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EXECUTIVESUMMARY

This study was conducted to examine the effemdloodplain mappin@f replacing the
national datums of the United StateBy approximatel2022b h! | Qa bl A2yl f DS2R
(NGSwill modernize(replace)the officialdatums, currently the North American Datum of 1983
(NAD 83) and the North American Vertical Datum of 1988 (NAVD 88). Based on new
technologies and methods, NGS will define new geometric and geopotential datums that will
replaceNAD83 and NAVIB8, respectiely. Georeferencing spatial data to the correct datisn
extremely important to many geospatial applications, including construction, agriculture,
resource management, navigation, and emergency management. These updates will provide a
criticalimprovementto orthometric heightswhich areoffsetup to 2 meters (over 6 feet)n
addition to the new datums, NGS is also considering promoting appropriate use of the passive
control network by publishingstimated orthometric height accuraciés benchmarks.In
order to investigate the effects of this coming changeilat studywas conducted in
cooperationwith the North Carolina Floodplain Mapping Program (NCFMP) and the North
Carolina Geodetic Survey (NCGB)is report reflects the outcome of that pilotusty.

For this study onstreamreacE ¢ N} YU SNBEQ / NBS| A ywvastchogetr / 2 dzy
foranalysi®@ ¢ NI yGSNR&A / NBS{ Aa Ay 0KSre@etlyudpdated LI | Ay
detailedflood studyusingLight Detection And Ranging (iDAR) datain addition toan effective
limited detailed study The coastal plain was selected as a conservative estimate since small
changes in water levels have a larger effect on the floodpkan in mountainous areas
(NationalResearch Council, 2009)

To understandhe effects of the datunmodernization the first stepwas to model the
change for specific coordinates. For the study location all geospatialdattransformed
from the existing referencérameto availableproxy datums that most closely resemble the
future datums. For the geometric (horizontal) datiMAD 83 (HARiNwas transformed to the
International Terrestrial Reference Frame of 2009rF2008 Geodetic Reference System of
1980 GRS30). For thegeopotential (vertical) datunGEOID99 was replaced witie U.S.
Gravimetric Geoid model of 2000$GG200%s the orthometric datum zero height surface.

! An effective model is one that has been accepted for use in the official maps.

2 High Accuracy Reference Network (HARN) is the designation for the statewide geodetic network upgrade. In
North Carolina this was done twice, in 1995 and 2001. The data received for this study was referenced to the 2001
adjustment.



The ITRF2005 geodetioordinates were projected to State Pla@eordinate System of 1983
(SPCS 83orth Carolinazone(Zone3200 in U.S surveyfeet using the existingPCS 83
projection parameters.

The average horizontal shift in this location was 26& (0.829 m) in the horizontal (in the
westnorthwest direction) and0.98 ket (-0.298 m) in the ertical §.e., lower thanrNAVD88).
The results showhesehorizontal and vertical shifts are spatially dependéritis means that
the shift from the current datums to the future datums will be a tilted surface rather than a
constant horizontal or verticahift. While this provides a first look at the order of magnitude of
the coordinate shifts, actual changes will vary across the U.S.

Fourissueswere investigatedrelated to floodplain mappingnd data managementl)
Determining vinether derivedDigitalElevation Models (DEMs)ould need to be recreated
from transformedLight Detection and RangingiDARdata; (2) Testing whetherhe
assumption that the hydrologic models could remain the sapyecomparing thelrainage area
of the original and transfornewatersheds(3) Examininghe effect on the floodplain
boundary and base flood elevations (BFBEsjl(4) Evaluatingvhen an error baon a bench
markwould be too large for use iafloodplain mapping survelyy measuringhe effect of
vertical uncertaity onan obstruction.

The method of mapping the floodplain for this project was based on the usual process
employed bythe Federal Emergency Management AgerdyMl A, but it wasautomated and
simplified to focus on the effect from the datum chandéefloodplain boundarywas
determined bysubtracting the ground surface T(Nriangulated Irregular Networkjased on
LiDAR fronthe water surface TIor the base flood (10§ear or 1% chancelll areas greater
than zero were considered in the floodplain.

Four floodplain boundaries were created from high and low accuracy base data: original
high accuracy, transformed high accuracy, original low accuracy, and transformed low accuracy.
The fourground surface TIdwere created fromthe original and transforme LiDARand the
USG%\ational Elevation Datet (NEDJ elevation datawhich wereused asxamples ohigh
and low accuracy elevation dataspectively Four correspondingvater surface TIblwere
createdusing stream cross sectionad water levels fronthe U.S. Army Corps of Engineers
Hydrologic Engineering Centers River Analysis SysteraRAEoolTo test the sensitivity of
this floodplainto the potential uncertairty in benchmark heights one bridge wageinserted
into the HEERAS modednd examined at various heights.

The results of the DEM analysis (1) showed &% of the points feWithin a 2 foot
tolerancebetweenthe transformed DEM and DEM derived from transformed LiOAR.falls
within the accepted 95% confidence intervia.addition, the hydrologicanalysis (2) indicated
that 99.92% of the watershed area remained the same betwberoriginal and transformed
watershed. This is not a significant change forghelished North Carolina ruraggression
equations.

% Collected in 2001 with a finalominal post spacing of 3 meters

* Since the current NED incorporates the LIDAR information;iBute NED data from 1999 with a spatial
resolution of 30 meters was used to simulate areas of the country where high accuracy elevation data is not
available The center of the cell was used to create mass points from the DEM.



Theresults ofthe floodplain boundary analys{8) showed thatchanges caused by the
datum modernizatiorcannot be ignored in future floodplain mappirfgrom the floodplain area
based on the LIDAR data, the floodplain area decreased by 1.16% while the floodplaintased o
the NED increased by 0.35%. The vertical shift in the BFEs at the cross sections is similar to the
overall vertical shift at an average @966 feet (LIDAR) an@l.947 et (NED)Although this
indicates coordinates and BFEs will change significdatlyhis location and study area the
floodplain itself will not because there is little relative change. Howeaaeh location will have
unique characteristicandthesmallOK I y3Sa | d ¢NJI yiSNRa / NBS| adza:
further investigation inb where significant change might occetd.,subsidence areas).

Some changeis the floodplain boundarynay be an artifact of the mapping process
part of the procedure for generation of the automated floodplain boundémg cross sections
used to poduce the water surface elevation Tiére extendedacrosshe entiremapping
area,resulting ininterpolations across large distances further away from the streanter.
Because an automated mapping process was used to eliminate individual judgnment
difficult to say whether thesboundarychanges would appear with the full FEMA mapping
processAdditionally, many of the observed differences occurred in backwater fingers of the
mainstem of the stream, which are typically manually edited as pathe FEMA process for
producing the final floodplain boundarit.is also interesting that there wamsinimalchange
with the lower accuracy elevation data (NEDythe change was natoncentrated in a few
areasas was seen with the high accuracy data

The results from the bridge analy$§ examined when height uncertainties in survey data
would cause significant changes in the floodplain boundary or.BlRissanalysishowedthat a
-0.5ft shift in the bridge height causedsignificanthorizontaldifference in the floodplain width
(overll1ft). However, his was very dependent on the shapthe cross sectioim the hydraulic
model and the hydraulic characteristiokthe bridge It is expected that this would vary across
streams and types of obstruction&dditionalanalysign a variety of locationgs recommended
to identify alower bound on what height shift in obstructions would cause a significant change
in the floodplain

While the effective floodplain models and boundaries are not significantly affected by the
datum shift, it is extremely important for floodplain mapping to understand and address height
uncertainties particularly as new technologies increase the accuodgyeospatial
measurements and productBepending on the location, type of previous elevation data, and
engineering variableshe shift inheightsby approximatelyl foot maymake someexisting
floodplainsfail the Floodplain Boundary StandafldEMA, 2007 However, in most locations
with current updated elevationthe relative shift in coordinates is likely to be mininiethe
main conclusionfrom this study are

91 Coordinates will shift significanthorizontally and verticallyith the datum
modernization

The datum shift will have a larger impact on higher accuracy elevation data
The sizeand shapeof the watershed does not change significantly and thus the
hydrologycalculationsdo not need to beesimatedbased on transformed data

T
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1 DEMs can be transformed directly and do not need to be regenerated from transformed
data

1 In some areas there will bminimalrelative changes and thus minimal changethm
floodplain boundaries or BFHzut this will depand onthe location-specific
characteristicsthe mapping methodised and engineering judgment

1 Even in locations where there is no change in the floodplain boundary, existing
floodplain models and BFHsat were generated in the current datumsll be
sigrificantly different from ground data measured in the new datums

1 While this study provides the first look at the expectdtects, additional studies are
warranted prior to the 2022 modernization

1 Because of the significant coordinate shift and potentigdact, he development of an
implementation plan is extremely important for FEMA and other federal agemdies
are required to adopt the official U.S. datums

1 Successful implementatioof the new datumswill depend on &lear message and open
communicatia to all constituentsto explain why changes are occurring

While the release of the new datums is years away, adequately preparing for this change
well in advance will assist in a timely and smooth transitidre next stepshouldinclude
testing other Ieations amore indepth analysis of how FEMA will implement the new datums
and developing specifications for the use of benadrks An implementation plan should
include, but not be limited to, identifying all specifications, guidelines, and policinded to
be revised, preparing a data management plan that includes the databases that would need to
be updated, and organizing an outreach and education [Baiccessful cooperation and
communication on theppropriate and timelymplementation ofthe datum modernizatiorwill
improvethe accuracy of floodplain maps that are vital to saving lives and property.
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1. INTRODUCTION

