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EXECUTI VE SUMVARY

DI RECTI ON FROM CONGRESS

Thi s docunent was prepared in response to the direction contained
in House Report 107-139 (to acconpany H R 2500 - Departnents of
Comrerce, Justice, and State, the Judiciary, and Rel ated Agencies
Appropriations Bill, Fiscal Year 2002) that the National Cceanic
and At nospheric Admi nistration (NOAA) “... is directed to work with
the states of Loui siana and Wsconsin to assess their requirenents
for simlar |[NOAA Ceodesy] prograns and report back to the
Commttee by Septenber 15, 2001.” This report assesses the
requi renents and potential benefits of Louisiana and Wsconsin
participating in the National Height Mdernization System and
geodetic spatial reference prograns.

OVERVI EW

Hei ght ©Moderni zation Study to Hei ght Mderni zati on System

Hei ght nodernization is an effort, led by the National Geodetic
Survey (NGS), to enhance the vertical conponent of the Nationa

Spati al Reference System (NSRS). NSRS is a consistent nationa

reference framework that specifies latitude, |ongitude, height
(el evation), scale, gravity, and orientation throughout the United
States, as well as how these values change with tine. NSRS
provi des accurate know edge of the size, shape, and position of our
environment, as seen daily in the construction and safety of roads
and buil dings, the transportation of goods and people by car, ship
or plane, as well as in the nonitoring and protecting of our
envi ronnment. Hei ght nodernization includes a series of activities
desi gned to advance and pronote the determ nation of high accuracy
el evations through the use of dobal Positioning System (GPS)
surveying, rather than by classical |ine-of-sight |eveling.

In 1998, the United States Congress directed NGS, an office within
the National Ocean Service of NOAA, to conduct a National Height
Mbder ni zati on Study! to determine the effectiveness of height
noderni zation in California and North Carolina. Mjor findings of
t he study concl uded that the hei ght noderni zati on needs that coul d
benefit all states are:

1 U S. Departnent of Commerce, June 1998, National Height
Moder ni zati on Study, Report to Congress.



. Areliable, cost-effective, standardi zed, | egally established
national vertical reference datum (i.e., North Anerican
Vertical Datum of 1988 (NAVD 88)) and the infrastructure
(i.e., NSRS) through which to access and utilize it.

. The capability to easily interrelate the many vertical datuns
currently in existence, but particularly with respect to a
standardi zed national vertical reference datum (coordinate

systen).

. Nat i onal technical standards and guidelines for using GPS to
det erm ne hei ghts.

The study addressed the national need for and benefits to be
derived from enhancing the vertical conponent of NSRS, while
focusing specifically on the states of California and North
Carol i na. In Fiscal Year (FY) 2000, NGS received funding “for
initial planning of the National Height Mdernization System
Denonstration, based on the recommendations contained in the
Nat i onal Height Modernization Study, in California and North
Carolina.” NGS received additional funding in FY 2001 in support
of height nodernization activities in California and North
Carolina. 1In California, the California Reference Spatial Center
(CSRC) was created. The CSRC offers a state-of-the-art position
and hei ght systemto aid public health and safety, preservation of
val uabl e resources, and inproved busi ness productivity. In North
Carolina, four urban areas will soon receive height nodernization
surveys, conducted through contracts with the private sector, that
wi Il nodernize their transportation, |and survey, and energency
response systens. This funding has led to the inplenmentation of
the National Height Mbdernization Study and the devel opnent of a
hei ght noderni zati on systemin these states.

Assessnent of Loui siana and W sconsin

Rapid land loss and continuous elevation (height) changes in
Louisiana require a well-nmanaged and nonitored federal/state
geodetic control network to protect the environnent, ensure safety
of its <citizens, and enhance prosperity wthin the state.
Currently, 25 to 35 square mles of wetland per year are lost in
Loui siana due to ground subsidence (sinking of the land) and
coastal erosion.? Cities and cultures are at risk of losing their

’Loui si ana Coastal Wetlands Conservation and Restoration
Task Force and Wetl ands Conservation and Restoration Authority,
1998, Coast 2050: Toward a Sustai nabl e Coastal Loui siana,
Executive Summary, Louisiana Departnent of Natural Resources.



| and and having to relocate. Flooding and sea |level rise threaten
the coastal region, nost of which is only three feet above sea

| evel . Flood plain nodels and evacuation plans, devel oped using
outdated el evations, put the citizens of the lowlying areas at
great risk during heavy rains. The current avail able geodetic

control does not support the state’s needs to eval uate and manage
the changes in its environnent and the inpact on its econony and
ecosystem Problens with historic surveys, |and novenent, and sea
| evel rise have made the current vertical geodetic control in
Loui si ana obsol ete, inaccurate, and unable to ensure safety.

