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Preface
Currently, the Montana Spatial Data Infrastructure (MSDI) Hydrography Framework and MSDI Hydrologic Units Framework are considered two separate themes.  A recommendation of this Plan is to consolidate the themes into one.  Here forth, the plan refers to MSDI Hydrography, encompassing hydrologic units (watershed boundaries) as part of the theme.
[bookmark: _Toc236120915]Executive Summary
The Montana Spatial Data Infrastructure (MSDI) Hydrography Theme Plan outlines a strategy to evaluate, enhance, and modernize Montana’s hydrography and watershed boundary datasets. Following the GIS Coordination Strategic Plan (2022), MSDI Theme Leads developed a structured data improvement process that uses defined data quality measures—including spatial accuracy, completeness, consistency, timeliness, update frequency, archive frequency, integrity, and relevance—to assess current conditions and prioritize improvements.
The Plan identifies a series of near‑term (3–5 year) goals informed through the Montana Hydrography Working Group. These goals focus on consolidating the Hydrography and Hydrologic Units themes, preparing for and transitioning to the U.S. Geological Survey’s (USGS) 3D Hydrography Program (3DHP), coordinating hydrography data development with elevation (lidar) acquisitions, and ensuring the future hydrography dataset better meets Montana’s business workflows and planning needs. Emphasis is placed on aligning elevation‑derived hydrography development with lidar acquisition timelines, improving statewide dataset consistency and positional accuracy, securing funding and partnerships to accelerate 3DHP completion, and ensuring relevance through detailed features and attributes, such as flow permanence, canals and ditches, culverts, and local naming,
The Plan also highlights heavy reliance on federal funding and the essential need for broad collaboration among federal, state, local, and tribal partners, as well as continued coordination through working group meetings. Because USGS 3DHP development is expected to take at least 5–10 years, Montana will experience a transition period in which existing NHD features and new 3DHP components must be managed together. The Plan remains dynamic, with anticipated modifications as progress, funding availability, and technological developments evolve.
[bookmark: _Toc236120916]Theme Definition and Description
[bookmark: _Toc236120917]The MSDI Hydrography Framework dataset is the high resolution (1:24K) National Hydrography Dataset (NHD) from the U.S. Geological Survey.  Hydrography includes surface water features such as lakes, ponds, streams, rivers, canals, and ditches.  The information is needed for analysis and modeling of water quality, water supply, pollution, flood hazard assessment, fish and wildlife, water rights, development, land suitability and site planning. Currently, MSDI Hydrography represents the final snapshot of the NHD completed in December 2023.  The theme will be transitioning to the new USGS 3D Hydrography Program (3DHP) model (in development over the next 5-10 years).  Goals needed to accomplish the transition are described in the sections below.

MSDI Hydrography includes the following geospatial layers:
	Surface Water Features
· NHD Flowlines (with flow direction) - The paths of rivers, streams, and other water flows. They describe where water moves across the landscape.
· NHD Points and Events  - Points mark specific water‑related features, such as springs, gauges, or dams.  Events are points that are linked to NHD flowlines so the features stay correctly positioned along a river or stream.
· Waterbodies - Standing or slow‑moving water features such as lakes and ponds.
· NHDArea -  Polygons of surface water features, such as an area of complex channels, spillway, or wash.  Larger rivers are also depicted as polygons.
· NHDLine - Linear features not core to the network, such as larger dams, levees, and rapids.


	Watershed Boundaries

	· Major Water Planning Basins
· Region (WBD HU2)
· Subregion (WBD_HU4)
· Basin (WBD_HU6)
· Subbasin (WBD_HU8)
· Watershed (WBD_HU10)
· Subwatershed (WBD_HU12)
· Watershed Boundary Line

	
All layers are vector, available statewide, and considered a “final snapshot” until new USGS 3DHP data become available.  The 3DHP model will introduce significant changes to MSDI Hydrography, including simplified schema compared to the NHD.