Theofficial national datums of the Uted States are the foundation fail geospatial
activity and their accuracy is extremely important to many applications, including construction,
agriculture, resource management, naviga, and emergency managemef®ffice of
Managmenet and Budget, 2002)he National Geodetic Survey (NGS), followguission to
GRSTAYSST YIAYGFrAY YR LINRPOARS | 0O0Saa (2 GKS b
2dzNJ Yyl GA2y Qa SO02y2YAOI &2 OA mbdEmidetheRflicly OA NRY YSY
datumsby approximatel\2022.This modernizationvill mean thereplacementof the current
officialhorizontal and vertical datums, the North American Datum of 1983 (NAD 83) and the
North American Vertical Datum of 1988 (NAVD 88} wéw geometric and geopotential
datums, respectivelyNational Geodetic Survey, 2008pr federal agencige$or which the NSRS
is the fundamental geodetic contr{Dffice of Managmenet and Budget, 2Q0this shift will
require resources to managshanges talata collectiormethodsand maintenancef existing
data holdings

In order to prepare for this transitioMGSnitiated a pilot project with the Federal
Emergency Management Agency (FEMAg,North Carolindloodplain Mapping Program
(NCFMP) and the North Carolina Geodetic Survey (NCGS) to examine how the shift wall affect
specificapplicationg floodplain mapping; and what preparations would assist the process
North Carolina was chosen as the study location because they are a Cooperating Technical State
with FEMA and have extensive mapping ddtae goals of this project were to:

1) Quantify (magnitude, direction, and spatial distribution) the expected coordinaifess
anddetermine what data and/or products need to be converted (effect on data)

2) Determine the impacbn floodplain mappingnalysis (effect on analysis)

3) Investigatethe tolerance for surveyncertaintyto guidefuture data collection(effect
on collecton)

4) Provide recommendations for tools or actions that would assitt the above

Detailson the two main components of this project, the national datums and floodplain
mapping,are provided below. Section 2 describes the methods ugsdtiis studyand the
resultsare provided in Section 3. Section 4 and 5 provide the conclusions and
recommendations respectively. Because of the technical nature of this study, AppelstscA
glossary otommonterms and Appendix B provides a list of acronyms and akddrens.

-1-



1.1. MODERNIZING THE NATIONAL DATUMS

Over the last two decades, the technologies of geodesy and surveying have changed
radically. In order to provide the most accurate reference system to the nation, NGS is planning
on releasinga new geopotentiafvertical)datumby 2022 to replace the North American
Vertical Datum of 1988 (NAWEB), the current official vertad datum of the Unites StateAt
the same time the North American Datum of 1983 (NAD ®8@) current official horizontal
datum, will be replaced with a new geometric reference frame. These replacements are
planned in order to remove systematic deficiencies in the current datamasprovide
reference frames more compatible with modern positioning technologies, especially-space
based system<Of particular importance tdloodplain mapsthese updates will provide a
critical adjustment to orthometric heights that aoéfsetup to 2 meters (over 6 feet) and have
significant impact on many federal agenciéile the actual impact to the floodplais the
guestion of this study, the negeopotentialdatum will also impact national floodplain
standards. As The National Research Council statethpping the ZonE & Xdzy A F2 NXY y I (A
standards for FEMA flood maps cannot be met until an improved orétoeheight datum and
382 AR Y2 ®R&ibnal Késdatchi Gouncil, 2009, p.. Afthough both datums will be
replaced, it is the change to orthometric heights in the new geopotential dahahare
expected to havéhe most significant effect ofloodplainmaps.

1.1.1. Benchmarks: Current and Future Access to the Vertical Datum

The current vertical datum, NAVD 88prgmarilyaccessed through passive marks in the
ground (benchy I NJ a0 2F daly26yé¢é KSAIKG RhedaloendmiarisKk SR A Y
are the foundation for access to orthometric heightie problem wittthis methodis as NGS
states in theGravity for the Redefinition of the American Vertical Dat@RAWD) plan:

Because the heights on these marks are not regularly checked, and because they
are destroyed by construction, the maintenance of a vertical datum by this
method cannot be perpetuated. Only a new methothrough[the Global

Positioning SystenGP$ and gravity can allow NOAA to maintain a quality

level of service to the nation in the definition of the vertical dat(ithe GRAD
Project: Gravity for the Redefinition of the American Vertical Datum, 2007, p. 3)

The ideal future method would ba combination ofGlobal Navigation Satellite System
(GNSS, of which GPS is a pamt) gravity to allow redime access$o the new geopotential
datum. Instead of theurrentmodus operandof startingon and tying to benchmarks which
may be miles away from the target location and have mofwedtically)since last measured, a
project could us€sNS$o define a starting poinaccurate on that dagndwherever is most
convenient. This vision removes the uncertainty causethbyime differenceof the survey
and the epoch on the database heigig well abenchmarkmaintenance problems.

However, moving away from the usewicheckedenchmarks toGNS®nly access is not
simple. Although there are accepted scientific reastmndiscontinue the use of benaharks,
practical and legal hurtles wiikely preventa complete shiftWhile the trend willlikely be
towardsGNSS$nethods certain sectors will continue to rely on benetarks.NGS is considering

-2-



anumber of optiondo increase awareness and promdtee appropriate useof benchmarks,
such agublishing error bars on bencaharks that change over timgJacingprominent
warnings on suspect datasheets, or simply not publishing uncertain values.

While adecision has not beemadeby NGS$this study will address the case that error bars
are published foorthometric heights. This option provides the user with the most information,
but also the responsibility to use the information appropriaténe aspect of this study is to
determine how floodplain mapping should handteseerror bars. In other words, how much
uncertaintyin abenchmarkheightis acceptable? Answering this question for multiple
applications will assist in future decisions on how organizatmati accesshie NSRS.

1.1.2. Gravity for the Redefinition of the American Vertical Da{GRAWD)

bD{Q 32 f F2N (KS \yopwvidd B 43¢ acQinsté drthometdRl G dzY
heightswith an accuracy of 2entimetersat 95% confidencerhere possibleOrthometric
heights are calculated by subtracting geaiddulationsfrom ellipsoid heighd (obtained from
GNS¥ While ellipsoid heights frol@NS$nayhave an accuracy of Extimeter (depending on
equipment, timespan of data collection, etc)he currentgeoidmodeldoesnot matchthat.
The calculation of an accurate national gewiddel(i.e.,the equipotentialgravity surfacebest
approximating mean seal leyetequires spatially and temporally consistent measurements of
gravity.Initiated in 2007 GRAWD aims to fulli thisneedby 2022.

GRAMW isaninitiative to implement airborne gravitgollectiontechniques on a national
scale Airborne gravity was chosen to connect availdbtalground andglobalsatellite
measurementsOver roughly twelve yeaya gravimetemwill be flown overthe United States
and its territories in a grid patterwith about 10km spacingBy combining ground, aerial, and
satellite measurementsa highly accuratgeoidmodelcan be produced and monitored for
changes. This willltimately provide nationally consistent, highly accurate, and easily accessible
heights for many applications, particularly those concerned with the flow of water.

1.2.FLOODPLAIN MAPPING PROCESS

FEMA is responsible for managing the National Flood Insurance ProgramtfiéHi€lies
on maps of flood riskzloodplain mapping relies heavily on vertical measurements and some
areasmaysee significant changes to floodplains whemgghe new geopotential datum.
Ensuring that FEMA is prepared to successfully incorporataghedatums is critical to
efficiently realizing billions of dollars of potentlanefits to life and propertyLeveson, 2009)

1.2.1. Overview ofloodplain MappindProcess

Hoodplain mappingombinesthree sets of data; imagery elevation, and flood datg to
create a Digital Flood Insurance Rate Map (DFIR&t)al magery dataare used asabase layer
for reference. Whilghe imageryis not involved in determining the floodplain boundary or
flood elevations, it is included in éhfinal product taassist in the identification of buildings,
roads and other infrastructure.

Depending on availability, elevation data confiesn a variety of different sources,
including photogrammetry, light detection and ranging (LIDAR), and redale LiDARhas
been found to behe most costeffective withn FEMA accuracy standar@éational Research
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Council, 2007)manylocalities do not have this datar the funds to acquire itnstead, he

United States Geologic Sy (USGS) National #ion Dataet (NED) is often useelven

0K2dzZaK aStSOFGA2y dzy OSNI I AyGAaASa 2F GKS b9os5 |
C9a! Fa FOOSLIitof S (Naohal Researéh Rawh@N00yp. 3y | LILIA y T €

Finally, flood data consists of hydrologic and hydraulic models thalypewater level
heights for a statisticdlood. Hydrologic modejsuch as Hydrologic Engineering Center
Hydrologic Modeling System (HE®S)usetopographyand shtistical rainfall data taonvert
rainfall into streanflow. This information is used in the hydraulic modeisch ashe
Hydrologic Engineering CentBiver Analysis System (HE&S)with ground crosssection
survey datafopography and a stream centéne to determinethe water surface elevatiorat
various stream crossectiors. Specialized models are created for coastal areas to deal with
tidal affects and storm surg&lEC is part of the U.S. Army Corps of Engineers (USACE) and is the
principalauthor of hydraulic modes utilizedfor flood delineationin FEMA studies.

