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It is important for respondents to the questionnaire to understand the answers to the&cFAQs
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provide valid esponses to questions pertaining to user elevation data requirements and benefits.



FAQ #1: What are mass points, breaklines, TINs, and Terrains?

Mass pointsare irregularlyspaced elevation points, each with an x/y location andalme (3D
coordinates). They could be sparspbpulated spot heights generated manually from photogrammetry
and deliberately placed to depict elevations of prominent features espnting highest or lowest
elevations in an area, as showm Figure 1; howevemass pointanore commonly refer to densely
populated points with @ coordinates generated by automated methods, e.g., by LIDAR or IFSAR
scanners or photogrammetric autmrrelation techniques.

Breaklinesare linear features that describe a change in the smoothnessoatinuity of a surface.
Breaklines can be either - breaklines with x/y coordinates only (longitude/latitude or
Easting/Northing) or ® breaklines with x/y coordinates plussalues representing elevations above a
defined vertical datum, normally NA®B. Figure 1 shows example breaklines for the shoreline of an
island, for the shoreline of an inland lake on that island, and for a stream that potentially drains water
from the lake into the ocean surrounding the island.

A Triangulated Irregular NetworKTIN)is a set of adjacent, neoverlapping triangles computed from

mass points and/or breaklines. Figure 2 shows how the TIN was generated from the mass points and
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polygon data interpreted as mass points and breaklines and stores the topological relationship between
triangles and their adjacent neighbors.
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Figurel. Example mass points and breaklines Figure2. TIN produced from these mass points and breakline

An ESRTerrainis a multiresolution TINbased surface build ethe-fly from feature classes stored in a
feature dataset of a geodatabas@errain ditasetsare more effective for storing andsualizing large
point data sets.A Terrain @Gtasetresides in the same feature dataset where the feature classes (used to
construct it) resideTerrain ditasetscan be used to obtain TINs and grids.



As shown at Figure 3, &errainis composed of ¢
series of TINs, each of which is used within a 41
scale range. For each mapale range, a level ¢
detail (i.e, =zresolution) and pyramid level ar
defined. The Terrain establishes a set of tdbefined
viewing pyramid levels, each having few
participating source points as the user zooms
smaller scales. Unlike an ESRI Grid or DEM file
Terrains are gemated by utilizing the actual surfac
points rather than interpolated elevation values for
cell in a raster file. This data storage and visualiza
Figure3. Example of a Terrain showing TIN riangles.  method enables faster viewing of large area Terre
at small scalex easier than most other elevatiol
data types.

Figures 4, 5 and 6 show examples of a DEM with@( SNJ L12 &G aLl OAy3Ik OStt &A1 S
0 KAYYSRE -defined Tasrain pyzandoNévels.

2-meter DEM postspacing/cell size 5-meter cell size, 1/4 meter Xolerance 5-meter cell size, 1/2 meter Zolerance

Today, somecombination of mass points, breaklines, TINs and/or Terrains are used to produce DEMs.

FAQ #2: What are digital elevation models (DEMs)?

As used in this questionnaireDagital Elevation Model (DEN) a grid of barearth zvalues at regularly

spaced intervals in x and y directions. For national datasets, x and y may be best defined on a spherical
reference surface in terms of longitude and latitude. For smaller datasets, x and y are norniaéy def

on a planar (flat) reference surface, normally using Universal Transverse Mercator (UTM) or State Plane
coordinates. For entry into the NED, USGS converts data with UTM or State Plane coordinates into DEMs
with arcsecond post spacingWhereas traditonal contours are still used by some for manual, visual
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automated analyses, mathematical modeland 3Dsimulations andvisualizations.

For DEMs in th&lED, DENpost spacing (grid spacing) is defined in geographic coordinate angular units
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For smaller elevation datasets produced for states and counties for example, DEM post spacing is
Y2NXYEFfte FEOaGSNYylFraGAgdSte RSTAYSR AY YSGNRO dzyAaita 2y
either UTM or StatelBne Coordinate System (SPCS) georeferencing.

Originally, DEMs were interpolated from contours; but today, most contours are produced from DEMSs,
AdzZlIL) SYSY(GSR 6AGK OoNBI1tAYySa G2 Y18 GKSDEMS S&GKS
are produed from LIDAR, stereo imagery, or IFSAR.
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When looking closely at how DEMSs are stored, they are seen to be extremely efficient

column

DEMs can be vieweds pixes,
0 1 2 3 4 5 6

color-coded by elevation as
shown at Figure 10DEMs have
small file sizes because x
AYONBYSyYyilldAazy
eliminates the need for storin

individual x/y coordinates, a x,y coordinates are (5,3)

shown at Figure 11. Figure10. DEMviewed as pixelscolor- Figurell. DEM files are small and
coded byelevation efficient because individual x/y

coordinates do not need to be stored
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FAQ #3: What is the difference between a digital terrain model (DTM) and a digital surface
model (DSM)?