In Wsconsin, the existing federal/state geodetic control network
sinply does not support today’ s design and construction projects.
Land in Wsconsin is susceptible to frost heave (uplifting of | and)
and post-glacial rebound (rising of the Earth’s surface). As the
| and noves, often the survey nonunments nove, naking the previously
determ ned hei ght information for the points inaccurate.
Additionally, in nost parts of the state, 50 percent or nore of al
bench nmarks have been destroyed due to construction and |and
devel opnment activities. The critical nature of the shortfall of
accurate geodetic control, especially vertical control, pronpted
the Wsconsin Land I nformati on Board to establish a State El evation
Dat a Task Force to assess the needs and uses for vertical control
and directly address the deficiencies. National, state, and | ocal
agencies, as well as the private sector, need consistent and
accurate geodetic control for use in highway and | and devel opnent,
noni tori ng and nodel i ng of shoreline and fl ood pl ai ns, and safe and
econonm cal transportation of goods.

Process of Assessnent

This report identifies and docunents the user requirenents in
Loui siana and Wsconsin for height information, including those

requi renents utilizing both horizontal and vertical data. To
identify and docunment this information, a two-step process was
fol | owed. First, the NGS state advisor and NOAA program

coordi nator in Louisiana and the NGS state advisor in Wsconsin
contacted the users within their state and docunented their input.
Next, NGS conducted user forunms on August 8 in Madi son, W sconsin,
and on August 13 in Baton Rouge, Louisiana, to obtain further
i nsights and recomrendati ons fromstate and | ocal governnents, the
private sector, and the academ c community. Due to the short tine
frame for conpleting the report, NGS believes Louisiana and
Wsconsin are in general agreenent with our assessnents, however,
the states did not have the opportunity to review and conment on
the report.



FI NDI NGS

Based on the above information which was anal yzed by NGS, it has
been determ ned that participation by Louisiana and Wsconsin in
t he National Hei ght Mdderni zation Systemcould result in:

. i nproved di saster preparedness;

. accurate digital el evation nodels, enabling better flood pl ain
anal ysis and determ nation of flood plain needs;

. i nproved coastal and harbor navigation, enabling safer and
nore cost-effective shipnent of goods;

. i nproved aircraft navigational aids, and safer approach and
| andi ng procedures;

. accurate determ nation of coastal erosion rates and flood
pl ai n boundari es;

. advanced surface transportation control and nonitoring;

. i mproved | and and mari ne geographic i nformati on systens (A S)

and assessnent of environnmental effects on regions influenced
by water |evel changes;

. enhanced agricultural practices resulting in reduced run-off
wat er pol | ution;

. nore efficient fish farmng, including crawfish farm ng;

. infrastructure nonitoring of subsidence and erosion;

. better managenent of natural resources through the use of
reliable G S;

. i nproved under st andi ng of tectonic novenent; and

. significant tinme and cost savings in field surveying.

Bot h Louisiana and Wsconsin require inproved vertical geodetic
control that would make possible the applications and benefits
| i sted above. They each have uni que geophysical situations that
represent problens specific to their regions that woul d be i nproved
t hrough participation in the National Hei ght Mderni zation System

RECOMMENDATI ONS

The report clearly identified the need for hei ght noderni zation in
Loui si ana and Wsconsin. Based on our assessnent of their needs,
NGS provides the foll ow ng recomendati ons:

Loui si ana

1. Perform additional GPS neasurenents and |eveling on bench
mar ks to establish the basic framework of survey points needed
t o support hei ght noderni zation i n Loui si ana as recommended i n
the 1998 National Hei ght Mdernization Study. The framework,
designed specifically to nmeet Louisiana’ s needs, would be
funded through outside sources and grants and woul d provide



accurate, reliable, and <consistent height information
referenced to NAVD 88 to be included in NSRS.

