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Executive Summary
The MSDI Elevation Theme Plan outlines Montana’s strategy for improving statewide elevation data quality. Building on the 2022 GIS Coordination Strategic Plan, the Montana State Library (MSL) evaluated current lidar‑derived elevation datasets using eight data‑quality measures—accuracy, precision, completeness, consistency, timeliness, update and archive frequency, integrity, and relevance. 
The plan identifies twelve goals for the next 3–5 years. These include completing statewide, baseline USGS‑specification (QL 2) lidar; stabilizing and expanding public elevation web services; increasing self‑service data access; improving documentation and metadata; coordinating elevation and hydrography workflows; collaborating to include state‑acquired lidar in the USGS National Map; and better supporting tribal priorities. Future‑focused goals emphasize transitioning toward higher‑density QL1 lidar, developing refresh strategies for statewide elevation datasets, and supporting business needs for elevation data.
Overall, the plan provides a structure for improving data quality, enhancing service reliability, supporting partners, and guiding long‑term lidar acquisition in Montana.
[bookmark: _Toc236121078]Theme Definition and Description
MSDI Elevation is defined as a digital representation of vertical positions on the Earth's surface relative to a standardized reference datum (e.g, heights, or elevation, above the surface). It is primarily modeled as a continuous surface raster through Digital Elevation Models (DEMs).  Modern MSDI Elevation data is collected and derived through aerial LiDAR (Light Detection and Ranging).  “Elevation” and “lidar” are often casually used interchangeably (including within this document), though there is a difference:  lidar is a technology used to collect high-resolution, high-accuracy elevation data.   Montana is nearing statewide lidar coverage, at which time, MSDI Elevation will consist of five core, lidar-derived raster products at 1-meter spatial resolution
[bookmark: _Toc236121079]Core Products
	· Digital Terrain Model (aka bare-earth Digital Elevation Model) -
a representation of the bare‑earth surface that captures elevation values without vegetation, buildings, or other structures
· Digital Surface Model (DSM) -
represents elevations of the Earth’s surface including vegetation, buildings, and other above‑ground features.

	· Hillshade Model -
grayscale visualization of terrain created by simulating illumination across a Digital Elevation Model to highlight landform shape and relief

	· Canopy Height Model -
represents the height of vegetation, buildings, and other features by subtracting the bare‑earth terrain (DTM) from the surface elevations (DSM).

	· Intensity -
refers to the strength of the returned laser signal and looks like a black and white aerial image.
All core products are available statewide (anticipated completion late 2026/early 2027) at 1-meter spatial resolution in GeoTiff format. 

	



[bookmark: _Toc236121080]Elevation theme Testimonials 
Montana Department of Transportation
Name, Agency
TO BE ADDED