A Digital Terrain Model (DTMjs an elevation
model of the bare earth terrain surface, b
normally with irregularlyspaced points rather thai
the uniform grid structure of a DEM. A DTM oft
includes breaklinedo help define edges of TII
triangles. See bottom of Figure21 A hydro
breakline could be added here to enforce tl
downward flow of wagr in the drainage feature

A Digital Surface Model (DSM$ an elevation
model of the top reflective surface, including tt
bare earth in open terrain areas, as well as | Figure12. DSM of top reflective surface and DTM of bar
tops of buildingstrees, towers, and other feature earth terrain beneath the vegetation.

elevated above the bare earth. See top of Fig

12.

FAQ #4. What is the difference between a DTM and a TIN?

A Digital Terrain Model (DTM) generally refers to an irregular surface of elevations represented with
discreet masspoints measured by LIiDAR or photogrammetric means and may also contain vector
breaklines. A DTM is generally represented weetor, ascii or binary format. DTMs are easily tiled
within exact tile boundaries.

A Triangulated Irregular Network (TIN) is a data structure used to represent a ground surface model like
a DEM or DTM. A TIN usually contains the same masspoints dmdéakiines as a DTM. However, the

TIN data structure also contains a topological component by which discreet points and vertices are
connected through a series of trianglesach triangle having its own slope and aspé&ach triangle
creates a unique fat in the ground surface model and these facets are extremely useful for visualizing
and analyzing slope, aspect, cut and fill of the terrain, and they are used for interpolation of gridded
elevation postsand for generation of contouf® ! ¢ L lis@drmalyAefwéen ZXAahd4X larger

than aDTM covering the same ar@ath the same masspoints and breaklinésis more difficult to tile a

TIN because TIN triangles normally cross over tile boundaries.

Figure 13 shows a geometric view of Tildngles; each triangle maintains topological data structure
with all adjoining TIN triangles. Figure 14 shows a surface view of this TIN, with interpolated contours.
Each TIN triangle has its own slope and aspect. These triangles are interpolat&dcabbkinates of

DEM posts to determine the elevation of each post; a DTM cannot do this. TIN triangles are also
interpolated to determine contour lines of equal elevation that cross these TIN triangles; a DTM cannot
do this either.



Figurel3. Geometric view of TIN with topological data Figurel4. Surface view of TIN with derived contours. DEV
structure, showing individual TIN triangles elevation posts are interpolated from TIN triangles

FAQ #5 How are DEMs produced from imagery/photogrammetry, IFSAR and LIDAR?

Gridded DEMs are produced at mathematicallynputed x and y coordinates by interpolation on TIN
triangles produced from irregulardspaced mass points surrounding each point to be interpdlat&€he
most important points to understand about these technologies are the following:

Photogrammetry

Photogrammetry requires stereo views of the terrain from two different perspectives. If both views
cannot see the bare earth terrain beneath the trett&en photogrammetry cannot map the elevations

of the bare earth. This is why photogrammetry is well suited for open terrain but ill suited for mapping
of vegetated areas Figures 2and 6 shows how stereo views are obtained from traditional frame
camera (digital and film) and from new pu&inoom sensors.

Figure15. Frame cameras (digital and film) obtain stere Iﬂjrela Pushbroom sensors obtain stereo views by collectin
images by having at least 60% overlap between photos forward and backward views for automated DSM/DTN
that all areas are imaged from two perspectives production, plus downward view for digital orthophotos.



Photogrammetry is rarely used today for the sc
purpose of generating DEMs, DSMs, DTMs
contours. However, airborne imagery is routine
acquired with forward overlap of 60% or more f
production of digital orthophotos nationwide; thi
normally requies some form of aeria
triangulation (AT). The 60% overlap creates ste
images required for all forms of photogrammet
(Figure 7), including manual photogrammetr
(Figure B) and automated photogrammetn
(Figure 9) that can be used to produce DEM
Without acquisition of any new imagergxisting
imagery and AT solutiondrom orthophoto
programs also can be used for DEM producti
DEM accuracy (between 2.5 and 15 fc
equivalent contour accuracy) depends on t
flying height and rigor of the AT prazses used.

