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Presentation Notes
I’m going to talk about a UAS project that recently got funded through an internal NOAA RFP to do UAS research at 3 NERR sites. The RFP was titled “Evaluation of Unmanned Aircraft Systems Observing Strategies Suitable for Transition into Routine NOAA Applications”.  In general this RFP requested proposals from Line Offices within NOAA to lead projects that advance NOAA’s ability to routinely use UAS technology to serve the NOAA mission and show the cost effectiveness and feasibility of those UAS operations. The proposal that we submitted is titled “Evaluating effectiveness of UAS Sensors and Platforms for multi purpose mapping of marshes and beaches in the NERRS Sentinel Site Network”. This project will evaluate the ability of the private sector to provide UAS datasets for multi-purpose mapping utilizing the Sentinel Site infrastructure with the goal of moving towards a System wide UAS observing and mapping strategy.  



Principal Investigator  
Dr. Kirk Waters  NOAA Office for Coastal Management 
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Jared Lewis  San Francisco Bay National Estuarine Research Reserve 
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 Project Formation 
 Project Scope 
 Expected Significance 
 Technical Project Plan 
◦ Vegetation mapping 

evaluation 
◦ Elevation evaluation 

 Project Milestones 
 Questions? 

 



RFP released January 13, 2016 

OCM solicits input from NERRS and Applied Science staff  

Identify popular research interests (NERRS, OCM) 

Two separate ideas (imagery for veg, elevation for SLR) 

NERRs w/ UAS, Sentinel Site, elevation surveys.  

Proposal due February 24, 2016 
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So the RFP was released on January 13th of this year. Like I said before the focus of the RFP was to fund projects that advance NOAA’s ability to routinely use UAS technology to serve the NOAA mission and show the cost effectiveness and feasibility of those UAS operations. So Nina got the ball rolling and sent out an email to the SC, RC, and GIS staff requesting input and ideas for research projects utilizing UAS. Nina, Sue, and myself compared the responses from Nina’s email to the UAS Needs Assessment that was sent around last September. There were a ton of innovative and interesting research ideas, and the two that rose to the top and had the greatest need across the system, were high resolution marsh vegetation mapping and marsh elevation datasets. Within the office of OCM there were others also interested in vegetation mapping and elevation, since the RFP encouraged multiple Line Offices working together, we formed a larger team to work on the proposal. Once we determined our research focus, we then needed to identify the sites where the research would take place. We identified Jacques Cousteau NERR in New Jersey, San Francisco Bay NERR, and Grand Bay NERR in Mississippi as the three sites for the work. These sites were chosen because they have established or are establishing Sentinel Site monitoring infrastructure, 2 have previous UAS work, 2 have extensive elevation surveys, and each site represents different coastal ecosystems. As a team we fleshed out our proposal and submitted by February 24th. I’m going to go into a little more detail about each site and why it was selected.  



 Vegetation mapping 
◦ Need to monitor habitat/veg changes 
◦ Can UAS imagery provide a better product than 

manned? 
◦ If so, at what price? 

 Elevation 
◦ Need bare-earth elevation for SLR impact studies 
◦ Lidar is an effective mapping tool, but has had 

trouble in marsh areas. 
◦ Can the smaller footprint UAS lidar penetrate the 

marsh grass? 

 



 Jacques Cousteau NERR  
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At the JC NERR staff perform extensive RTK surveys across the beach habitat. These surveys are performed in transects to collect beach elevation profiles. These profiles are then interpolated to create beach volume estimations. While RTK surveys can be very accurate they are limited by the amount of time it takes to perform the field work. The team identified the JC NERR as a optimal site to test the ability of LiDAR to ultimately create beach volume estimations. 



 San Francisco Bay NERR  
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The San Francisco Bay NERR has performed previous UAS work through their partner the Solano Land Trust. Jared Lewis, the SC at SF Bay NERR, used high resolution UAS imagery to create single species vegetation maps and tested the accuracy of various classification methods. The team identified SF Bay NERR as a site with UAS resources, capabilities, and knowledge and a site that would allow for comparison between multiple UAS missions. 



