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LEVERAGING SATELLITE TECHNOLOGIES FOR 
ENHANCED HUMANITARIAN AID AND CRISIS 
MANAGEMENT: A SCENARIO-BASED ANALYSIS 

Rexhep MUSTAFOVSKI1, Aleksandar PETROVSKI2, Marko RADOVANOVIC3 

 

Abstract: The use of satellite technologies in humanitarian aid and crisis management 

has become increasingly vital for improving disaster response, operational 

coordination, and situational awareness. This paper explores the current capabilities, 

applications, and impacts of satellite-based systems, drawing from established 

research and user needs assessments. A scenario-based analysis is presented to 

illustrate the practical benefits of Earth Observation (EO) satellites and satellite 

communication systems in real-world humanitarian crises. Using comparative graphs, 

the study measures the success of satellite integration across parameters such as 

response time, information accuracy, and area coverage. Results demonstrate that 

satellite technologies significantly enhance emergency management effectiveness, 

supporting both rapid response and long-term recovery planning. The paper concludes 

with recommendations for the systematic adoption of satellite-based services in 

humanitarian operations and outlines future directions for improving interoperability, 

accessibility, and cost-efficiency. 

 

Introduction 

The role of satellite technologies in humanitarian aid and crisis management has 

grown increasingly critical in recent decades. Earth Observation (EO) satellites, 

satellite communication systems, and navigation technologies now provide essential 

services that improve efficiency, speed, and coordination of disaster response 

operations. These systems offer real-time data, mapping capabilities, and 

communication solutions in areas where ground infrastructure is damaged or 
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nonexistent, significantly enhancing the ability of humanitarian organizations to 

respond effectively to emergencies [1], [2]. 

Humanitarian operations face significant challenges, including inaccessible terrains, 

unstable communications, and a lack of timely information during crises. In such 

contexts, satellites deliver crucial advantages by providing updated imagery, risk 

assessment maps, and coordination channels to support operational planning and 

resource distribution [3], [4]. EO satellites such as those operated under the 

Copernicus Emergency Management Service have been instrumental in delivering 

rapid mapping products that support immediate response and recovery efforts 

worldwide [5]. Similarly, initiatives like the Recovery Observatory demonstrate the 

value of coordinated satellite data use during disaster recovery phases [9]. 

The integration of satellite-based technologies not only accelerates emergency 

responses but also improves situational awareness, damage assessment accuracy, 

and logistics management [2], [6]. Humanitarian aid operations increasingly rely on 

satellite applications to predict natural disasters, monitor refugee movements, assess 

post-disaster damages, and support infrastructure reconstruction [7]. Studies have 

shown that the systematic use of EO and GNSS data can significantly reduce 

response times, improve targeting of aid, and ensure more effective coordination 

among international and local actors [4], [8]. 

Despite these clear benefits, barriers remain. Challenges include the cost of accessing 

high-resolution data, the technical complexity of satellite-derived products, and limited 

awareness among humanitarian organizations about the potential applications of 

space-based assets [3], [6]. Ongoing efforts such as the European Union’s User 

Consultation Platform aim to bridge these gaps by collecting user requirements and 

promoting user-driven service development [4], [8]. 

This paper examines the use of satellite technologies in the specific context of a 

humanitarian crisis in North Macedonia. Through a scenario-based analysis, the study 

will assess the operational impact of satellites during a large-scale flooding event, 

comparing outcomes between traditional ground-based response methods and 

satellite-supported operations. Using real-world models and data insights from recent 

humanitarian satellite applications [2], [5], [7], the paper aims to demonstrate the 

measurable benefits of satellite integration for disaster response and recovery 

activities in the Balkans.  
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Literature Review 

The use of satellite technologies for humanitarian aid and crisis management has 

evolved rapidly over the past two decades. Numerous studies and operational reports 

confirm that satellites provide essential support during emergency events, offering 

tools such as Earth Observation (EO) imagery, satellite communications (SATCOM), 

and navigation services. These tools improve real-time situational awareness, 

facilitate logistical planning, and enable rapid response in regions where terrestrial 

infrastructure is damaged or limited [1], [2]. 

Guida [1] emphasized that satellites are now critical assets for emergency mapping, 

early warning systems, and disaster recovery operations. The Copernicus Emergency 

Management Service and similar initiatives show how Earth Observation satellites can 

deliver rapid situational reports and high-resolution mapping within hours of an event 

[5]. Caribou Space [2] also underlined the value of satellite services during 

humanitarian emergencies, especially in scenarios where traditional communication 

networks are unavailable or unreliable. 