Summary of Lidar Data Use Survey
Name, Agency 
TO BE ADDED
[bookmark: _Toc236121081]The Plan (3-5 years)
Through the Data Quality Assessment Matrix, Data Improvement Plan, holding MSDI Elevation Working Group meetings, and networking at the Montana Association of Geographic Information Professionals (MAGIP) Big Sky GeoCon conference, near-term (3-5 year) goals were identified. Actions and progress are quantified within the Data Improvement Plan (Appendix) and informed through the Working Group.  
Goals are summarized below in no order of priority:
1. [bookmark: _Toc236121082]Complete baseline statewide lidar collection. USGS Lidar Base Specifications (QL2) are achieved statewide.
Statewide lidar completion is currently at approximately 90% (July 2026), with the remaining 10% in-progress with the USGS and expected to be available by late 2026/early 2027.  The vast majority of lidar collected in Montana meets USGS Quality Level 2 specifications (minimum of 2 points per square meter) representing baseline, with some lidar collected at Quality Level 1 (minimum of 8 ppsm).  MSDI Elevation core products will be completed statewide and made available online (viewable and downloadable) through the Montana Lidar Inventory and GIS web services. Datasets are currently organized and disseminated by project.  Seamless, best available (e.g., year and quality) services and user-specific area of interest download options should be explored once statewide lidar is complete.
2. [bookmark: _Toc236121083]Elevation web services are broadly available and stable for public, external use. 
Elevation web services are currently hosted on-premises and primarily intended for internal use to support the Montana Lidar Inventory.  Because the services are regularly modified and may be down for several hours when new projects are added, they are not widely broadcast and made available.  Agencies are discouraged from adding the services to public applications and made aware that outages and changes can happen without notice.  Once statewide lidar is complete, the services will be more stable, opening the door to broader, public use.  The Montana State Library is also transitioning to a cloud-hosted GIS environment, which will make public elevation web services more feasible from a resource perspective.
3. [bookmark: _Toc236121084]Add missing or new airborne lidar projects and state UAV lidar projects to the Montana Lidar Inventory. 
The Montana Lidar Inventory aims to be a comprehensive GIS database of lidar collected within the state.   While capturing every lidar project may be out of reach, an annual review should be completed to identify and add missing and new/upcoming lidar projects.   One source of lidar data that is currently not represented in the Montana Lidar Inventory is state-led UAV-based lidar collections, such as those conducted by the Montana Department of Natural Resources and Conservation (DNRC).  The Montana State Library does not necessarily have to store and serve all the data; however, at a minimum, there should be a feature class of project footprints (area of interest), basic metadata, and information about where to access the data, whether at MSL or elsewhere.  Additionally, annually, the Montana Lidar Inventory and the United States Interagency Elevation Inventory (USIEI) should be compared to ensure Montana projects are represented. 
4. [bookmark: _Toc236121085]Seek Tribal guidance on lidar data dissemination.  Offer assistance while respecting data sovereignty
Lidar acquired over Gros Ventre & Assiniboine Tribes (Fort Belknap) and Assiniboine & Sioux Tribes (Fort Peck Reservation) tribal lands are currently not available to most parties.  The USGS is restricted from sharing the data with non-federal partners.  The data are not disseminated through the Montana Lidar Inventory, and partners must go directly to the respective Tribe.  The path to requesting data is unclear, at times circular (USGS to Tribe to MSL back to Tribe), and may be unsuccessful.  Each tribe can make their decision about data sovereignty, and this should be respected.  Understanding tribal concerns about releasing lidar data, working with the state Office of Indian Affairs, exploring coarser resolution derived products, providing training about processing lidar data, and in-person, one-on-one assistance using lidar data within tribal lands are a few actions that can be taken to work toward this goal.
5. [bookmark: _Toc236121086]Increase self-help options for obtaining elevation and lidar-derived data through the Montana Lidar Inventory
The Montana State Library is at capacity regarding time and staffing allocated to handling requests for lidar data.  Approximately 15 requests (totaling ~30-50 GB of data transfer) are completed per month, accounting for the majority of GIS assistance requests handled by MSL.  Increasing self-help would decrease MSL workload in the long run, while increasing a user’s ability to get what they want, when they want it.  Actions to be taken include:  making additional data available online, such as lidar point cloud files (.LAZ), contours, and older projects; taking advantage of existing lidar data distribution sites, such as linking to the USGS National Map and OpenTopography; and adding/improving online viewing and web service functionality so that users don’t need to download data, such as adding additional raster templates, improving mapmaking (print) capabilities, and exploring ArcGIS server-based geoprocessing (or FME worklows) to reduce intermediate data needs and get the user to their desired final product faster. Reviewing the lidar data requests tracking database would reveal insights about changes that would deliver the biggest bang for the buck.