	


[bookmark: _Toc236120918]Hydrography Theme Testimonials 
State water planning relies on the hydrography dataset
Name, Agency
To be added
[Another Testimony here]
Name, Agency
To be added

[bookmark: _Toc236120919]The Plan (3-5 years)
Through the Data Quality Assessment Matrix (Appendix), Data Improvement Plan Table (Appendix), and holding MSDI Hydrography Working Group meetings (joint with the Elevation Working Group), near-term goals were identified. These objectives will be prioritized within the next three to five years. Progress on these items will be quantified within the Data Improvement Plan and reported back through the Working Group.
Goals are listed in no order of priority:
1. [bookmark: _Toc236120920]Consolidate MSDI Hydrography and MSDI Hydrologic Units
Seek Montana Geospatial Information Act Council (MGIAC) approval to consolidate the MSDI Hydrography and MSDI Hydrologic Units (aka watershed boundaries) themes. Although primarily an administrative change, combining the themes is logical and will improve communication and coordination because both datasets will ultimately be derived from the same high‑resolution lidar‑based elevation sources. Future development of hydrography and watershed boundary data will align with federal efforts through the USGS 3D Hydrography Program (also see Goals 6 and 7).
2. [bookmark: _Toc236120921]Develop a general strategy for statewide 3DHP data acquisition, including map(s) of collection areas, timelines, and cost estimates
Identify statewide priority areas for 3DHP data acquisition and compile existing lidar acquisition dates to determine gaps. Consider the following planning questions: Which major watersheds should be completed first?  What areas are underway and logical to continue building momentum?  How are watersheds prioritized? How can phases be arranged to align with funding, partner readiness, seasonal constraints, or technical dependencies? Develop draft maps illustrating proposed collection areas and coordinate with federal, state, tribal, and local partners to confirm interest, feasibility, and sequencing.  Create a multi-year timeline that aligns with the USGS 3DHP funding cycle. Prepare cost estimates for each phase of acquisition, including potential funding partners. Present the strategy and maps to the working group, other stakeholders, and technical experts (contractors) for feedback.  Use the strategy to focus outreach about MGIA, USGS, and other funding opportunities.
3. [bookmark: _Toc236120922]Ensure hydrography and elevation (lidar) planning, acquisition, and delivery are coordinated.  [This is a shared goal with the MSDI Hydrography Theme Plan].
Identify steps that can be taken to better align lidar acquisitions and hydrography data development.  Plan for hydrography data development to happen close to when new lidar acquisitions are completed so that the two datasets are consistent and in-sync (similar vintage).  Ensure lidar acquisitions comply with Elevation-Derived Hydrography (EDH) Specifications used by 3DHP for extracting hydrographic features.  Assemble a cross-functional team of elevation and hydrography stakeholders, such as continuing to hold joint hydrography and elevation working groups.  Set unified goals, objectives, and AOIs reflecting both elevation and hydrography priorities.  Identify funding strategies to secure and align resources. Continue to participate in the 3D Hydrography/Elevation Program For the Nation (3DHP and 3DEP FTN) NSGIC community and monthly info. forums to share concerns and lessons learned. 
4. [bookmark: _Toc236120923]Focus on business relevance
Ensure the future hydrography dataset meets most Montana needs, such as whole stream identifier, stream order, more stable version, higher-resolution, detailed canals and ditches, culverts, flow permanence, local names, and suitable cartographic display at various scales from statewide to local.  Review schema and crosswalk documentation for NHD to 3DHP.  For atleast the next 5-8 years, MSDI Hydrography will be a mix of NHD features and new 3DHP features.   What are the impacts of this transition period on users?  Assess where 3DHP falls short for Montana’s specific needs and identify alternatives—including features or attributes that may be better managed by the State or partner organizations.  A long-term vision for MSDI Hydrography and the Montana State Library’s Water Information System is the concept of “one hydrography” – a geospatial system that merges and standardizes disconnected water-related datasets.  Stay abreast of technical workflows and tools for linking (linear referencing) water-related data to MSDI Hydrography.
5. [bookmark: _Toc236120924]Provide webinar training and/or workshops about 3DHP, with an emphasis on Montana.
[bookmark: _Toc236120925]Develop targeted webinars that demonstrate how 3DHP data supports Montana-specific mapping and water planning needs.  Promote these sessions through existing state and local networks, such as the Hydrography Working Group and Montana Associate of Geographic Information Professionals annual conference, to ensure broad participation from agencies and GIS professionals across the state.
6. [bookmark: _Toc236120926]Let's get going and ​achieve statewide 3DHP as soon as possible.  Focus on finding partners and funding for 3DHP data development.
Adopt 3DHP as the new model standard for MSDI Hydrography.  Accelerate statewide 3DHP coverage by focusing less on technical work—largely handled by USGS and their contractors—and instead concentrate on collaboration and coordination to build partnerships and secure diverse funding.  Engage federal, state, tribal, and local stakeholders to leverage shared resources, broaden support, and position Montana to advance hydrography data acquisition efforts.  Aggressively pursue funding opportunities, such as applying annually to the USGS Data Collaboration Announcement for 3DHP.
7. [bookmark: _Toc236120927]Update (or advocate for) watershed boundaries that are based on lidar-derived elevation.
Montana (and the nation) currently lacks a plan for updating watershed boundaries, especially compared to the more defined path for hydrography.  Watershed boundary and hydrography updates should progress in parallel, each taking full advantage of high-resolution, high-detail elevation data derived from lidar. The Montana State Library should advocate for modern, elevation-based watershed delineations, ensuring consistency and alignment across the broader MSDI hydrography theme.
8. [bookmark: _Toc236120928]Make derivatives of the elevation-derived hydrography process, such as culverts, flow direction, and flow accumulation, available for additional purposes.
Identify derivatives and byproducts of the elevation derived hydrography process that may benefit multiple applications and use.  Prioritize products for distribution that are valuable from a statewide perspective to reduce duplication of effort (saving time and money) and ensure consistency in source data used.  Work with the USGS and their contractors to ensure deliverables meet Montana’s needs, which may require “buy up” beyond standard deliverables.
9. [bookmark: _Toc236120929]Document how 3DHP and the National Wetland Inventory complement one another.
[bookmark: _Toc236120930]3DHP and NWI provide complementary elevation‑aligned hydrography and authoritative wetland classification. Streamlined workflows are needed to reduce mapping duplication and improve geometric consistency between datasets. Better coordinated specifications and funding could strengthen alignment across future updates.  Evaluate potential advantages (and disadvantages) in unifying MSDI Hydrography and MSDI Wetland Riparian under a single, comprehensive surface‑water mapping framework.