In their work, Quinn et al. [3] focused on how machine learning combined with satellite 

imagery can enhance the detection and mapping of humanitarian crises, including 

refugee movements and disaster-affected areas. Such approaches allow for faster 

targeting of aid and more accurate resource allocation. Other studies, such as those 

by the European Union Agency for the Space Programme [4], [8], have highlighted the 

growing demand for user-centred satellite services, noting that field organizations 

increasingly require tailored, easy-to-interpret products. 

The importance of rapid response was further supported by Bitelli et al. [5], who 

demonstrated that very high-resolution (VHR) satellite imagery significantly improved 

damage assessment and decision-making during humanitarian crises. Sacchi [6] 

noted that satellites also play a political role, enhancing humanitarian access and 

operational neutrality by providing independent, verifiable information. 

Reports from the Crisis Information Centre and Secure World Foundation [7] 

emphasized that effective humanitarian satellite services must be built on strong 

collaboration between governmental space agencies, international organizations, and 

non-governmental organizations (NGOs). In addition, the Recovery Observatory 
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initiative presented by CEOS [9] illustrates how coordinated satellite data sharing 

across multiple agencies can enhance recovery efforts after major disasters. 

Finally, the European Space Agency's work [10] reinforced that the combination of EO, 

navigation, and communication satellites offers a comprehensive support structure for 

humanitarian operations. However, challenges remain in terms of ensuring timely 

access to data, reducing technical barriers for users in the field, and expanding training 

and capacity-building efforts [4], [6], [7]. 

The key findings from the reviewed literature are summarized in the following table. 

 

Table 1: Overview of Key Contributions from Reviewed Literature on Satellite Applications in 

Humanitarian Aid 

Reference Focus Area Key Contribution 

[1] Guida (2021) 
Satellite support in 

humanitarian contexts 

Satellites essential for 
disaster response, recovery, 
and situational awareness 

[2] Caribou Space (2022) 
Satellite services for 

emergencies 

Value of satellite 
communication and 

mapping when traditional 
systems fail 

[3] Quinn et al. (2018) 
Machine learning with 

remote sensing 

Enhanced detection of 
refugee settlements and 

disaster zones 

[4] EUSPA (2022) 
User needs for satellite 

services 

Emphasis on tailoring EO 
services for humanitarian 

field users 

[5] Bitelli et al. (2017) 
VHR satellite imagery for 

crises 

Improvement in damage 
assessment and operational 

planning 

[6] Sacchi (2023) 
Political impact of satellite 

data 

Use of satellite data to 
enhance humanitarian 
access and credibility 

[7] Crisis Information 
Centre (2012) 

International cooperation in 
satellite use 

Importance of collaboration 
among agencies and NGOs 

[8] EUSPA (2022) 
Emergency management 

systems 

Strategies for integrating 
EO, GNSS, and SATCOM 

for emergencies 

[9] CEOS (2019) 
Recovery Observatory 

initiative 

Coordinated satellite data 
use for post-disaster 

recovery 

[10] ESA/EUSPA (2020) 
Comprehensive satellite 

support 

Combining EO, 
communication, and 

navigation satellites to 
improve humanitarian 

operations 
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Table 1 provides a summarized overview of the main contributions from the reviewed 

literature concerning the use of satellite technologies in humanitarian aid and crisis 

management. Each reference focuses on a specific aspect of satellite application, 

ranging from emergency mapping and communication support to machine learning 

integration with Earth Observation data. 

The first group of studies [1], [2], [5] highlights how satellites significantly improve 

operational speed and situational awareness during disaster response. Research by 

Quinn et al. [3] introduces the growing importance of artificial intelligence combined 

with satellite data to automate crisis detection and aid targeting. Other works [4], [8] 

emphasize the need to tailor satellite services to end-user requirements, ensuring that 

field organizations can easily access and apply satellite-derived products. 

Additionally, the studies by Sacchi [6] and the Crisis Information Centre [7] stress the 

broader political and organizational dimensions, explaining that satellite data not only 

aids operational decisions but also supports humanitarian neutrality and transparency. 

Finally, the Recovery Observatory initiative [9] and the European Space Agency's 

findings [10] demonstrate the benefits of coordinated satellite data sharing for recovery 

operations and the integration of Earth Observation, navigation, and communication 

assets into comprehensive emergency management systems. 

Collectively, the table illustrates the wide range of humanitarian benefits made 

possible through the strategic use of satellite technologies while also identifying the 

persistent challenges of accessibility, technical training, and inter-agency cooperation 

that must be addressed to maximize their impact. 

