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What is LiDAR?

q M easures distance (range) to an object

Ø Records x, y, z posit ion of laser energy 

returned from an object  as a funct ion of 

t ravel t ime

Ø Uses wavelength in infrared (terrest rial 

applicat ions) or green (bathymetric 

applicat ions) spectrum

q M ult iple returns per pulse

Ø Init ial returns for Digital Surface M odels of 

vegetat ion, buildings & above ground 

features

Ø Final returns for Digital Elevat ion M odels of 

bare earth surface

LiDAR = Light  Detect ion And Ranging
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Result ing Data (raw point  cloud)



Study Object ive

Assess the ut ility of LiDAR to ident ify landscape features affect ing the 

t ransport  of agricultural chemicals, such as:

q Presence of engineered features 

ü Terracing

ü Contour farming 

ü Irrigat ion – boom, furrow

q M icro-elevat ion changes within a field impact ing hydrologic processes 

ü Sources of contribut ing surface flow

ü In-field storage of flow accumulat ion – local depressions without  

out lets --- indicators of drainage system inlets &  standpipes

ü Flow direct ion, accumulat ion and drainage paths leading to points of 

entry into st reams   

q Characterizat ion of vegetat ion in the non-agricultural landscape

ü Height , density, st ructure composit ion
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M aterials &  M ethods

Standard LiDAR data and GIS software were used throughout  the 

project  to enhance accessibility 

q Data source

ü LiDAR – 1.4 m spacing by Nebraska Department  of Game and 

Natural Resources (collected winter ‘09)

ü At least  22 states have their own state-wide LIDAR datasets, 

many more individual count ies have data

ü M ost acquired to meet  FEM A flood mapping standards –

consistent  point  spacing, accuracy, format

q Format, software, &  funct ions

ü 3D point  cloud converted to 2D raster

ü ArcGISwith Spat ial Analyst  &  3D Analyst

ü Standard GIS operat ions applied
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Study Area

q 22 square mile headwater watershed

q Densely cropped with corn and soybean

q Topography is low relief except  near st ream 

corridors and in some fields to the south

q M ean slope of 1.8% across all f ields

calculated from LiDAR

The study area is a watershed in southeast  Nebraska
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Applicat ion of Remote Sensing to 

Reveal M anagement  Pract ices
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Risers?

Grass-Banked Ditch

Terraces

water/ sediment  control basin

Collect ion pond doubles 

as wet land buffer

Grassed Waterway

Contour Farming

Grassed Filter Strip

Remote sensing accommodates 

assessments across large study 

areas

q Aerial photography reveals agricultural 

pract ices at  the field scale to the t rained 

photo-interpretor

q Process is t ime consuming because 

conducted one field at  t ime & is subject ive

q Are these features present  in the LiDAR

and can they be extracted by software for 

an ent ire watershed rather than on a field 

by field basis?
Credit:  JD Davis, Waterborne Env.
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What linear features were 

present  in the LiDAR?

q Terracing & contour farming were 

visible in the LiDAR DEM  as linear 

features & qualitat ively assessed for 

each field in the watershed

q GIS operat ions (edge detect ion of 

slope raster) were used to ext ract  

linear features and quant ify them by 

field

Terracing &  Contour Farming
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Irrigation

A simple way to locate 

irrigated fields

q Irrigat ion booms (both pivot  and side-roll) 

remain in the vegetat ion class as thin, linear 

features  

q The number of fields in the watershed can 

be quant ified by overlaying them with a GIS 

layer of field boundaries

Note presence of 

irrigation boom
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Subsurface Drains

q In-field depressions (sinks) may 

indicate surface water 

management  pract ices, such as:

ü Water/ sediment  control 

basins

ü Collect ion ponds/  wet lands

ü Inlets to stand pipes leading 

to subsurface drainage 

systems; e.g. t ile drains

q Sinks ident ified in the LiDAR DEM  

were inspected for the presence of 

drainage stand pipes using aerial 

photography

Credit :http://jdappert.home.mchsi.com/2003_Tile_Vent_riser_on_corner_of_crawford.jpg

Credit: http://www.thisland.illinois.edu/60ways/60ways_18.html

Note inlets (green) to 

terrace (white) tiles
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Subsurface Drains

In-field sinks were often correlated with t ile drainage stand pipes

Blow up of image to left
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In-Field Flow & Buffers