To create the floodplaiboundary, the crosssectionwater heights or base flood elevations
(BFEs)re overlaid with the elevation data and a bound&grawn based on the contours of
the land.For a detailed studyhie 100year and500-year boundaries are combined with the
imagery and supporting information, such as BFE values and locations,harks$) andhe
floodway (area of highestlow that is required to discharge floodwafeto produce the FIRM
or DFIRMThe amount and type oflata usedn the studyandthe information displayedn the
map are determined bythe type of studyconducted

FEMA allows four types of flood studies: detailed, limited detailed, approximate, and
redelineation.Detailed studies require the most data collection, review of all models, and
provide the most informatioron mapsabout flood hazards, including BFEs, floodway, and
moderate flood hazard areas. Limited detailed studies are similar, but do noiresgurvey
information on bridges or culvertend do not include anappedfloodway. Approximate studies
provide only an estimate of the flood boundary with no BFEs, floodway, or other details. Finally,
redelineation is used when new topographic date available.Aredelineation aalysis is rerun
using the new data, but flow and field survey data are used as published with the previously
created engineering mode(®ational Research Council, 2009)

The analysidor this studyfocused on key pieces of the above procdsstream with a
detailedand limited detaikiverine study waschosenfor simplicity Onlythe elevation and flood
datacomponentswere analyzed. While imagery is an important aspect of the DIFRM and does
need to be geospatially consistent, it does not affect the location or depth of the floodplain.
Finally, this study does not discuss all geospatial aspects, but focuses effetii®f
positioning, specifically the rolef benchmarks and the future datums, on floodplain mapping.

1.2.2. North Carolina Flogalain Mapping Program

To do a detailed data analysesspecific site needed to be chosen for the case study. North
Carolina (NC) was chosen as the site for this study basdtediC Floodplain Mapping
t NB 3 NI Y Q &losé involementwith FEMA and teaship in floodplain mappind\s the
first Cooperaty 3 ¢ SOKYAOFt {GF0GS o6/ ¢{ 0 o6AGRIPHkeL9a! Qa
ownership and responsibility for the Flood insurance Rate Maps (FIRNis) includeghe
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analysis andipdates2 ¥ 0 K I digital RIRMS ®BIRMIhrough this partnershithe
Nd~MPhas taken the lead on collecting and maintamiaccurate flood informatioriThis
wealth of informationallowed the study tacompase and evaluag variousmappingmethods In
addition, the willingness dICFMRo contribute personnel and finandiaesourcedo the
project wasa significant asset, particularly in contributitige floodplain mapping perspective
and building thesupportto promote and hopefully implement the recommendations.

1.2.3. FEMA Accuracy Requirements

CurrentFEMA accuracy requiremisn described in the Methods Section 2.1.3, are used as
the measure for significant change in the floodplain boundary or BlREse3ults of the
analysisare based ortheserequirements.However,FEMArequirementsmaynot remain
constantin the future,asdescribed in the subsequent sectiowhile the conclusions use the
current standards, theesults presentedanay be evaluated against any standard of interest.

1.2.4. Future of Floodplain Mapping

Whiledata collectiortechnology is not expected to change significantly, the method of
producingfloodplain maps andelivering theaccompanying dates changingRather than
producing printed hard copy Flood Insurance Rate Maps (F|RMsg is movement toward
digitatonly maps.AlthoughDigital Flood Insurance Rate Ma(DFIRMS) are available today,
digital data is not a deliverable ards still a requirement that magare physically printed.
Printed mapsre the main driver ithe currentaccuracy requirements becauseanted line
GF1Sa dzLJ LIKod arhapThis infe@nidlacouBaty on a printed map would be
removed in a fully digital environmentVith the move to digitabnly mapst is uncertain if
FEMA willpdateaccuracy requirementand how they will chage. As a result, any shifts in the
floodplain or BFEs in this study need to be considered notwitiyrespect to current accuracy
requirements, but alsavith regard tothe potential for tighterfuture accuracy requirements.



2. STUDYMETHOD

The methodology wasplitinto two parts: Aata transformationnto proxydatums to
approximatethe future datums and Bjataanalysis of the shift and impact to floodplain
mapping. Part A was developed specifically for this project in order to evaRaateB. The
actual method of transforming data in the future will likely fteeamlinedwith the release of
the official datums. Part B was then designed to answer specific question to address the first
three goals identified abovét is divided into theollowing sections:

1) Quantify (magnitude, direction, and spatial distribution) the expected coordinate shifts
and determine what data and/or products need to be converted (effect on data)
a. What is the average coordinate shédfihd rang® Is this spatially caistent?
b. Can derived products be transformed or do they need to be recalculated from
transformed base datar original observatiord
2) Determine the impact on floodplain mapping analysis (effect on analysis)
a. Does hydrology need to be recalculated for exgtitudies? In other words,
does the arear slopeof the watershed change significantly?
b. How much does the floodplain boundary change? BiEts different for
LiDARand the NED
3) Investigate the tolerance for survey uncertainty to guide future daibection (effect
on collection)
a. Under the current FEMA guidance, when is error on a bematk too large for
the published height to be used without resurveying the mark?

To answer these questionbree locations werénitially chosen tocompareresults from
different geographicareas However, because of limited time and resources this study presents
only one of the three. The chosen sigein the coastal plain with the least change in elevation.

It is expected with coordinate shift that thisdation would be most sensitive to smalkvation
changes and would therefore be a conservative location to judge how floodplain mapping
results may be affected

Section Istudied coordinate shift and/as conducted through statistical and spatial
methods.Because of thie highaccuracy and density, the LIDAR points were used to quantify
the shift and determine the distribution. A random sampling of LIDAR points was also used to
study spatial patternsf the horizontal and vertical shift. The derived prodacdialyzed for the
purposes of floodplain mapping was the S@tf DEMderived from LiDARwvhichis typically
used for hydrology. The difference between the transformeddsft DEM (D5) and a 50dt
DEM created from the transformed LIDAR was analyzed eghards to FEMA accuracy
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standards of 2dot contours for flat areas. If 95% of the points in the D5 DEM fell with@&2 f
of the DEMrom transformed LiDARen the 50 6ot DEM would not need to be recreated and
could instead be transformed directly.

Secton 2 examined the impact aime engineering models arftbodplain mapping result to
inform what processes would be influenced by the coordinate shife first engineering step,
hydrology modeling, is most sensitive to catchment area, or the watershea $ection of
stream(National Research Council, 2009¥ing a standard watershed delineation process in
ArcMap, watersheds based on the original and transformedb0DEM were compared. The
watershed areas were used WSGS regression models to determine the expected change in
discharge for a base flood (1:@@ar storm or storm with a 1% probability).

The second engineering step, hydraulic modeling, asgsndard step backwater solution
at crosssections extracted frorhiDARto determine the water level for a given storm
discharge from the hydrology modeling. order to remove all aspects of engineering judgment
that could skew the resultshe effective modehnd associated model parametesgre not
used anchew engneering model crossectionswere extractedfor the original and
transformed LIDAR and NE®ata. Thesecrosssection elevationsvhere sentthroughthe same,
repeatable model in an automated processdeterminechanges in théloodplainboundary
and BFESThe other engineering parametersquired forthe model were set to be constant
along the streanmand set to beequal to the average of the parameters in the effective model.
Theresultant water surface elevatiochanges were also compared between the LIBARNED
to determine if spatial resolution makes a difference in the impact of the shift.

Section 3 looked at how error bars on bemohrks would be treated in floodplain mapping.
Since there is existing guidance on the accuracy of survey data, a Iieratuew of the FEMA
and surveying standards was conducted to determine when a berark with an error bar
could be used for floodplain mappinghis was supplemented by a quantitative analysis that
added in transformed survey data for a structure to gimple hydraulic model used above.
This structure was then adjusted up and down to figure out the limits to the height error.

The following sections provide details about the methdline above, including) Initial
assumptions and parameters, 2) selection of study locationda®) transformationand4)
data analysis

2.1. METHOD PARAMETERS
2.1.1. Proxy for New Datums

Since the new datums are not availafgdeoxy datumswere used.Where access tblAD83
or NAVD 88&s required in the existing floodplain mapping process ITRF@e@renced to the
GRS30 ellipsoid)wasused in place of NAD 83, while the USGG2009 gravimetric geoidi sexve
a proxy for the zero elevation surfacéthe new geopotential datumhile they are not
equivalent, the new geometric reference frame will be similar to ITRFZRS30 except for
the rotation of the North Americarectonic gate with respect to ITRFSimilarly, the new
geopotential datum wilusea gravimetric geoid as its zero elevation surface, but the final
surfacewill differ from USGG200Despite these differences, ITRF2005 and USGG2009 were
the best estimates of the new datums at the time of this stulifhough USGG2009 is tied to
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ITRF2000ITRF2005 was used for both the geometric and in the calculation of heights to be
consistent and the difference between the two is minimal, about 7 mm in North Carolina.

2.1.2. Accuracy Requirementsr Evaluation of Results

The significance of floodplain or Béttangess determined by FEMA accuracy
requirements. According to Appendix A: Aerial Mapping and Surveying, digital topographic data
must have a vertical accuracy of:

1 Twofoot equivalent contour intervals for flat terrain (Accuraeyl.2 et at the 95
percent confidence level)

1 Fourfoot equivalent contour interval for rolling to hilly terrain (Accurgey2.4 et
at the 95percent confidence leve(FEMA, 2003, pp.-58)

In other words, for flat terrain 95% tie heightsused to test the surfacemust be within 1.2

feet of the surface elevation. The corresponding root mean square errors are 0.61 feet (18.5
centimeterg and 1.22 éet (37 centimeterg (National Research Cound@09, pp. 115.16)

The transformation of existing flood data into a new datum will maintainrégiativeaccuracy

of the data and is unlikely to cause a violation of these standards.

Of greaterinterest is when errors on benaharks introduce signiant uncertainty. Based
2y C9a! | OOdz2N} O NFBIdzZANBYSyiaz GKS bliaAzy
OKFG LINRRdzOS&a I+ OKFy3IS Ay . C9(Mapinghe Zake: ( K |
Improving FloodMap Accuracy, 2009, p. 46)herefore, the maximum acceptable erar
benchmarksiswhen the maximum andhinimum heights on bencimarks produce a shift in
the BFE of more than 1 foot.