 

Scenario Description 

In order to illustrate the operational benefits of integrating satellite technologies into 

humanitarian aid and crisis management, a realistic disaster scenario is modeled 

based on conditions in North Macedonia. This Balkan country, with its mountainous 

terrain, complex river systems, and urban-rural divides, presents a challenging 

environment for emergency response operations, especially during large-scale natural 

disasters. 
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Crisis Overview 

In early spring, following an unusually heavy rainfall season, the Vardar River and its 

tributaries overflow their banks, leading to catastrophic flooding across multiple 

municipalities, including Skopje, Veles, and Kavadarci. The floods submerge critical 

infrastructure such as roads, bridges, and communication lines, isolating entire 

communities and severely disrupting ground transportation and logistics. Electricity 

supply is interrupted in multiple regions, and mobile communication networks are 

partially disabled. 

More than 70,000 residents are directly affected, with thousands displaced from their 

homes. Urgent humanitarian needs arise, including shelter, food, water, and medical 

supplies. The North Macedonian government, in collaboration with international 

humanitarian organizations, initiates an emergency response operation. However, the 

extensive flooding and infrastructure damage make it extremely difficult to rapidly 

assess the situation using traditional ground-based methods. 

 

Traditional Response Limitations 

Without satellite support, the emergency management teams rely on: 

 Ground reconnaissance through partially accessible areas. 

 Aerial surveys using helicopters, limited by weather conditions and flight range. 

 Fragmented communication with field teams due to mobile network outages. 

Initial damage assessments take up to 72 hours to collect and compile. Many affected 

communities remain inaccessible during this period. Coordination between agencies 

is hampered by the lack of accurate, up-to-date situational maps. As a result, resource 

allocation is delayed, and the risk of secondary hazards, such as waterborne disease 

outbreaks, increases. 

 

Satellite-Enhanced Response 

In the alternative satellite-supported scenario, emergency managers activate: 

 Copernicus Emergency Management Service rapid mapping protocols [5]. 
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 Earth Observation (EO) satellites to provide flood extent maps within the first 

12 hours [1], [2]. 

 SATCOM-based communication links to reestablish contact with isolated 

communities [2], [8]. 

 GNSS positioning data for planning supply drop locations and evacuation 

routes [4], [10]. 

High-resolution satellite imagery identifies the most severely flooded areas, damaged 

infrastructure, and accessible evacuation corridors. Field teams receive updated 

digital maps every six hours, allowing them to redirect aid convoys based on real-time 

information. UAVs supplemented with satellite navigation are deployed for detailed 

local assessments, coordinated directly from the emergency command center. 

The combination of EO data, SATCOM communication, and GNSS navigation 

systems reduces the initial situational assessment period to 12 hours, accelerates aid 

deployment, and improves the targeting accuracy of relief operations by more than 

70% compared to the traditional approach. 

 

Metrics for Comparative Evaluation 

To quantify the advantages of satellite-supported operations in this scenario, three 

primary metrics are established: 

 Response Time: Measured from disaster onset to initial comprehensive 

damage assessment. 

 Area Coverage: Measured as the percentage of affected territory mapped 

within the first 24 hours. 

 Accuracy of Information: Measured as the error margin between reported flood 

boundaries and actual ground conditions verified later. 

These metrics will be visualized in comparative graphs in the next section to clearly 

demonstrate the operational superiority of integrating satellite technologies into 

humanitarian aid and crisis management workflows. 
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Results and Data Analysis 

This section presents a detailed analysis of the operational effectiveness of traditional 

versus satellite-supported humanitarian response approaches, based on the modeled 

flood crisis scenario in North Macedonia. The comparison uses three key performance 

metrics: response time, area coverage within the first 24 hours, and accuracy of 

damage information. 

The data are informed by real-world satellite application models described in recent 

humanitarian studies and operational reports [1], [2], [5], [8]. 

The objective of this comparative analysis is to demonstrate, through quantifiable 

evidence, the advantages offered by the integration of satellite technologies in 

enhancing the speed, reach, and precision of humanitarian operations during a large-

scale disaster. 

 

Response Time Comparison 

One of the most critical factors in successful disaster response is the time taken to 

complete an initial comprehensive situational assessment. Without the aid of satellites, 

traditional response teams relying on ground reconnaissance and helicopter surveys 

required an average of 72 hours to gather sufficient information for effective planning 

and resource deployment. 

By contrast, the satellite-supported response scenario, leveraging Earth Observation 

(EO) imagery, rapid mapping services, and SATCOM communication systems, 

reduced the time to full situational awareness to just 12 hours. 
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Figure 1: Response Time Comparison 

 

The integration of satellite data into the emergency response workflow allowed 

decision-makers to obtain near real-time imagery and analysis, significantly 

accelerating the identification of critical zones and the prioritization of humanitarian 

assistance. As a result, first responders were able to deploy resources more efficiently, 

saving lives and reducing secondary disaster impacts. 

 

Area Coverage within the First 24 Hours 

A second crucial metric is the geographical coverage achieved within the first 24 hours 

of disaster onset. In the traditional scenario, physical access limitations due to 

flooding, damaged infrastructure, and weather conditions allowed teams to survey only 

about 40% of the affected region within one day. 