 Grand Bay NERR  
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Finally the Grand Bay NERR has also performed previous UAS work. In partnership with the Northern Gulf Institute and MS State University multiple missions have been flown including single species vegetation mapping along their Sentinel Site areas. Along with the UAS work, the Grand Bay NERR has performed extensive elevation surveys creating Digital Elevation Models around their Surface Elevation Tables. So the team identified Grand Bay NERR as a site to compare new UAS missions to previously flown, as well as a test bed for LiDAR application in a marsh ecosystem. 



 Acquire multi-spectral imagery and lidar in 3 different ecosystems 
 2 surveys per site to provide multi-season imagery and elevation repeatability 
 Specific objectives: 
◦ Evaluate the horizontal and vertical accuracy of UAS georeferenced imagery 

and lidar 
◦ Evaluate UAS lidar to measure ground elevations through marsh vegetation 

and compare to manned systems lidar 
◦ Assess the trade-offs between UAS lidar and interpolated RTK transects 
◦ Compare UAS imagery to manned systems imagery at the supervised 

classification step of vegetation mapping 
◦ Evaluate the gains from additional data sources compared to imagery alone 

for vegetation mapping 
◦ Evaluate the ability of the private sector to provide UAS-based data using a 

Brooks Act contract. 
 

 



 Improve quality of data used for habitat mapping and assessment to 
support improved understanding and management 
• NOAA Next-Generation Strategic Plan goal – Healthy oceans/estuaries 

 
 Provide highly detailed rapid assessment with low mobilization costs and 

minimal environmental impact to understand changes, threats, and 
dynamics 
◦ NOS Priorities Roadmap priority – Place-based conservation  

 
 Evaluate ability of UAS derived coastal intelligence to meet NOAA needs  

◦ NOS Priorities Roadmap priority – Coastal intelligence  

 
 Evaluate commercial UAS capabilities to make more informed operational 

decisions regarding employment of appropriate technology   
◦ NERRS operations improvement 
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In the NOAA Next-Generation Strategic Plan, healthy oceans and estuaries were identified as one of NOAA’s goals. Strategies to support healthy ocean and estuaries include use of high-quality data, coordinated spatial planning  and improved habitat assessments to inform management decisions.  This proposal strives to improve the quality of data collected for habitat mapping and assessment in direct support of improved understanding and management of estuarine systems. The NOS Priorities Roadmap prioritized place-based conservation. The place-based conservation  outcome is to “ensure that special places are valued, protected, and preserved in multi-use planning and decision making”. Mapping and monitoring activities that allow NERR managers to understand the changes, threats, and dynamics of their sites are critical to ensuring their reserves are valued, protected, and preserved. A UAS strategy that provides highly detailed rapid assessment with low mobilization costs and minimal environmental impact is an essential part of meeting that outcome.Coastal intelligence NOS priority which provides timely, actionable information, developed from reliable and authoritative science to provide insight into present and future conditions in the coastal zone. This proposal seeks to evaluate the ability of UAS derived coastal intelligence to meet NOAA needs with combined imagery and elevation data. We also seek to evaluate the advantages of UAS flights and products and how these fit into our overall national geospatial strategy.Evaluating commercial UAS capabilities for generating coastal intelligence within NOS’s special places, improves operations by documenting the advantages, disadvantages, and limitations of UAS geospatial data. This allows more informed operational decisions regarding the appropriate technology to employ for a given application. The UAS adds a new tool to our toolbox, and we need to understand what that tool can do and when to use it before we can effectively employ it operationally.�



 Imagery and lidar surveys contracted through the Coastal 
Geospatial Services Contract  

 Precision Hawk Lancaster platform, 5-band multi-spectral 
imager, a Velodyne PUCK lidar 

