How the System Works

1. 1oT Sensor Networks for Real-Time Monitoring

River and drainage sensors: loT water-level gauges installed along major rivers and drains monitor

rising water levels.

Slope and hillside sensors: Soil moisture probes, GPS tiltmeters, and rainfall sensors track hillside

stability in landslide-prone areas.

Data transmission: All sensors are connected via LoORaWAN or NB-loT networks, sending real-time

data to a centralized cloud system.
2. Al & Big Data Forecasting

Data integration: Al models combine historical rainfall records, real-time sensor data, satellite
imagery, and weather forecasts.

Predictive analysis: The system identifies patterns indicating imminent flash floods or creeping
landslides.

Decision support: Al algorithms estimate affected areas, population at risk, and optimal evacuation
routes.

3. Alert Dissemination & Community Response

Threshold alerts: When river levels or hillside tilt exceed safe limits, automated warnings are sent
via SMS, WhatsApp, radio broadcasts, and community apps.

Community action: Local leaders and emergency volunteers receive maps and evacuation
instructions.

Outcome

Over 10,000 residents in Udi Hills and surrounding flood-prone areas received early warnings during

the 2025 rainy season.

Evacuations were carried out efficiently, minimizing casualties and property loss.



ESEMA could prioritize emergency resource deployment using Al-generated risk maps.
Lesson

loT networks combined with Al and Big Data analytics can transform hazard management in Nigeria
by:

Providing real-time monitoring of floods and landslides
Delivering timely alerts to vulnerable communities

Supporting data-driven decisions for emergency response

Building Smart & Resilient Communities

Modern communities harness technology and local innovation to withstand disasters. Smart
infrastructure built with sensors, data networks, and real-time analytics enables early warning and rapid
response to climate-related hazards. At the same time, engaged communities (through crowdsourced
innovation and volunteering) boost preparedness and recovery. This module explores how cities and
citizens can co-create resilience, the cutting-edge technologies for adapting to climate change, and the
ethical and inclusive use of data in emergencies.



Smart City Infrastructure for Disaster Resilience

Smart cities deploy integrated, intelligent systems to monitor and manage risks. Embedded loT sensors
(in water networks, roads, bridges, etc.) provide continuous data on floods, water quality, or structural
strain. For example, cities now use loT-based flood-monitoring networks and water-quality sensors to
issue immediate alerts when water levels rise or contamination is detected. Legacy infrastructure is
being upgraded with digital twins and sensor grids, giving planners real-time visibility into critical
systems.

Municipal utilities are overhauling century-old pipelines and power lines with smart, automated controls
so that leaks or outages can be detected instantly and fixed before they cascade into major disasters.
State-of-the-art Operations Control Centers (OCCs) gather feeds from traffic cameras, weather stations,
and mobile apps to coordinate emergency responses. By modeling city systems in a digital twin, urban
planners can simulate floods or blackouts under different scenarios and strengthen weak points in
advance.

All this connected infrastructure helps cities anticipate and mitigate hazards: for example, live sensor
data can optimize flood pumps, reroute traffic around storms, and guide emergency crews to where
they are needed most.

Key features of smart disaster-resilient infrastructure include:

o Real-time sensing and warning: 1oT flood alarms, seismic monitors, and pollution detectors that
trigger instant alerts to authorities and the public.

o Data-driven decision hubs: City operations centers that fuse sensor, satellite, and citizen data to
manage evacuations and resource deployment.

. Adaptive communication networks: Redundant power and telecom systems (microgrids, 5G, and
satellite links) that stay online during crises.

. Planning tools: Digital twins and analytics that forecast hazards (e.g., flood propagation, traffic
congestion) so that resilient design is built in from the start.

Collectively, these “smart” systems can shorten response times, optimize resource use, and prevent
minor problems from becoming catastrophes. Upgrading roads, power lines, and water systems with



monitoring and control technology is now recognized as a priority in many cities, helping to ensure that
tomorrow’s storms and heatwaves do far less damage.

https://youtu.be/M90ehzg4okg

Kindly click on the link above to watch the video

Why Singapore is a true example of a smart & resilient community

The national water agency (PUB) has installed about 1,000 water-level sensors in drains, canals, and
river channels, enabling real-time monitoring of flood risk.

The “Virtual Singapore” digital twin platform integrates real-time data from loT sensors and allows
simulation of hazard events (floods, infrastructure stress) for planning and response.

Data and alerts from sensor networks are shared via mobile apps and public channels—allowing
authorities and citizens to take action on flood risks early.

Key Takeaways

Singapore’s approach shows that combining sensor networks + digital twin modelling + citizen alerts
can build genuine resilience.

This example is locationally specific and well documented, making it a reliable case for “smart
infrastructure for disaster resilience”.


https://youtu.be/M9Oehzg4okg

While Singapore is high-resource, the principles (real-time sensors, digital modelling, alerting) can be
adapted in other contexts (with scaled resources).
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Ethics, Inclusiveness, and Data Privacy in Emergency Tech

New technologies raise important ethical and social issues. On one hand, open data and digital tools
(from mobile alerts to contact tracing) save lives by accelerating information flow. On the other hand,
emergency contexts intensify privacy risks and equity concerns, so strict safeguards are needed. Experts
warn that even well-intentioned data collection during disasters must respect individual privacy;
otherwise, “ethical oversights can erode trust in authorities” and hinder cooperation. Governments and
responders have an obligation to protect people’s personal data even in a crisis.

For example, intelligence-gathering without safeguards could expose victims’ health or financial details,
discouraging them from seeking help. Data policies should strike a balance: share enough information to
respond effectively, but not so much that it violates rights. UNESCO and other bodies stress a human-
centric approach to crisis data, upholding the right to information alongside the right to privacy.

Another ethical dimension is fairness and inclusion. Access to tech is not uniform. The digital divide can
become literally life-threatening during a disaster. Hurricanes and floods frequently knock out phone
and internet networks; for instance, Hurricane Sandy wiped out 25% of US cell towers, and the
Caribbean storms of 2017 disabled 90% of mobile site. When communications fail, isolated or low-
income communities — who often lack backup power or multiple connectivity options — are cut off from
warnings and aid. Vulnerable groups (the elderly, disabled, low-income, and undocumented) feel these
effects most acutely.



Thus, inclusive planning is essential: alerts and resources must reach all audiences (in accessible formats
and languages), and community members should be involved in designing emergency plans.

. Privacy and trust: Maintain strict data confidentiality, obtain consent where possible, and limit
data retention. Systems should use anonymization and secure protocols so that individuals’ movements
or health data aren’t exposed unnecessarily.

. Transparency and accountability: Make it clear how data will be used. By being open about
objectives and giving people control over their data, authorities build trust. (During COVID-19, for
example, fears about privacy loss undermined some digital tracing efforts.)

. Inclusiveness: Design tech solutions with all users in mind. Ensure that emergency alerts go out
via multiple channels (SMS, radio, text-to-speech, sign language alerts) so that nobody is excluded. Train
response teams on disability awareness and cultural differences. Involve community representatives in
decision-making so that plans reflect local realitie.

o Ethical use of Al/analytics: Guard against biases in algorithms (for instance, risk models that
overlook informal settlements). Any automated decisions (like evacuation recommendations) should
have human oversight.



