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Abstract- Space agencies in emerging economies face a 

structural transition: shifting from historical data 

acquisition paradigms to the delivery of high-value, 

automated geospatial services while ensuring 

infrastructure sustainability. This paper proposes a 

conceptual framework for a sovereign Satellite Data 

Hub and Marketplace—a reference architecture 

designed to transition space assets from siloed storage 

environments into a centralised, API-driven ecosystem. 

Aligned with the United Nations Integrated Geospatial 

Information Framework (UN-IGIF) and National 

Geospatial Data Infrastructure (NGDI) specifications, 

the framework leverages an open-source, cloud-native 

technology stack compliant with Open Geospatial 

Consortium (OGC) and ISO/TC 211 standards, 

including SpatioTemporal Asset Catalogs (STAC 

v1.1.0), GeoNode, and Cloud Optimized GeoTIFFs 

(COGs). Furthermore, it introduces a tiered "Free Data, 

Fee for Processing" economic model engineered to 

monetise automated compute cycles and internal 

analytical expertise without compromising public-good 

access requirements. By consolidating technical 

architecture with sector-specific socio-economic impact 

modelling, this blueprint provides a scalable roadmap 

for emerging space nations to achieve international 

interoperability alongside domestic financial self-

sufficiency. 
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I. INTRODUCTION AND BACKGROUND 

 

The proliferation of Earth observation (EO) datasets 

offers unprecedented opportunities for evidence-

based governance, resource management, and 

climate adaptation in emerging space-faring nations. 

However, maximizing the utility of these national 

assets requires a continuous evolution in spatial data 

infrastructure (SDI) (Kotsev et al., 2020; Yue & 

Wang, 2025). As space programs in developing 

economies transition from basic data acquisition to 

active downstream service delivery, they universally 

confront institutional data management crossroads 

(Gorelick et al., 2017; Kganyago & Mhangara, 

2019; Behera, 2026). Historical image archives, 

frequently distributed across decoupled physical 

storage environments due to rapid institutional 

expansion, present long-term preservation risks and 

introduce operational friction during multi-

temporal, large-scale geospatial analysis. 

 

This challenge is deeply embedded in the financial 

and institutional realities of geospatial governance 

across developing and low-income countries. As 

documented by the United Nations Economic 

Commission for Africa (UNECA), countries 

allocate disproportionately low budgets to 

geospatial information management; South Africa’s 

allocation, for instance, represents the highest on the 

continent at just 0.35% of its national budget 

(UNECA & ECOSOC, 2023). While the geospatial 

community has consistently called for adequate 

funding, executive decision-makers often fail to 

prioritize these investments due to limited awareness 

of the economic return on spatial data, compounded 

by the steep foreign-currency costs of imported 

proprietary software and hardware (UNECA & 

ECOSOC, 2023). Respondents to the UNECA 

survey highlighted that inadequate funding creates a 

self-reinforcing cycle, noting that limited resources 

prevent the modernization of technological 

infrastructure, which in turn hinders the ability to 

demonstrate tangible economic impacts. Crucially, 

out of 54 African nations surveyed, only 28% 

responded, and of those, 94% generated less than $5 

million annually from geospatial products and 

services between 2016 and 2020 (UNECA & 

ECOSOC, 2023). 
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In Nigeria, Section 6(k) of the National Space 

Research and Development Agency (NASRDA) Act 

of 2010 legally mandates NASRDA as the official 

repository for all satellite and remote-sensing data 

acquired over Nigerian territory. While NASRDA 

maintains specific internal data management 

pipelines, the agency must continually innovate and 

build technical systems and architectures robust and 

scalable enough to accommodate future 

constellation expansions, evolving technological 

demands, and national development goals. 

Transitioning from passive storage to an active, 

service-oriented ecosystem that delivers innovative, 

value-added services is essential to drive domestic 

economic growth and operational cost savings. 

Modernising baseline archiving and distribution 

pipelines has therefore become critical, as 

continuing with passive storage paradigms restricts 

data velocity, degrades asset integrity, and strains 

technical workflows. 