Figure18. With manual photogrammetry, the compiler uses
polarized glasses to see the left image with the left eye ai
the right image with the right eye, manually compiling spc
heights where the bare earth terrain is visible in stere
and/or compiling 3D breaklines. Manually ompiled
contours are considered too expensive and tire@nsuming.

Figurel7. For any point to be mapped photogrammetrically
it must be visible on stereo images, both images seeing t
same point P from two different perspectives (at,Rnd B).
In this Figure, @and Q are the lo¢ G A2y a 27F
focal point when the two images were taken. Because tre:
normally block stereo views, it is difficult to map the bar
earth terrain in vegetated areas using photogrammetry.
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Figure19. With automated photogrammetry, the computer
correlates image pixels on stereo images and comput
uniformly-spaced grid points that are initially DSM pus of
the top reflective surface. Sermautomated processes are
then used to reclassify noiground points so as to retain only
the bare-earth DTM grid points (shown in green).

Table 1 summarizethe DEM accuracy achievable from imagery already acquoedgroduction of
digital orthophotos at various pixel resolutions, includingnéter images for the National Agriculture
Imagery Program (NAIP). Imagery and AT data would need to be preservedi$er. re

Tablel. How existing steredmagery can be reused to produce DEMs

Current Owner of | Orthophoto Pixel | Typical Flying Height| Equivalent Contour Typical Vertical
Existing Imagery/AT| Resolution above Terrain AccuracyAchievable RMSEz
USGS/state/local 6-inch 4,800 feet 2.5 foot 23.2cm
USGS/state/local 1-foot 9,600 feet 5 foot 46.3cm
USDA (NAIP) 1-meter 30,000 feet 15 foot 1.39 meter




Interferometric Synthetic Aperture Radar (IFSAR)

Airborne IFSAR is acquired from approximately 35,000 feet above mean terrain, covering very large
areas. Xand IFSAR, whichaps the top reflective surface, is primarily used in the U.S. because other

bands often interfere with communications and requspecial permissions for acquisition. Fig@fe

shows an IFSAR DSM and Fidgikeshows an IFSAR DTM. FigRRPeshows the ortherectified radar

image (ORI) of the same area; ORIs creaésksof water areas that assist with hydrographic feature
extractionand interpretation of data when producing hydemforced DTMs. Figur23 shows the side

looking geometry used with IFSAR data collection; this geometry sometimes causes datawsadsby

overlay, shadow and foreshorteningxplained in the IFSAR chaptef the 2 SRAGA 2y 2F a5A
9f SPIL GA2y a2RSftf ¢SOKy2f23ASa yR ! LILXAOFGA2YyayYy ¢
flight line spacing and different look angles are used to minimize this problem in mountainous terrain.
Although not in the pulic domain, existing airborne IFSAR is currently available and licensed for all
states except Alaska.

— e Landd Layover
Foreshortening

Figure22. IFSAR orthaectified radar image (Ol)e| Figure23. IFSAR maps to the side of the aircraft using principles
to generate water masks, eliminating need fo interferometry, but can create data voids from foreshortening
breaklines layover and shadow




Light Detection and Ranging (LIDAR)

LiDAR uses up to 200,000 laser pulsesseeond
to map 3D coordinates from first, last, an
intermediate returns from each laser pulse. T
first return can be used to map the top reflecti
surface (DSM). Intermediate returns provi
additional information about vegetation. The la
return is used to map the barearth terrain
(DTM); however, because last returns inclu
elevations on rooftops and vegetation too den
to be penetrated, LIDAR last returns still requ
automated filtering and some manual filtering
[ A1 w @ LJ2AY (dudd fthe deRedaéth
suface. DEM accuracieare routinely equivalent
to 2-foot contour accurag with g¢andard LiDAF
and approximately foot contour accuracy witk
higher density/higher accuraciiDAR Figure24
shows how it takes only a single LIDAR pulst
penetrate vegetation. Figures 25 and 26 sho
advantages of flying with 50% sidelap betwe
adjacent flight lines and flying from lowe
altitudes.Figure27 and 28 showhow LIDAR map
through dense vegetatn that normallycould not
be mapped by other technologies.

~50 cm

~70 cm ~30 cm.

Figure24. LIDAR can map the bawarth terrain in forests
by single pulses that penetratebetween trees and even
through trees in some instances. The footprint size of ea
laser pulse varies by the angle of the scan, as shown he
Normally acquired in zigag patterns, LIDAR scans are :
dense that scan lines are nearly parallgrlying higher with a
high pulse rate andharrow left-right scan angle allows a higt
point density and increased ability to penetrate dens
vegetation by having neawertical laser pulses that car
better penetrate between trees.