Expand the current network of CORS and explore the use of
addi tional height nonitoring stations (i.e, Port-A-Masures
(PAMB) and extensoneters) in Louisiana. The conbination of
CORS throughout the state and nobile and stationary height
nonitoring stations concentrated i n subsi dence areas toget her
provide an accurate statewide height nonitoring system
referenced to the highly accurate National CORS network.

Establi sh a Loui siana Spatial Reference Center (LASRC). Like
California, Louisiana does not have a state agency
coordinating efforts to i nprove the geodetic reference frane
and requires a Spatial Reference Center to work in conjunction
with NGS to support hei ght nodernization within the state.

W sconsi n

1.

Accel erate the W sconsi n Hei ght Moderni zati on Program (W - HVP)
fromten to five years. Analyze data collected in the early
phases of the W-HW to determ ne possible nodifications to
field procedures and the design of the program Specifically,
assess the amount of leveling to be conpleted and the current
specifications and guidelines of the field observations to
ensure accurate, yet economc, developnent of height
noder ni zat i on.

Pronote Wsconsin as a role nodel and trainer in height
noder ni zati on. Since Wsconsin s hei ght nodernization effort
is already underway, the state would be in a position to
advi se neighboring states in the devel opnent and uses of
hei ght noderni zation. Transfer of technol ogy through NGS with
W sconsin as a regional |eader could help address the entire
region’s econom c and environnental issues.

| nvestigate opportunities for additional funding for the
hei ght noderni zati on in Wsconsin. Additional resources would
result in nore outsourcing opportunities, as well as
technol ogy transfer, to private surveyors.

Vi



GECDETI C PROGRAM NEEDS OF
LOUl SI ANA AND W SCONSI N

REQUI REMENT FOR THE REPORT

This report was prepared in response to the direction contained in
House Report 107-139, to acconpany H R 2500, Departnents of
Commerce, Justice, and State, the Judiciary, and Rel ated Agenci es
Appropriations Bill for Fiscal Year 2002, that the National Cceanic
and At nospheric Adm nistration (NOAA) “... is directed to work with
the states of Loui siana and Wsconsin to assess their requirenments
for simlar [NOAA GCeodesy] progranms and report back to the
Commttee by Septenber 15, 2001.” This report assesses the
requi renents and potential benefits of Louisiana and Wsconsin
participating in the National Height WMdernization System and
geodetic spatial reference prograns.

| NTRCDUCTI ON

The National Geodetic Survey (NGS), an office within the National
Ocean Service of NOAA, is responsible for managing the Nationa
Spati al Reference System (NSRS), a consistent national reference

framework that specifies latitude, |[|ongitude, height, scale,
gravity, and orientation throughout the United States, as well as
how these values change with tine. NSRS provides accurate

know edge of the size, shape, and position of our environnent, as
seen daily in the construction and safety of roads and buil di ngs,
the transportati on of goods and people by car, ship or plane, as
well as in the nonitoring and protecting of our environnent.

Prior to 1983, NGS relied on classical |ine-of-sight survey
nmeasurenents to establish the national reference franmework.
Ful | - scal e devel opnent of the d obal Positioning System(GPS) which
began with the launching of four satellites in 1979, enabled
positioning without the need to see between the points being
surveyed. Today, GPS is a constellation of 24 satellites that
transmt signals to GPS receivers all over the world. Using GPS,
a survey that once took days to conplete now can be done in a few
hours at a much |ower cost. Modern technology and “real -tine”
positioning techni ques are conti nuously bei ng devel oped for nodern
day chal |l enges and applications.

NGS, through the use of GPS, has conpl eted the major portion of the
hori zontal (latitude/longitude) conponent of NSRS. The vertica

1



conponent of NSRS still requires better accuracy and noderni zati on
t hrough the use of GPS technol ogy.

Hei ght nodernization is an effort, led by NGS, to enhance the
vertical conponent of NSRS. Height nodernization includes a series
of activities designed to advance and pronote the precise
determ nation of heights (elevations) of the |and through the use
of GPS surveying. These activities include:

. research and devel opnent activities seeking to inprove the
determ nation of heights (elevations) by GPS surveys;
. i nprovenents in the accuracy of geoid heights [CGeoid nodels

are derived fromneasurenents of the Earth’s gravity field and
are inportant in translating GPS heights to orthonetric
hei ghts (hei ghts above nean sea |evel)];

. t he devel opnment of technical standards and guidelines for
using GPS to determ ne heights;
. technical advice, aid with planning GPS height surveys,

wor kshops, and other training foruns to educate the surveying
comunity; and

. funds provi ded by Congress for grants to appropriate partners
that wish to inplenent height nodernization in their
jurisdictions.

