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The Coming of Watershed Data

•Explosion in availability of data in last decade
• Technology has enabled efficient and cost-effective large-scale data 

collection (e.g. LiDAR)

• Products have moved from cartographic product focus to digital delivery 
focus – can directly consume data

• More communities/agencies are making data accessible on web – data 
clearing houses, web services, etc.

• Better data compatibility with more software
• Open source software (e.g. QGIS)

• Open data formats (shapefile, KMZ, NetCDF, geotiff, etc.)

• Web applications (e.g. StreamStats)

• Can overcome challenges even in less “data friendly” states



Great Data Sources

• FEMA Map Service Center – NFHL, DFIRMs, FISs

• USGS National Map, Earth Explorer, NHD, NED

• National Land Cover Database

• Census TIGER / Fact Finder

• NOAA Hydrometeorological Design Studies Center

• Fish and Wildlife – Ipac

• State Historic Preservation Offices

• EPA

• Data.gov

• ESRI Base Maps / Layers

• Google / Bing

• Municipal/State Website

• Council of Governments (COGs)
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Applications for Watershed Management

• Key Data for Watershed Management
• Elevation/Topography

• Land Use/Cover/Impervious

• Soils

• Environmental Interest

• Precipitation

• Streamflow

• Key Source Types
• LiDAR, NED, local

• Satellite/Aerial Imagery

• Property Records

• Reports/Studies

• Field/Gage Measurements
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LiDAR  

LiDAR is King
• X, Y, Z “dot map” of earth

• Each dot has inherent metadata:
• Intensity

• Return

• Classification (assigned in post-processing)

• Opens up a world of possibilities for watershed 
management
• Perform assessments/evaluations that not practical to do before

• Provides potential significant cost savings on field collection for 
planning
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LiDAR  

• “Bare Earth” extraction for general topography is most common 
application
• LiDAR provides >> density of points versus traditional methods

• Newer LiDAR often providing multiple points per meter

• Detailed elevation data gives many direct uses:
• More detailed topographic mapping (e.g. stream channel)

• Slope analysis

• Feature elevation assignment/verification (buildings HAG/LAG, 
road/rail/bridge elevations, drainage structures,  etc.)

• Hillshade
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LiDAR

• In addition to direct uses, detailed elevation data can be used to 
generate powerful derivatives
• Drainage system (stream, drainage area) delineation and connectivity
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Drainage Lines Generated From High-Resolution LiDAR
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Mecklenburg County Streams Generated 
/ Classified From High-Resolution LiDAR



LiDAR

But LiDAR Provides Much More…
• Build algorithms that utilize LiDAR attributes (elevation, intensity, 

return) 
• ArcGIS has some algorithms (building extraction)

• Commercial LiDAR processing software 

• Develop your own!

• Utilizing full point cloud can get more direct and derivative uses:
• Feature classification/extraction/metrics (building heights, roof lines, etc.)

• Change detection (buildings, land cover, etc.)

• Vertical clearance (bridges, transmission corridors, etc.)

• Line-of-Sight/Obstruction Analysis (runway approach, view field, etc.)

• Many more…
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11Plan/Profile of Full LiDAR Point Cloud



3D bridge deck polygon 
attributed with:

• Deck height, 
• Rail/wall height
• Elevation of ground below
• Bridge clearance

3D road polygon 
(Edge of 
Pavement) with 
3D painted 
centerline mapped

3D rail lines 
mapped (both 
rails per line)

3D Feature Extraction and Elevation Assignment for Transportation
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US Interagency Elevation Inventory Point Cloud Data Free to Everyone
https://coast.noaa.gov/inventory/

https://coast.noaa.gov/inventory/
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2014 LiDAR in Phoenix



Land Use / Land Cover

Land Use/Cover is Queen
• Plays integral role for most watershed 

consideration
• Development/Impervious
• Surface runoff
• Pollutant loading
• Land planning
• Future conditions
• Agriculture/Vegetation/Habitat

• Land use data come in variety of remote and land 
based sources
• Aerials – Natural and Color-Infrared
• Satellite – NLCD
• Property Records – parcels
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Traditional Aerial Imagery

16Google Earth – Current and Historical Imagery, and Street View



Color Infrared Imagery 

• USDA collects color infrared 
imagery regularly during growing  
season (“leaf on”)

• Can be used to aid in :
• Vegetation mapping – areas, types, 

health, tree canopy

• Impervious surfaces

• Soil mapping

• Change detection
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National Land Cover Database (NLCD)
• Nationwide raster of land cover 

features from multi-spectral 
satellite imagery

• 30-meter resolution, 16 
classifications

• Updated every 5+ years
• Free to public

• Available products:

–Land Cover 

–Land Cover Change

–Percent Imperviousness 

–Percent Impervious Change 

–Tree Canopy, Shrubland
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The Rest of the Royal Court

• Storm Event Data (Existing and Forecast)
• Precipitation – USGS Gages, NOAA/SERF radar, CoCoRaHS, etc.