A

10% Side Lap 50% Side Lap

Figure 25. Flying with 50% sidelap betweeadjoining flight

lines doubles the point density, increases the probability ¢ e ™

penetrating dense vegetation by having two look direction e o T

from different perspectives, and provides alternative

elevation points when a single swath includes high intensi Figure26. Vertical accuracy decreases with increased flyi
returns that O dza S & (i NBneéulkid yeZebminategd height, but costs can be reduced by flying form highe
from the dataset. altitudes with higher point density.

Figure27. In spite of dense vegetation shown on thi Figure 28. Colorcoded by oot contour elevation
orthophoto in Florida, LIDAR data collected at a poil bands, the white polygons define depression contou
density of 4 points/nf was still able to establish ¢ that show dry puddles that should not normally be
hydro flow line for the dry drainage feature beneath. hydro-enforced (defined below).

LIiDAR raw point cloud data are normally classifiedhimm standard LAS file format using class 1
(processed, but unclassified), class 2 (ksagth ground), class 7 (noise) and class 9 (water). Other LAS
classes are used but beyond the scope of this questionnaire.

LiDAR also produces intensity images thabrd the intensity of return from each laser pulse. Intensity
images are used with lidargrammetry for compilatioh 3D breaklines. Figures92and 30 show
exampes of intensity images thanclude teaching points.
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1,560 1,840 3,120 1,480 1,100

Figure29. Intensity image showing streaks over water fror Figure30. High intensity streaks over land and marshy arei
multiple flight lines. This is not a problem because LiD/ can be problematic because high intensity returns cau
measurements on water are already assumed to t G G NBSYyOKSaé¢ HKSNB StSgLiAzy
unreliable and are classified separately as LAS Class 9. true elevation. The top image maps the differenntensity
entire image is usable for lidargrammetry values along the crossection shown in the lower image.

LiDAR point cloud data is processed\®PREAS classes that distinguish between points on the ground,
water, or elevated features such as buildings, trees, towers, bridges, etc. Ne poindiscarded but
may be classified as noise, or unclassifiétl.elevations in water are unreliable because sometimes the
laser pulses are absorbed by the water, reflected from the water with differing intensities as shown
above, or provide elevatianon or below the level of the water surfac®Most LiDAR data is flown with

the laser scanning in a zxgg pattern where the zigs and zags are so close that they appear to be
parallel. The objective is to obtain pulse spacing and flight speed so thatdminal pulse spacing
(NPS) is approximately equal in theflight and crosslight directions.

It is normal forLiDARelevation posts to appear t0 begmm

noisy. However, imisguidedattempts to smooth the :Sff:?:*w”fzﬁ L8 e —
terrain surface, analyses sometimes ogenooth and ===
remove steep slopes that actually exist. Figure 31
an example of ovesmoothing, as demonstrated by ¢
manmade channel that was constructed with the
same crossection dimensionshroughout its length
The area on the left appears noisy, but the cros

section profile accurately shows the drainage chanr Pt Gaph st

to be about 50 feet wide with steeper slopes. Tk~ g
area on tfe right is seen to be smoother and moric: *2 FE TR

B4 27 00N 87 ot

aesthetically pleasing; however, the cre®tion rigyres1 Although it appears noisy, the area on the le
profile incorrectly shows the drainage channel to tpreserved the true shape of the mamade drainage

. . channel, whereas the smoothed area on the right ove
abogt 150 feet wide with shallower banks.. For sor_ i idihe shape of the same drainage channel,
applications, users prefer smoother terrain, but ftmaking it much wider and shallower.
hydraulc modeling and other applications, users need to know actual @eston dimensions.lt is

normal for QA/QC reviews to test for ovaggressive smoothing.
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All Technologies
The most important thing to remember about DEM production is that DEMs arepoitded from
source data of higher density than the uniform post spacing of the DEM being produced. For example:

e DEMs with Imeter (or 1/27arcsecond) post spacing are produced from elevation data with
nominal pulse spaing (NPS) typically between 8.ahd 0.7 meters.

o DEMs with 3meter (or 1/9arcsecond) post spacing are produced from elevation data with NPS
typically between 1.0 and 2.0 meters. This is consistent W8iGS LIDAR Guidelines and Base
Specificationsv13.

FAQ #6 What is a LIDAR point cloud?
A LiDAR point cloudhcludes all first, intermediate an . P—

Second Return

last returns from each laser pulse. When the first ¢
last return elevations are the same, the laser pulse h
hard feature such as the basmarth terrain, concrete,
asphalt, or perhaps of top.

