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A formal Coalition of organizations providing technology 
research, development, and socialization enabling the 
vision

The Internet of Water: A vision for modern water data 
infrastructure connecting water data across the US so that 
it is Discoverable, Accessible, and Interoperable

A community of practice implementing the ideas 
developed in the Coalition, sometimes formalized as 
projects

NLDI



Outline

• What is geoconnex

• What is the NLDI

• Piloting in New Mexico

• Future Work



Motivations

A free, 
open-source 

software suite that 
lets data providers 

automate the 
process of 

ingesting data, 
standardizing 
data, serving 

through an API, 
and serving 

relevant metadata

A water-specific 
search index that 

links data to 
geographic 
features like 

streams, 
watersheds, 
aquifers, and 
administrative 

boundaries

Guidance and 
basic data 

extraction tools 
that make it 

easier for users to 
access data from 
already existing 
hubs, such as 
Water Quality 

Portal

“As a user of water data, I need to discover and access water 
information relevant to the environmental feature I care about 
from all the organizations that hold data about it, so I don’t have 
to have special knowledge to access some information and so I 
don’t miss some potentially relevant information.”

Dave Blodgett (USGS)
Second Environmental Linked Features Experiment: 

(https://docs.ogc.org/per/20-067.html

https://docs.ogc.org/per/20-067.html
https://docs.ogc.org/per/20-067.html


Currently…

Like Internet Search 
Engines! 

Via links

A mix of structured and 
unstructured data

Dominated by USGS – 
administered systems

Dominated by state-wide 
views

Missing important topics 
and data providers



The Vision

Like Internet Search 
Engines! 

Via links

Stream-
flow

Precip- 
itation

Water 
Quality

Drinking 
Water 
Quality

Water 
Use

Water data carrboro nc 

Water data relevant to Carrboro, NC, 27510. Morgan Creek Watershed 

Streamflow near Carrboro NC

USGS Gages
Morgan Creek
Booker Creek

NC Department of Emergency Mgmt Gages
Station 1234B
Station 45x

Orange Water and Sewer Authority Gages
OWASA University Lake 

Data that is...
DISCOVERABLE
Spatially - indexed

Topically - organized

Site-level granularity

No prior knowledge of water data 
providers required

Haw River Keeper
OWASA University Lake 



geoconnex.us Community

• Funded By:

• Developed by: 

• Operated by:

• Data contributed 

(so far) by:



Authoring 
Guidance

Data user 
community

Indexer
Data 

Publishers

Enables

Used By

Used By

Influences

Influences



Workflow Vision (WaDE example)

Water 
diversions time 
series data

Dashboard

I want all real-time, historical, and model/forecast data from hydrologically relevant 
in the past 30 days regarding:
• Precipitation
• Diversion
• Flow/stage
• GW Pumping



Workflow Vision (WaDE Example)

Water 
diversions time 
series data

Network 
Linked 
Data 
Index

*Diversion Sites
*Monitoring Locations



Workflow Vision (Development by WaDE)

Water 
diversions time 
series data

*WaDE Diversion Sites
*Monitoring Locations

Network 
Linked 
Data 
Index



Workflow Vision (WaDE Example)

Water 
diversions time 
series data

*WaDE Diversion Sites
*Monitoring Locations

Network 
Linked 
Data 
Index

geoconnex 
knowledge 

Graph



Workflow Vision (WaDE Example)

Water 
diversions time 
series data

*WaDE Diversion Sites
*Monitoring Locations

Network 
Linked 
Data 
Index

geoconnex 
knowledge 

Graph

USGS 
data 

services

NM
data 

services



Real-world feature/location of 
interest 

Observed or 
Modeled Data

about

Hydrologically 
related

Real-world feature/location of 
interest 

Geoconnex – enabling conditions for a knowledge graph of 
water-related data without centralizing data governance and 
storage

about

Observed or 
Modeled Data



Real-world feature/location of 
interest 

Observed or 
Modeled Data

about

Hydrologically 
related (eg 
“upstream”) Real-world feature/location of 

interest 

Geoconnex – enabling conditions for a knowledge graph of 
water-related data without centralizing data governance and 
storage

about

Observed or 
Modeled Data

Real-world feature/location of 
interest 

Real-world feature/location of 
interest 

Real-world feature/location of 
interest 

“upstream”

“upstream”

“SW/GW interaction”



Real-world feature/location of 
interest 

Observed or 
Modeled Data

about

Hydrologically 
related

Real-world feature/location of 
interest 

Geoconnex – enabling conditions for a knowledge graph of 
water-related data without centralizing data governance and 
storage

about

Observed or 
Modeled Data

How do we enable computers to 
infer and leverage relationships 
between heterogeneous online 
data?



