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Presenter Notes
Presentation Notes
These slides are recycled from a recent presentation we to the National States Geographic Information Council’s monthly forum on the 3D Hydrography Program. I am a state government member of NSGIC through the Department of Water Resources. Leading the hydrography stewardship program of California is my full-time job, as DWR receives ongoing support from the state’s general fund to maintain and improve the mapping of surface waters specifically in partnership with the USGS National Map. Our team includes Joel Osuna Williams with the Center for Geospatial Science and Technology at California State University, Northridge, and Erik Fintel with the geographical Information center at California State University, Chico. 

https://youtu.be/mAzdONLqXz4


NHD Stewardship Partners
Editing work is done via Interagency Agreements with sub-stewards

Geographical 
Information Center 
at California State 
University, Chico

Center for Geospatial Science 
and Technology at California State 

University,  Northridge

Other partners, to date:

• CA Department of Fish & Wildlife – Funding to add CA Streams and CA Lakes to NHD
• CA State Water Resources Control Board – Linked Water Rights & Water Quality Data to NHD
• U.S. Forest Service – Trained editors improved data for USFS lands 
• Los Angeles County Public Works – Added stormwater connectors to fill urban area void
• Marin County Collaborative – Funded LiDAR, Imagery, Veg Mapping, and Elevation-Derived Hydrography

• Redwood National and State Park – Trained interns as editors to add density and accuracy

Presenter Notes
Presentation Notes
To borrow from an old proverb, it takes a village to maintain this integral part of our national spatial data infrastructure.  Shout out to Carol Ostergren and Drew Decker, our USGS geospatial liaisons, for encouraging and supporting us in getting the program underway. Back in 2013 USGS provided a grant for a pilot project to train these University research centers in the USGS tools and methods for editing the NHD and the Watershed Boundary Dataset. The initial partnership with them has worked out delightfully well. These centers, working cooperatively, have established cost-efficient editing production shops while providing paid employment and valuable GIS work experience for students.  But there have been other partners along the way. 

https://www.nspdc.csuchico.edu/#/gic
https://www.csun.edu/center-for-geospatial-science-technology
https://www.csun.edu/center-for-geospatial-science-technology


Relationship with CA DWR and NHD

• NHD substewards since 2013
• Multiple partnerships and NHD projects
• CA DWR partnership and NHD 

stewardship since 2016
o Main Goals:
Statewide comprehensive 

updates
Awareness and engagement

• Expertise in California hydrography and hydrographic 
representation in geospatial data
o Authored and implemented hydrographic 

editing business rules for NHD in CA
USGS and USFS-supported
Collaborated with many, many stakeholders 

to get their local knowledge and input into 
the NHD

• Moving away from NHD and toward 3DHP

Presenter Notes
Presentation Notes
I want to talk briefly about our background and experience with the National Hydrography Dataset (the NHD).We have been official editors of the NHD for over 10 years.Across those 10 years, we have had around 10 separate projects focused on improving and maintaining the NHD in California and other states in the southwest.And over the last 5 or so years, we have been partnered with CA Department of Water Resources under the official state NHD stewardship program.The main goals of this effort have been to comprehensively update NHD at a statewide level and to also spread awareness of the NHD and encourage end user and stakeholder engagement.Through all of this work, we have built up more than a decade’s worth of expertise in hydrologic mapping in CA.This has allowed us to become more aware of standards and challenges pertaining to the needs of the state’s hydrography and its different landcover types.We built up standards and rules for editing the NHD which sit on top of the standards USGS has set for the NHD.In addition, bringing end users and stakeholders to the table has allowed us to grow a bank of knowledge regarding issues stakeholders have identified with the data and how their local knowledge of the hydro can help mold and shape the NHD to make it better and more usable data product.We are now moving away from NHD and towards a new program that the USGS is standing up: the 3D Hydrography Program (3DHP).



https://data.cnra.ca.gov/dataset/
national-hydrography-dataset-nhd

Presenter Notes
Presentation Notes
JANE – The public portal to our program is a page on the CA Natural Resources Agency Open Data site. This is a sample of the many links to the USGS pages and data access sites, our California Business Rules, a list of the reference datasets we’ve used, a link to the quarterly Hydrography Stewardship progress reports that I’ve delivered to the CA Geographic Information Association Community Council, a copy of our Memorandum of Understanding with USGS, a copy of the USGS “End of NHD Editing” letter, several California NHD derivative cartographic products in file geodatabase, shapefile, and geopackage format, and a join table that contains FType descriptions for use with the shapefiles and geopackage products. 

https://data.cnra.ca.gov/dataset/national-hydrography-dataset-nhd


National Hydrography 
Dataset is now static.