Target ing fields that  may benefit  from BM Ps by combining LiDAR

flow rasters with engineered features and aerial photos

q Flow accumulat ion grids generated from the LiDAR DEM  map surface water 

pat terns from within a field to the edge of a field or into a waterbody

q A bet ter view of the processes governing water movement  away from a field 

is achievable when in-field flow is combined with engineered features, aerial 

photography, soils, etc

q High resolut ion hydrology derivat ives are suitable for use in recommending  

vegetat ive buffers along waterbodies with the potent ial for exposure to 

concentrated runoff from fields
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st rategically placed 

vegetat ive buffers  can 

mit igate pest icide, nut rient , 

&  soil runoff into surface 

water

In-Field Flow & Buffers

sinks store & t ransfer 

surface water into 

t ile drains

concent rated flow 

from field into 

edge of f ield 

waterbody

Water/ sediment  

cont rol basin
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Vegetat ion Composit ion

Digital Surface M odels of vegetat ion (&  buildings, irrigat ion) were 

generated from the init ial return LiDAR points

http://oregonstate.edu/terra/wp-content/uploads/2010/10/tall_tree160-LiDAR.jpg

q Standard vegetat ion metrics derived 

from forest ry applicat ions are readily 

calculated using raster math &  are 

useful for characterizing:

ü Vegetat ion metrics within riparian 

buffers &  corridors (vegetat ion 

diversity , canopy cover, and height )

ü Wind breaks that  may rest rict  spray 

drift  t ransport

ü Non-target  &  endangered species 

colonizat ion sites
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Vegetat ion Composit ion

% Canopy Closure

# of 1st returns over height  break

total # of 1st returns per unit  area

Note variability within trees, 

100%

closure over building, and 

presence of a pivot irrigation 

boom in LIDAR

Percent Canopy Closure

% Vegetation Density

# of all returns over height  break

total # of returns per unit  area

Cell size must  be larger 

then individual t ree crowns.  

Cell sizes >=15 m produce 

good results

2m

7m

20m

Percent Vegetation Density
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M ean Field Slope

Can field scale stat ist ics describing slope &  elevat ion be used to 

ident ify fields that  might  benefit  from management pract ices?

Ø “ Engineered”  fields are those with stand pipes or terracing 

(n=189)

Ø “ Non-Engineered”  fields do not  have discernable stand 

pipes or terracing (n=157)

Ø a clear dist inct ion between the groups exists

Observations

Ø Engineered fields have a higher mean slope that  Non-

engineered

Ø All fields with mean slope >3% are Engineered

Ø Only 8% of Non-engineered fields have mean slope > 2%

Ø While 63% of Engineered fields have a mean field slope > 

2%

are these the fields to priorit ize 

for further examinat ion?
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Within Field Slope Dist ribut ions

Can field scale stat ist ics describing slope &  elevat ion be used to 

ident ify fields that  might  need management pract ices?

q Previous chart  examined a single value (mean) for a field

q LiDAR provided a slope value for every 9 square meters (resampled from 1 

meter to 3 meters to reduce noise)

q Within field slope dist ribut ion are another way to look at  the data

q Examining the curves of Engineered against  Non-engineered field may help 

priorit ize where to focus search for fields that  need improvements
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Potent ial use of LiDAR Intensity to dist inguish t illage pract ices
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Future Work - LiDAR Intensity

q Intensity measures the 

st rength of the return pulses 

(not  the t ime), and 

therefore contains different  

informat ion

q Neighboring, similar looking 

fields visible in aerial photos 

have very different  intensity 

values  
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Summary

Engineered 

Feature 

Extraction

• Ident if ied &  ext racted engineered features visible in LiDAR as linear features

• Summarized those features for each field within the watershed

In-Field 

Surface 

Flow

• Ident if ied in-field storage and cont ribut ing sources of surface water

• Located preferent ial f low pathways from fields to adjacent  waterbodies

Vegetation 

Compo-

sition

• Characterized the non-agricultural domain - riparian buffers, spray drift  

vegetated buffers

• calculated height , density, st ructure metrics

The following LiDAR-derived metrics were assessed in this project
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Quest ions?

http://polargateways2008.gsfc.nasa.gov/Jan25.html

http://www.nlgis.com/?page_id=516

Thank you