 

An integrated Satellite Data Hub and Marketplace 

provides the centralised, API-first architecture 

required to unlock the full potential of national space 

assets and advance NGDI specifications. By 

transitioning from siloed archives to a dynamic 

service platform, this architecture dramatically 

increases data velocity, enhances asset accessibility 

across public and private sectors, and creates new 

avenues for domestic revenue generation. Rather 

than treating this transition solely as an IT upgrade, 

this paper establishes a holistic technical framework 

designed to operationalise the United Nations 

Integrated Geospatial Information Framework (UN-

IGIF). The strategic importance of aligning national 

initiatives with the UN-IGIF is underscored by its 

formal adoption by the Regional Committee of UN-

GGIM for Africa (UN-GGIM, 2025a). By 

structuring the architecture around core UN-IGIF 

strategic pathways, specifically Pathway 4 (Data), 

Pathway 5 (Innovation), and Pathway 7 (Finance), 

this framework demonstrates how a sovereign 

Satellite Data Hub and Marketplace can serve as a 

replicable model for emerging space programmes to 

achieve international interoperability alongside 

domestic financial self-sufficiency. This operational 

viability is further demonstrated by recent 

"Constellation-as-a-Service" deployments—such as 

Albania’s launch of the ALBANIA1 and 

ALBANIA2 satellites via Satellogic—which 

leverage open cloud-native standards (STAC and 

COG) to power sovereign data platforms for 

national mapping, disaster response, and agricultural 

monitoring (Satellogic, 2023). 

The operational value of such integrated geospatial 

platforms is increasingly recognized at the 

international level. The United Nations Office for 

Outer Space Affairs (UNOOSA), through its UN-

SPIDER programme and network of twenty-seven 

Regional Support Offices, has documented that 

GeoAI—the convergence of satellite-derived data 

with modern machine-learning techniques—has 

become a decisive factor in global disaster-risk 

governance (United Nations Office for Outer Space 

Affairs, 2025, p. XI). The UN-SPIDER 

compendium demonstrates that across rapid-onset 

hazards such as floods, wildfires, and earthquakes, 

as well as slow-onset stresses including drought and 

coastal erosion, the median time required to generate 

operational products fell by 65 to 85 per cent relative 

to pre-GeoAI methods (United Nations Office for 

Outer Space Affairs, 2025). This provides empirical 

validation for the proposed Hub's architectural 

premise: centralized, API-driven access to 

geospatial data and analytics enables faster, more 

effective disaster risk reduction. 

 

This paper presents a conceptual framework for a 

sovereign Satellite Data Hub and Marketplace. 

Designed as a scalable and distributed system, this 

model offers a practical guide for space agencies 

seeking to transition from legacy, passive data 

repositories to active, interoperable, and financially 

sustainable geospatial service platforms. 

 

II. TECHNICAL ARCHITECTURE AND 

SYSTEM DESIGN 

 

The proposed architecture adopts a modular, open-

source geospatial stack. This design explicitly 

avoids systemic dependency on vendors or 

proprietary service providers, eliminating recurring 

commercial licensing overheads, and adheres to 

international open-science data principles 

(Sudmanns et al., 2023). 
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Figure 1: Proposed system architecture diagram 

Illustrating the three-tier structure: Storage Layer, 

Indexing Layer, and Application & API Layer 

 

A. Infrastructure Specifications  

While modern geospatial trends significantly 

support large-scale public cloud providers such as 

Amazon Web Services (AWS) and Google Cloud 

Platform, the initial deployment of this framework 

adopts a hybrid on-premises and private cloud 

architecture. This approach responds to critical 

requirements for data sovereignty, high regional 

internet transit costs, and stringent statutory 

regulations governing strategic national 

infrastructure. By keeping data and processing 

within national boundaries, the design aligns with 

emerging European and global data governance 

initiatives, such as Gaia-X, that promotes secure, 

federated systems enabling national oversight of 

sensitive geospatial assets (Gaia-X, 2022).  

 

The proposed pilot deployment is designed to 

comprise the following: 

 

Primary Storage Tier 

A local 200TB usable storage array configured in a 

Redundant Array of Independent Disks (RAID-6) 

configuration. This delivers fault tolerance against 

up to two simultaneous physical disk failures 

without data loss or service disruption during ingest 

processes. 

 

 

Networking Backend 

A 10GbE internal Local Area Network (LAN) 

backbone to facilitate internal batch dataset 

conversion, paired with a dedicated 100 Mbps 

symmetric link for external API request processing 

and metadata syndication. 

 

Computing Tier 

Dual 16-core enterprise servers with 64GB RAM 

per node to manage background processing queues, 

metadata indexing, dynamic tiling, and catalog 

rendering. 

 

B. Interoperability and Cloud-Native Standards 

To ensure seamless integration with global data 

networks and EO data cubes, the system replaces 

traditional file-download workflows with Cloud-

Native Geospatial primitives across three core 

layers, adhering strictly to OGC and ISO/TC 211 

specifications (Holmes et al., 2021): 

 

SpatioTemporal Asset Catalog (STAC v1.1.0 & ISO 

19115-1) 

All archived and incoming satellite scenes are 

indexed using the STAC v1.1.0 JSON schema. This 

structure maps directly to ISO 19115-1:2014 

geographic metadata attributes, ensuring spatial 

extents, acquisition timestamps, cloud cover 

percentages, and Ground Sampling Distances (GSD) 

remain fully compliant with global registries. Major 

space organizations, including NASA, ESA, JAXA, 

INPE, and the USGS, have operationalized or 

adopted STAC API interfaces (Holmes et al., 2021; 

NASA, 2024). 