Final version of NHD
and

Initial 3DHP version 
to be published 

9/30/2023

Presenter Notes
Presentation Notes
September 30, 2022 we received a letter from USGS that dramatically changes our work plan . We are proud of what we’ve achieved with the 140 HUC 8’s that overlap California. The number of edits performed by DWR staff, by the CSU centers, and our other stewardship partners is in the hundreds of thousands. In the days we have left before June 30, we’ll have applied thousands of adjustments to the Watershed Boundary Dataset. We’ve added missing GNIS names to NHD features, and even got some new names added to the GNIS. We’re making progress on the EDH pilot. We will test our tools and methodology on the varied landscapes that make up California and move forward, seeking opportunities for the public private partnerships while doing a fair amount of the EDH work in-house.  We plan to pursue the Cooperative Agreements route with USGS for 3DHP to the extent feasible and are cooking up ideas for hydro-addressing external data to the NHD and eventually the 3DHP.  



3DHP OPPORTUNITIES
Public-Private Partnerships

Modeled on 3DEP
EDH is a LiDAR Derivative 

Product that LiDAR 
vendors can produce
Federal-State-Local cost 

sharing
Example: Marin County 

Collaborative

Cooperative Agreements

Funding available from 
USGS
Can help DWR + GIC + 

CGST continue EDH 
development 
Partners can learn DWR 

methods and work on their 
own AOI



USGS on the 3D Hydrography Program
https://www.usgs.gov/national-hydrography/3d-national-topography-
model-call-action-part-1-3d-hydrography-program

•Bureau of Land Management (BLM)
•Bureau of Reclamation (BOR)
•Environmental Protection Agency (EPA)
•National Oceanic and Atmospheric Administration (NOAA) / National Weather 
Service (NWS)
•National Park Service (NPS)
•Natural Resources Conservation Service (NRCS)
•U.S. Army Corps of Engineers (USACE
•U.S. Census Bureau
•U.S. Fish and Wildlife Service (USFWS)
•U.S. Forest Service (USFS)
•U.S. Geological Survey (USGS)

3DHP Working Group

(governance)

https://www.usgs.gov/national-
hydrography/3d-hydrography-program-
working-group

https://www.usgs.gov/national-hydrography/3d-national-topography-model-call-action-part-1-3d-hydrography-program
https://www.usgs.gov/national-hydrography/3d-hydrography-program-working-group


LA County Elevation Derived Hydrography (EDH) 
Project: Overview

Overarching Goals
• Develop EDH Workflows
• Develop EDH Toolsets
 Building New Efficiencies
 Incorporating Customization

• Develop Documentation
• Produce EDH
 3DHP Compliance

Tool/Process 3
For Loop Iteration

Linework Input 
Parameters

DEM Input 
Parameters

Tool/Process 1
Derive Streams as Line (ESRI)

Tool/Process 2
Thin Hydrology Lines (ESRI)

Linked Toolset for Processing

Presenter Notes
Presentation Notes
JoelWe have now wrapped up NHD improvement work and are transitioning to an elevation derived hydrography (EDH) and 3DHP focus.We are currently working on an LA County EDH Project and have several goals in mind.We want to:Develop EDH workflowsDevelop EDH toolsets by building new efficiencies and incorporating customization where neededThis means weaving tools in the posses together into toolsets or toolboxes so they can be shared and used by others.Developing documentation on the workflows and tool as well as lessons learned.And of course, producing EDH that aims to be USGS EDH compliant and 3DHP compliant or compatible.