[bookmark: _Toc236120931]Data Quality Measures
The data quality of MSDI Hydrography and watershed boundaries was assessed.  Data quality is a component of the value of data.  Because data quality directly affects usefulness, improving the quality improves the value of the data. 
[bookmark: _Toc236120932]Spatial Accuracy and Precision
Precision refers to how data values are stored and expressed. Spatial Accuracy describes if data values correctly represent the observed phenomenon which is subject to usage needs and measurement technologies.
At 1:24,000 scale, positional accuracy of the current hydrography dataset (NHD) is estimated to be within 40 feet of true ground position for 90% of features (National Map Accuracy Standard), at the time of mapping.  However, water features change over time, and flowlines can quickly become misaligned.   Spatial accuracy varies across the state.
Compared to the current hydrography dataset, future elevation-derived hydrography is expected to have improved positional accuracy.  While horizontal accuracy is not explicitly stated for elevation-derived hydrography, features will be derived from best source lidar which has a horizonal accuracy less than 1 meter (better than NAIP imagery) and vertical accuracy averaging less than 0.30 meters (~4-8 inches).  Elevations will be assigned to flowlines and waterbodies and will be accurate to within one foot.
Goal 6 is focused on improving the spatial accuracy of the hydrography dataset by adopting elevation-derived hydrography through the USGS 3DHP as the new standard.
[bookmark: _Toc236120933]Consistency 
Consistency highlights the similarities and differences between data that are stored in multiple datasets or databases.
The current hydrography dataset is inconsistent statewide—resolution, density, and vintage vary.  Some features were digitized using recent imagery, while other features remain largely untouched since the original paper topographic map (~1970s -1990s) to digital transfer.
The future hydrography dataset will shift from heads-up digitizing from aerial imagery to geoprocessing using high-quality, lidar-derived digital elevation models to map surface water flow.  All features statewide will be derived at the same scale following USGS 3DHP Specifications; thereby, greatly increasing statewide consistency compared to current practices.
Goals 6 and 7 focus on improving the consistency of the hydrography and watershed boundary datasets.
[bookmark: _Toc236120934]Completeness
Completeness is a measurement of whether the data are comprehensive and represent the required observations.
[bookmark: _Toc236120935]The current hydrography dataset is complete statewide.   USGS editing tools enforced completeness of required attributes and feature rules.  However, some areas are more “complete” than others (see Consistency section).  There are many errors of omission (e.g, an existing pond is not shown) and commission (e.g., a pond is shown that no longer exists).
The future hydrography dataset will be a complete statewide dataset, though the estimated timeline for completion is 5-10 years.  There may be additional features and attributes that need to be developed and maintained by Montana.
Goals 2, 3, 6, and 7 focus on completing 3DHP statewide.  Goal 4 targets additional features and attributes that may need to be maintained.
[bookmark: _Toc236120936]Timeliness
Timeliness is an assessment of the data’s update cycles and temporality to internal and external deadlines and reporting needs.
Presently, the currentness of features in the hydrography dataset range many decades. Future update cycles will depend on lidar acquisition (Goal 3).  Previously, the hydrography dataset could be updated where and when, as time allowed; whereas, the future hydrography dataset will be on a schedule depending on lidar acquisition and best available elevation data.  Currentness may continue to vary statewide but will be better known because a consistent data source is used.
[bookmark: _Toc236120937]Update Frequency
Update Frequency, an aspect of Timeliness, is defined by how often the data is updated.