6. Assist state agencies and other entities with bringing lidar and elevation products into their business workflows.
Elevation Working Group members, state agencies, the USDA NRCS, and others have expressed a need for more educational materials and training, particularly regarding MSL’s lidar processing workflows.  MSL maintains internal processing documentation that could be modified for public distribution.  The Montana Lidar Inventory includes a help page, including short GIF videos, a lidar 101 page, example images, and a database of real-world data use cases.  This content should be reviewed and enhanced with an eye to Montana business workflows.  Develop guidance, examples, and best practices that demonstrate how lidar can support applications, such as infrastructure planning, natural resource management, hazard mitigation, and transportation.  Expand adoption and integrate lidar-based products into routine business workflows and decision making.
7. [bookmark: _Toc236121087]State-led (DNRC - FEMA) lidar data are accepted by USGS and added to the National Map.
Lidar for Montana jumpstarted in 2018/2019 thanks to a FEMA grant to the Montana Department of Natural Resources and Conservation (DNRC) Floodplain Program.  While these efforts sought to acquire Ildar meeting FEMA and USGS specifications, the DNRC was the project manager.  The projects were not completed under the USGS 3D Elevation Program (more specifically, GPSC), like most of the latter lidar acquisitions in Montana.  In 2020-2022, the state-led projects were submitted to the USGS for inclusion in the National Map \\.  The USGS performed rigorous QC and corrections were requested.  Ongoing coordination between the Montana State Library, the DNRC, contractors, and the USGS is needed to reach the finish line.  The funding burden has been on the DNRC (through FEMA grants) and additional assistance may be necessary.
8. [bookmark: _Toc236121088]Compare the Montana Lidar Inventory to other lidar data distribution platforms, such as the  USGS National Map
Compare the Montana Lidar Inventory with other data distribution platforms, including the USGS National Map, to identify areas of overlap, gaps, and opportunities for integration.  Ensure that the Montana Lidar inventory complements, rather than duplicates, existing distribution systems by leveraging each platform’s strengths.  This effort will support a coordinated approach to data management and delivery, providing users with efficient and reliable access to lidar and MSDI Elevation related geospatial datasets.
9. [bookmark: _Toc236121089]Future lidar for Montana is collected at QL1 (8 points per sq. m)
The Montana Elevation Working Group and Lidar Data Use Survey have documented a wide variety of lidar data use applications.  Not all of these uses are satisfied by the current standard of quality level 2 lidar (2 points per meter square).  For example, vegetation characterization and feature edge detection benefit from the higher density lidar point cloud provided by Quality Level 1 (8 ppsm).  Current quality level 2 lidar is baseline elevation data.  Future lidar projects should incorporate QL1 specifications into standards and funding requests.  Investing in higher quality elevation datasets will serve a broader range of applications.
10. [bookmark: _Toc236121090]Devise a general strategy to complete statewide lidar coverage every 5 to 8 years, with areas of frequent change captured more often
Develop and maintain a statewide lidar acquisition schedule and/or maps that prioritize areas based on landscape change, development activity, natural hazards, and stakeholder needs.  Coordinate with federal, state, local and tribal partners to identify funding opportunities and align acquisition efforts to maximize coverage and reduce costs.  Establish criteria for determining update frequency.  Rapidly changing areas, such as flood-prone areas, may need to be captured more often while stable regions, such as upland areas with limited growth and development, may be evaluated for a longer refresh cycle.  Regularly review lidar data coverage, quality, and emerging requirements.  Adapt the acquisition strategy accordingly.
11. [bookmark: _Toc236121091] Users are informed of variable accuracy, data limitations, and acquisitions dates.
Provide clear metadata, documentation, and guidance that describe acquisition dates, point density, vertical and horizontal accuracy, classification quality, and known data/product gaps.  This information is currently maintained at a per project level and will become increasingly important as statewide products are completed.  Users should be able to explore metadata and data limitations for any area of interest, such as a vector feature class of acquisition dates per tile. Users need additional guidance understanding accuracy variability and limitations, proper use of contours, and mismatches between elevation derived products and imagery, all of which require ongoing documentation, clear metadata, and outreach.
12. [bookmark: _Toc236121092]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 and champions to secure and align resources. Continue to participate in the 3D Hydrography/Elevation Program For the Nation (3DHP and 3DEP FTN) community and monthly info forums to share concerns and lessons learned.