 

Cloud Optimized GeoTIFFs (COGs & ISO 19157) 

Raster imagery is refactored into the COG format. 

Internal HTTP range requests enable client 

applications to stream specific image tiles and 

overviews on-the-fly without downloading full files. 

Embedded data quality fields correspond to ISO 

19157:2013 standards, preserving data integrity 

metrics throughout automated transformations. 

 

API and Service Layer (OGC Protocols) 

The public interface relies on stac-fastapi alongside 

modern OGC API standards (e.g., OGC API - 

Features, OGC API - Processes) for programmatic 

data access. Simultaneously, an OGC Catalog 

Service for the Web (CSW 2.0.2) endpoint is 

exposed via GeoNode core modules to maintain 
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backward compatibility with legacy NGDI 

clearinghouse nodes. 

 

C. Legal Frameworks and Data Governance 

Operationalizing data sovereignty requires legal, 

technical, data, and semantic interoperability, 

supported by robust standardization across systems 

and governance frameworks (Gorelick et al., 2017; 

Von Scherenberg et al., 2024; Kempeneers et al., 

2026). Establishing transparent, predictable 

licensing models ensures that multi-sectoral users 

can utilize data without regulatory ambiguity. 

Following open data guidelines, raw fundamental 

data layers are released under open licensing (e.g., 

Creative Commons Attribution 4.0 International 

(CC BY 4.0) or Open Data Commons Attribution 

(ODC-By)) (Open Data Commons, 2023). Value-

added services and specialized processing services 

utilize custom commercial agreements that 

safeguard intellectual property and support financial 

returns.  

 

This approach balances democratizing geospatial 

data access for the public good with establishing 

viable avenues for revenue generation and cost 

recovery. It directly addresses the financial 

performance gaps identified by UNECA, where 

national geospatial agencies have historically 

struggled with low revenue generation (UNECA & 

ECOSOC, 2023). By releasing fundamental datasets 

under open, permissive licenses while reserving 

value-added services, such as automated analytics, 

custom processing pipelines, and commercial 

products for tailored licensing agreements, the 

model creates predictable, long-term revenue 

streams. This dual-track strategy positions 

fundamental public-good data as a catalyst for both 

institutional transparency and operational self-

sufficiency. 

 

D. Access Control and Security Architecture 

To defend sovereign data assets against 

unauthorized manipulation or cyber threats, the 

platform implements Role-Based Access Control 

(RBAC) integrated with OAuth2 / OpenID Connect 

identity federation. Internal networks are segregated 

using Virtual Local Area Networks (VLANs), and 

transactional API calls require cryptographically 

signed JSON Web Tokens (JWT). Rate-limiting 

modules operating at the gateway level safeguard 

the network pipe against Denial of Service (DoS) 

events. 

This structure reflects the governance model 

proposed by Warekuromor et al. (2017), who 

observed that rigid top-down spatial data 

infrastructures often struggle with user adoption and 

institutional bottlenecks. Adopting a distributed, 

service-oriented architecture allows top-down 

regulatory compliance to coexist with flexible, 

bottom-up data access for external stakeholders. 

 

III. ECONOMIC FRAMEWORK: A TIERED 

REVENUE MODEL 

 

Sustaining modern spatial data infrastructure 

requires predictable operational expenditure (OpEx) 

for computer hardware maintenance, software 

upgrades, bandwidth, and personnel. To achieve 

financial resilience while upholding open-data 

mandates, the platform adopts a Free Data, Fee for 

Processing economic model. This directly 

operationalizes UN-IGIF Strategic Pathway 7 

(Finance), which emphasizes sustainable funding 

mechanisms and socio-economic value creation to 

maintain national geospatial assets. 

 

A. Economic Rationale and Pricing Model 

The proposed economic framework aligns with cost-

benefit research on public geospatial data pricing. 

Economic evaluations conducted by ANZLIC (The 

Spatial Information Council) demonstrate that a free 

fundamental data model maximizes net economic 

welfare compared to full cost-recovery approaches, 

provided the price elasticity of demand for spatial 

data exceeds 0.5 (ANZLIC, 2015). This threshold is 

consistently surpassed in modern digital markets, 

where open access to fundamental spatial layers acts 

as an economic multiplier across downstream 

sectors (Coote et al., 2016; Pira, 2019). However, 

these evaluations also highlight a critical operational 

constraint: when commercial entities constitute a 

primary user base, pure free-provision models risk 

starving managing agencies of essential operational 

capital (ANZLIC, 2015; Ueberschar et al., 2021). 