It
y

The change to BFE was primarily used for evaluation since ftotidplain mapping
process this value, combined with an elevation model, determines the boundary. The BFE and
horizontal boundary are directly related. One study from the coastal plain showed théiat 1
change in BFE causes a horizontal change ofetZNational Research Council, 2008he
horizontal change is evaluated and reported, but the standard ef@fi.change is used as the
metric for significant change.

2.2.SELECTION SFUDY.OCATION

Initially, three study locations were selected and comparediébermineif geography made
a difference in how the ntaods affected the floodplairHowever, after scoping the resources
and timerequiredfor the analysisonly one of the three was chosdor this sudy. Although
the selectedlocation is expected to be the most conservative of the sitesukl additional
resources be found it is hoped that the other two locations lgllanalyzed to determine if the
results differ in various geographies

Possible stug locations were streams that were previously studied in detail and had
effective engineering modefsA number ofadditionalcriteria wereused tonarrow down the
sites, including:

® An effective model is one that has been accepted for use in the official maps.
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Tranter's Creek United States
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Coastal Plains, NC i R g YRS
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1 Riverine models onlip simplify the
analysigexcludes coastal models)

1 One in each of the three North
Carolina regions: mountains,
piedmont, and coastal

1 Twoor more benctmarks within a %
mile to assist ground surveying

1 Width of floodplain>10m to allow
for automatic processing of the
floodplain boundary andemove
processofjudgment

.,‘,.
[

N
¥
4

&

A dort listfrom these criteriavas
reviewed based on the number of
obstructions and cross sections in the mode

To minimize processing time the three Lol

locations with the fewetsobstructions and 01 2

cross sections were chosen. The coastal ~
location(Figurel) was selected as thgtudy Figure 1: Study Location, Tranter's Creek

site because small changes in heights in ddladscape have a greater effect on the floodplain.
In addition, watersheds in flat areas are more sensitivettanges irheights. Thus if expected
discharge does not change in the coastal area then it is unlikely to change in the piedmont or
mountains.

2.3.PART ADATA TRANSFORMATION

The transformation involved nine stegsigure2). Five types of data were transformed as
point files, bare earth LIDAR, stream centerline, & DEM, engineering cross sections, and
survey cross section&lSileswere firstconverted intolists of points inASCIIAt the end all
files were converted back into ArcGIS (version 9.3) for floodplain ana\lsista was received
referenced to NAD 83 (2001), which is the second HARN adjustment for North Carolina.

Thefollowingintermediate stepsvere used tdransformation the data. In general terms,
the process involves the following steps aw@ Ssoftwarelisted in parentheses

1. Transforming positions from a coordinate system to a geographic system by
removing the state plae coordinates and converting feet to meters (SPCS83)

2. Transforming the heights from orthometridlAVD 88jo ellipsoidal(NAD 832001))
by removing thehybrid geocidmodel GEOI®9 (VDatum)

3. Transformindatitude, longitude and ellipsoid height frodMAD 832001) to
NAD83(NSRS20Q{custom transformation for NC)

4. Transforming horizontal positior{fatitude and longitudejrom NAD 88NSRS2007)
to ITRF200&sing the same epoch da{eiTDP)

5. Calculating thgravimetricgeoidundulationvalues USGG200%or the ITRF2005
coordinates (INTG)

6. Converting TRF20085RS80 ellipsoid heights ta. JNR E & orhdnetiz$héights
usingUSGG200By subtractinggravimetricgeoid values
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\

T

Figure 2: Method of converting coordinates into proxy datums

Except for Step 2 (VDatum), this process was conducted in UNIX using FORTRANRKand
batch scripts to quickly process multiple, large text files and address differences in input and
output formats between programsn Step IFORTRAN code was used to ceeat input and
output file to and from SPCS83 and included a conversion from U.S. survey feet to.meters

Step 2 used VDatum to remove thgbrid geoid GEOIB9) to transform heights from
orthometric (NAVD 88Jo ellipsoidal(NAD 832001)). The inputand autput horizontal datum
was NAD 83 (NSRS20@ith the input vertical datumasNAVD 8&ndthe output vertical
datum set to NAD 83 (NSRS2007).

Step 3 used a custom transformation between NAR28B1) and NADB3(NSRS20Qaince
there is noofficial transformation available NGS has not published an official transformation
because the shifts to NSRS2@0& quitesmallandR A & LJF N} 6§ S= YF1Ay3 | &aAYLJ
Y2RSt¢ 6fA1S bD{ Q& b! 5 astshowna Rdgori@sWwhNekhis wasy | LILINE LIN.
required toinput the data intothe HTDP software (Step 4), the accuracy of this transformation
is uncertain.



North Carolina Horizontal Position Shifts - Readjustment of 2007

Shifts (meters)
= 0.000000- 0.004000 0020001 - 0.025000
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National Geodetic Survey
National Oceanic and Atmospheric Administration

Figure 3: Map of Horizontal Shifts from 2007 Readjustment

The transforméon for North Carolina was developed bgmpilingall benchmarks in North
Carolina that had measurements in NAD 3301) and NAD 83 (NSRS2007)-B @rid of the
charge between these two values was develogegaratelyfor the northing, easting, and
height. Values were then interpolated for the entire state and applied to the data points.

The isolated pockets of drastically different shift than the surrounding arearésforange
pockets in areas of green Figure3) makes it difficult to develop an appropriate model. The
anomalies are difficult to predict in a general surface, but without a transformatioritfisult
to compare positions from diffent realizations. NGIS evaluating the accuracy of this
transformation separately

Step 4 used HTDP to convert the horizontal datum from NAD 83 (NSRS2007) to ITRF2005
(GRSB0). Although ITRF2008 was available, 2005 was chosen because this was thenframe o
whichthe USGG2008ravimetricgeoid was based. Step 5 used INTG to determine the
USGG2009alues at each position. Thyeoid heights wer¢hen subtracted from the ellipsoid
heights in Step 6 to produce the final transformed points WifhR E & omthtnetizSheights.

The final step was to transform these geographic positions into State Rtatteng and
eastingcoordinates through CORPSCON.

2.4.PART B: DATA ANALYSIS

The data analysis was divided up into the following questions to address theghneary
goals of this project:

la. What is the average coordinate shafihd rang® Is this spatially consistent?

1b. Can derived products be transformed or do they need to be recalculated from
transformed base data?

2a. How much does the floodplain boundachange? BFEs?
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2b. Does the transformation have a different effect on the floodplain analysis with the use
of LIDAR versus the NED as the elevation data layer?

2c. Do hydrology models need to be recalculated for existing stuthesther words, does
the area of the watershed change significantly?

3a Under the current FEMA guidance, when is error on a bematk too large for the
published height to be used without resurveying the mark?

2.4.1. Effecton Coordinates

The first question focuses on the data andyding information on the magnitude,
direction, and spatial distribution of the coordinate shift between the two datums. This was
analyzed by comparing the original LIDAR points to the transformed LIiDAR points as
demonstratedin Figure4.

Q1a) Whatis the magnitude of the shift? Q1b) Can derived products be transformed or do
they need to be recalculated from transformed

base data?

Original
LiDAR

(BE) Final

50 ft DEM
(D5)

Differencein
Positi

Derived

Differencein
Result: Magnitude, 50 ft DEM Heights
Direction, and Spatial (BE) g
Distribution of Shift

Test: If 95% of the points are
within +/-2 feet then transforming
the derived 50 ft DEM is
acceptable

Figure 4: Method flowchart for Question 1a) What is the
magnitude of the shift?

Figure 5: Method flowchart for Question 1b) Can derived products be
transformed or do they need to be recalculated from transformed base dat:

The second question examines data for floodplain mapping that is derived from other
geospatial data. The primary example in floodplain mapping is the@®EM that is
calculated from the LiDARhetransformed 50 éot DEM was compared to a 50dt DEM
derived from the transformed LIiDAR to understand whetaeerived LIiDAR product walll
need to be recreated or if the transformation process was acceptdlble.significance of the
differencewas based on the accuracy of the LiEdRved surfacewhich is accurate to 2 feet
based on the method of collectioff 95% of the heights in theansformed 50dot DEM were
within 2 feet of the DEM from transformed LIiDAR then there was no significant difference
(Figureb).

2.4.2. Effect on FloodplaiMapping

There were two main questions associated with the two engineesiags hydrology and
hydraulic modeling. Since the output from the hydrology, discharge, is an input into the
hydraulic modelhydrologywas analyzed first to see if that model would need to change with
the new datumgFigure6). This was tested using ttgdro-corrected50 foot DEM.The primary
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factor in hydrology, which determines tlpeak flowfor a stream, is the size of the watershed.