Figure 32 shows examples of a full point cloud in
forest. As shown in yellow, only a few of the first retut
penetrated the vegetation to the ground. Some but r
all of the second returns (blue) and third returns (re
penetrated to the ground. Only the lowest elevatiol Figure32. Examples of LIDAR point clouds
returns at the bottom are used to produce the bar

earth DTM. First returns are used to produce the DSN
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FAQ #7. What is a LIDAR cross-section?

LiDAR crosssections also calledtransects are
profilesd Odzii ¢ GKNRdZAK [ A5!
to visualize or measure heights or elevati
differences in points collected along those cro
sections Figure33 showsan example of a LiDA
crosssection cutacross a river, to include elevatic
data on a bridge as well as elevations of beagth
terrain, vegetation and buildings on either side
the river.

“'.-' Lo & @'\
Figure 33. Digital orthophoto (lower image) shown with
location of crosssection cut in LIDAR data. The upper imag
shows the elevations of all features along this cressction.

FAQ #8 What is the difference between DEM post spacing and nominal pulse spacing (NPS)?
Within the NEDDEM post spacings uniformly FLL T e Sl LR AR AL L R
spaced, but as fraction of an arsecond (see At
Figure 7, abovg. DEM post spacingutside the
Federal government is normally uniforrrdpaced,
usually as some whole integer value of mete
e.g., 1, 2, 5 or 10 meters (see Figural@ovs.

Nominal pulse spacing (NR8jers to the average
point spacing of a LIDAR dataset typically acqu
in a zigzag pattern with variable point spacir
alongtrack and crossrack. NPS is an estimate ai
not an exact calculation; standard procedures

under development by ASPRS RS calculations Figure 34. Higher density, irregularhspaced LIDAR mas
points (red) are used to interpolate the lower density DEI

Figure34 showshigh density NPS in red (left) ar grid points shown on the right. Several hydro breaklines a
low density interpolated DEMosts(right). also shown in this image.

AR COVER 5 1) { 10PO VIEW 17 21 { Channei P % 3] { U0 Profle

For USGS acceptance, the spatial distribution of geometrically uj Point Density NPS
points is expected to be uniform and free from clustering. In ord 8 ptm” 0354 m
ensure uniform densitiethroughout the data set, a regular grid, wi 6 pt/m?2 0.408 m
cell size equal to the design NPS x 2 is laid over the data. At leag pt/ > 0' 00
of the cells in the grid must contain at least 1 LIDAR point. 4p m2 -500m
assessment is made against single swath, first return data log 2 pt/m2 0.707 m
within the geometrically usable center portion (typically ~90%) of 1 pt/m 1.0m
swath. Average aloAgack and cross$rack point spacing should 0.25 pt/nt 2.0m
comparable. Point density and NPS comparisons are shown here. 0.04 pt/n? 5.0m
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Instead of flying with a minimal side lap of 10
manyfirms now acquire their LIDAR data with 5( A
side lap, as shown at Figu#B. This minimizes th

risk of having gaps in data between flight lin

caused by excessive roll and pitch of the airci

during windy conditions; and this increases t

probability of penetrating dense vegetation 10% Side Lap 50% Side Lap

having two different look angles, assalshown at Figure35. Comparison between 10% and 50% side lap
Figure35. A side lap of 50% doubles the avere between overlapping LIDAR swaths

point density comparedvith single swaths.

FAQ #9: What is the difference between RMSEz, equivalent contour accuracy, and other

terms used to describe vertical accuracy?

For decades, contour lines were developed for human interpretation of elevations on printed
G2L123ANF LIKAO YILAZI YR GKS 02y 2 ddy] The/dorSoNddntefval RS T A y
had a specific meaning for satisfaction of the National Map Accuracy Standard (NMAS), i.e., not more

than 10 percent of the elevations tested may be in error more thanwilé the contour interval. In

other words, 90 percent or ore of errors should be equal to or less than draf the contour interval.