The proposed "Fee for Processing" framework 

mitigates this risk by keeping fundamental raw 

datasets free at baseline resolutions, while charging 

for automated computational cycles, high-

performance analytical queues, and specialized 

downstream processing services. 
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Figure 2: Proposed Pricing Model 

 

Analysis by UNECA indicates that spatial data 

pricing policies across Africa vary widely (UNECA 

& ECOSOC, 2023). Fully commercialized, full-cost 

recovery strategies, such as the historical pricing 

models utilized by the UK Ordnance Survey, 

frequently constrain broad data adoption and limit 

downstream economic innovation (Oxera, 2006; 

UNECA & ECOSOC, 2023). Conversely, complete 

no-charge public data policies, modeled after the US 

Federal open data mandates for Landsat imagery, 

often encounter severe operational shortfalls when 

implemented within resource-constrained national 

space programs (Macauley, 2015). A hybrid 

approach, treating spatial data as core public 

infrastructure while enabling agencies to retain 

revenue generated from value-added processing, 

offers a pragmatic middle ground for sustainable 

operations across emerging space economies. 

 

Operational guidelines from the United Nations 

Office for Outer Space Affairs emphasize that 

deploying cloud-native spatial data platforms 

requires sustained institutional capacity and 

predictable long-term financing (UNOOSA, 2025). 

The compendium notes that institutional budgets 

must keep pace with technological advancements, 

recommending that operational data access and 

delivery services be integrated into permanent 

budget structures rather than relying on temporary 

project funding cycles (UNOOSA, 2025). The 

proposed Free Data, Fee for Processing framework 

directly fulfils these UN recommendations, 

establishing the self-sustaining financial mechanism 

necessary to guarantee long-term operational 

viability for national space assets. 

 

B. Platform Access Tiers 

The platform is designed to organize services into 

three distinct functional tiers. They include: 

 

Foundation Tier (Statutory Public Good) 

Programmatic access to basic STAC metadata, low-

resolution preview images, and standard downloads 

of raw, uncompressed satellite archives. This tier 

operates free of charge, fulfilling legal public-access 

mandates and encouraging research across 

universities and public institutions. 

 

Tier 1 (Automated Analytics Marketplace) 

A transactional API layer charging low-cost 

compute tokens for automated, on-the-fly 

processing. Users requesting dynamic spatial 

calculations, such as automated change detection, 

urban extent extraction, or time-series vegetation 

indices over specific bounding boxes, pay a minor 

fee corresponding to the server compute resources 

consumed. 

 

Tier 2 (Bespoke Expert Consulting) 

A specialized service tier enabling commercial 

clients (e.g., insurance firms, mining operations, 

industrial agriculture ventures) to contract human-

in-the-loop analysis, tailored risk modelling, and 

validated environmental assessments. 

 

C. Revenue Allocation and Tokenized Credits 

To manage billing and cross-agency data 

distribution efficiently, the Hub utilizes a tokenized 

credit mechanism. Token allocations decouple local 

API transactions from immediate currency 

exchanges, streamlining procurement across 

different user sectors: 
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Table 1; Revenue generation model 

User 

Category 

Allocation & 

Procurement 

Operational 

Scope & 

Constraints 

Government 

Ministries & 

Public 

Agencies 

Annual 

statutory 

credit 

allocation 

Facilitates 

inter-agency 

data sharing; 

eliminates 

cross-

departmental 

billing friction. 

Universities 

& Academic 

Researchers 

Grant-funded 

/ Subsidized 

tokens 

Encourages 

scientific 

research and 

institutional 

capacity 

development. 

Commercial 

Enterprise 

Entities 

Direct 

financial 

purchase via 

market-rate 

payment 

gateways 

Cross-

subsidizes 

public system 

maintenance; 

generates 

agency 

operational 

revenue. 

 

D. Sustainability and Financial Risk Management 

Financial viability relies on balanced revenue 

generation and disciplined cost management: 

 

Cost Accounting 

Revenue earned from Tiers 1 and 2 is reinvested 

directly into infrastructure maintenance, system 

storage refreshes (planned on 3-to-5-year hardware 

cycles), internet bandwidth provision, and 

specialized staff training. 

 

Cross-Subsidization 

Commercial transactions underwrite public-good 

operations, maintaining free access for academic 

users while reducing reliance on central treasury 

budgets. 