Real-world feature/location of 
interest 

(URL) identify
identify

(URL)

Hydrologically 
related

Real-world feature/location of 
interest 

Requirement 1: All sites and environmental features should have 
universal, persistent identifiers



Real-world feature/location of 
interest 

(URL)

point to

identify
identify

(URL)

Landing page

Hydrologically 
related

Real-world feature/location of 
interest 

Requirement 2: Each individual persistent identifier should 
resolve/point/redirect to an individual landing page (webpage) 
about the identified feature



Real-world feature/location of 
interest 

Structured/Linked Data 
(JSON-LD)

(URL)

point to

identify

include

describe
identify

(URL)

Landing page

Hydrologically 
related

Real-world feature/location of 
interest 

Requirement 3: Landing pages should embed structured 
metadata, describing the feature…

HY_Features
SOSA/SSN
schema.org



Real-world feature/location of 
interest 

Structured/Linked Data 
(JSON-LD)

(URL)

point to

identify

include

describe

Include 
links to

identify

Include 
links to

Observed or 
Modeled Data

about
(URL)

Landing page

Hydrologically 
related

Real-world feature/location of 
interest 

Requirement 3: Landing pages should embed structured 
metadata, describing the features…

And linking to relevant data sources and the persistent identifiers 
of related features



https://geoconnex.us 

https://geoconnex.us/sitemap.xml  

Reference
Features 

Special features common 
across organizations (e.g. 
NHD, mainstem rivers, PLSS, 
HUCs, census geographies)

(persistent identifier registry and resolver)

https://geoconnex.us/
https://geoconnex.us/sitemap.xml


https://geoconnex.us 

https://geoconnex.us/sitemap.xml  

Reference
Features 

Organizational
Monitoring 
locations

Embedded
JSON-LD

(persistent identifier registry and resolver)

Datasets

”I am a gage”
“I’m from USGS”
“I am on this spot on NHDPlusV2 
“USGS has near-real-time data here formatted like so

”I am a model point of interest”
“I’m from USBR”
“I am on this spot on NHDPlusHR, 
“USBR has model data here formatted like so

https://geoconnex.us/
https://geoconnex.us/sitemap.xml


https://geoconnex.us 

https://geoconnex.us/sitemap.xml  

Reference
Features 

Organizational
Monitoring 
locations

Embedded
JSON-LD

docs.geoconnex.us
JSON-LD guidance, templates, schemas, vocabularies. 
Derived from SELFIE (HY_Features, schema.org, SOSA/SSN)

(persistent identifier registry and resolver)

https://geoconnex.us/
https://geoconnex.us/sitemap.xml


https://geoconnex.us 

https://geoconnex.us/sitemap.xml  

Reference
Features 

Organizational
Monitoring 
locations

Embedded
JSON-LD

harvest.geoconnex.us

Knowledge graph
(graph database)

APIs

docs.geoconnex.us
JSON-LD guidance, templates, schemas, vocabularies. 
Derived from SELFIE (HY_Features, schema.org, SOSA/SSN)

(persistent identifier registry and resolver)

search.geoconnex.us
graph.geoconnex.us
reference.geoconnex.us

https://geoconnex.us/
https://geoconnex.us/sitemap.xml


https://geoconnex.us 

https://geoconnex.us/sitemap.xml  

Reference
Features 

Organizational
Monitoring 
locations

Embedded
JSON-LD

harvest.geoconnex.us

Knowledge graph

APIs

docs.geoconnex.us
JSON-LD guidance, templates, schemas, vocabularies. 
Derived from SELFIE (HY_Features, schema.org, SOSA/SSN)

(persistent identifier registry and resolver)