Contour lines can be produced today from DEMs and digital elevation data with virtually any contour
interval, but this would be misleading if it falsified the vertical accuratigeo€levation data from which

the contours were derived. In 1998, the Federal Geographic Data Committee published the National
Standard for Spatial Data Accuracy (NSSDA) which implemented a statistical and testing methodology
for estimating the positionleaccuracy of points on maps and in digital geospatial data, with respect to
georeferenced ground positions of higher accuracy. The NSSDA specified that vertical accuracy be
specified in statistical terms at the 95% confidence level, defined as 1.960&kARNhen errors follow

a normal error distribution. In 2004, recognizing that LIDAR DTM errors do not necessarily follow a
Y2NXEFEf SNNRBN RA&GGUNAROdziA2Yy X GKS bl dAz2ylt S5AIAGH
5A3IAGEE 9t S@helMmerigan Sdciéty fér PhotsdRammietry and Remote Sensing (ASPRS)
LJdzof AAKSR GKS a! {tw{ DdARStAySaz +SNIAOIf ! OOdzNI
guidelines both distinguished between Fundamental Vertical Accuracy (FVA) in opevegetaed

terrain, and Supplemental Vertical Accuracy (SVA) in individual land cover categories and Consolidated
Vertical Accuracy (CVA) in combined land cover categories. It is now common for LIDAR specifications to
require a higher vertical accuracy in opemraiin (FVA) and a lower vertical accuracy in vegetated terrain

(for the SVA and CVA). Both the SVA and CVA allow the usé pér@bntile errors rather than errors
computed statistically at the 95% confidence level. Both the 95% confidence level ané5th
percentile define vertical accuracy in terms of the vertical linear uncertainty such that the true or
theoretical location of the point fall@ithin £ of that linear uncertainty value 9&ercent of the time.

Consistent with NSSDA, NDEP and AgRid8lines, Tabl@ compares the vertical RMS&nd vertical
accuracy at the 95% confidence level necessary for digital elevation data to have the equivalent contour
accuracy specified in the left column. Because most users are still confused by andRM&SEzm, for
example, or vertical accuracy of 36.3 cm at the 95% confidence level, the geospatial community

14



translates these terms into- equivalent contour accuracy, as demonstrated in Table 2 and for a range
of other common contour intervals. ltust also be noted that contours, used for humasualization,

are in decreasing demand because of hillshades and other formsDofvi8ualization from digital
elevation data. Today, most terrain analyses are performed by computer analyses of DEMar or oth
forms of digital elevation data for which contour lines, themselves, are meaningless.

Table2. Equivalent Contour Accuracy for Common Statistical Accuracy Terms.

Egglr:/tiljpt RMSE NMAS Vertical Accuracy at | NSSDA Vertical Accuracy at
‘ 90% Confidence Level 95% Confidence Level

Accuracy

1-foot 9.25 cm (~0.3 ft) 0.5t 18.15 cm (~0.6 ft)

2-foot 18.5 cm (~0.6 ft) 1.0t 36.3 cm (~1.2 ft)

5-foot 46.3 cm (~1.5 ft) 251t 90.8 cm (~3.0 ft)

10-foot ~3 ft 5.0t ~6.0 ft

15-foot ~4.5 ft 751t ~9.0 ft

20 foot ~6 ft 10.0 ft ~12.0 ft

FAQ #10: How do | determine what DEM post spacing or nominal pulse spacing (NPS) | need?

The determination of theminimal acceptablgoint density,DEM post spacing and/or NPS needed to

satidy Business Uses is central to the purpose of this questionnRiespondents shouldot specify
NEBIljdZANBYSyGa GKFG FNB ayAOS G2 KI @S¢ odzi F20dza
satisfaction of their Business Uses. Several consideratiorsuggested below, but ultimately this must

be the decision of elevation data users that best understand their technical requirements.

Five questions should be considered:

1. What level of detail do you need to see from the elevation data?
2. What are your needfor feature extraction?

3. What do you need to measure?

4. How dense is the vegetation you need to penetrate?

5. What are your needs for breaklines?

Consideratior#l (What you need to see)For some Business Uses, users need to be alskeetoertain

terrain featues to be analyzed. The current DEM resolutions in the NED can be used for comparison
purposes. lItis easier to see the visual effects of resolution than the visual effects of elevation accuracy.
Figure36 shows a digital orthophoto of the Pecatonica é®jun Winnebago, County, IL. The National
Elevation Dataset (NED) uses-second DEM post spacing, typicallgrt-second (~30 meter spacing at

the Equator, see Figur&’), 1/3-arcsecond spacing (~10 meter spacing at the Equator, see Figure 3
and 1P-arcsecond spacing (~3 meter spacing at the Equator, see FigyreAdl three resolutions
shown have the same vertical accuracy, though their horizontal resolutions are very different
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Flgure38 DEM 1/3arc sec( ~10 meter post spacing) Figure39. DEM, 1/9arc sec( ~3 meter post spacing)

If you canseewhat you need from thel-arc-second (~30 meter) DEM at Fig®& and if your
Business Use can accept DEMs produced for the NED from topographic quad maps that are
about 50 years old, the status quo may be acceptable. Then you probablpb®iesiness Use
requirement for enhanced elevation data unless you also need DSMs.

