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EYES REGISTER
ONLY THE SURFACE
OF THINGS.

VISION (RGB)
The visible leaves are green. But the
photosynthetic engine is failing,
the stomata are closed, and the root _ oy
zone is dry. No single instrument 3> o NDVIdropping >
diagnosed the tree; the knowledge BIOCHEMICAL -y from 0.78 to 0.62°
existed only in their synthesis. (MULTISPECTRAL) : =
= =" " Canopy
- 2.3°C warmer o
HYDRAULIC
(THERMAL) :
GROUND TRUTH
(SUBSURFACE)

loT sensor buried 30cm
reads 14% moisture vs
22% baseline. Micro-drip
emitter cracked.
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EVERY INSTRUMENT IS GIFTED WITH A SPECIFIC VISION
AND BURDENED WITH A SPECIFIC BLINDNESS

UNIQUE CONTRIBUTION CHARACTERISTIC BLINDNESS

THE INSTRUMENT

Drones (RGB, Multispectral, h Sees cm-resolution surface, Blind to precise cause; cannot cross- |

| Thermal, LiDAR) | biochemistry, heat, and 3D geometry. reference phenomena intrinsically.
S — e

: : Sees daily, decameter-scale, Resolution insufficient for individual
| Satellites (Optical / SAR) all-weather global change. features; speckle noise.

- JL
1r

Sees continuous, subsurface, Cannot extrapolate spatially
point-specific measurements. without modeling.

Ir# = =1

| Ground loT Sensors

| . . Sees learned patterns at W May detect correlation
i Machine Learning (AI) superhuman scale. without causation.
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FUSION PRODUCES A UNIFIED DATASET.
SYNTHESIS PRODUCES UNDERSTANDING.

Fusion (The Means) Synthesis (The EndL,,.__._._ |

Mechanical, computational, automatic. The intellectual act of recognizing relationships. Drawing
Aligning pixels and reconciling coordinates. meaning from the convergence of independent observations.
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THE CONVERGENCE OF INDEPENDENT OBSERVATIONS
PRODUCES DISCOVERY AT THREE DEPTHS.

7 ) LEVEL 1: ENHANCED OBSERVATION

Goal: Clarity

e e ]| O _ Example: Spatial downscaling. Merging a
T oSG satellite’s daily temporal coverage with a
o RS = drone’s centimeter spatial precision.

LEVEL 2: CROSS-MODAL DIAGNOSIS
Goal: Causality

Example: Combining fundamentally different
physical phenomena (light, heat, moisture)
to answer questions no single modality can.

-. LEVEL 3: EMERGENT DISCOVERY
_-" Goal: The Unknown

0 % R  Example: Foundation models finding
NEEN  statistical regularities and correlations that
~« > encode unhypothesized physical realities.
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WIELDING COMPLEMENTARY VISION REVEALS
THE PREVIOUSLY UNSEEN AT PLANETARY SCALES.

Archaeology' Beneath the Canopy Ecology: Beneath the Surface

1;1'
& Tt

* The PACUNAM initiative uncovered 61,000 Maya structures across " The Allen Coral Atlas produced the first 5-meter resolution map
2,100 km?2. In 2024, drone LiDAR mapped the medieval Silk Road of global shallow reefs covering 348,361 km?, proving bleaching
city Tugunbulak spanning 120 hectares at 2,000m elevation. was vastly more widespread than previously known.
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BY COMPRESSING THE TIME FROM OBSERVATION TO
ACTION, SYNTHESIS BECOMES INFRASTRUCTURE.

Risk Prediction: Wildfires Lifesaving Action: Medical Drones

ALERTCalifornia synthesizes 1,200 cameras with terrain and loT Zipline synthesizes 3D terrain, real-time weather, and demand signals. It
weather data. In its first two months, Al identified 77 fires before delivers 75% of Rwanda's rural blood supply, driving a >50% drop in maternal
any 911 call was placed. mortality. The synthesis discovered the route; the route saved the life.
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THE TRIANGULATION PRINCIPLE

Knowledge lives in the relationships between measurements.

- Emergence

When complementary visions
are aligned in a shared spatial
framework, their simultaneous
agreement reveals what no
single measurement can.

- 'Thé-l;dg-ic of
Complementary Blindness

Each instrument is blind to
specific aspects of reality.
But the blindnesses differ.