In 1998, the United States Congress directed NGS, an office within
the National GOcean Service to conduct a National Height
Moder ni zation Study to determne the effectiveness of height
noderni zation in California and North Carolina. Mjor findings of
t he study concl uded that the hei ght nodernizati on needs that could
benefit all states are:

. Areliable, cost-effective, standardi zed, | egally established
national vertical reference datum (i.e., North American
Vertical Datum of 1988 (NAVD 88)) and the infrastructure
(i.e., NSRS) through which to access and utilize it.

. The capability to easily interrelate the many vertical datuns
currently in existence, but particularly with respect to a
standardi zed national vertical reference datum (coordinate

systen).

. Nat i onal technical standards and guidelines for using GPS to
determ ne hei ghts.

The study addressed the national need for and benefits to be
derived from enhancing the vertical conponent of NSRS, while
focusing specifically on the states of California and North
Car ol i na. In Fiscal Year (FY) 2000, NGS received funding “for



initial planning of the National Height Mdernization System
Denonstration, based on the reconmendations contained in the
Nat i onal Hei ght Moderni zation Study (NHVS), in California and North
Carolina.” NGS received additional funding in FY 2001 in support
of height nodernization activities in California and North
Car ol i na. This funding has led to the inplenmentation of the
Nat i onal Hei ght Mbderni zati on Study and t he devel opnent of a hei ght
noder ni zati on systemin these states.

In California, the California Reference Spatial Center (CSRC) was
created. The CSRC offers a state-of-the-art position and hei ght
systemto aid public health and safety, preservation of valuable
resources, and inproved business productivity. The CSRC has
established a Coordinating Council, adopted a constitution and
byl aws, and currently is developing a master plan to design and
docunent the proposed developnent of the California Spatial
Ref erence Systemgeodetic control network. Current projects of the
CSRC i ncl ude:

. devel opment of a full-service data portal for Continuously
Qperating Reference Station (CORS) dat a;

. provi sion of NAVD 88 heights for all California CORS,

. addition of areal-time GPSinfrastructure to the existing San
Franci sco Bay Height Modernization denonstration project
net wor k; and

. exploration of the use of Interferonetric Synthetic Aperture
Radar for nonitoring |and subsidence (sinking of |and).

In North Carolina, four wurban areas wll soon receive height
noder ni zati on surveys, conducted t hrough contracts with the private
sector, that will nodernize their transportation, |and survey, and
ener gency response systens. Contractor selection is currently
under way. In addition, the initial groundwork for the height
noder ni zation surveys is conplete with the incorporation of four
additional CORS into the National CORS systemand t he concl usi on of
t he field observati ons for t he Feder al Base Net wor k
(FBN) / Cooper ati ve Base Network (CBN) survey in North Carolina.

This report focuses on the states of Louisiana and Wsconsin and
their requirenents for simlar prograns to advance and pronote the
enhancenent of NSRS, focusing on the vertical conmponent, through
the use of GPS technol ogy.

CGeodetic control is a highly accurate, consistent, and reliabl e set
of information about the locations (latitude/longitude), heights
(relative to a comon point), and characteristics of points
(stations) within an area. NSRS is the Nation’s geodetic control
f ramewor k. It is this geodetic control (precisely determ ned



positions) that serves as the basis for all other mapping,
construction, transportation, agricultural, and public safety
i ndustri es. Wthout geodetic control, ~correct |ocations,
di stances, and directions between places are inpossible.

Ground subsidence and the resulting loss of land are critical
i ssues in Louisiana and other states along the Gulf of Mexico.
Subsi dence, the sinking of |land primarily caused by the w t hdrawal
of groundwater from below the Earth’s surface, can fracture roads
and bui | di ng foundati ons and can burst water, sewer, and gas |i nes.
It is of particular concern to coastal areas where sea |evel rise
isareal threat. Wthout accurate nonitoring of subsidence, it is
i npossible to accurately gauge sea level rise and its potenti al
i mpacts. Establishing a nodernized NSRS i n Loui si ana woul d assi st
in coastal restoration, transportation and public safety, not just
in Louisiana, but for simlar actions in other Gulf Coast states.