If you canseewhat you need from the 1/&arcsecond (~10 meter) DEM at Figur8, Jour
Business Use DEM needs may be satisfied bynétér NED data where it already exists
produced from old topographic quad map source data. Elsewhere, you may need elevation data
(DSMs/DTMs) produced from IFSAR (Quality Level 4) or elevation data produced
photogrammetrically from existing imagery (Quality Level 3).

If you canseewhat you reed from the 1/9arc-second (~3 meter) DEM at Figur@, ®ut cannot

see what you need from the-drc-second or 1/9arc-second DEM from the NED, your Business
Use probably needs elevation data produced from standard LIiDAR (Quality Level 2).

USGS is now considering 1/ait-second DEM post spacing (~1 mepast spacing at the
Equator) as appropriate for gridded DEMs from LiDAR acquired witmstdr NPS (Quality
Level 1). This Quality Level requires alternative consideration becausdfitcigitdto visually

see the difference between a DEM witn&ter, 2meter and tmeter post spacing.
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e Consideration 2 (Features you need to extract) A high resolution DEM is often required if

LIiDAR data are to be used for automated or saotbmated £ature extraction, as shown in
Figures 40 and 41.

Figure40. Even with sukmeter NPS, building footprint edges Figure41. High resolution elevation data are required whe

are pixilated. Straight edges are difficult to define when the LiDAR is used for serautomated feature extraction. Many

are irregular and pixilated. misclassifications result from low resolution elevation data.
[}

Consideration#3 (What you need to measureYour DEM useapplication has everything to do with
required point density. Table 3, below, shows examples where measurements are made for landslides,
morphology, building classification, fire loads, tree species, forest metrics, vegetation classification, and
measurenent of the DTM in the forest floor. Other applications might include assessment of forest
health.

Consideration #4 (Density of vegetation to be penetratéa)lsome cases, theaw LIiDAR point density
per square meter or th&PS is much more important thahe DEM post spacing, especially in areas of
dense vegetation Figure21 and 2 (see FAQ 3 showan example oLiDARdata in Florida where
LIDAR data was collected with an average density of 4 poiftis/ndense tropical vegetation. This
worked in Florida, but in the Pacific Northwest, 4 point/may not be good enough for specific
applications.

! LI LISNJ Sy idAdGt SRY daAyAYdzy [A5!w 5FaGF 5S8Syarde
2 GSNAKSR {OASyOSasz LyOz n allkpulsex emitted framithellsdét wili KS T 2
measure the ground. Depending on vegetation and land cover, few pulses, and in some cases, no laser
pulses, will reach the ground. In order to relate pulse density to ground point density, a mathematical
relationshp has been calculated from publiomain LIDAR surveys collected in Oregon in the last two

years. For these surveys, totaling over 5.2 million acres, a resolution of 8 pulses per square meter was
achieved. It was found that for any one pulse emitted, pne@bability of being classified as ground was

2yt e wmnm: oé lylLfteasSa oSNBE LISNF2NX¥SR G2 NBO2YYSYR
applications used in thBacific Northwest, as summarized in Table 3.

Table 3 addresses both considtions #3 andt4.
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Table3® 2 | §SNAKSR {OASyO0Sazr LyOQa wSO2YYSYRSR wSaztdziazy F2N

Recommended Densityjulses per mand
Discipline Application (NPS)
Low High
Geology Landslides 4 (0.50 m) 4 (0.50 m)
Morphology 5(0.45 m) 8 (0.35m)
Urban Planning Building Classification 4 (0.50 m) 8 (0.35m)
Fire Modeling Fire Loads 4 (0.50 m) 8 (0.35m)
Mapping Burns 4 (0.50 m) 6 (0.41 m)
Forestry with Pacific Tree Specieklentification 4 (0.50 m) 6 (0.41 m)
Northwestspecific Forest Measurement and Monitoring 4 (0.50 m) 4 (0.50 m)
Applications Tree Height Measurements 4 (0.50 m) 6 (0.41 m)
Vegetation Characterization 4 (0.50 m) 8 (0.35m)
DTM Accuracy under Canopy Cove 4 (0.50 m) 6 (0.41 m)

Theprior answers to FAQB#and FAQ &both demonstrated that the NPS must be denser than the DEM
post spacing. This Oregon study shows that it is not just the raw LiDAR points that must be denser than
the DEM, but the percent of the raw LiDAR points thatgigate the vegetation to the ground. In this

case, there is no substitute for prior experience in comparable vegetation to determine what percent of
the LIDAR points are expected to penetrate to the ground so that the NPS requirements can be adjusted
acordinglyc prior to data acquisition.