 

IV. IMPLEMENTATION ROADMAP 

 

The platform deployment follows a four-phase, 24-

month agile roadmap. This structured rollout 

ensures technical components are systematically 

integrated, tested, and validated. 

 

 
Figure 3: Implementation roadmap showing four 

phases with key activities. 

 

Phase 1 - Foundation (Months 0–3) 

Phase 1 will execute an immediate data audit across 

regional development centres. Procurement and 

installation of the initial 200TB RAID-6 storage 

nodes will stabilize historical media archives and 

prevent active data degradation. 

 

Phase 2 - Cataloguing & Ingestion (Months 3–9) 

System installation will focus on deploying the 

GeoNode application core. Parallel batch execution 

scripts will systematically convert prioritized raster 

archives into Cloud Optimized GeoTIFF (COG) 

structures while generating corresponding STAC 

v1.1.0 JSON metadata records. This phase targets 

historical paper-based archives and fragmented file 

structures, converting legacy formats into cloud-

native assets. 

 

Phase 3 - Service Layer & Processing (Months 9–

15) 

Technical implementation will integrate 

asynchronous compute workers using Celery and 

Redis message brokers to handle automated 

analytical tasks. Exposing stac-fastapi and OGC-

compliant endpoints to beta testers across partner 

research institutes will validate API stability under 

active query loads. 

 

Phase 4 - Revenue & Production Rollout (Months 

15–24) 

Complete integration of verified digital payment 

gateways (including Paystack and Flutterwave) will 

support commercial token transactions. The public 
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launch will initiate formal onboarding for corporate 

entities, government ministries, and international 

user networks. 

 

A. Risk Mitigation Strategy 

To prevent schedule slippage and operational 

bottlenecks, the phased deployment integrates 

explicit technical, institutional, financial, and 

regulatory risk mitigation strategies: 

 

Table 2: Risk Mitigation Matrix 

Risk 

Category 

Identified Operational Risk Mitigation Strategy 

Technical Data migration and batch COG 

conversion delays 

Prioritize high-demand datasets for early conversion; 

deploy parallel worker nodes. 

Technical API performance degradation 

under query loads 

Implement load-testing protocols in Phase 3; establish 

gateway rate-limiting rules. 

  
Technical Incompatibility with legacy 

clearinghouse nodes 

Maintain an OGC CSW 2.0.2 endpoint to preserve 

backward compatibility with existing systems. 

Institutional Staff resistance to cloud-native 

software workflows 

Involve divisional technical staff early in system 

architecture design; provide hands-on training. 

Financial Underestimating ongoing 

operational expenditures 

Establish detailed unit-cost models; maintain 

contingency reserves for hardware refresh cycles. 

  
Financial Below-projection commercial 

marketplace revenue 

Conduct market validation before full launch; maintain 

flexible, tiered credit pricing structures. 

Regulatory Licensing conflicts with existing 

data agreements 

Perform a comprehensive legal review in Phase 1; 

establish clear CC BY 4.0 data frameworks. 

B. Capacity Building and Strategic Alignment 

The implementation strategy embeds capacity 

development directly into every phase of system 

deployment, aligning with Strategic Pathway 3 

(Capacity and Education) of the United Nations 

Integrated Geospatial Information Framework (UN-

IGIF). Since spatial technologies evolve rapidly, 

sustainable operationalization requires continuous 

skills upgrading so technical personnel are not left 

managing modern cloud infrastructure with legacy 

methods. 

 

The capacity-building framework organizes skill 

transfer and institutional outreach across three 

practical levels: 

 

Technical Staff Empowerment 

Hands-on instruction for internal engineering teams 

covering STAC and COG specification deployment, 

GeoNode core administration, custom API module 

development, and cloud-native database 

management. This ensures internal staff retain full 

operational control over system maintenance and 

extension. 

 

 

User Community Onboarding 

Structuring beta testing cohorts with academic 

research partners, running applied workshops for 

spatial analysts across government ministries, 

maintaining clear developer documentation, and 

hosting technical hackathons to encourage local 

developers to build tools on top of the Hub's 

published endpoints. 

 

Institutional Strengthening 

Establishing clear cross-ministry data-sharing 

protocols, coordinating closely with NGDI 

secretariat nodes, and creating collaborative 

channels with international space networks to share 

technical best practices. 