Los Angeles County EHD Project: Overview
Overarching Goals (cont’d)

• Leveraging established expertise from 
NHD Program
 Parallels between NHD and 3DHP
 Knowledge of the state’s 

hydrography
 Quality and consistency beyond 

common standards
• Share all deliverables with DWR and 

the public
• Engage with stakeholders and partners

 LA County Public Works
 ESRI Water Resources Contacts
 USGS

• Assist CA DWR to transition their NHD 
Program to a 3DHP Program

3DHP for CA

Open

Collaboration
Sharing

Mutual Benefits

Transparent
Efficiency Building

Partnerships

Presenter Notes
Presentation Notes
JoelWe also really want to leverage established expertise and trained staff to pull from what has been learned from over a decade of working with NHD and CA hydrography.One important aspect DWR and we share is making all our deliverables transparent and public.This includes data deliverables, documentation, workflows, and tools.In doing this, it really serves as an invitation to the stakeholders and end users of these products.We want to give those that are interested in doing this themselves the opportunity to do so.If they can’t, we want to give them a chance to come to the table and provide feedback on our tools and methods so we can continue to improve our tools and workflows and, through DWR, produce and share the best data products we can.So far, we have engaged with:LA CO Public WorksESRI Water Resources TeamUSGSAnd finally in doing all this work, we are helping DWR transition their NHD Program into a 3DHP Program.



Project Area
• 8 participating HUC10 watersheds
• Wildland/forest area focus
• Dense urban areas excluded
• ~1,050 sq. km total area

More challenging areas will be included 
in future work!
Areas with high tree canopy cover
Flat areas with agriculture
Arid areas

LA County 
Landcover Type

Urban
Wildland

Participating HUC10 Watersheds:

1807010602 1807010603
1807010604 1807010605
1807010606 1807010700
1807020307 1809020804

Presenter Notes
Presentation Notes
JoelOur current project area covers the wildland and forested sections of the southern half or so of LA County.This equates to about 8 partial HUC10 watersheds and about 1,050 sq. kilometers.We are intentionally excluding dense urban areas as those require a different workflow to address stormwater runoff and other urban hydro features. However, we are looking to include and take on work in urbanized areas in the future.Additionally, we are looking at addressing more challenging areas including those with high tree canopy cover, flatter areas with agriculture and human modification, and arid areas in CA.There is a lot that we have learned and a lot of expertise that has been built up in improving the NHD in these types of areas that we feel can be transferred over to EDH workflows, so we are looking forward to tackling these types of areas in the near future.



EDH Process: Overview

Raw DEM Hydro-
Conditioned DEM

Extracted Hydro 
Features

QL1 or QL2 LiDAR
3DEP (USGS)

Workflow Testing California

Presenter Notes
Presentation Notes
JoelBefore I hand it off to Erik, I did want to briefly provide an overview of the elevation derived hydrography process.We start with high quality LiDAR at quality level 1 or 2. Usually obtained from USGS’ 3DEP program.For this project we are using what is available through 3DEP, which is mainly QL2 LiDAR.We are able to generate a DEM from the LiDAR.Then we hydrocondition the DEM in order to prep it for feature extraction.And then we preform the feature extraction from the DEM.Now this is very, very simplified and just meant to give you all a general idea as to what goes into the process.



Mill Creek Watershed 
(HU12: 180701050102) 

in central LA County

Presenter Notes
Presentation Notes
JoelOur workflow looks something like this so far.There are many more steps and while most of this is automated, there is a good chuck that requires manual review, manual edits, and hydro expertise. And not just basic or foundational expertise of hydrography, but again, really knowing the region’s hydrography goes miles in reviewing, validating, and updating the outputs that the machine produces.In the latter part of the workflow is where are also work to make the data EDH compliant and address 3DHP components, such as making the data 3D.With that, I am going to hand it off to Erik who will talk about some of the challenges we have encountered and the solutions we have implemented.



Elevation Derived Flowlines

Presenter Notes
Presentation Notes
ErikWhen I talk to peers about EDH I typically get a response that sounds something like this. “It’s water, it flows downhill, how hard can it be to model/extract that? I mean look at this image, it looks simple right?Well, the accuracy of those types of statements really depends on where in the process you start your project. Are you working with a vendor that is providing you with a hydro-flat and hydro-conditioned DEM? Do you have great reference data, and are you working in small areas. It becomes a lot more difficult to do a EDH when you are working from LiDAR or RAW DEM’s and across broad areas of a varied geography. For our purposes, we are making the assumption that folks may have to start from LiDAR or raw DEM’s. We want our toolsets to be able to work with all of the previously collected QL 1 and QL 2-level data. We want these tools to be scalable, working with whatever stage of data you may have.In the next few slides, I will focus briefly on how we try to automate the processing of raw DEM’s and how we are working towards taking our EDH product to 3DHP standards.