If the watershedsize remaisthe samewith the transformation then the previous runoff
modelcould be used anthe hydrology analysis would not ne¢d be repeated. Size of the
watershed was compared between the baseline and transformed DEMSs for both the NED and
50 foot LIiDAR derived DEMhe change in watershed area was imported into the USGS
regression equations for hydrology to

get a percent Changﬂﬂ diSCharge- Q2a) How much does the watershed change? When, if at
. all, should hydrology be reexamined?
The second analysis focused on
hydraulic modeling and the creation of Original 2“'
. . 50 ft DEM
a floodpIamboungIary(ngre?). The 5°{:)§;5M D5)
method was designed to be repeatable
absent of engineering judgment and Watershed Watershed

Calculation Calculation

simple in order to isolate theffect of
shiftingcoordinates.The floodplain
boundary was created from the Wat(;rss)hed
difference between a water surface

Triangulated Irregular Network (N
modeland a ground surface TIRigure
8). GroundsurfaceTINswere created
from the elevation data (LIDAR or NEC !

as mass pointandthe centerlineas a _
breaKine. Toprevent surface e et
anomalies in the stream channel FEgeession equations
elevation points within 15 feetf the
centerlinewere removedAll
obstructions, including bridges and Figure 6: Method flowchart for Questions 2¢) How much does the
culverts, were ignorethecause of watershed change? When, if at all, should hydrology be reexamined?
the engineeringudgment and time

that is involved in adding these featurddoweverone obstruction wasdded andested, as
describedn the following section

Original

Differencein Area

Thewater surface TINs were created using the HEAS hydraulic model and ArcGIS. Cross
sections along the stream were used to extract profiles from the ground surface for the model.
Using these profiles, HERAS was used to determine the water level at eaokssection
based on the discharge from a 198ar storm.To further simplify and limit the impacts of
engineering judgment on the analysm blocked obstructions or ineffective flow areas were
included in the hydraulic model and a single average Mahita Yy @1 f dAd%thihé & dza SR
AUGNBFY OKIyYyySt IyR 20SNBlIylaoe alyyAiAyaQa y QI f
studies on the stream. Finally, bank stations, which identify the location of the top of stream
bank in the HERAS model and repregell ¢ KSNBE (G KS OKIyySt alyyiAy3aQ
conveyancealculations were automatically generated using a unifodistancefrom the
stream centerline.

Water and ground surface TINs were created with both original and transformed data.
Transformedcrosssections were used with the transformed ground surfadesmap the
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floodplain each cross section was assigribd water level elevation based on the HRBS
output. The cross sections were extended in order to guarantee the entire floodplain area of
the main channel would be captured. The cross sections were then usedadines for the
water surface TINTheground surface wathen subtractedfrom the water surfae. All areas

with a positive difference were considered in the floodplain.

Q2b) What s the affect on the floodplain boundary and water
elevations (BFEs)? Difference between LiDAR and NED?

Original Original Original Final
LiDAR Centerline NED Centerline
(BE) (BL) (NE) ((:18)

TIN Creation TIN Creation

y I
Original Original Cross Original Final Cross
Surface Sections Surface Sections
(BE) (Xs) (NE) (Xs)

Flood Analysis Flood Analysis

Flood Analysis Flood Analysis

(BE) (NE) (BE) (NE)

Differencein Boundary and Heights Differencein Boundary and Heights
Y

Test: If final boundary is within 38ft of the original and BFEs are within 1 foot then shift does not significantly
change flood analysis results

Original Flood Original Flood Final Flood Final Flood
Boundary and BFEs Boundary and BFEs Boundary and BFEs Boundary and BFEs

Figure 7: Method flowchart for Question 2b) What is the effect on the floodplain boundary and water elevations (BFEs

2.4.3. Effect onSurveyng for Floodplan Mapping

Surveying and mappirgjandardsare set by a variety of groups, including FEMA and state
regulatory agenciedn the case that error bars are published on benerk heightsthese
standards would influence when the use of published heights is acceptable. A literature review
of the FEM#Astandards was conducted to identify the most stringent requiremént itis also
important to considestate or localrequirementsthat mayalso influence surveying practices

To supplementhe current published guidanc¢a quantitative test on theffect ofchanging
survey heightsvas conducted. Since flood analyses are highly sensitive to surveyed structures,
a bridge was added into the mobesing transformed survey dat8ince this analysis is focused
on the sensitivity of the floodplain to structure height the original data was used to eliminate
any errors introduced with the transformation. The bridge was added to the model using the
sameengineering parameters as the effective modéte heights on the structure were
adjusted up and down to determine the tolerance of the models to erfbh& minimum height
change which caused a 1 foot change in BFE38faot change horizontally was neidered
the acceptable limit in benciark error(Figure9).
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Floodplain Mapping Method

Ground Surface: Water Surface:  ___  Area of Higher Water:
LiDAR TIN p— TIN from BFES Floodplain

——— Stream
Edge type
~—— Mapping Sections
Water Elevation (ft)
Il «3363-476
I :o 127 -43.363

Value I 2489 -39.127
. High : 81.5712 I 30653 -34.89
I 25.417 - 30.653

Low :-61.76 B 22.18-26.417 [:] Mapping Boundary

17.943-22.18 | Floodplain
13707 - 17.943

9.47 -13.707
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L 1 1 1 1 1 1 L J

r
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Figure 8: Graphical Representation of Floodplain MappingMethod

Q3) When would uncertainty on the heights of obstructions be
too big for floodplain mapping?

Cross Sections
with Bridge
Adjusted

Original Cross
Sections
(Xs)

Adjust Bridge
Heights

Flood Analysis Flood Analysis

BFEs and Top Width BFEs and Top Width with
with Bridge (BE) Bridge, Adjusted (BE)

Difference in Top Width and Heights

Condition: When top width changes >38 ft and/or
BFEs are within 1 foot then limit of height error
reached

Figure 9: Method flowchart for Question 3) When would uncertainty on the heights c
obstructions be too big for floodplainmapping?
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3.

RESULTS

The results of the data analysise reported belowln most cases mallts are reported in
both feet/square milesand metergsquare kilometerdased on the conventions of floodplain

mapping and geodesyespectively.

Table 1: Statistics on LIDAR Coordinate Change

3.1. EFFECT ON COORDINATES US get | Average Max Min Sd Dev

There were significant shifts g; ?’;gjggg (?'29222 _g'gzz g'ggj;ii
Eorizontarllly and verticallal. Based on the dxy ) 7.15762 2-737 , 705302 0_005598

are-earth LIDAR pointshe average ) . ' '

horizontal shiftto the proxydatum was dH -0.94695 -0.9168 -1.0873 0.028079
2.72 feet (0.828m) in the west northwest _
direction. The average vertical shifas ~ _Meters | Average Max Min Sd Dev
-0.95 et (0.289m) in the vertical down  dX 0.288657  0.2920 0.285598 0.001143
from NAVDB8. The ranges and standard dy -0.7758 -0.77267 -0.78151 0.001499
deviation are reportedn Tablel Wh”e dxy 0.827766 0.834171 0.824578 0.001706
the range of values is small, there is not adH -0.28863 -0.27944 -0.33141 0.008559
normal distribution of horizontal and
vertical shifts as showm Figurel0 140,000 - Histogram: Horizontal Change
andFigurell. This is not surprising {120,000 - U.S. Survey Feet
since the differences are systematic |49 g -
rather than random. 80,000

Although the standard deviation is 60,000 -
relatively small, the shiis spatially

) . 40,000 -

correlated with larger horizontal and
vertical shifts occurring in the 20,000 +
northwest area(Figurel?). 0 -

The analysis of the derived 50dt

2.706 2.71 2.7142.7182.7222.726 2.73 2.7342.738

DEM shows that if the stream
centerline is ignored that 96% of the
points fallwithin 2 feet of the 50 bot

Figure 10: Distribution of Horizontal Change of LiDAR points

DEM from the transformed LIDAR. The errors are reported for 1, 2, avat Bferancesin
Table2. Figurel3shows the spatial distribution of the differences. A large portion of the
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significant differences betweethe 200,000 1 Histogram: Vertical Change

two are at the stream centerline. U.S. Survey Feet
This is because the transformed  |150,000 -
DEM was hydra@orrected, but the
DEM from transformed LIiDAR was
not. It was not possible to fully
recreate the hydrecorrection
processhat was used in the original 50,000 -
50 foot DEM, so stastics are
reported with and without the
centerline. In the case that the DENM
would be recreated from the LIDAR
it would be hydrecorrected, so the Figure 11: Distribution of Vertical Change of LIDAR Points
GoAlK2dzi sOBHsBNI Ay S¢

considered the most appropriai®ased on the accuracy of the LiDddga a 2 foot tolerance is
appropriateand over95% of the points fell within this range.

Shift in Bare-Earth LIDAR Points

Horizontal Changes

100,000 -

0 -
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Vertical Changes
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Figure 12: Spatial Distribution of Horizontal and Vertical Changes of BareEarth LiDAR Points
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Table 2: Evaluating the Difference in Transformed
DEM and DEM from Transformed LiDAR Based on

DEM Differences a1, 2, and 3 foot Tolerance
Transformed DEM - DEM from Transformed LiDAR

DEM Elevation Differences

) i K Transformed LiDAR
\A‘\i 2 foot tolerance jL , _r,fr g.. Average| Max Min. Std Dev.
; 5 \ 4 - Feet | -0.449 | 17.313| -52.1® | 3.087
g Meters | -0.137 | 5.277 | -15.888 | 0.941
3 1 foot tolerance
Range Area Area
3J3 (ft) (sq. ft) | (sq. km)| Percent|w/o Stream
4 o <-10 |15794100 1.467 2.0% 0.0%
Legend ¥ 7c e g -10t0 -1/ 50019300 4.647 | 6.3% 6.5%
PR | o s g_: -1to 1 |681786000 63.340 | 86.3% 88.0%
[ ] -10tto tolerance 1 2 1to 10 | 426447000 0.396 5.4% 5.5%
[ ] tolerance to 10 ft § > 10 26100 0.002 0.0% 0.0%
| EEDLE
Value 2 foot tolerance
I high - 98.231 Range Area Area
o (ft) (sqg. ft) | (sq. km)| Percent|w/o Stream
Low : -33.76 7 g" <-10 [15794100f 1.467 2.0% 0.0%
., 5 -10to -2| 17238600 1.602 2.2% 2.2%
g -2t0 2 |744003000 69.120 | 94.1% 96.1%
3 2t0 10 [ 13208400 1.227 1.7% 1.7%
® > 10 26100 0.002 0.0% 0.0%
0 15 3 6 Miles . O\L T
—_— ; . —— ' 3 foot tolerance
0 2 4 8 Kilometers 5 X 0 2 4 8 Kilometers Range Area Area
- (ft) (sq. ft) | (sq. km)| Percent|w/o Stream
Figure 13: Difference between Transformed DEM and DEM from Transformed LiDAR <-10 |15794100 1.467 2.0% 0.0%
-10to -3| 8595900| 0.799 1.1% 1.1%
-3t0 3 |761529600 70.748 | 96.4% 98.3%
3t0 10 | 4324500| 0.402 0.5% 0.6%
> 10 26100 0.002 0.0% 0.0%
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3.2.EFFECT ON FLOODPLAIN MAPPING

The effect of changing the datum on floodplain mapping was analyzsb parts
according to the two engineering process#se change to the watershed (tisologic
modeling) and the change of the floodplain boundary (hydraulic modeling).