 

C. Strategic Alignment with the UN-IGIF 

Framework 

The Satellite Data Hub framework directly aligns 

with the strategic pathways of the United Nations 

Integrated Geospatial Information Framework (UN-

IGIF), providing a structured model for national 

implementation (UN-GGIM, 2018):
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Table 3: Alignment with UN-IGIF Framework 

UN-IGIF STRATEGIC ALIGNMENT AND IMPLEMENTATION 

Pathway 1: Governance        Operationalizes Section 6(k) of the NASRDA Act (2010), and aligns with the NGDI 

framework for secure, standardized, and scalable data access. 

Pathway 2: Legal and 

Policy    

Uses CC BY 4.0 open licenses for fundamental data alongside structured 

commercial agreements. 

Pathway 3: Capacity 

and Education 

Embeds internal engineering training, developer outreach, and cross-agency skills 

transfer. 

Pathway 4: Data              Enforces open standards via STAC 1.1.0, COG, and ISO 19115/19157 metadata 

standards.               

Pathway 5: Innovation        Replaces legacy downloads with API-driven on-the-fly analytical compute services. 

Pathway 7: Finance   Implements the Free Data, Fee for Processing model using tokenized transaction 

credits. 

This alignment ensures that technical infrastructure 

modernization directly advances broader national 

and international geospatial governance goals. 

 

V. SOCIO-ECONOMIC VALUE 

REALIZATION ACROSS KEY SECTORS 

 

Geospatial information is ubiquitous. The socio-

economic benefits of a sovereign integrated Satellite 

Data Hub and Marketplace are unparalleled. By 

systematically eliminating data silos, reducing 

reliance on costly proprietary software, and 

automating manual workflows, the proposed Hub 

transforms fragmented research into seamless, 

scalable digital services, thus, bridging the gap 

between space data and its economic use. 

 

A. Macroeconomic Return and Strategic Value 

At the macroeconomic level, spatial data 

infrastructure functions as core utility infrastructure. 

While public entities generate extensive spatial 

datasets, the absence of an integrated API repository 

forces organizations to operate in isolated technical 

silos, relying on manual inter-agency requests that 

lead to redundant collection efforts and 

underutilized strategic assets. An integrated Satellite 

Data Hub and Marketplace eliminates these 

structural bottlenecks by establishing a unified 

digital environment. Globally, open geospatial 

architectures deliver high returns on investment by 

lowering the barrier to entry for local software 

developers, agri-tech start-ups, and resource 

managers. Continent-wide economic modelling 

projects that expanding access to cloud-native Earth 

observation (EO) products through integrated 

marketplace mechanisms will drive over $500 

million annually in new commercial geospatial 

service sales, creating high-skill technical jobs and 

fostering a vibrant domestic space economy across 

emerging markets (WEF & Digital Earth Africa, 

2021). 

 

Comprehensive evaluations demonstrate that 

operationalising open, analysis-ready EO platforms 

will generate up to $2 billion (USD) in annual socio-

economic value across the African continent once 

fully deployed (WEF & Digital Earth Africa, 2021). 

For a nation like Nigeria, an integrated Satellite Data 

Hub and Marketplace provides an unprecedented 

framework to transform national space 

infrastructure from a public expenditure cost-centre 

into an engine for fiscal savings, domestic 

commercial revenue, and sustainable socio-

economic development. The table below outlines the 

macroeconomic value architecture across primary 

impact areas; 

 

Table 4: Socio-Economic Value Analysis 

SOCIO-ECONOMIC VALUE   

Economic 

Metric 

Sectoral 

Application 

Regional & 

Global Value 

Direct 

Revenue 

Generation 

Commercial 

API 

Marketplace, 

Tier 1/2 

processing 

tokens 

Will unlock 

$500M+ in 

downstream 

EO service 

sector sales 

(WEF & 

Digital Earth 

Africa, 2021) 

 

Fiscal Cost 

Recovery and 

Savings 

Reduced 

illegal mining, 

formal 

farmland loan 

fraud 

Will prevent 

$900M+ in 

annual tax & 

resource 

evasion (WEF 
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SOCIO-ECONOMIC VALUE   

Economic 

Metric 

Sectoral 

Application 

Regional & 

Global Value 

verification, 

investment 

verification 

and resource 

allocation 

& Digital 

Earth Africa, 

2021) 

Agriculture 

and Food 

Security 

Gains 

On-demand 

soil analytics, 

automated 

irrigation 

extent 

mapping 

Will generate 

$900M+ in 

yearly 

productivity 

gains (WEF & 

Digital Earth 

Africa, 2021) 

Health and 

Disaster 

Savings 

Proactive 

early-warning 

alerts, hazard 

inundation 

modelling 

Will yield 

$187M+ in 

avoided health 

& disaster 

losses (WEF 

& Digital 

Earth Africa, 

2021) 

 