The hydrography dataset is currently frozen (final snapshot), with no updates being made during the transition to the new hydrography model. Any necessary updates will need to occur on an ad hoc basis, be stored and maintained locally, and potentially be replaced once 3DHP is complete. For at least the next 5–8 years, MSDI Hydrography may consist of a mix of existing NHD features and new 3DHP features. The update frequency is expected to follow lidar acquisitions, approximately every 8 years.
Goals 2 and 3 focus on managing update frequency.
[bookmark: _Toc236120938]Archive Frequency
Archive Frequency is defined as how often the data are archived or how often a snapshot of the data is taken. Archive Frequency is another aspect of Timeliness.
An appropriate archive frequency for the hydrography dataset is annual where changes have been made to the dataset.
No goals were identified to address archive frequency.  Annual snapshots will continue.
[bookmark: _Toc236120939]Integrity
Integrity is an assessment of the data’s structure, schema, and maintenance workflows for accuracy, precision, consistency, completeness to meet a user’s needs and interoperability.
Future hydrography data development will follow national standards) maintained by the USGS 3D Hydrography Program:  Elevation-derived Hydrography (EDH) Specifications and 3D Hydrography Program (3DHP) Standards.
Goal 6 adopts 3DHP as the future standard for MSDI hydrography, and Goal 4 reviews schema and crosswalk documentation for NHD to 3DHP.
[bookmark: _Toc236120940]Relevance
Relevance refers to whether data are available, accessible, and meet the requirements for a given business use based on completeness, consistency, precision, accuracy, integrity, and timeliness.
The hydrography dataset is important for water quality assessment and classification, referencing water rights, mapping fish distribution, streamside management (e.g, buffers and setbacks), development planning, and flood-risk mapping.
Goals 1,  5, 8, and 9 focus on improving relevance of the hydrography dataset and watershed boundaries. Goal 4 introduces the concept of one hydrography for Montana.
[bookmark: _Toc236120941]In the Parking Lot
This section highlights items that have been identified through the planning process or within the working group meetings but were not included in the final plan.
Update frequency and archive frequency are in wait-and-see mode.  While a general target refresh of every 8 years (in line with elevation) is suggested, the goal highly depends on funding.   The initial focus of the plan is to achieve new baseline hydrography. 
An ideal archive would document river channel movement and changing waterbodie, enabling comparison of the current channel to past channels.  For example, an accurate channel centerline would be available every 5-8 years or more frequently for flood-prone areas.
Watershed boundaries are currently not provided at a finer scale than the 12-digit hydrologic unit level.  Hydrography Working Group members as well as past data requests received by the Montana State Library suggest watersheds at the 14-digit and 16-digit level may be desired.  Elevation-derived hydrography provides very fine-scale catchments that potentially could be aggregated into standardized, fine-scale hydrologic units.
It is unclear how edits can be made or suggested through the USGS 3D Hydrography Program.  Local input and revisions were important tasks for the state stewards of the hydrography dataset (NHD).  Incorporating local reviews and feedback will be important going forward too, though the path is unknown.
Flow duration classification regularly comes up as a need in discussions about hydrography data.  The NHD classified rivers and streams as perennial, intermittent, or ephemeral, but the future elevation-derived hydrography dataset may not.  The USGS 3DHP intends to provide a flow probability. These probabilities could potentially be translated to a flow duration classification, though the definitions of perennial, intermittent, and ephemeral vary amongst agencies.
[bookmark: _Toc236120942]High Level Schedule
Plan implementation (1-5 years)
	Goal
	Task/Notes
	Timeline

