
Guillaume Sueur, Geomermaids, H3 Conference, Uber NYC, 23 September 2026

Scale-aware geo-analytics

H3 as a GeoParquet pyramid builder



Why is Geospatial so special ?
Or why can’t we fit into other industries solutions ?



2 main reasons (to my knowledge)…



1. We want to 
see the map !

  No, not this map anymore…



We want to see the map !



Imagine doing 
this with an 
Excel file… 

Like a psychopath…



We don’t know 
what’s inside 
the box



After more than 60 years of 
GIS…

• One actual geometry column type 

• Some subtypes more to help with 
geometric operations than to advertise 
about the content 

• No SMALLGEOM vs BIGGEOM 

• No GEOM(200)



Raster data has an easier 
path

• same-sized pixels 

• Same-sized content per pixel (1, 2, 3, 
maybe some more bands) 

• Easy to resample 

• Easy to store along with the original 
data



Geoparquet in short
Parquet, plus a geometry column, plus metadata

• Parquet is the Apache columnar file format of the analytics world : one file, columns stored 
separately, compressed, with a nice footer describing what’s in there (schema, row groups, 
per column stats) 

• GeoParquet adds one column of geometry (usually WKB blobs), a CRS, and bbox metadata 
at row-group level 

• Supports HTTP-range requests making it a great choice for Cloud Native Geospatial 

• This is the format you want under your geo-analytics. The rest of this talk is about the one 
thing it is bad at. 



Geoparquet caveats
Or what makes it a format hard to handle

• No per-row spatial index, so you rely on row groups indexes and may download way more 
content than you need. 

• Obviously no overviews or LOD (level of detail) concept in the specification even if some 
discussions are ongoing 

• No way to prevent “too big to draw” objects from being accessed 



Options to make overviews…
A second geometry column

• Easy to generate, Row count untouched, indexes are the same 

• Still queryable for analytics  

• Heavier file 

• Which column will a reader choose, and when ? Needs some added content in metadata…



Options to make overviews…
A sidecar file

• Easy to generate, Row count untouched, indexes are the same 

• Still queryable for analytics  

• 2 files to keep in sync, but the second one is not mandatory 

• A reader may not implement its reading, making it more versatile



Options to make overviews…
Use bounding boxes

• Easy to generate, even part of GeoParquet v1.1 spec and probably v.2.0 

• Still queryable for analytics  

• Super efficient for displaying complex geometries at small scale 

• May look awkward at bigger scale



Options to make overviews…
Use bounding boxes

• 2.5M features here 

• Displayed in a few seconds



Options to make overviews…
Use bounding boxes



Options to make overviews…
LOD inside one file (COGP) 
• A COGP file is a valid GeoParquet 1.1 file whose 

row groups are physically ordered from coarse 
to fine rendering detail, with file-level metadata 
describing where each level ends.  

• COGP is feature-level: it reorders features across 
row groups; it does not simplify, aggregate, or 
duplicate them. Each source feature appears in 
exactly one row group, with its geometry 
preserved verbatim. 

•  A COGP-aware reader can stream just the 
leading row groups needed for its target 
rendering resolution

• Requires specific implementation (may need 
an extension of the spec) 

• May look awkward too because you over-
represent coarse areas and undersample 
dense areas

cf https://github.com/Kanahiro/cloud-optimized-geoparquet 

•

https://geoparquet.org/






Why not use H3-based pyramidal structure ?

• GeoParquet supports partitioning over H3 

• H3 provides a fast, easy-to-compute spatial index



One file per cell, one folder per resolution
That's the whole idea

• The file name is the spatial index 

• Every file is a plain, valid GeoParquet file

parcels/

h3-pyramid.json descriptor: levels, method, cell lists, px per cell

collection.json STAC, optional, for other tools

r3/832a06fffffffff.parquet ... 7 files overview, dissolve, 27 rows

r4/842a069ffffffff.parquet ... 27 files overview, dissolve, 123 rows

r5/852a0693fffffff.parquet ... 123 files overview, dissolve, 697 rows

r6/862a06907ffffff.parquet ... 697 files leaf: the 2,557,398 source parcels, verbatim

r6/__HIVE_DEFAULT_PARTITION__.parquet the one row with no geometry

file name = H3 cell id. Level = resolution. Nothing to list, nothing to look up:
a reader derives the file it needs from a coordinate and a scale.