• Forecast Precipitation - NOAA

• Stream flow – USGS/NOAA Gages, National Water Model

• Coastal Heights – USGS/NOAA Gages, Coastal Emergency Risk Assessments 
(CERA)

• Environmental
• Soils – NRCS Soil Survey

• Endangered Species – US Fish and Wildlife IPaC Application

• Past Activities – EPA, State Historical Perseveration Office, etc.

• Others
• To many to list….
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20CERA Web Viewer



NWM Mapping Interface
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CoCoRaHS Website
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NRCS Web Soil Survey
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Fish and Wildlife IPaC Website



Working the Data

• In most cases lots of data that is already available to help improve 
watershed intelligence

• The trick(s) is:
• Knowing where to get it

• How to consume it

• How to combine/leverage with other data see big picture

• Bring clarity from chaos - GIS/Data processing to the rescue
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Working the Data

• Most data is available in downloadable format that can be 
manipulated/integrated to tease out key information

• Common geoprocessing techniques extract data:
• Spatial overlays – discrete data metrics/summaries

• General raster processing – continuous data processing

• Hydrologic raster processing – cumulative and drainage area weighted 
calculations

• Geometric network development – upstream/downstream tracing 
evaluations

• Combine integrated geospatial data with statistical/empirical 
engineering formulas or decision logic to get the “answer”
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Example #1:  Statewide Catchment Processing
•Developed 1+/- sq mi catchments 

statewide with incremental and cumulative 
drainage area, impervious, development, 
vegetation, and peak flow information
• Point and click information for 32,000+ 

catchments

•Key datasets:
• NLCD (multi-year land cover and impervious)
• NHD Plus (catchments, connectivity)
• USGS physiographic regions

•Added “smarts”:
• Geoprocessing (multiple steps/processing)
• USGS rural/urban regression equations

• Developed support CNMS validation, but have 
used to support variety of initiatives since 27



SC NHD Plus Catchments



Example #2:  Town Master Planning
•Heavily leveraged available data sets to support 

watershed master planning and inventory mapping

•Key datasets:
• High-Resolution LiDAR (QL2 and Geiger (8ppm))
• Local data (Tax parcels, drainage inventory, built environment)
• Soils
• FEMA modeling and mapping

•Added “smarts”:
• Geoprocessing (multiple steps/processing)
• Design sufficiency analysis and engineering calculations 
• Ranking logic

• Developed comprehensive database of layers used to support 
evaluation of 7 elements, problem area identification, and 
development of CIPs
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Slope Map

Soils Map

Land Use

Road 
Overtopping

Street 
Flooding

Master Plan Datasets
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Area of Interest for 
Drainage Analysis



Example #3:  Real-Time Flood Warning
• Leverage “real-time” forecast and observed precipitation and 

stream gages to support real-time flood warning and impact 
assessments

• Key datasets:
• NOAA QPF and QPE (hourly/daily) and Atlas 14 estimates
• USGS/NCEM stream gages
• Built environment
• LiDAR
• FEMA non-regulatory products
• HUC-12 Basins

•Added “smarts”:
• Geoprocessing preprocessing
• Calculation/Interpolation logic
• A bunch of technology

• Two separate (for now) outputs
• Precipitation ARI mapping
• NC FIMAN
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October 2015 3-Day Precipitation 
Event Recurrence Interval
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Harvey (TX) and Irma 
Precipitation Mapping
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NC FIMAN Application



Summary and Conclusions

• There is a tremendous amount of data and valuable information 
available to support wide range of watershed management 
applications

• Individually data/information is helpful, but together very powerful tools 
for planning and real-time watershed intelligence

• As always, use caution with data from outside sources
• Understand scope, scale, and limitations of data

• Data is not always going to be perfectly clean
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