	
	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	1. Consolidate MSDI Hydrography & Hydrologic Units
	· Seek MGIAC approval
	X
	-
	-
	-
	-

	2. Develop Statewide 3DHP Acquisition Strategy
	· Map priority watersheds
· Compile timeline and estimates
	X
	X
	-
	-
	-

	3. Coordinate Hydrography & Elevation (Lidar) Planning
	· Align hydro and lidar acquisitions
· Maintain joint hydro/elev working groups
	-
	-
	
	
	

	4. Ensure Business Relevance of Future Hydrography
	· Evaluate 3DHP schema and crosswalk
·  Identify MT specific attributes
	X
	X
	X
	-
	-

	5. Provide Training (Webinars & Workshops)
	· Develop MT-focused 3DHP educational materials
	-
	-
	X
	X
	-

	6. Secure Funding & Partnerships for 3DHP
	· Pursue annual USGS DCA
· Build funding partnerships
	X
	X
	X
	X
	X

	7. Update / Advocate for Lidar‑Derived Watershed Boundaries
	· Promote lidar-based watershed delineation
	-
	-
	-
	X
	X

	8. Develop & Share Derivatives of Elevation‑Derived Hydrography
	· Identify derivatives with statewide value
	-
	X
	X
	X
	-

	9. Document Relationship Between 3DHP & NWI
	· Compare workflows and identify opportunities
· Evaluate advantages of combining Themes
	-
	-
	-
	X
	X


x – Working on task
[bookmark: _Toc236120943]
Theme Challenges
MSDI Hydrography is heavily reliant on the timelines, staffing levels, priorities, and funding levels of the federal government, namely the U.S. Geological Survey.  Previously, states had a role in editing the hydrography dataset and influenced when and where updates were made.  While this led to inconsistencies in the detail of the statewide dataset, it provided an avenue for incorporating local feedback and making changes.  Now, under the new 3D Hydrography Program model, hydrography data development is completed by contractors who submit the data to the USGS for review and inclusion in the 3DHP.  Providing or advocating for funding, finding partners, and taking advantage of USGS Data Collaboration Announcements (funding opportunities) are the primary ways to expedite the completion of 3DHP for Montana.  Bottomline, a significant investment (~$11M) from state, local, and tribal partners, is needed to make 3DHP happen for Montana in a reasonable amount of time (5-10 years).  Leaving the funding burden solely to the federal government likely leads to a much longer timeline for completion.
Goal 2 is about developing an acquisition strategy.  While an overarching strategy will help guide long-term momentum, staying flexible and ready for opportunities is still essential.  In other words, the acquisition strategy will likely follow the money:  who, what, where, and when funding is available.  The executed path will likely look very different than the initial strategy—and that’s okay.
As of the writing of this plan, there is no elevation-derived hydrography data (USGS 3DHP) available within Montana.  Some projects are in progress and are expected to be available late 2026/early 2027.  Until data become available, it is challenging to communicate and “show” what 3DHP provides and compare it with the current MSDI Hydrography and watershed boundaries.
[bookmark: _Toc236120944]Conclusion
Completion of the MSDI Hydrography Data Improvement Plan establishes a clear baseline understanding of the current condition of Montana’s hydrography and watershed boundary datasets. Through an organized assessment matrix and structured planning process, the Plan identifies major data quality issues and defines targeted actions that will improve how hydrography is developed, maintained, and delivered to users across the state.
The resulting near‑term goals provide a pathway toward higher‑accuracy, elevation‑derived hydrography aligned with national USGS 3D Hydrography Program standards. By coordinating hydrography and elevation data acquisitions, improving business relevance, and strengthening statewide collaboration and partner funding strategies, Montana is positioned to modernize its hydrography dataset.
As progress is made, updates will be communicated through the Data Improvement Plan table (Appendix), with regular working group meetings serving as the forum for tracking advancement, refining priorities, and incorporating stakeholder feedback. The Plan will continue to evolve to reflect emerging needs and opportunities to enhance Montana’s hydrography framework.
[bookmark: _Toc236120945]
Appendix
MSDI Hydrography Data Theme Quality Assessment Matrix
MSDI Hydrography Data Improvement Plan Table