[bookmark: _Toc236121093]Data Quality Measures
MSDI Elevation was assessed using the following data quality measures.  Because data quality directly affects usefulness, improving the quality improves the value of the data. 
[bookmark: _Toc236121094]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.
Accuracy of Digital Elevation Models derived from lidar is 4-6" vertical accuracy in nonvegetated areas and approximately 8-10" vertical accuracy in vegetated areas,  measured at a 95% confidence interval. Lidar precision is measured as repeatability (i.e, how similar are the measurements where flight paths overlap).  Relative vertical accuracy (repeatability) is 2.2 inches.
Most lidar for Montana is currently Quality Level 2 (minimum 2 ppsm), which is adequate for 1-meter Digital Elevation Models.  Ideal future lidar would be acquired to meet Quality Level 1 specifications (minimum 8 ppsm), which is adequate for 0.5 meter Digital Elevation Models.
Goals 1 and 9 focus on improving elevation data accuracy and Goal 11 addresses variably accuracy and data limitations.
[bookmark: _Toc236121095]Consistency 
Consistency highlights the similarities and differences between data that are stored in multiple datasets or databases.
Post‑2018 lidar and digital elevation model data generally follow USGS 3DEP standards and consistent LAS/GeoTIFF formats, while older datasets vary considerably. DSMs and intensity products show more inconsistency due to unclassified points and nonstandard deliverables.
Goals 1 and 7 target achieving a statewide, consistent elevation dataset, and Goal 12 makes sure the dataset is aligned with additional uses, such as elevation-derive hydrography.
[bookmark: _Toc236121096]Completeness
Completeness is a measurement of whether the data within a dataset are comprehensive and represents all of the required observations.
Currently statewide lidar is incomplete with gaps and primarily ground‑only classifications. Some datasets like DSMs, contours, and intensity are not available statewide or vary by project. Short‑term and long‑term goals emphasize a fully complete statewide elevation dataset at defined resolutions (1 meter Digital Elevation Models).   Expanding QL1 coverage is recommended.
Goals 1 and 3 lead to a complete, statewide elevation dataset and Goal 10 sets a continued path.
[bookmark: _Toc236121097]Timeliness
Timeliness is an assessment of the data’s update cycles and temporality to internal and external deadlines and reporting needs.
Standard USGS 3DEP projects have a two‑year turnaround, while state projects are closer to one year. Ideal timelines call for 1 year or less from flight to delivery and rapid updates after major landscape changes (fires, floods, landslides). Visual products like hillshade are expected to follow DTM timelines.
Goals 5 and 6 improve timeliness for business workflows, but long turnaround time on lidar acquisitions is also listed as a parking lot item and challenge in the sections below.
[bookmark: _Toc236121098]Update Frequency
Update Frequency, an aspect of Timeliness, is defined by how often the data is updated.
Ideal statewide lidar/DTM update cycle is every 5–8 years, with annual or event‑based updates for high‑change areas. DSMs require similar or more frequent updates due to vegetation sensitivity.
Goal 10 is about identifying an appropriate update frequency and general strategy to achieve it.
[bookmark: _Toc236121099]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.
Project‑level lidar is archived as it existed at the time of delivery from the contractor; statewide compiled datasets will be archived each time they are updated. Some products (e.g., contours) require less frequent archiving, maintaining only best‑available statewide versions.
Archive frequency is not directly addressed by any Goal; however, Goal 8 looks at redundancy and makes sure data are stored and available for long-term access (e.g., the Montana Lidar Inventory and other distribution platforms complement one another).
[bookmark: _Toc236121100]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.
More recent lidar and DTM projects include thorough metadata, reports, and standardized classification. Older projects may contain integrity issues such as missing intensity values, inconsistent point classifications, or lack of deliverables. Full classification of point clouds is a long‑term integrity goal.
Goal 11 is about improving integrity through clear metadata and understanding of limitations.
[bookmark: _Toc236121101]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.
Lidar has strong documented relevance (over 2,000 use examples in the Montana Lidar Inventory – Data Use Survey page), supporting hydrology, geohazards, vegetation, planning, ground surveying, site planning, and more. Some products (DSM, canopy height, intensity) have emerging relevance and would benefit from standardization and better alignment with use cases. Hillshade and contours are highly relevant to public and novice users due to ease of interpretation.
Goals 2, 4, and 5 are about improving useability and availability, and Goal 6 targets improving business relevance.
[bookmark: _Toc236121102]In the Parking Lot
Parking‑lot items are aspirational, longer‑range efforts that will advance the elevation theme when funding, staffing, and partnerships allow.
Several goals identified during the assessment process extend beyond the five‑year horizon and are better suited for the “parking lot.” These efforts are important, but they require sustained funding, specialized expertise, or cross‑agency/cross-government coordination that is not yet realistic. Full, statewide point‑cloud classification—buildings, vegetation, and other detailed classes—is a prime example. While progress has been made for specific locations, the cost and lack of in-house expertise make this a long‑term objective rather than an immediate priority. Similar constraints apply to Goal 9’s recommendation for future lidar collections at QL1 and efforts to move Montana toward 0.5‑meter DEMs.  Both represent ideal conditions for advanced use cases, but acquisition and storage costs are significant, and federal funding will ultimately dictate feasibility and the timeline for statewide completion.
Other long‑term items relate to timeliness: rapid, sub‑one‑year to 18 month final data delivery from USGS, and faster emergency-triggered acquisitions. While desirable to shorten the turnaround time for data delivery to less than 18 months from acquisition, doing so relies heavily on external timelines and resources outside Montana’s control. A rapid‑response lidar program would be valuable, especially after floods, landslides, or wildfires, but no sustainable funding mechanism exists yet to support that level of flexibility.
These long‑term goals and challenges form a list of items that require continued attention, but not immediate implementation.  
[bookmark: _Toc236121103]High Level Schedule
	Goal
	Task/Notes
	Timeline