B. Sectoral Impact 

Agricultural Productivity and Food Security 

An integrated Satellite Data Hub and Marketplace 

shifts technical workflows from one-off, project-

based mapping to continuous, automated 

intelligence. Refactoring multi-criteria soil 

suitability modeling frameworks (Adepoju et al., 

2026) into automated Tier 1 processing pipelines 

within the marketplace enables extension officers, 

commercial farm managers, and agritech firms to 

run dynamic soil assessments and crop yield 

forecasts via standardized API calls. Similarly, high-

resolution global irrigated area mapping algorithms, 

such as the GMIA-NEXT framework which 

achieves 30-meter spatial resolution with 80.5% 

accuracy (Kebede et al., 2026), provide the 

foundation for tracking agricultural water 

consumption across regional river basins like 

Nigeria's 3 million hectares of potential fadama 

(wetland) rice cultivation zones (Kufoniyi & 

Akinyede, 2004). Furthermore, integrating space-

based farmland verification into agricultural lending 

platforms via marketplace APIs reduces physical 

site verification costs by up to 70% while 

eliminating duplicate loan fraud on identical land 

parcels (UNECA & ECOSOC, 2023). Across 

Africa, optimized Earth observation applications in 

agriculture deliver $900 million annually in boosted 

productivity and water savings (WEF & Digital 

Earth Africa, 2021).  

 

Public Health Intelligence and Epidemiological 

Early Warning 

The public health value proposition is demonstrated 

by operationalization frameworks for disease 

surveillance platforms, such as the Environmental 

Health Intelligence Hub (Warekuromor, 2026). This 

system integrates georeferenced public health 

facility registries (n = 51,022), industrial spatial 

footprints (n = 7,979), granular population 

distributions across all 774 Local Government Areas 

(LGAs), and satellite environmental covariates 

(NASA GPM precipitation estimates and spectral 

vegetation indices). During precursor pilot 

evaluations, an automated 30-day cholera 

surveillance tracking model processed 1,498 active 

cases across all 774 LGAs, delivering automated 

early-warning risk profiles 7 to 14 days prior to 

clinical outbreak peaks (Warekuromor, 2026). 

Transitioning these spatial algorithms into persistent 

marketplace micro-services scales disease tracking 

into institutionalized national infrastructure, 

aligning with the GEO Health Community of 

Practice framework (GEO, 2026) and generating an 

estimated $113 million in annual continental savings 

through reduced treatment costs and proactive 

resource allocation (WEF & Digital Earth Africa, 

2021). 

 

Land Administration, Property Rights, and 

Cadastral Efficiency 

Efficient land administration drives economic 

growth, capital formation, and investment climate 

stability (World Bank, 2019). Across sub-Saharan 

Africa, over 70% of land rights remain unrecorded 

within formal cadastral registries (Enemark, 2013), 

with registered land in Nigeria historically estimated 

at approximately 3%. An integrated platform 

supports systematic land registration by exposing 

authoritative, high-resolution satellite imagery via 

standardized API layers. Regional precedents 

demonstrate the high economic return of space-

enabled land tenure reform: Rwanda's land tenure 

regularization program combined high-resolution 

spatial imagery with geographic information 

systems to achieve top regional rankings for 

property registration efficiency (World Bank, 2019; 

UNECA & ECOSOC, 2023). Following Rwanda's 

model, nations including Ghana, Kenya, Nigeria, 

and Togo have prioritized spatial land reform 
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initiatives (UNECA & ECOSOC, 2023). The 

platform's Foundation Tier delivers the transparent, 

open spatial baseline required by state mapping 

registries and survey entities, accelerating the 

transition of informal real estate into formal 

economic markets (World Bank, 2019; UNECA & 

ECOSOC, 2023). 

 

Environmental Governance, Forestry, and Natural 

Resource Protection 

Historical longitudinal remote sensing studies 

documented rapid forest depletion in southwestern 

Nigeria, where high forest cover declined from 

48.30% in 1986 to 36.49% by 2004, an annual 

deforestation rate of 1.36% that exacerbated land 

resource conflicts (Salami, 2006). Recent spatio-

temporal evaluations confirm ongoing canopy loss 

across critical forest reserves, including the Federal 

Capital Territory (Ohunene et al., 2026). Replacing 

decadal, retrospective studies with continuous 

STAC indexing and COG streaming allows the 

platform to run automated change-detection routines 

that identify illegal logging, reserve encroachment, 

and unregulated mineral extraction in near-real-

time. Beyond forest monitoring, modernizing Earth 

observation data access to monitor informal and 

illegal mining operations saves an estimated $900 

million annually across Africa by mitigating 

environmental degradation and stopping fiscal 

revenue leakage (WEF & Digital Earth Africa, 

2021). 

