Precision in Policy:
The Blueprint of Spatial
Data Quality

Why spatial data integrity is the critical
foundation for reliable public infrastructure and

flood risk management.
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Map Scale: Grounding the Digital in Physical Reality

Map scale is the fixed mathematical relationship between distance on a
digital map and actual distance on the ground.

Large-Scale View

1:5,000

Small-Scale View

1:1,000,000

1. Ratio (Fraction) 2. Verbal Statement 3. Graphic Scale
e.g., 1:50,000 Translates the math: A dynamic visual bar scale.
1 cm on map = 50,000 cm on ground. “One centimeter represents 500 meters.” Maintains accuracy even if the map is resized.
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Spatial Resolution: The Limit of Detectable Detall

Spatial resolution determines the physical ground area captured by a single sensor pixel. It dictates what
landscape features are visible to a hydrological model.
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90 m Pixel Size 12.5 m Pixel Size

Hydrological Impact: A 90 m elevation raster is too coarse to detect narrow mountain gullies, destroying stream network calculations.
A 12.5 m Digital Elevation Model (DEM) is the absolute minimum requirement to effectively route water at this scale.
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Temporal Resolution: Capturing the Pace of Change

Temporal resolution dictates a sensor’s revisit time—how often it captures a new image of the
exact same location.

Flash Flood Peak

Daily / Sub-daily
observations
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high-frequency data capture

Long-term Drought

8-day / Monthly

. b
composite datasets ' ® ® ® £
low-frequency data capture
Flood Mapping Drought Monitoring
Demands high temporal resolution to capture the exact timing of Effectively utilizes lower temporal resolutions (monthly composites)
peak water levels. Missing a day means missing the crisis. to track slow-onset environmental changes over seasons.
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Spectral Resolution: Seeing Beyond the Visible

The number and width of specific light bands a sensor captures. Multi-spectral imagery is strictly
required to mathematically isolate water bodies from land.

Green Light Reflection Shortwave Infrared Absorption
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NDWI (Normalized Difference Water Index)

Hydrological Impact: By comparing green light reflection against shortwave infrared absorption, analysts
can strip away vegetation and soil to automatically extract pure water body footprints for policy analysis.
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Radiometric Resolution: Sensitivity to the Subtle

Radiometric resolution is the bit-depth of the sensor. It dictates the sensor's sensitivity
to microscopic variations in reflected energy.

8-bit (256 values) 12-bit (4096 values)

Hydrological Impact: High bit depth is critical for monitoring water quality (turbidity, suspended sediments, chlorophyll-a). In
these scenarios, water surface reflectance values are extremely low. An 8-bit sensor simply cannot detect these vital differences.
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The Measurement Reality: Accuracy vs. Precision

High Accuracy, Low Precision Low Accuracy, Low Precision High Accuracy, High Precision

&

Crosshair = True location, Star = Measured points

Accuracy: How close the map coordinates are to the true real-world location. The Policy Trap: A coordinate written as 27.712345 is highly precise.
However, if the sensor was miscalibrated by 50 meters, it remains entirely
Precision: The level of detail, exactness, or refinement of the measurement. inaccurate,
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The Critical Z-Axis: Vertical Accuracy in Hydrology

While horizontal accuracy defines boundaries, vertical accuracy (the Z-coordinate) dictates water behavior.
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Kilometers of False Flood Inundation

The Metrics of Truth:

- LE90: 90% of dataset elevations fall within a specified distance of the true value.

- RMSEz: Standard deviation of differences between map elevations and checkpoints.

- Hydrological Impact: In flat floodplains, a vertical error of just 0.5 m in a DEM translates exponentially into kilometers
of error in predicted flood boundaries.
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Scale Dependency: The Relativity of Geospatial Features

1:5,000 Scale ey 1:1,000,000 Scale

Vector Generalization The Coastline Paradox

Geographic features inherently change representation based on map High-detail maps capture tiny channel bends, resulting in a

scale. A river bank mapped as a detailed polygon at a large scale significantly longer total stream length calculation than small-scale
mathematically becomes a simplified single line at a small scale. maps where curves are smoothed.

Best Practice: Ensure all project layers are mapped at a similar scale to prevent topological misalignment during spatial overlays.
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Error Propagation: The Cascade of Inaccuracy

‘ Raw DEM (Minor vertical errors/sinks) \

Sink Filling Artifacts:
Tools must fill’ artificial depressions caused

Sink Fill Algorithm

Filled DEM (Flattened valleys) by sensor noise to allow continuous flow. If

vertical accuracy is poor, real valleys are

D8/D-Infinity artificially flattened into lakes.

| e e Mislocated Divides:

Flow Accumulation A tiny vertical deviation on a ridge line

causes routing algorithms to dump runoff
Flow Accumulation (Mislocated stream channels) into an adjacent sub-basin, completely
. destroying the total drainage area
Hydrograph Modeling cal culgti o?i. J

Runoff Hydrograph (Inaccurate peak timing)
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Resampling Methodologies:
Preserving Integrity Across Grids

Method: Nearest Neighbor

€3 Artificial Blockage

Assigns the value of the nearest cell without interpolation.
Best for categorical data (e.g., land use, soils).

Risk: Never use for DEMs; it creates jagged artifacts that
physically block flow pathways in narrow valleys.

Method: Bilinear Interpolation / Cubic Convolution

T ' y

Computes a distance-weighted average of neighboring
cells. Ideal for continuous datasets (e.g., elevation).

Risk: Never use on categories. Averaging Water (Class 3)
and Urban (Class 5) creates a mathematically generated
output (Class 4) that is physically meaningless.
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The Pillar of Integrity:
A Framework for Policy-Grade Data

Synthesis:
. + A reliable water model is not simply a software
Reliable Hydrological ; . . i
Yodel output. It is the fragile, cumulative result of strictly

controlled inputs.

Mathematically
Sound Resampling
High Z-Axis
Vertical Accuracy
T e |

Scale-Matched
Spatial Layers

The Imperative:

Ignoring scale dependency, accepting poor

vertical precision, or applying the wrong resampling
math guarantees error propagation. To generate
forecasts that protect lives and infrastructure, we
must treat spatial data quality as the absolute
foundation of our public policy.
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