Forhydrologic modelindgpased on using North Carolina rural regression methodolotiies
most important factor is the size of the watergheThusthe first analysisooked at whether
the size othe watershedchanged significantly between the original and transformedds f
DEM Figurel4 shows that there were no significant changes to the watershed bounddhy
99.92% of the area remained the same. The chatfyggsdid occurwere located in one spatial
area where the terrain is very flat, agricultural latking the USGS runragression equations
(U.S. Geological Survey, 20619 watershed area changé=ad toan insignificantdecreaseof
1.42cubic feet per secon@f0.1% changeh the hydrology modelsSince hydrology is not
significantly affectd by the datum change the original discharge values were used in the
following analysis.

Watershed Change with Proxy Datum
Tranters Creek, North Carolina

N In Original | In Final Area Area
Value |Watershed |Watershed| Count = (acres)  (sq.km) %
- 1 Yes No 1508 | 31.157  0.126088  0.05%
2 No Yes 782 16.157  0.065385 0.03%
3 Yes Yes 2762906 57084.835 231.014 99.92%
| Total Areas Acres | Sq.Km
Watershed Area Original | 57115.99 | 231.14
Legend i i i

Watershed Area Final | 57100.99 231.08
Watershed Difference 15 | 006

I:I Tranters Watershed Unchanged
|:] Original Watershed Only
- Final Watershed Only

Value

l High : 98.231

Low : -33.76

0.5 1 2 3 Miles
|

L L |

T
0 1.5 3 6 Miles 1 2 4 Kilometers

| N e T [ i i |
0 15 3 6 Kilometers

Figure 14: A comparison of the watershed boundary between theriginal and transformed 50 foat DEM
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The second part of the analysis focused on the floodplain bourtsksgd on hydraulic
modeling. The floodplaingletermined from the original and transformed surfadesm the
NEDand the LiDARre shown irFigurel5. The final floodplains from the LIDAR and the NED
were very similarSince the LIDAR is more accurate the floodplain was more detailed and
resulted in a smaller floodplaisrea than the NEferivedfloodplain However, the change
between the original and final was very different between the tvase data set@~igurelb).
Thechange in theNED floodplain with the datum shift wasinimaland showedco systematic
spatial pattern.For this case he final floodplain area was 0.35% lar§é? acres or 0.17 square
km)than the original.

In contrast, the LIDAR floodplain hadlal6% change124acres or-0.5 square kmjrom
the original to the transformed floodplai However, this larger change may &eesult ofthe
automatedmapping methodisinga water surface TIN generated from the engineering
modelingcross sectioa(Figurel5). While the same mapping method was u$edboth the
original and transformed surfacgbe areas that changed were Ibackwater fingetocaions
where there was a large distant®m the model stream centerlind he large distance from
the centerline likely introduced morater surfacenterpolation errorover this area and may
have influenced the resuliThe cross section problem would mairmally be an issui
engineering practicesincethese areas would likely be mapped by hand or individukllg
uncertainwhether this change would be observed in a full studth the addition of individual
judgment.

In addition, itisimportant to consider whether the original floodplain would pass the
Floodplain Boundary Standard (FBS) audit proce(felEMA, 2007)his is a two part procedure
in which 95% of points along the boundary must pass at least one of twa tBshe difference
between the water levetlevationand ground levetlevation is less than 1 foot or 2) the water
level elevation is within 1 foot of the maximuminimum rangefor points within a 38 foot
buffer. For this study the original, or baseline, floodplain boundary was tested using the original
ground surface and compared to the result using the transformed ground surface. As shown in
Figurel6, using the original ground surface the floodplain boundary would pass the FBS with
99.6% of the water level points falling within 1 foot of the ground surface, all of these on the
edge of the TIN models. Using ttransformed ground surface this decreased to 99%, but still
passed step one of the FBRhis result shows that for this study area the floodplain boundary
will likely still be accurate to current FEMA standards with the datum modernization. However,
before generalizing this result it will be important to test this in different areas of the country
considering the impact on coordinates will vary.
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Compairson of Floodplain Boundary Change

LIiDAR Floodplain Change NED Floodplain Change

: Floodplain
- Added in Transformed

LiDAR
Acres
Original | 10635 11884
Final 10512 11926
SqKm
Original | 43.04 43.05
Final 42.54 48.26
% Change| -1.16% | 0.35%

NED

0 1 2 4 Kilometers 0 05 1 2 Miles

Figure 15: A comparison of the original and transformed floodplain boundaries fromLIDAR and the USGS National Elevation Dataet(NED)
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Floodplain Boundary Standard Evaluation

Total Number of points
spaced 100 ft apart

28033

Points > 1 Foot Difference between
Ground and Water Elevations

Original Ground

110

Transformed Ground

276

Percent Within 1 Foot

Original Ground

99.6%

Transformed Ground

99.0%

© >1 Foot Difference in Baseline
@® >1 Foot Difference in Transformed

O  >1 Foot Difference in both Baseline and Transformed

Original Floodplain Boundary

1.25 25 5 Miles

6 Kilometers

Figure 16: FEMA Floodplain Boundary Standard Evaluation
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3.3.EFFECT ON SURVEYING FOR FLOODPLAIN MAPPING

Surveying for floodplain mapping is primarily done for two reasons: surveying obstructions
and surveying cross sections of the stredmthe past, benclmnarks have been assumed to be
a known startng point from which surveys could be reasonably conducted. FEMA requires that
benchmarks must bet leastsecond ordehorizontally, at least third order vertical(frederal
Geodetic Control Subcommittee, 198#)d have a stability classification ranking of A, B, or C
(FEMA, 2002However, the current definitions of vertical order and stability are based on how
the benchmark was set and the leveling accuracy, but do not take intowatachanges that
may have occurred over time (natural or anthropogenic). Additional standards must be
examined in order to determine how informati@uantifyingthis change, such asiginalerror
barsand heights themselvetat changed over time, wouldebtreated in surveying for
floodplain mapping.

It is difficult to quantify at what uncertainty a bench mark should not be used as it varies
with the desired productWith any surveyand subsequenproductthere iserror in the control,
error in the surveyand error in the derived productWhile there is no existing clear answer to
when a bench marks should not be used, there are some generalizations that can bebmade.
centimetersis commonly used with survey control and proceduid&.S definedurvey
procedures to contaimbsoluteellipsoid height errors froncNS$o 5 centimeters and relative
height errors to Zentimeters(FEMA, 2003, pp.-25; Zilkoski, D'Onofrio, & Frakes, 1997)
FEMA specifies thmapping partner must use ®aotimetersor better GPS procedures or Third
Order (or better) differential leveling. Limiting the use of bench marks to those with an accuracy
of 5 entimeter or better will likely satisfy all required products, although pisbably more
accurate than required for some.

In addition,using control that is at least twice as accurate as the desired product is
commonly used for aerial imagery and topographic surfdGeospatial Committee of Arizona
Professional Land Surveyors Association, 20B8%ed on that standardoff floodplain mapping
in a flat area the desired vertical accuracy is &€ (36.576 entimeters) (FEMA, 2003}hus
the survey accuracy would need to be 0=6tf(18.288centimetery and the control used for
that survey 0.3det (9.144centimeters).If the vertical accuracfails to meetthese
specificationsthe expected error of the survey should be taken into ac¢dardetermine
whether the finalproductuncertainty would be unacceptable.

In order to exploregguantitativelyhow heights influence the floodplain a bridge was added
into the HEGRASNodel Table3 shows the changes in top width and BFE according to changes
in the bridge height (+0.1, 0.5, 1det). An 11 foot tolerance was used based on the typical
YI LI &0 t S(Maufie,2008)IAhoughQhe standard is 11 feet at the 95% confidence
level, the 11 éet is used as the cutoff for this general stu@2 NJ ¢ NJ y (i Sdbdardis NS S |
violated at0.5feet (Table3).

It should be noted that in this particular model the sudden change in width at 1 foot was
from the overtopping othe bridge (i.e., aa weir to one side of the stream. This suggsetsiat
the effects will vary significantly depending on the shape of the channefau!
characteristics. It is expected that there would be a greater and lesser effect in different
locations.Further analysis would likely be worthwhtte test this hypohesis and explore the
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minimum height change that significantly changes the floodplain as the most conservative

value.

While this conclusion is appropriate for current guidelifeSMA may revisthese
specifications withthe movement towards digital mappinand improvement in technologit.
will be important to reexamine the effedf height uncertainty with any review of vertical or
horizontal accuracy standards.