 Flights at altitudes of 250 to 300’ 
 Exact specifications will be determined by the contractor to meet 

the data requirements 
 
 Products: 
◦ Multi-spectral (at least 4-band) image  3-cm resolution or 

better 
◦ Lidar flown on the same platform to produce elevation data 
◦ Lidar data will be classified for ground, water, and unclassified 

and have a non-vegetated vertical accuracy of 7-cm or better 
◦ A digital elevation model (DEM) from structure from motion 

(SFM) 
 
 

 



 Vegetation Mapping 
Evaluation 
◦ Automated supervised 

classification process 
 
◦ Single species identification 
 
◦ Evaluate spatial accuracy 

 
◦ Evaluate combined imagery 

and elevation for mapping 
 

 Elevation Evaluation 
◦ Lidar/SFM error assessment 
 
◦ Compare lidar vs SFM 
 
◦ JCNERR – evaluate lidar 

beach volume  
 
◦ Business case analysis 
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The use of these products for Vegetation Mapping will be evaluated in a few ways. Supervised classifications of both UAS data and the manned aerial imagery used to make the existing habitat maps will be compared to evaluate whether the UAS data can reduce the work to the final map through automated processes. Field accuracy assessment will be focused on the areas of disagreement between the products. The vegetation data field work will be conducted by NERRs staff using RTK GPS equipment for positioning.The higher pixel resolution available through UAS imagery is expected to allow species identification, such as invasive or endangered species. We will have multiple dates of imagery and lidar elevations. We will evaluate how much improvement is realized to determine the cost/benefit of additional flights and sensors. This research will use integrated benchmark networks, vertical and horizontal controls (RTK and rapid static GPS) to evaluate error across georeferenced data inputs. At the Grand Bay and San Francisco Bay NERRs where some UAS work has been done, we will compare the spatial accuracies and distortions of commercially flown and processed imagery to previous UAS imagery obtained at the NERRs.The use of these products for elevation datasets will also be evaluated. The lidar and SFM elevation data will be analyzed by first comparing to ground truth (rapid static or RTK GPS points) and then performing a qualitative analysis similar to what is typically done for manned lidar collections. In addition, the lidar data will be examined to evaluate the fraction of points that are penetrating to the ground within each relevant type of marsh vegetative cover and that will be compared to the penetration that has been found using manned lidar collections (often zero)In non-vegetated areas, the surface model from SFM will be compared with the lidar data to evaluate similarities, differences in variability, and biases to understand the pros and cons of the different elevation technologies.For the Jacques Cousteau NERR site, we will use the ground truth RTK beach transect data to evaluate the error in beach volume estimation by the lidar and then use the lidar to assess the variability between transects and evaluate the beach volume error due to interpolation of the transects. The cost/benefit as a function of accuracy will be evaluated for both approaches.Evaluations of the resulting products combined with the costs will be used for a business case analysis of these technologies. In particular, we will evaluate under what conditions (area, ecosystem, time constraints, requirements, etc) it is cost effective to use UAS technologies versus manned aerial or terrestrial field work.



Site implementation/project plans finalized June 2016 
Certificates of Acquisition (COAs) in place; Data acquisition 
contract in place 

July 2016 

Flights conducted November 2016 (first set) 
May 2017 (second set) 

Elevation ground control and vegetation accuracy points 
acquired 

November 2016 

Presentation on progress at NERRS Annual Meeting October 2016 

Imagery and lidar positional accuracy evaluated; elevation 
quantitative and qualitative assessment completed 

December 2016 

Presentation on progress at NOAA Coastal Geotools February 2017 

Supervised classification of UAS data evaluated against existing 
maps and similarly processed manned imagery 

August 2017 

Draft final report presented at NERRS Annual Meeting October 2017 (est.) 

Final report, including component evaluations and overall 
evaluation of system 

December 2017 

 
 
 

 Project Milestones  



 Initial Statement of Work submitted 
 Technical proposal and pricing received June 

4, 2016 
◦ Significantly higher costs than initially anticipated 
◦ Prime/sub relationship. Sub collection and 

processing is near what was anticipated 
◦ Prime’s costs are mostly in lidar specialist time 

 Expect to discuss options June 6, 2016. 
◦ May do a smaller area of lidar 
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