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“ GIS slices the world into 
layers of information; DGGS 

brings that information 
together again.”

Bring It All Down to Earth with DGGS
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https://apogeospatial.com/2079-2/


Why Grid Systems…?

Real world
Hard to model

Washington DC

Map
A common abstraction

But still messy..

Grid System
Clean mathematical space

Partition the world

 https://h3geo.org/#/documentation/community/tutorials 3



Why DGGS…?

 https://commons.wikimedia.org/wiki/File:Division_of_the_Earth_into_Gauss-Krueger_zones_-_Globe.svg
 https://en.wikipedia.org/wiki/File:Mercator_projection_Square.JPG
 https://h3geo.org/#/documentation/community/tutorials

Graticule
Inconsistent cell unit

Web Mercator Tiles
 Inconsistent cell unit
Not a global domain

DGGS
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Understanding of DGGS
• Discrete -- a finite number of cells
• Global -- a grid that completely covers the Earth’s surface
• Grid -- a tessellation of space into a uniform arrangement of cells
• System -- a grid that can be subdivided into smaller cells

rHEALPix ISEA3H QTM

 Bowater and Stefanakis, 2018  Open Geospatial Consortium (OGC), 2017
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A Definition of DGGS by OGC
“ A Spatial Reference System that uses a Hierarchical Tessellation 

of cells to Partition and Address the Globe. DGGS are characterized 

by the properties of their Cell Structure, Geo-encoding, 

Quantization Strategy and associated Mathematical Functions.”

Structural Requirements of DGGS:
• Preserved globe-tiling without overlapping cells 
• Multiple resolution levels
• Initial polyhedral tessellation
• Simple cell geometries
• Equal-area cells
• Unique index for each cell
• Centroid as the reference point for each cell

 Goodchild, 1994
 Kimerling et al., 1999
 Open Geospatial Consortium (OGC), 2017
 Alderson et al., 2020

6



DGGS Alternatives

QTMrHEALPixHEALPix

ISEA3H ISEA4H ISEA4T ISEA4D
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State-of-the-art DGGS Implementations

H3

HEALPix

PlanetRisk
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Application of DGGS in previous literature
I. Spherical cell bins to aggregate geospatial data without spatial bias
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Application of DGGS in previous literature
II. A data fabric for heterogeneous data integration and multi-scale data queries
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Application of DGGS in previous literature
III. Bottom-up predictive models
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How could DGGS help with 
GHG monitoring, reporting, 

and mitigation planning?



Inadequate Spatial Grids Limit Action
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Existing GHG inventories are:

• Spatially inconsistent

• Poorly georeferenced

• Difficult to integrate

Gridded methane inventories often use latitude–longitude grids (graticule), 
where cell size and shape vary with latitude. This leads to several problems:

• Inflate emission densities in high-latitude regions 

• Complicate direct inter-cell comparisons and integration 

• Distort visualization and interpretation 

Other issues:

• Definition of spatial scales is not clear (site/facility/urban/etc.)

• Data from multiple satellites/sensors/sources needs to be integrated

 Scarpelli et al. 2020
 EDGAR 2023
 Maasakkers et al. 2023
 Crippa et al. 2024



If used to manage GHG data, a DGGS can at least 
benefit…

• Integration of multi-source data

• A standard data bucket for facility/asset data management (unique index)

• True emission intensity comparisons across space and time (equal area)

• Spatial integrity and consistency of the conveyed information when visualized

• Quantitative spatial resolution (equal area)

• Consistent aggregation at any scale, e.g., facility, basin, and national (hierarchical)

• Multiple analysis and reporting granularity (hierarchical)

• Precise hotspot tracking and trend monitoring over time (fixed grid location)

• Informed monitoring design, including optimized aerial survey and satellite observation planning

• Global vision – permafrost methane monitoring in the Arctic (global coverage)

A Global, Uniform, Hierarchical Spatial Framework for GHG Data
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Our recent study
Spatially Explicit Methane Emissions from Alberta Upstream Oil and Gas 
Operations with Equal-Area Grid Systems

What we adopt: rHEALPix DGGS (rHEALPixDGGS-py library)

What we did: An initiative study on Alberta upstream O&G emissions 

Data we used: 2020-2023 Petrinex Conventional Volumetric Data (Fuel, Flare, Vent)

Oil and Gas Infrastructure Mapping (OGIM) database

rHEALPix = rearranged Hierarchical Equal Area isoLatitude Pixelization
DGGS = Discrete Global Grid Systems

 Omara et al. 2024
 Raichev et al. 2020 
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Our recent study
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Demo



Questions
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• What if each facility’s equipment, emissions, and metadata were managed within a grid cell that has a 
globally unique, standardized identifier -- how would that change your current workflows?

• Any use cases where managing facility assets or emissions using a spatially-fixed, equal-area grid would 
add value?

• Do you currently struggle with integrating data from different sources (e.g., satellites, field inspections, 
sensors)? Would a common spatial reference like DGGS make this easier?

• Could a DGGS help to track methane reduction performance by consistently comparing “emission per 
grid cell” across time or space?

• If each grid cell could serve as a standard “container” for regulatory reporting (e.g., all emissions within 
Cell X), would that improve clarity?
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