 

Disaster Risk Reduction and Emergency 

Preparedness 

During environmental emergencies, centralized 

spatial clearinghouses streamline multi-agency data 

flows, as demonstrated by Senegal's dedicated 

geospatial crisis management center established in 

Dakar in 2017 (UNECA & ECOSOC, 2023). For 

Nigeria, where major hydrological disasters cause 

extensive displacement, infrastructure collapse, and 

agricultural losses, an integrated platform transitions 

emergency response from ad-hoc data gathering to 

automated spatial coordination by ingesting and 

standardizing existing tools, such as the location-

specific flood forecasting applications developed for 

the Nigeria Hydrological Services Agency (NIHSA) 

(UNECA & ECOSOC, 2023). Exposing high-

resolution digital elevation models, pre-flood 

baseline rasters, and post-event satellite scenes via 

standardized OGC and STAC API endpoints allows 

emergency response units (NEMA and SEMA) to 

dynamically stream flood extent layers and direct 

search-and-rescue teams without traditional file 

transfer delays. Deploying cloud-native satellite 

platforms for early warning and disaster mitigation 

delivers up to $74 million (USD) in annual 

continental cost savings (WEF & Digital Earth 

Africa, 2021). 

  

VI. CONCLUSION AND FUTURE 

DIRECTIONS 

 

This paper has established a comprehensive 

operational and economic blueprint for a cloud-

native, sovereign Satellite Data Hub and 

Marketplace designed for emerging space nations. 

By transitioning from fragmented, file-based 

archives to an integrated API-first platform built on 

Cloud Optimized GeoTIFFs (COGs), the 

SpatioTemporal Asset Catalog (STAC v1.1.0) 

specification, and open OGC web services, the 

proposed architecture solves legacy bottlenecks 

surrounding data accessibility, latency, and 

interoperability. 

 

Beyond technical modernisations, the framework 

introduces a pragmatic "Free Data, Fee for 

Processing" economic model anchored in ANZLIC 

public data pricing principles and UNECA regional 

assessments. Releasing fundamental spatial layers 

under open licenses democratises public-good data 

access, while monetising automated high-

performance compute cycles, specialized micro-

services, and enterprise API queues creates a 

predictable, self-sustaining revenue stream. 

Macroeconomic modelling demonstrates that 

operationalising such cloud-native Earth 

observation platforms can unlock over $500 million 

annually in commercial geospatial service sales and 

generate up to $2 billion in continental socio-

economic value across agriculture, public health, 

land administration, and emergency management. 

 

The structured 24-month roadmap outlines a clear 

path from institutional preparation to operational 

maturity: 

 

Phase 1 (Foundation and Data Audit) 

Audits regional archives, stabilizes media assets, 

and installs baseline 200TB RAID-6 enterprise 

storage. 
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Phase 2 (Cataloguing and Ingestion) 

Deploys GeoNode core architectures and batch-

converts legacy imagery into streaming COG and 

STAC structures. 

 

Phase 3 (Service Layer and Compute Queues) 

Integrates Celery and Redis asynchronous message 

brokers to execute automated analytical jobs and 

exposes OGC/STAC API endpoints. 

 

Phase 4 (Revenue Integration and Public Launch) 

Finalises digital payment gateway integrations (e.g., 

Paystack, Flutterwave) to support commercial API 

token transactions and formal public onboarding. 

 

A. Future Directions 

To sustain long-term relevance and expansion, 

future development of the Satellite Data Hub should 

prioritize three key technical and institutional 

trajectories: 

 

Expansion of Open-Weight AI Micro-services 

Integrating containerised, open-weight foundation 

models into Tier 2 processing queues will enable 

automated, continuous feature extraction, such as 

real-time informal settlement detection, surface 

water dynamics, and canopy loss tracking, directly 

at the ingestion layer. 

 

Federated Regional Network Integration 

Connecting the national hub's STAC endpoints with 

broader regional and international clearinghouses 

will enhance global interoperability and amplify 

regional data sharing. 

 

Dynamic Cloud-Credit and Innovation Grants 

Establishing dedicated cloud-compute credit 

programs for academic researchers, local start-ups, 

and public health authorities will lower entry 

barriers, stimulating a vibrant domestic downstream 

space economy while maximizing the societal return 

on national space assets. 

 

By aligning technical standards with institutional 

realities and sustainable financing, the proposed 

Satellite Data Hub provides a replicable, 

interoperable and scalable framework for 

developing space programs to achieve technological 

sovereignty, operational resilience, and long-term 

financial self-sufficiency. 
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