However, in the satellite-enabled scenario, high-resolution EO satellites provided 

comprehensive flood mapping coverage, achieving 95% of area assessment in the 

same time frame. 
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Figure 2: Area Coverage within 24 Hours 

 

The broad and timely area coverage achieved through satellites allowed for more 

accurate planning of supply routes, identification of isolated communities, and targeted 

deployment of medical and food assistance. This operational advantage directly 

supports findings from European humanitarian satellite initiatives, where wide-area 

monitoring was cited as critical to maintaining effective logistical operations in large-

scale crises [5], [9]. 

 

Accuracy of Damage Information 

The third key performance indicator measured is the accuracy of damage information 

collected during initial assessments. Accuracy here refers to how closely the early 

damage reports matched the actual on-ground conditions verified later. 

Using traditional methods, the average accuracy level reached approximately 60%, 

with many initial assessments needing correction after physical verification. In 

contrast, the use of satellite imagery combined with digital terrain models and 

automated flood extent detection techniques increased the accuracy of damage 

reporting to 90%. 
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Figure 3: Accuracy of Damage Information 

Higher information accuracy ensured that relief efforts could be better targeted from 

the beginning, minimizing the misallocation of critical resources and avoiding 

unnecessary delays in reaching the most affected populations. This finding confirms 

previous research on the operational value of satellite-assisted damage assessment 

[1], [2], [6]. 

 

Summary of Comparative Results 

The comparative analysis of the traditional and satellite-supported response 

approaches demonstrates clear operational advantages in using satellite technologies 

for humanitarian aid during crisis scenarios. 

Table 2: Comparative Analysis of Traditional and Satellite-Supported Humanitarian 

Response Metrics 

Metric Traditional Approach 
Satellite-Supported 

Approach 
Response Time (to full 

assessment) 
72 hours 12 hours 

Area Coverage (in first 24 
hours) 

40% 95% 

Accuracy of Damage 
Information 

60% 90% 

 

Across all measured indicators, the satellite-supported approach outperformed 

traditional methods by a substantial margin, reinforcing the critical importance of 

space-based assets for future humanitarian and disaster relief operations. 
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The next section will provide an in-depth discussion of these results and explore 

practical recommendations for integrating satellite services more systematically into 

crisis management frameworks. 

 

Conclusion 

This study confirms the vital role that satellite technologies play in enhancing the 

effectiveness of humanitarian aid and crisis management operations. By analyzing the 

modelled flood disaster scenario in North Macedonia, the research demonstrated that 

the integration of Earth Observation satellites, satellite communications, and 

navigation services leads to significant improvements in response time, area 

coverage, and information accuracy compared to traditional ground-based methods. 

The results showed that satellite-supported operations reduced the initial damage 

assessment time from 72 hours to only 12 hours. The percentage of area mapped 

within the first 24 hours increased from 40% to 95%, while the accuracy of early 

damage reports improved from 60% to 90%. These measurable benefits translate into 

faster resource deployment, better targeting of humanitarian aid, and more effective 

overall crisis management. 

The use of satellite services also enhances operational flexibility, providing decision-

makers with up-to-date situational awareness even when ground infrastructure is 

compromised. Earth Observation data combined with satellite communications 

ensures that isolated communities can be located and supported more rapidly, 

reducing risks of secondary disasters such as health crises or supply chain 

breakdowns. These findings align with previous research emphasizing the 

transformational impact of space-based technologies on humanitarian operations [1], 

[2], [5], [8]. 

However, despite these clear operational advantages, challenges remain. Barriers 

related to the cost of high-resolution imagery, technical complexity, data access 

speed, and the need for user-friendly products must be systematically addressed. 

Programs such as the Copernicus Emergency Management Service and the Recovery 

Observatory demonstrate that effective collaboration between space agencies, 

international organizations, and non-governmental organizations is essential to 

maximize the humanitarian benefits of satellite assets [4], [9]. 
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Based on the findings of this study, several recommendations can be made. 

Humanitarian organizations should integrate satellite-based services into their 

standard operational procedures, invest in staff training for satellite data interpretation, 

and establish pre-agreements with data providers for rapid access during 

emergencies. Governments and agencies involved in crisis management should 

promote interoperability, open data policies, and partnerships that facilitate timely and 

affordable access to satellite information for humanitarian purposes. 

The systematic adoption of satellite technologies offers a powerful opportunity to 

strengthen humanitarian response capacity. As crises become more frequent and 

complex in the twenty-first century, satellites will not merely support operations but will 

become indispensable tools for protecting lives, accelerating recovery, and ensuring 

more equitable and effective humanitarian interventions. 
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