
Fusing Datasets

unified
database on 

dedicated 
server

Task Runtime (hrs)
outlet identification < 1 (GEE)

reach delineation 1-2

basin delineation ~24

basin aggregations (by outlet) ~48

gage mapping < 1

Lin reach mapping < 4

OSM name mapping ~48
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Model building

Forcing data and features

Use and Contact

VotE is not currently openly available, although we hope to eventually 
provide it via web portal. However, we are eager to pursue exciting 

ideas with collaborators. E-mail jschwenk@lanl.gov if you’re interested!

Rapid analysisWhat is VotE?

Why VotE?
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datasets containing “global” and “river” within earth sciences1

…but is it usable and trustworthy?

We are in an age of 
unprecedented data.

AI tech is poised to 
help us learn from 

abundant data.

…but are the data ready for AI?

1https://app.dimensions.ai/discover/publication, image from https://www.readspeaker.ai/blog/deep-learning-vs-machine-learning/

Data scientists know that the vast majority of effort to build AI models lies in the collection, 
curation, and alignment of data. Advances in AI insights are limited by data prep. VotE is an 

example of how we can synthesize datasets by mapping each to a common “grid.” It serves as a 
platform that enables multiscale, feature-rich model-building,  rapid dataset benchmarking, and 

is flexible to modfications and new data streams.

A fusion of global-scale, river-centric 
datasets and tools for rapid analysis and 
modeling frameworks

Our Vision
Create a scientific grade, functional, and 

information-rich livng map of the Earth’s surface 
water pathways without sacrificing precision for 

extent.
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networks + associated 
drainage areas

MERIT provides global, 
hydroprocessed DEM at 

90 m resolution

Step 1: outlets

N coastal : 331,299
N inland   :     9,692
N total      : 340,991

channelization 
threshold: 1 km2

Step 2: flowlines
1. Find all pixels draining into outlet
2. Keep those larger than DAthresh=1km2

3. If more than one upstream pixel is 
greater than DAthresh

• Halt and store the current reach 
and initialize two (or more) more

Else add pixel to current reach
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1. Start at downstream (+1) pixel of each 
reach.

2. Recursively find all pixels that drain to 
this one.

3. Exclude pixels that are the downstream 
end of other reaches.

Step 3: basins

Lovoni Island, Fiji

3km

Building the Backbone

Subbasin attributes
id_basin unique basin id, uses centroid pixel (if within basin)

id_outlet id of network outlet

inland_outlet True if outlet is not at ocean else False

id_reach id of reach into which subbasin drains

id_ds_node id of node into which subbasin drains

type ‘reach’ or ‘headwater’

area_km2 area of the subbasin

dateline_cross ‘east’, ‘west’, or null

Reach attributes
id_reach unique reach id, uses midpoint pixel

id_outlet id of network outlet

id_node_ds upstream reach node id

id_node_us downstream reach node id

inland_outlet True if outlet is not at ocean else False

length_km length of reach

drainarea_us_km2 drainage area at upstream end of reach

drainarea_ds_km2 drainage area at downstream end of reach

elevation_us_m elevation at upstream end of reach

elevation_ds_m elevation at downstream end of reach

slope d(elevation)/length

width_avg_merit_m if available, average of widths reported by MERIT

geom LineString as PostGIS Geography (4326) type

1:1

N = 2 million reaches

Attributes are stored 
along the way

Fiji
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coarsest resolution basins (largest independent basins)
finest resolution basins (approx. 1km2)
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Dam/reservoir nodes linked to global dam 
databases with various dam attributes and 

RealSAT reservoir area time series.

Gages linked to agency and agency gage 
ID for fetching streamflow time series.

Edges in the graph represent river 
reaches, with each edge having 

attributes (length, slope, width, etc.) 
aggregated from highest-resolution 

VotE flowlines.
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Any resolution (> 1km2) 
can be exported.

1 km2

Streamflow gages
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G1 upstream area
G2 upstream areaLumped basin models 

exportable at any locations.

Distributed models with in-
network features exportable.

• Free cloud supercomputing
• Hundreds of datasets, including

• CMIP5 models
• Satellite imagery (Landsat, 

MODIS, Sentinel, etc.)
• many, many more

• Can upload your own datasets
• Python API
• Not perfect for all use cases

Maps gridded data onto 
vector data (e.g. VotE 

subbasins)
ERA5-Land monthly 
mean temperature

VotE subbasins 
(~1km2)

River Names

Dams

Flowlines and basins Widths and 
Ephemerality

Lin et al., 2019, 2020

Streamflow 
gages
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Thanks to 
awesome 
developers!
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Sandoval County,
New Mexico 1 km
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OSM waterway
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Integrating streamflow gages and dams into VotE must be automated. 
Each gage or dam must be associated to a VotE reach. We use as much 

information as possible to ensure accurate mapping. For streamflow 
gages, typically location, catchment area, and name are provided.

However, sometimes mapping is ambiguous as shown in the example 
above.

Fusing linestring datasets (Openstreetmaps for river names shown 
here) is more complicated, but we can exploit the known topology of 

VotE networks to aid in mapping. 

Any river-centric geospatial 
dataset can be mapped into 

VotE, but it’s tricky to get right.
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Names 
mapped from 

OSM

Each dataset is ingested via a 
custom mapping function that 

pairs data to VotE ids.

Global or regional 
analyses can be 

performed in seconds.

ReaLSAT
reservoir time series

GOODD DAM_ID
1012430 

GRDC ID
4185300 

GRDC streamflow 
time series

Knowing river/waterbody 
names is important for 

ingesting other datasets.

VotE’s temporal component 
comes from features with time 
series (gages, reservoir areas) 

Navigating this poster
Why VotE? : Why VotE was conceived
Fusing datasets : Which datasets have we ingested, and how do we do it?
Building the backbone : How we generate river networks and associated drainage basins  om a global DEM
Rapid analysis : Global comparison of two independently-estimated width products using VotE
Model building : How VotE can export various river-watershed model frameworks
Forcing data and features : How we parameterize watersheds and generate forcing data
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