Datasets ”I am a reference location”
“I am on this spot on NHDPlusV2, 
and this one on NHDPlusHR”
“USGS has near-real-time data here”
“USBR has model data here”
“NM OSE has other data upstream here”

https://geoconnex.us/
https://geoconnex.us/sitemap.xml


What is the NLDI?
• A RESTful application programming interface (API) 

in front of the NHD (NHDPlusV2 for now, HR support 
eventually)

• An open-source project with the codebase available 
at https://github.com/internetofwater/nldi-services 

• Hosted by USGS

• https://labs.waterdata.usgs.gov/about-nldi/index.h
tml 

• Anyone can contribute!

https://github.com/internetofwater/nldi-services
https://labs.waterdata.usgs.gov/about-nldi/index.html
https://labs.waterdata.usgs.gov/about-nldi/index.html


NLDI – How to use

HTTP GET requests -> 

                     Receive GeoJSON -> 

                               Use in analysis, GIS software, custom web applications

Swagger docs: 
https://labs.waterdata.usgs.gov/api/nldi/swagger-ui/index.html 

https://labs.waterdata.usgs.gov/api/nldi/swagger-ui/index.html


NLDI and Geoconnex – Emerging applications 
in New Mexico





https://labs.waterdata.usgs.gov/api/nldi/linked-data/comid/postion?coords=POINT(-104.34_33.68)



https://labs.waterdata.usgs.gov/api/nldi/linked-data/comid/20805609/navigation/DM/flowlines?distance=3000



https://labs.waterdata.usgs.gov/api/nldi/linked-data/comid/20805609/navigation/UM/flowlines?distance=500



https://labs.waterdata.usgs.gov/api/nldi/linked-data/comid/20805609/navigation/UT/flowlines?distance=500



https://labs.waterdata.usgs.gov/api/nldi/linked-data/comid/20805609/navigation/UT/wade?distance=500



https://labs.waterdata.usgs.gov/api/nldi/linked-data/comid/20805609/navigation/DM/nwissite?distance=3000

https://labs.waterdata.usgs.gov/api/nldi/linked-data/comid/20805609/navigation/DM/nmwdi-st?distance=3000



Each point in the NLDI has a URI which should point to a page where source information is available
Example: https://geoconnex.us/wade/sites/NMwr_S80586 

https://geoconnex.us/wade/sites/NMwr_S80586




USGS uri NMWDI/OSE uri

Current work w/ NMWDI



USGS uri (JSON-LD) NMWDI uri (JSON-LD)

Current work w/ NMWDI



USGS uri (JSON-LD) NMWDI uri (JSON-LD)

Link to SensorThings API endpoint 
for measured streamflow

Link to SensorThings API endpoint for measured 
withdrawals/pumping/groundwater levels

Current work w/ NMWDI



Current work w/ 
NMWDI

NMWDI uri (JSON-LD)

Link to SensorThings API endpoint 
for measured streamflow

Link to SensorThings API endpoint for measured 
withdrawals/pumping/groundwater levels

GOAL: Single piece of software can read/chart/download 
observation data from any compliant provider without knowing 
anything about them ahead of time



OGC/WMO Water Quality Interoperability Experiment
- Standardize water quality data exchange formats
- Pilot use of SensorThings API for Water Quality sensors (time series) 

+ samples 

Future work



Semantic search on top of NLDI-based search 

Future work



More participation in the system
- USBR RISE
- Oak Ridge National Lab + National Hydropower Association 

(hydropower data)
- Texas Water Development Board
- Others??

Future work



Thank you

• Geoconnex Documentation at https://docs.geoconnex.us 

• Reach out about Geoconnex at

https://github.com/internetofwater/geoconnex.us

• NLDI Documentation at https://labs.waterdata.usgs.gov/about-nldi/index.html 

• Reach out about NLDI at https://github.com/internetofwater/nldi-services 

Kyle Onda (Lincoln Institute): konda@lincolninst.edu 

David Blodgett (USGS): dblodgett@usgs.gov 

https://docs.geoconnex.us/
https://github.com/internetofwater/geoconnex.us
https://labs.waterdata.usgs.gov/about-nldi/index.html
https://github.com/internetofwater/nldi-services
mailto:konda@lincolninst.edu
mailto:dblodgett@usgs.gov


RESERVE TUTORIAL SLIDES










































