Resolution 6, —>  697 files

The ground floor is just your data

• 2.5M Massachusetts parcels, geometries untouched 

• One file per H3 cell, Hilbert-sorted inside 

• A cell with too many rows ? It splits into its children 

• Nothing clever yet, this is just decent partitioning





Going up : one file, one cell, seven rows
Seven-ish. It's H3, you know why…

• One row per child cell 

• Its geometry : the union of everything inside that child 

• Its columns : count, area_sum 

• Built bottom-up, each level from the one below





And it is still a table
Scale-aware geo-analytics

• Same answer from r3, with 27 rows 

• Counts and areas are exact at every level, only the shapes get approximate 

• Need the real parcels of one cell ? The file name is the WHERE clause

SELECT sum("count") FROM 'r4/*.parquet'; 

2,557,398 parcels      123 rows read      5 ms 



How does a reader find its way ?
Arithmetic, not an index

• Viewport gives meters per pixel 

• Pick the resolution where one 
cell is about 64 pixels wide 

• polygon_to_cells(viewport, res) 
gives the file names 

• One level at a time, re-planned 
on zoom like tiles do 

• One 24 kB JSON says which 
cells exist, for 855 files

viewport

rect + width in px

ground scale

metres / pixel

level

finest res with

edge / 64 px >= gsd

cells

polygon_to_cells
(rect, res)

files

r<res>/
<cell>.parquet

bytes

footer + the row

groups in the rect

Massachusetts, 1600 px wide

298 km / 1600 px 186 m/px r4 (407 >= 186) 27 cells 27 files 10 MB, 123 rows

Same state on a phone, 400 px

298 km / 400 px 745 m/px r3 (1078 >= 745) 7 cells 7 files 7.6 MB, 27 rows

Boston block, 1 km, 1600 px

1 km / 1600 px 0.6 m/px r6 = leaf (58 >= 0.6) 2 cells 2 files 2.3 MB, 6,684 parcels

No manifest, no directory listing. The descriptor (24 kB) is read once; then every file is addressed by name.



Same state, four levels



Three ways to climb
the method is written in the metadata
• Simplify : same rows, fewer vertices. Fine for lines or if you want to keep all features 

• Prune : keep the biggest, drop the rest. Fine for points, holes in the map for polygons 

• Dissolve (then simplify) : merge what's inside each child cell, then simplify the result. Keeps count 
and area. Made for polygons. 

simplify
same features, fewer vertices

Douglas-Peucker, tolerance = gsd / 2

auto picks it for: lines; fixes complexity

cadastral test: 224% overhead, 390 MB state view

prune
fewer features, largest first

keep 1/4 per level, largest first

auto picks it for: points; fixes count

cadastral test: 58% overhead, 78 MB state view

dissolve
union by child cell, summary attributes

count: 24

count, area_sum, then one simplify pass

auto picks it for: polygons; fixes both

cadastral test: 6% overhead, 10 MB state view



SIMPLIFY 
2,557,398 rows 
390 MB 



PRUNE 
159,861 rows 
78 MB



DISSOLVE 
123 rows 
10 MB



What H3 really gave us
Hexagons as plumbing…

• It is a file name 

• It knows its parent and its seven children : that's the pyramid 

• It is a GROUP BY key, at every scale

And the person looking at the map never sees a hexagon !

"What we did not have to build : no index file, no tile scheme, no lookup service"



What this is not
Let's stay humble…

• Not a replacement for vector tiles (like PMTiles). For a web map they are great, use them 

• Not a standard. One convention, one dataset, one reader (mine) 

• Not finished



Questions I don't have the answer to
Maybe you do…

• Should overviews live in the GeoParquet spec, or stay a convention or a specific 
implementation like this one on top of it ? 

• Hexagons, or any grid with parents and children ? I like hexagons for their regular pattern, six 
neighbors, all at the same distance. And honestly, irregularities don’t really matter here.  

• How to process many columns with different aggregation rules ? That can be painstaking. 

• Who writes the second reader ?



We wanted to see the map !
I hope you did…

• Thank you ! 

• GeoPQ Workbench, open source : https://github.com/gsueur/geopq-workbench  

• Guillaume Sueur, Geomermaids : gsueur@geomermaids.com

mailto:gsueur@geomermaids.com

