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Executive Summary

Space weather forecasting occupies a strange position in the landscape of
environmental prediction: for some event types, warning arrives minutes before
the event reaches Earth; for others, warning arrives hours or even a day in
advance. The underlying driver — solar activity itself — carries forecast
uncertainty that recent experience has shown can exceed 50%. This paper
examines the forecasting frontier, the resilience architecture current capability
supports, and the growing commercial market for space weather intelligence
services.

The global space weather monitoring and forecasting market represents a growing segment of
the broader space services economy, with trajectories suggesting expansion from approximately
$1.4 billion in 2024 toward $3 billion by 2030, driven by increasing commercial and governmental
demand for operational space weather intelligence as the economic exposure of satellite-
dependent infrastructure continues to grow.

This paper addresses three areas of strategic relevance: forecast lead times by event type and
what genuinely actionable warning looks like for each category; the commercial market for space
weather services and the forces driving its growth; and the resilience architecture that determines
whether available forecasts actually translate into protected operations when events occur.
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1. Forecast Lead Time — What 'Warning' Actually Means

Figure: Typical Forecast / Warning Lead Time by Space Weather Event Type
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Figure 2: Typical Forecast / Warning Lead Time by Space Weather Event Type, shown on a logarithmic
scale. Lead times range from minutes (solar flares) to approximately 18 hours (CME arrival), reflecting
fundamentally different physical propagation timescales.

The phrase 'space weather warning' covers a range of actionability that differs by more than three
orders of magnitude depending on event type. Understanding this range is essential to
understanding what operational response is realistically possible for each category of event —
and why a single 'alert’ framework underuses some warnings while over-promising on others.

Event Type Typical Lead Time Realistic Response Window

Solar flare (radio Seconds to minutes Essentially reactive — systems must

blackout) tolerate sudden events without warning,
since none is physically possible

Solar energetic particle ~ Minutes to ~1 hour Limited but real — can support rapid

event automated safing for the most radiation-
sensitive systems

Geomagnetic storm ~15-60 minutes from Sufficient for automated operational mode

onset upstream monitoring changes — e.g., switching to degraded-

mode navigation

CME arrival Hours to ~18 hours The longest lead time available — sufficient
for substantial operational planning,
including deferring time-flexible operations

Equatorial scintillation Hours to days Predictable seasonal/local-time pattern —
onset (climatological) enables routine planning rather than
exception handling

Table 1: Forecast Lead Time and Actionability by Space Weather Event Type

The single most important insight in space weather forecasting is that lead time is
not a uniform property of 'space weather' — it is a property of the specific physical
propagation mechanism for each event type, ranging from zero for flares to nearly
a day for CME arrivals. An architecture that treats all space weather warnings as

Page 6 of 9



0 QONTRA - White Paper - WP-SWX-003 - Forecasting, Resilience & Strategic Opportunity

equally actionable will systematically over-prepare for some events and under-
prepare for others.
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2. The Space Weather Services Market

Figure: Global Space Weather Monitoring & Forecasting Market — Growth Trajectory
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Figure 1: Global Space Weather Monitoring & Forecasting Market — Growth Trajectory, illustrating an
expansion from approximately $1.4 billion in 2024 toward $3 billion by 2030, driven by growing
commercial and governmental demand for operational space weather intelligence.

The commercial market for space weather services sits at the intersection of several growth
drivers: the increasing economic value of satellite-dependent infrastructure and therefore the cost
of disruption to it; growing awareness among insurers, satellite operators, and critical
infrastructure operators of documented operational consequences such as the February 2022
satellite-loss event and the May 2024 continental-scale GNSS disruption; and the increasing
availability of commercial monitoring data at global scale.

Market Segment Primary Customers Growth Driver

Operational forecasting  Satellite operators, airlines, Direct operational risk mitigation
and alerting power grid operators, against documented historical
precision agriculture losses
lonospheric data and GNSS infrastructure Growing dependence on high-
TEC mapping operators, surveying and accuracy GNSS across
positioning providers, agriculture, construction, and
telecoms autonomous systems
Solar monitoring and Space agencies, satellite CME forecasting has the highest
CME tracking insurers, launch operators value-per-forecast for operations
with schedule flexibility
Risk modelling and Satellite insurers, reinsurers, Documented costs of major events
insurance analytics infrastructure risk modellers have increased demand for
guantified space weather risk
models

Table 2: The Space Weather Services Market — Segments, Customers, and Growth Drivers

Page 8 of 9



@ QONTRA - White Paper - WP-SWX-003 - Forecasting, Resilience & Strategic Opportunity

3. Resilience — Where Forecasts Actually Matter

Forecast capability has operational value only to the extent it is integrated into systems capable
of acting on it. The gap between 'a forecast exists' and 'an operation responds appropriately’ is
where most documented historical losses actually occurred. The February 2022 satellite-loss
event was not a failure of forecasting — the geomagnetic activity was observed and characterised
in real time — it was a failure of operational integration between that observation and the
deployment decision.

A resilience architecture appropriate to the full range of space weather event types requires three
integrated layers: continuous environmental awareness as a standing operational input rather
than an alert system that activates only during designated storm watches; event-type-specific
response protocols mapped to the lead-time categories described in Section 1; and graceful
degradation by design, so that systems have defined reduced-functionality modes rather than
binary operational/failed states.

Resilience is not the absence of disruption. The May 2024 storm disrupted
ionospheric conditions globally regardless of any operator's architecture — that
disruption was a fact of the physical environment, not a failure of preparation.
Resilience is the difference between a 20-hour loss of high-accuracy positioning
that the architecture anticipated and handled through graceful degradation, and a
20-hour operational failure that the architecture had no defined response to. The
storm is the same. The outcome is architectural.

About Qontra

Qontra is a deep technology company building planetary-scale orbital intelligence infrastructure
across all 195 countries. Qontra's Technology Anticipation and Readiness Unit and Orbital
Sustainability Research Unit monitor space weather forecasting capability, market formation, and
resilience architecture as continuous research programmes — directly informing how the Qontra
Orbital Network of Reconnaissance is designed to operate inside an environment that does not
always behave as forecast.

For partnership enquiries, government programme engagements, or intelligence services in the
space weather domain, contact Qontra through official channels.
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