Table 3: Top width and BFE changes varying bridge height

S A ST A A P 9P oD P Y o
AT DT AT AN AT AT A AT AV A AT @7 QT

e +] Foot

Cross Sections

Cross Top Width Difference @et) BFE Difference €gt)
Section -1 -05| -01 ] 01 0.5 1 -1 05| 01| 01|05 1
79651 -0.53 -0.16 | -0.03| 0.03 | 0.17 | 0.38 | -0.09| -0.03|-0.01| O |0.03| 0.06
78790 -0.75 -0.23| -0.05| 0.04 | 0.24 | 054 | -0.09|-0.02| O |0.01|0.03| 0.07
78071 -1.45 -0.43| -0.09| 0.09| 032 | 052 (-0.09| -0.02| O 0.01] 0.04| 0.07
77413 -15.8 4.7 | -098| 0.99 | 524 | 11.45| -0.1 | -0.03|-0.01f O |0.03| 0.06
76565 0 0 0 0 0 0 -0.1 | -0.03|-0.01| O |0.03| 0.07
75732 -9.01 -2.68| -0.55| 057 | 299 | 6,53 | -0.1 | -0.03|-0.01| 0.01| 0.03| 0.07
74764 -2.92 -0.86 | -0.18| 0.19 | 0.97 | 2.12 | -0.11| -0.03|-0.01| O |0.03| 0.07
74084 0 0 0 0 0 0 -0.11| -0.04 | -0.01| 0O |0.03]| 0.07
72896 -4.95 -147|-0.31| 0.31| 1.64 | 358 | -0.11| -0.03|-0.01| O |0.03| 0.07
71681 -0.76 -0.23| -0.05| 0.05| 0.25 | 0.55 | -0.11| -0.04|-0.01| O |0.03| 0.08
70889 -0.37 -0.11| -0.03| 0.02 | 0.12 | 0.26 | -0.11| -0.03| O 0.01] 0.04| 0.08
69357 -0.41 -0.12 | -0.02 | 0.03 | 0.14 0.3 |-0.12| -0.03|-0.01| 0.01| 0.04| 0.08
67982 -0.3 -0.09| -0.02| 0.02| 0.1 0.21 | -0.12| -0.04 | -0.01| 0.01| 0.04| 0.08
66311 | 1686.65| 11.25| 2.24 | -2.24| -11.18| -22.21| -0.04 | -0.03| -0.01| O | 0.03| 0.06
66125 BRIDGE CROSS SECTION

65960 | 614.09 | 12.29] 5.97 | -3.21]-11.94| -22.88] -0.02| 001] 0 | 0 | 0 |o0.01

Difference in Top Width From Bridge Height Change (small range)

g -] Foot
;v A o

< 3 — L ! +0.1 Feet
- -10«‘;° R P P A L R S A T —ig'ioF:ft

g 30 Cross Sections

& 2000 Difference in Top Width From Bridge Height Change (full range)

F g 1500 A S

< £ 1000 / -\ 05 Fact
E’:C_- 500 / \ -0.1 Feet

_ccg Tg; 0 : / . . +0.1 Feet

@) 500 - +0.5 Feet

Figure 17: Difference in top width of floodplain based on varying height changes of a bridge
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4. CONCLUSIONS

While the effective floodplain models and boundaries are not significarithngedoy the
datum shift it is extremelymportant for floodplain mapping to understand and address height
uncertainties Asreported previously(National Research Council, 2009, p., 68draulic
modeling is highly sensitive to obstruction heighfise datummodernizationwill increase the
absolute accuracy of the geospatial data, but, mionportant to floodplain mapping, relative
accuracy will be improved with a greater understanding of height uncertainties.

Since there is a significant shift in coordinatig challenge inmplementingthe new
datumswill be the discontinuity between previously conducted flood studies and studies
conducted in the new datums. This is both a data problem and a public relations problem. On
the data side, it may be difficult tmatch up studies at boundaries. On the public relations side,
constituents may have difficulty understanding why tteordinatesare shiftingand may not
match up

The floodplainimpactwill varydepending on the specific location and characteristicdef t
stream, surrounding area, and availali@a. Hgh-accuracy elevation data will be more
affected by the datum modernization than lower accuracy data. Further studies are warranted
to better understand the impact dbcationspecific factorsAlsoimportant is clarifyinghow
existing standards would treat error bars on bemshrks.

Because of the significant coordinate shift and potential impact, the development of an
implementation plan is extremely important for FEM#®n implementation plan woulohclude
guidance on how to phase in the new datums, prioritization, how to compare data in the two
datums, and a constituent message on the chai@ecessful implementation will depend on a
clear message and open communication to constituents to exgt@mchangesThe following
sections discuss some recommendationsféwther investigation into data collection, data
discontinuity, and public relations.

4.1. DATA COLLECTION

The collection of survey data for floodplain mapping will need to change to reflestter
understanding of height uncertainties and limitatiods shown above, uncertainties on heights
will have a significant impact on the floodplain and BiRESsbme locationsAs additional
information is published on benahark heightsit is recommaded that theguidelines and
specificationde updated to provide guidance on when monuments can be used witheut re
surveying the poinand how control is transferred to a survey site to limit propagation of
errors. This would need to take into account the required accuracy of floodplain maps in the
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future considering the move towardfigital data. While this study showed the importance of
this uncertainty floodplain mapping, it is recommended that further studiesttes sensitivity

of height uncertainties in a variety of geographical locations. This would help inform a broad
policy on the use of benamark heights.

4.2. DATA DISCONTINUITY

In data maintenance and comparison it will be extremely importarpriovide metadaa
and correctly applya transformation when necessarWhileimplementation of the datum
changewill be easier with th&=EMAmMove towards studies at theatershed level (rather than
at the county or municipal levelit will still be important to addreslsow to treatadjacent
watersheds that have studies in different daturiitie datum difficultiesvill require an
educationinitiative for the professional community, including scientists, engineers, and GIS
specialistsWe recommend anyransformation develped be GSfriendlywith education
directed specificallyo engineers and th&1S community

4.3.PUBLIC RELATIONS

In addition to the professional community, the general public affected by the floodplain
mapping products will also be concerned. The qatsented in this report will be most
relevant to the first group as they will be responsible for approphateorking with data and
producing products. However, appropriately preparing local officials and the public will also be
important for successfumplementation. NGS and FEMA should work together to develop an
outreach and educatiohJt 'y (G KIFG RS&ZONAROGSE Ay flFeaYlyQa SN
how heights will be monitad in the future, and how the new datums will be implemented in
floodplain mapping.

4.4 NEXT STEPS

While this study focused primarily on the scientific impact of the datum shift, a mere in
depth analysis of how FEMA witiplementthe new datums should be condied. An
implementation plan should include, but not be limited to, identifying all specifications,
guidelines, and policies that need to be revised, preparing a data managemerihatan
includes the databases that would need to be updataad organizingn outreach and
education plan. While the release of the new datums is years away, adequately preparing for
this change well in advance will assist in a timely and smooth transitilonv for the
preparation of necessary resourgesd help realize roughl$2.2 billion in benefits to the
nation (Leveson, 20095uccessful cooperation and communication on the implementation of
geospatial data will improvihe accuracy ofloodplain mapghat are vital to saving lives and

property.
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APPENDIX A:~GLOSSARY

Accuracyg agreement between a measurement and the true or corrected value

Accuracyc the accuacy in the horizontalradial)direction
Accuracyc¢ the acairacy in the vertical direction

Adjustmentc the process othanging the values of a given set of quantities so that results
calculated using the changed set will be better than those calculated using the original set.
G. SGGSNE A& Y2adG O2YyYz2yteée AYOGSNILINBGSRIdG2 YS!
measuredvalues is minimized

BareEarthcl Y2 RSt 2F (KS 9| NItish@rd infiadaNdure@egovedh (0 K | £ €

Base Flood, the flood having a 1 percent chance of being equaled or exceeded in any given
year. It is also known as the gngent chance or 10§ear flood

Base Flood Elevation (BFE)he height at which there is a 1 percent chance or greater of
flooding in a given year. The BFE is usedldod insurance policy rating

BenchMark ¢ known geodetic locations permanently marked with a brass digitahmod,
cement or stone platform, or other permanent structurd his term is typically reserved for
vertical control.

Breaklinec linear feature with height information marking a distirar abrupt change in
elevation

Contoursc a line marking locationsf the same height

CoordinateSystemg a set of rules specifying how coordinates are to be assigned to points

GeodeticCoordinateSystent, coordinates designating the location of a point with
respect to the reference ellipsoid and with respect to fllanes of the geodetic
Equator and a selected geodetic meridian.

Geographic Coordinate System generic term for a geodetic coordinate system.

ProjectedCoordinateSystent; a set of rules that maintainsither constant lengths,
constantanglesor constantareas across two dimensiofisut not all of these)
Projected coordinate systems are always based gaaleticcoordinate system and
are used to map coordinates on a two dimensional surface. Examples include the
State Plane Coordinate Syste8PCS) and Uensal Transverse Mercator (UTM)

Datum¢l LIRAYGZ fAYyS 2NJ adaNFIFOS GKIFG asSNwsSa a Gf
coordinate system.
HorizontalDatupm A datum used for defining latitude and longitud&lost traditionally
GK2NRT 2y dFf ¢ RIFGdzYa | NB pseaéncadfiGNEad RA YSy a
FNBE GKSNBFT2NBE Y2NB FTNBIljdzsSyidte oSAy3a OF¢ff

N >
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Vertical Datum- A datum used for defining heightsA traditionally vertical datm may
0S 2yS O2YLRYSyd 2F | I NBHSN) a3a3S2LR24GSYydAl
encompass alispects of heights and gravity.