Hydro-Conditioning

Raw DEM Hydro-Conditioned DEM

Presenter Notes
Presentation Notes
So I mentioned Hydro-conditioned DEM in the previous slide. What exactly is that? Well, I found this definition from a quick google.“Hydrologic conditioning refers to the modification of topographic data in a raw or “bare earth” DEM through a series of GIS processing steps to more accurately represent the movement of water across the landscape.” (Definition provided by the International Water Institute). The key thing in this definition, to me at least, is to accurately represent the movement of water across the landscape. A raw DEM will not typically do this for you because it may have barriers on it such as roadbeds, as you can see here. You may also hear the term hydro-enforced, which for our purposes is the same thing.



Solving for Barriers

Flowifluousness  is the internal term we use to describe 
the iterative modeling of flow. From our perspective, it is 
an enjoyably redundant play on words.
flowifluousness -
"in a flow state and flowing" 
or
"flow in a state of flowing"
flow: Old English flowan "to flow, stream, issue; become 
liquid, melt; abound, overflow
fluous: from the latin fluus “flowing,” a derivative of fluere
“to flow.
The suffix "-ness" means "state : condition : quality"

Presenter Notes
Presentation Notes
The hydro-conditioning is almost always considered an iterative process. And by that I mean that it will take several passes of processing the DEM to get it in the condition we want. This flowchart is our general process from start to end. The large highlighted set of steps is what we consider the iterative steps of the conditioning process. This section is also where the bulk of the effort is in creating EDH, both in automation and manual corrections. Your EDH output is not going to be any better than the input of the DEM. In short, the iterative process include….1)  The building of drains and flowlines through an automated process, 2)  The manual QC of the resultant flowlines The manual addition and editing of drains as needed. Rinse and repeatEach iteration creates a better hydro-conditioned DEM by burning in both the automated and manual drains to the DEM. After several iterations, we have a proper hydro-conditioned DEM that models surface flow regardless of barriers that were on the raw DEM. Our goal is to reduce the number of manual corrections through automated processing.



Common Barriers

• Barriers can include
• Roadbeds/Culverts
• Dams (small and 

large)
• Very small bridges (rare)

*Credit: After Wildfire NM

Presenter Notes
Presentation Notes
So what kind of barriers are we trying to remove in the hydro-conditioning process?Typically they are some type of human-made feature that alters flow on a raw DEM. They can include Roadbeds/culverts (most common), Dams, and occasionally small bridges. There are others to be sure, but these are the most frequent types we see.As you can see on this slide and in more detail on the slide to follow, we have a roadbed with a culvert where water should flow. In the raw DEM it would pool at this location. So we need to solve this barrier.



Automation to Solve for Barriers

Presenter Notes
Presentation Notes
If we tried to derive hydrography on this raw DEM, the stream would be blocked by the roadbed. Pooling up until it finds a path to drain. That path is often is parallel to the road and occasionally across the road at some low elevation point. This would be deemed an error as the path flows under the roadbed through a culvert.In our iterative process that I mentioned earlier, we first try to resolve the issue using an automated process that involves road layers, buffers, and high/low side-of-road features. It identifies the barrier where the water begins to pool and steps out, using that data, to identify the lowest elevation adjacent to it and most importantly on the other side of the obstruction. Once it has done that, the tool will create a drain through the barrier to allow the water to flow.This process can be used for other types of barriers, using appropriate data of course. In the case that the automation can’t solve the barrier, the QC staff will identify the error and can manually create a drain by drawing in the correct path across the barrier. The next iteration of the process will include this solution and burn it into the DEM.



Automation to Solve for Barriers

Presenter Notes
Presentation Notes
In this example, we successfully resolved the issue with our automated process, creating a drain across the roadbed. You can see that the derived hydrography is no longer blocked by the roadbed and flows across the landscape as it should. In testing, our automation has success rates that range from 80 to 90%. The key factor in the success rate is the road network we use. Were we have complete networks for all active and retired roadbeds, we have higher success rates.



Extracting Z Values

• Points collected in 3D point, pointZ
• Lines collected in 3D line, polylineZ

• Stream/river lines shall have a downstream 
gradient with each vertex having the same or 
lower elevation value than the preceding 
vertex.

