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Satellites and the planetary point of view

Juan Segurola

Core question

How did artificial satellites turn Earth and near-Earth space into continuously measurable
systems observed from outside the surface?

Historical and evolutionary context

Astronomy had long observed other worlds from Earth, while balloons, aircraft and radio
expanded the reach of instruments. The International Geophysical Year of 1957-1958 created
a coordinated framework for global measurements. The Soviet Union launched Sputnik 1 on
4 October 1957, demonstrating sustained artificial orbit. The United States launched
Explorer 1 on 31 January 1958; its cosmic-ray instrument, designed by James Van Allen's
group, produced evidence for trapped charged-particle radiation around Earth. By the 1960s
meteorological and communications satellites were turning orbital observation into routine
infrastructure.

What could communities know before this transition?

Ground stations could measure weather, geomagnetism, seismic activity and radio
propagation, but coverage was geographically uneven and many regions were difficult to
observe repeatedly. Longitude and precision time in PIO-055 had enabled global coordinate
systems, while radio in PIO-072 enabled remote transmission. The limitation was viewpoint:
instruments remained mainly embedded on or near the surface they were measuring.

What changed?

Orbit created a repeatable external observing platform

A satellite revisits large regions according to predictable orbital dynamics. This converted
the “view from above” from occasional aircraft or balloon observation into a systematic
geometry of repeated measurement.

Space became an experimental environment

Explorer 1 and Explorer 3 in 1958 showed that instruments in orbit could discover
phenomena difficult to infer from the ground. The Van Allen radiation belts were not simply
photographed; they were reconstructed from detector behaviour across trajectories.

Planetary-scale data became an infrastructure

Weather imagery, geodesy, navigation and later remote sensing integrated observations
across political borders. Satellites made it possible to compare changes across oceans, ice
sheets, forests and atmosphere using common instruments and coordinate systems.

Why could this capability emerge?

The transition depended on rocketry, radio telemetry, miniaturised instruments, precision
tracking, computing and international geophysical coordination. It also emerged from
military missile programmes and Cold War competition, showing that scientific infrastructure
and geopolitical systems were deeply entangled.

What later forms of knowledge did it enable?

Satellites enabled space physics, global weather forecasting, Earth observation, satellite
navigation, planetary missions and long-term environmental monitoring. They became
essential to the planetary systems perspective developed further in climate science.

New limits and risks

Orbital data are not automatically global in access or interpretation. Calibration drift,
sampling geometry, cloud cover, algorithmic processing and geopolitical control shape what
satellites reveal. Congested orbits, debris, military surveillance and dependence on
vulnerable infrastructure create new risks.
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What changed in the architecture of knowledge?

Earth became an externally observed dynamic system. Measurement networks could
combine orbital vantage, telemetry, computation and repeated coverage to represent
planetary processes at scales inaccessible to individual observers.

Loss, exclusion and uncertainty

Space-age narratives often focus on rockets and national prestige while underplaying
instrument teams, tracking networks, women mathematicians, technicians and international
geophysical cooperation. Satellite observation also does not replace ground truth; many
orbital measurements require surface calibration and interpretation.

Dependency map

e INDIRECT « PIO-055 Longitude, clocks and precision time
e INDIRECT « PIO-072 Telegraph and radio: knowledge travelling faster than people
e DIRECT — PIO-091 Climate science and knowledge of a coupled planet
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