Datasheetc a report provided by NGS that is the official recorded position for a berah. It
details the current and historicglositional information (horizontal and vertical) and
metadata for a bencimark. Accessible alittp://www.ngs.noaa.gov/cgbin/datasheet.prl

Detailed Study- (see Flood Studyetailed

Digital Elevation Mode(DEM)c a digital file consisting of terrairlevations for ground
positions at reguldy spaced horizontal intervals

Digital Terrain Model (DTMg a digital model of the topographic surface created from ass
pointsthat is typicallyaugmented with additional information, such as breaklines

Effective Model ¢ the basis of the current regulatory standard and the starting point for the
modeling of any proposed development in the floodplain

Ellipsoidg (see Reference Ellipsoid)

Ellipsoid Heigh{see HeightEllipsoid

Elevationg generallyA y ¢ SNOKF y3St ot S AGK GKS GSNY aKSAIKi
YSIY d2NUK2YSUNRO KSAITKUE

Epochg the data at which data was collected

Floodplain Boundary Standard (FBS& method published by FEMA that evaluates the
reliability of the floodplairboundary by comparing the computed flood elevation to the
ground elevation

Flood Insurance Rate Map (FIRKI)he map that displays shaded areas in the comnwithiat
are subject to flooding

Flood Studyg

Detailedg a study method that involves collectingreating, and reviewing survey data,
engineering models, and usingetivest available elevation data

Limited Detaik a study method that involvesreating or revising engineering models
but includes some data collected in the field, such as sketchbsdifes

Approximateg a study method that relies on models and mapping tools without any
field survey data

Redelineatiorg a method of revigg a flood study where onlthe elevation data is
updated

Floodplaing any land area susceptible to being inundat®dwater from any source

Floodwayc the channel of a river or other watercourse and the adjacent land areas that must
be reserved in order to discharge thase floodvithout causing any cumulative increase in
the water surface elevation. The floodway is intended to carryddegerous and fast
moving water
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Geoidc the equipotential surface ¥ (1 KS 9 | NIitKaQrdost loselsigiobaimdan S R
sea level

Gravimetric Geoid Modet a model of the geoid based solely on gravity, and attempting to
model the shape of the actual geoid

Hybrid Geoid Moded a model of the geoidd KA OK R2Sa y20 |GGSYLG G2
true shape, but rather the shape of the geoid influenced by the known systematic
differencesin NAVD 88 and NAD 83, and usea ransformation between these two
datums.

Geographic Information System (GI&a computer system for storing, manipulating, analyzing,
and presenting geographic information

Global Navigation Satellite System (GN&®nynavigational and positioning system by which
the location of a position on or above the Earth can be determined by a special receiver at
that point interpreting signals received simultaneously from seveaillites in a
constellation Includes or will iolude GPS (U.S.), GLONASS (RuSsiliieo (EU), COMPASS
(China)

Global Positioning SystefGPSY; navigational and positioning system by which the location of
a position on or above the Earth can be determined by a special receiver at that point
interpreting signals received simultaneously from several of a constellation of satellites
developed bythe U.S. Department of Defense

Geodetic Reference System 198BRS30) ¢ an ellipsoid model of the Earth used by NAD 83
andrecommended by the IERS to use imjooction with thelTRF. While the ellipsoid
model is the same for NAD 83 and ITRF the two systems detiagon ofthe center of the
ellipsoid at different locations

High Accuracy Reference Network (HARN) statewide or regional upgrade in accuracy of
NAD 83 coordinates using Global Positioning System (GPS) observations. The upgrade
project was done cooperatively between Federal and state government between 1986 and
1997.

Height¢ distance measureftom a reference surfacéo a pointof interest (usually at the
topographic surface)

Orthometric Heightc O2 f f 2 j dzA I f £ @8 NBFSNNBR (G 2thel & aKSAI
distance between the geoid and a selected pailongthe (curved)plumb ling
2FT0Sy 2y GUKS 91 NIKQ&a &adzNFI OS

Ellipsoid Hegiht ¢ distance between the reference ellipsoid and a selected tpaliong

the ellipsoidal normafperpendicular to the ellipsoid surface) 2 FiG Sy 2y GKS 9
surface

Horizontal Time Dependent Positioning (HTDRublically available software produced by
NGS that predicts velocities of points based plate tectonics.gdliswerts coordinates
betweenmany different reference frames, suchd&D 83 (NSRS2007) @hd various
realizations of TRF
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Hydro-corrected DEM; DEM models that are edited to force streams to flow downbhill

Interpolation ¢ method of estimating new data points within the range of a discrete set of
known data points

International Terrestrial Reference Frame (ITRMEN internationahigh accuracyeference
frame established by the International Earth Rotation and Reference System Service

INTGC publically available software produced by NGS thtrpolates geoicheightsat specific
locations from NGS geoid models (e.g., GEOID09, USGG2009)

Levelingg the process ofleterminingrelative heightdifferencesbetween points Typically
refers to optical differential leveling, which yields leveled height differences that can be
converted to orthometric height differences.

Light Detection and RangindLiDAR ¢ remote sensing system used to collect topographic data
usinglasertechnology

Limited Detail Study (see Flood Study.imited Deta)l

Metadataca Rl G | 6 shidzihatiéhlthtlcaptdres thie basic characteristics of data or
informationresouOS > NBLINBaSyliAy3d GKS GoK2I¢ aoKFGZé
of the resource

National Spatial Reference System (NSR&)nsistent national coordinate system in the
United States that specifies latitude, longitude, height, scale, gravity, andtatien, as
well as how these values change with time

North American Datum of 1983 (NAD 88}urrent chorizontak control datum for the United
States, Canada, Mexico, and Central Amefigad to specific tectonic plates (North
American, Pacificand Mariy | 4 3 RSLISY RA Y 3 2bdsediok $gedzan8itNn a f 2 C
origin and the Geodetic Reference System of 1980

North American Vertical Datum of 1988 (NAVD &8)urrent vertical control datum
established in 1991 by the minimuoonstraint adjustment of the CanadidviexicanU.S.
level observationsThe adjustmenheld fixed the height of the Father Point/Rimouski
benchmark in Quebec, Canada

Orthometric Height(see HeightOrthometrig

Precisiong repeatability of a measurementsglates to the quality of the method by which the
measurements were madeut does not require one to know the correct or true value

Projection(seeCoordinate SysteniProjectedl

Real Tine Kinematic (RTK) Positioniggemploys GNSS or GPS technology to produce and
collect threedimensional positions relative to a stationary base station

Real Time Network (RTN)an established network of stationary base stations that enable RTK
positioningwithin the network

Realizationg a realization connects the definition of a datum to physical land measurements or
monuments andacilitates access to the datum
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Redelineationg (seeFlood Study, Redelineatipn

ReferenceEllipsoid¢ An ellipsoid ofevolution, used as a simple model of the Earth for defining
latitude, longitude, and ellipsoid heightsExamples include the Geodetic Reference System
of 1980 GRS30), used by NAD 83, and the Clarke 1866 ellipsoid, used by NAD 27

Reference Frame, Geonrét ¢ See Horizontal Datum
Reference Frame, GeopotentiglSee Vertical Datum

Riverine Flooding; flood areas that are characterized by rivers, streams, or creeks. Often
flooding is characterized in terms of riveei flooding or coastal flooding

StatePlane Coordinate SysteifsPCS) a set of coordinate systems for specific regions of the
United States that mostly uses either the Lambert Conformal Conic or TraadMercator
projections

SPCS88 publically available software produced by NGS that casveetween State Plane
Coordinate and geographic coordtea

Superseded Survey Contrqlcoordinates established on a control station that have been
replaced by newer, more accurate coordinates

Triangulated Irregular NetworkTIN) Model ¢ a model that usesodes with 3dimensional
coordinates to form triangles to create a surface

Transformationg in geodetic applicatios) amathematical methodo convertcoordinates
between two systems

Topographycli K S 9 I NJi, KisDally aé theNdfetfaGeSetween thelgbsurface and air

VDatumc publically available software produced BDAAthat transforms data among a
variety of tidal, orthometric and ellipsoidal vertiadtums
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BFE
DEM
DFIRM
DTM
FBS
FEMA
GEOIDR9
GIS
GPS
GNSS
GRS30
HARN
HEGRAS
HECGHMS
HTDP
INTG
ITRF2005
LiDAR
MHIP
NAD27
NAD83
NAVD88
NCFMP
NCGS
NED
NGS
NGVLR9
NOAA
NOS
NSRS
RTK
RTN
SPCS
TIN
USACE
USGG2009
USGS
VDatum

APPENDIX BACRONYM3ND ABBREVIATIONS

Base Flood Elevation

Digital ElevatioModel

Digital Flood Insurance Rate Map

Digital Terrain Model

Flood Boundary Standard

Federal Emergency Management Administration
Hybrid Geoid Model of 1999

Geographic Information System

Global Positioning System

Global Navigation Satellite Systems

Geodetic Reference System of 1980

High Accuracy Reference Network

Hydrologic Engineering CentBiver Analysis System
Hydrologic Engineering Centellydrology Modeling System
Horizontal Time Dependent Positioning

Geoid Interpolation

International Terrestrial Reference Frame of 2005
Light Detection and Ranging

Multi-year Flood Hazard Identification Plan

North American Datum of 1927

North Ameican Datum of 1983

North American Vertical Datum of 1988

North Carolina Floodplain Mapping Program
North Carolina Geodetic Survey

National Elevation Datet

National Geodetic Survey

National Geodetic Vertical Datum 929

National Oceanic and Atmospheric Administration
National Ocean Service

National Spatial Reference System

Real Time Kinematic

Real Time Network

State Plane Coordinate System

Triangulated Irregular Network

United States Army Corps of Engineers

United States Gravimetric Geoid of 2009

United Sates Geological Survey

Vertical Datum Transformation
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