Synthesis

» Each data stream contributes one sentence.
The synthesis writes the paragraph.
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GEOSPATIAL FOUNDATION MODELS SHIFT THE BURDEN
OF INQUIRY FROM FINDING TO UNDERSTANDING

THE OLD PARADIGM RAW DATA TASI(—SPECIFIC SINGLE DUTF’UT
ALGORITHM (e.g., Find Buildings)
..}-

THE NEW PARADIGM

—

" pRTHVIEO20 LI

(EDD MILLION parameters I-
= learning general spatial -~ &4 =
E:I' representations) J‘_= 5 / L

L
SELS

4.2 MILLION
SATELLITE SAMPLES
(7 years of global data)

BIOMASS ' I
| ESTIMATION 4_;

Prithvi represents for Earth observation what GPT represents for language: a pre-trained intelligence
that encodes general spatial knowledge, adaptable to almost any question about the physical world.
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THE HORIZON OF THE UNKNOWN: DISCOVERING
WHAT YOU DID NOT KNOW TO LOOK FOR.

D B Subsurface
Declining NDVI | ' Geological Faulting

Rising Surface
Temperature

Shifting Radar = =\, &
Texture N

The foundation model learns cross-modal relationships directly from the data. It finds correlations corresponding
to physical realities no researcher hypothesized. We know the pattern exists; we must then discover why.
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THE INVISIBLE ARCHITECTURE: DATA IS ONLY AS POWERFUL AS ITS COMBINABILITY.

Without metadata answers, overlaying produces nonsense. Every dataset is an orphan—visually present, intellectually unmoored.

Where?

(CRS: WGS 84 vs UTM Zone 11N)
When? —— ‘
(Temporal baseline) =
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DRONE MULTISPECTRAL
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Beautfirly
beautifully renderd dowels

Architecal precision
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precision locking dowels

Sensor/Calibration?
(Reference panel vs atmospheric)

——— Sensor/Calibration?
(Reference panel vs atmospheric)

Pipeline?
(Pix4D vs Sen2Cor processing)

SATELLITE OPTICAL

= Accuracy?
(2cm drone vs 10m satellite)

Ownership?
(FAA Part 107 vs ESA Open Data)
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THE CONNECTIVE TISSUE OF SPATIAL
INTELLIGENCE IS FRAGMENTED.

l The Metadata Gap l l
ISO 19115 STAC Dublin _ olcle
Comprehensive, | Simple, Core [ SensorML
supports FAIR. machine-readable, | liniversa .__,r"" Excellent for
widely adopted. and simple. 4 instruments.
(s | | f
Over 100 pages, Designed for # Too generic; Misses the
/ overwhelming for .~ finding data, not no support for analytical
/3 non-specialists. fiight configs or spatial queries. pipeline.
i Al provenance.
[/ S i [ | - : sl
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THE DIAGNOSIS: The complete provenance chain—from flight planning

through Al-derived analytical products—remains uncaptured for drone data.
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FAIR PRINCIPLES: THE BRIDGE BETWEEN
RAW SPATIAL DATA AND Al SYNTHESIS.

A 2025 Nature Scientific Data study
reviewed 71 public drone datasets and
found essential sensor and processing
details systematically missing.

° /. FAIR is the required intervention.

Al SYNTHESIS

FINDABLE ACCESSIBLE @ INTEROPERABLE REUSABLE

Registered in Retrievable through Shared formats and Rich provenance and
searchable indexes standard protocols ~ compatible coordinate licensing allowing
with persistent with clear access systems for machine confident reuse for
identifiers. conditions. and human reading. unanticipated
discoveries.
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THE METADATA GAP IS FUNDAMENTALLY
AN INFORMATION SCIENCE PROBLEM.

THE PAST THE SPATIAL FUTURE

BOOKS AND JOURNALS > POINT CLOUDS AND SPECTRAL CUBES

G SO ) . STAC ITEMS & 1SO 19115

28 e ) THE GEOSPATIAL WEB SERVICE

LS

The library’s mission has not changed; its medium has. The skills cultivated
through generations of cataloging, classification, and provenance
documentation are precisely what the spatial data ecosystem urgently lacks.
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“HUMAN INTELLIGENCE REMAINS THE ULTIMATE
SYNTHESIZER.”

“SPATIAL INTELLIGENCE IS NOT MERELY A DISCIPLINE;

The metadata makes them combinable.
The Al discovers the patterns. But it is human
intelligence—situated, ethical, interdisciplinary,
and imaginative—that asks the questions
worth answering.
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