Consideration #5 (Breakline need&)decade ago, breaklines were initially required by FEMA when DEM
post spacing was 5 meters; however, FEMA now specifies breaklines as optional, especially because
DEM post spacing now at the iImeter level. The denser the nominal pulse spacing (NPS), the less the
requirement for expensive breaklines that often double the cost of a LiDAR project

For nearly a century, evolving technologies have enabled the mapping communitytdmede
production and speed delivery of geospatial data to users at vastly reduced costs. Orthophotos are
often updated annually because they can be quickly and efficiently produced. The same is mostly true
for LIDAR point cloud data, but not for breakds. In fact, there is a disturbing trend to require extensive
breaklines that are labor intensive (often sent to China or India for production), costly and time
consuming to produce, and perhaps are not really needed.

Figure 42 showsypical LIDAR magmints with NPS of approximately 1 meter. For most automated
processes, these elevation points adequately model the terrain. Figure 43 shows breaklines produced
from these LIDAR mass points for which fewer model key points were retained after manuabtiomp

of the breaklines shown. It is true that contour lines produced from the model key points and
breaklines will be more aesthetically pleasing, but this rarely helps automated processes. A decision
Ydzai 6S YIRS AF (GKS &/AKSDOSHBENIA Bye 2INd AGA TdkNES an v
warrants the significant cost increases and time delays.

This is an example where higher point density (achieved with relatively minor cost increases) can reduce
or eliminak the need for mangxpensive breaklines
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Figure42. LIDAR mass points with nominal pulse spacing Figure43. Thinned model key points and breaklines for
(NPS) of approximately 1 meter swales,borrow pits with water, androad features

Bl e

FAQ #11: What is the difference between hydro -flattening and hydro -enforcement?

Hydroflattening is a relatively new term used by USGS to explain how DEMs are traditionally processed
for inclusion in the NED. Hyadflattening is performeda depict the baresarth terrain as one could see

and understand the terrain from an airplane flying overhead. The viewer would assume that the
surfaces of lakes and reservoirs are flat and that rivers are flat from shore to shore. The viewer would
also ecognize that bridges are mamade features that should be removed from a baath DTM
because they are artificially elevated above the natural terrain.

Figures44 and45 demonstrate how the shoreline elevations of lakes and reservoirs are flattened.

SN B i
% RO e

Figure44. LIDAR mass points in this neadyy reservoir have Figure45. Special software is used to generatie breakline
variable elevations. It is difficult to identify the water for the shoreline used to flatten the water surface elevatiol

shoreline or its flat elevation. for this reservoir.

Figures46 and 47 demonstrate how duaf Ay S RNI Ayl 3S FSI GdzNBa x wmnan
shore to shore. PetJSGS LIDAR Guidelines and Base Bptoiis v13, these streams do not
necessarily have monotonic gradients that decrease as the river flows downstream, though this is
normally done anyhow in a process call hydrdorcement. Gradients can be smooth (Figd6 or
stair-stepped (Figurel7) so long as the height of the steps are not too steep and each step is flat from
shore to shore on either side of the river. Narrower rivers are depicted as dingldrainage features

that do not require flattening but masequire hydreenforcement.
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Figure 46. Hydro flattened dualline stream (top) with a Figure47. Hydro flattened dualline stream (top) with a stair
smooth gradient (bottom). Top image also shows bridc stepped gradient (bottom). Each stair step in this example

removed from the DEM.

10 cm high € 4 inches).

Figures48 and 49 demonstrate how all bridges over such rivers, recognized as -made features
constructed above the bare earth terrain, are removed from the DEM; liththydro-flattening, below

IANRdzy R OdzZ @SNIa

Lidar-derived i Culvert
surface flow in :
channel under

obstruction to
surface flow

Legend
Lidar-derived
surface flow

Figure 48. Elevations on t

FNB y2i

GOdzié¢ G2 ff2¢

gl GSNJ (2

he bridge are removed to allov Figure 49. This shows an oblique view of a digital imag

mapping and flattening of the river beneath the bridge. Th draped over the hydreflattened DEM from the prior Figure.
undergroundculvert is not cut, artificially diverting the flow The bridge deck is lowered to the elevation of the groun

along the north side of the road until reaching the river.
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beneath. The culvert on the right is clearly visible.
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