• Polygons collected in 3D polygon, polygonZ
• Lake/ponds and reservoirs shall be flat and level 

with a single elevation value for every shoreline 
vertex

*Credit: ESRI

Presenter Notes
Presentation Notes
Once we have a clean EDH network that meets our standards, the next step in our process is an effort to take the EDH data and progress it toward a 3DHP provisional or compliant product. One of the key differences between these two items is the incorporation of Z or elevation values. These Z values must be populated for points and every vertex for lines and polygons. Further, these Z values must comply with strict rules. As an example, StreamRiver lines must have a downstream gradient, with each vertex having the same or lower elevation than the preceding vertex. There are lots of Z values rules, so if you want to know more please see the links at the end of the presentation.



Quality Control

• QC Process
Takes advantage of our previously 

trained NHD editors that know and 
understand NHD features and rules 
for manual QC
Implement automated QC that flags 

potential issues for manual review
Use Geomorphons for 

omission/commission
Pourpoint check and enforcement *Credit: ESRI

Presenter Notes
Presentation Notes
Both automated and manual QC are critical parts of the EDH process. 1) As part of that manual process, we have the luxury of using staff and student interns that have been working on our traditional NHD update projects for the last several years. We leverage their combined NHD experience in the review process to catch and fix errors. 2) We use automated QC processes to flag potential errors for manual review. These include Pooling locations, Drain locations, and Z Value Integrity3) We use Geomorphons landforms for additional omission/commission checks4) We run Pourpoint checks to validate or flag issues with the network connectivity



Next Steps for the Project
Deliver Provisional EDH data and build toward meeting 3DHP 

hard requirements

Continue engagement and outreach 

Additional EDH pilot projects in varied topography types

Continue working with ESRI regarding tool improvement and 
process enhancements
Deep learning for better roadbed capture
Build out utility to automate the use Geomorphons

Present results at ESRI UC in July

Continue to provide experience and training for students in EDH

Tool Suite Building

Innovation
• More Efficient QA/QC 

Methods
o Geomorphon

Integration
• Deep/Machine 

Learning Methods
• Further Engagement 

with USGS and ESRI

Presentations
• ESRI UC: July, 2023: 

San Diego, CA

More to come!

Presenter Notes
Presentation Notes
Deliver the provisional EDH data for inclusion as part of the first efforts for 3DHP data and work towards full 3DHP compliance.Continue to work to build publicly available tools that will produce data and attributes that meet 3DHP hard requirements. These include Z values and rules, proper resolution and delineation. 3) Test our tools in new project areas with varied topography types4) We want to continue to leverage and work with ESRI regarding tool improvement and process enhancements. ESRI has been very helpful to us, providing suggestions and possible solutions to some of our roadblocks. 5) We will continue to build on our Deep Learning for road enhancements. As we know, there are large portions of the California mountains that are in private ownership that do not have good road data or culvert data. We want to be able to create our own robust roadbed data (active and retired) as our current process is heavily reliant on that data.6) Build out tools for automated omission/commission QC using Geomorphons. Determine if there are other automated ways to include Geomorphons in our workflows.7) Present our experience from our first project at the UC in July (hopefully)! Talking about struggles and successes with the toolset.8) Continue to provide students and recently graduated staff with training and experience in EDH to help prepare them for the job market.



Let’s Talk about  3DHP OPPORTUNITIES
Public-Private Partnerships

Modeled on 3DEP
EDH is a LiDAR Derivative 

Product that LiDAR 
vendors can produce
Federal-State-Local cost 

sharing
Example: Marin County 

Collaborative

Cooperative Agreements

Funding available from 
USGS
Can help DWR + GIC + 

CGST continue EDH 
development 
Partners can learn DWR 

methods and work on their 
own AOI



Thank you!

Joel Osuna-Williams
joel.osuna@csun.edu
Center for Geospatial Science and Technology
CSU, Northridge

Erik Fintel
efintel@csuchico.edu
Geographical Information Center
North State Planning and Development Collective
CSU, Chico

Jane Schafer-Kramer
jane.schafer-kramer@water.ca.gov
Geographic Data Specialist 
Department of Water Resources, Division of Planning

Presenter Notes
Presentation Notes
Jane

mailto:joel.osuna@csun.edu
mailto:efintel@csuchico.edu
mailto:jane.schafer-kramer@water.ca.gov
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