	
	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	1. Statewide Baseline Lidar Completion
	• Finalize remaining 10% of lidar acquisition
• Produce statewide core raster products (DTM, DSM, intensity, hillshade, canopy height)
• Explore seamless statewide services once complete
	X
	X
	-
	-
	-

	2. Stable Public Web Services
	• Transition elevation services to cloud hosting
• Stabilize update cycles and reduce outages
• Broaden access once statewide lidar is complete
	X
	X
	X
	-
	-

	3. Maintain & Expand Lidar Inventory
	• Add new USGS, UAV, and state-led lidar projects annually -maintain AOI footprints with basic metadata
• Compare Montana Lidar Inventory to USIEI annually
	X
	X
	X
	X
	X

	4. Tribal Data Support
	• Engage Tribes and Office of Indian Affairs to understand concerns
• Explore coarser products or controlled access alternatives
• Continued training and technical assistance
	X
	X
	X
	X
	X

	5. Expand Self‑Help Access
	• Add more downloadable content (LAZ, contours, older projects)
• Improve online viewer, raster templates, and explore geoprocessing options
• Analyze request logs to focus improvements
	X 
	X
	
	-
	-

	6. Support Business Workflow Integration
	• Convert internal processing guide for public use
• Expand help content (examples, workflow guidance)
• Provide training tied to agency needs
	-
	X
	X
	X
	-

	7. Add State-led FEMA/DNRC Lidar to National Map
	• Coordinate corrections requested by USGS
• Work with contractors and DNRC to finalize changes
• Stay informed of USGS National Map acceptance
	X
	X
	-
	-
	-

	8. Compare & Align Distribution Platforms
	• Identify overlap and gaps with USGS National Map
• Determine where Montana Inventory should complement vs. link externally
• Ensure long-term access
	X
	X
	-
	--
	

	9. Transition Toward QL1 Lidar
	• Incorporate QL1 standards into future funding requests
• Document advanced use cases that require higher density
• Track readiness for eventual 0.5 m DEMs
	-
	X
	X
	X
	X
	

	10. Statewide Lidar Refresh Strategy (5–8 Year Cycle)

	• Develop priority-based acquisition maps
• Align funding and timelines with federal/state partners
• Set criteria for rapid updates in high‑change areas
	-
	-
	X
	X
	-

	11. Improve Metadata & User Communication

	• Provide easy access to acquisition dates and accuracy information
• Document known data limitations and classification differences
• Create tile-level metadata products, such as acquisitions dates
	X
	X
	-
	-
	-

	12. Coordinate Hydrography + Elevation Acquisition
	• Joint working groups for elevaiton/hydro planning
• Ensure EDH compliance during lidar acquisition
• Synchronize delivery timelines for both datasets
	X
	X
	X
	X
	X


x – Working on task
[bookmark: _Toc236121104]Theme Challenges
MSDI Elevation is heavily reliant on the timelines, staffing levels, priorities, and funding levels of the federal government, namely the U.S. Geological Survey.  Providing and advocating for funding, finding partners, and taking advantage of USGS Data Collaboration Announcements and other funding opportunities are the primary ways to expedite lidar acquisitions for Montana.  Bottomline, a significant investment (~$42M) from federal, state, local, and tribal partners is needed to achieve recurring lidar acquisitions at an increased quality level (QL1) and within the desired timeline (~5-8 year refresh).  Leaving the funding burden solely to the federal government likely leads to a much longer timeline.
Cost barriers limit progress toward higher‑quality datasets, including QL1 acquisitions, full point‑cloud classification, expanded storage capacity, and statewide completion of products like certified contours and hydro‑enforced DEMs. Technical inconsistencies across older projects create hurdles, including varying specifications, missing metadata, uneven/incomplete classification, and DSM and intensity products that differ by contractor or processing methodology. Tribal data sovereignty adds complexity to data dissemination for certain areas.
Goal 10 is about developing an acquisition strategy for refreshing statewide lidar on a regular basis.  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.
[bookmark: _Toc236121105]Conclusion
The MSDI Elevation Theme Plan establishes a clear and actionable path for Montana’s elevation data over the coming years. Through comprehensive assessment and working group collaboration, the plan highlights immediate priorities, including finishing statewide lidar, improving web services, expanding documentation, and increasing self‑help tools.  Longer‑term needs are also identified, including higher‑resolution lidar data, acquisition cycles coordinated with hydrography, and strengthened agency partnerships.
MSDI Elevation’s progress is closely tied to federal timelines, funding, contractor capacity, and tribal data governance. While challenges remain—especially cost barriers, variable data integrity in older projects, and the complexity of statewide coordination—the plan provides a realistic framework for continuous improvement. As goals are achieved, MSL will communicate updates through working group engagement, updates to the Data Improvement Plan Table.  Goals may adapt to meet emerging requirements. This effort ensures that Montana’s elevation data remains accurate, current, and relevant for diverse statewide applications.
[bookmark: _Toc236121106]Appendix
MSDI Elevation Data Theme Quality Assessment Matrix
MSDI Elevation Data Improvement Plan Table