W sconsin and states in the Geat Lakes region have vertical
probl ens associated with frost heave, post-glacial rebound, and
ot her uni que geologic features. Wsconsin is taking the lead in
addressing these problens resulting fromvertical novenent, having
already initiated a statew de Height Modernization Program to
strengthen its geodetic control system

Loui siana and Wsconsin are focusing on the 1998 National Hei ght
Moder ni zati on Study and use of GPS technol ogy to establish, nonitor
and develop a highly accurate, vertical federal/state geodetic
control network to enhance their econom es, ensure safety of life
and property, and protect their unique environnents.

This report identifies and docunents the user requirenents in
Loui siana and Wsconsin for height information, including those

requi renents utilizing both horizontal and vertical data. To
identify and docunment this information, a two-step process was
fol | owed. First, the NGS state advisor and NOAA program

coordinator in Louisiana and the NGS state advisor in Wsconsin
contacted the users within their state and docunented their input.
Next, NGS conducted user forunms on August 8 in Madi son, W sconsin,
and on August 13 in Baton Rouge, Louisiana, to obtain further
i nsights and recomrendati ons fromstate and | ocal governnents, the
private sector, and the academ c comunity. Due to the short tine
frame for conpleting the report, NGS believes Louisiana and
Wsconsin are in general agreenent with our assessnents, however,
the states did not have the opportunity to review and comment on
the report.

Participants in the user forum held in Mudison, Wsconsin, on
August 8, included representatives from Departnment  of



Adm nistration (O fice of Land Information Services); Wsconsin
Department  of Nat ur al Resour ces; W sconsin Departnment  of
Transportation; University of Wsconsin; and the M nnesota
Department of Transportation. Participants in the user forumheld
i n Baton Rouge, Louisiana, on August 13, included representatives
from United States Arny Corps of Engi neers (USACE); Louisiana
Departnent of Transportation; Louisiana Departnent of Natural
Resources; Louisiana Professional Engineer and Professional Land
Surveyor Licensing Board; Departnent of Public Wrks for Baton
Rouge; Amte River Basin Comm ssion; Md-Continent GOl and Gas
Associ ation; Louisiana State University (LSU); University of
Loui siana at Lafayette (ULL); Baffle and Baffle Consultants; C. L.
Jack Stelly and Associates, Inc.; Myer, Myer, LaCroix & Hi xson;
3001, Inc.; T. Baker Smth, Inc.; Mrris P. Hebert, Inc.; and
N.E.I.

Based on the above information which was anal yzed by NGS, it has
been determ ned that participation by Louisiana and Wsconsin in
the National Hei ght Mderni zation Systemcould result in:

. i nproved di saster preparedness;

. accurate digital el evation nodels (DEM, enabling better fl ood
pl ai n anal ysis and determ nation of flood plain needs;

. i nproved coastal and harbor navigation, enabling safer and
nore cost-effective shipnent of goods;

. i nproved aircraft navigational aids, and safer approach and
| andi ng procedures;

. accurate determi nation of coastal erosion rates and flood
pl ai n boundari es;

. advanced surface transportation control and nonitoring;

. i nproved | and and mari ne geographic informati on systens (G YS)

and assessnent of environnental effects on regions influenced
by water |evel changes;

. enhanced agricultural practices resulting in reduced run-off
wat er pol | ution;

. nore efficient fish farm ng, including crawfish farm ng;

. infrastructure nonitoring of subsidence and erosion;

. better managenent of natural resources through the use of
reliable GS;

. i mproved understandi ng of tectonic novenent; and

. significant tinme and cost savings in field surveying.

Both Loui siana and Wsconsin require inproved vertical geodetic
control (height or elevation reference) that would nake possible
the applications and benefits |isted above. Each state has uni que
geophysi cal situations that represent problens specific to its
regi on that woul d be i nproved t hrough participationin the National
Hei ght Mbderni zati on System



LOUI SI ANA

Backgr ound

Louisiana’s land is noving. Subsidence, the sinking of the |and,
is occurring at a rate of up to one inch every three years in sone
areas of the state. Mst of the vertical elevations (heights) used
by surveyors and engi neers have not been calibrated, or checked,
since 1988 and may currently be in error of one foot or nore. The
state’'s southern region, affected over the years by the changing
courses of the Mssissippi River, currently is undergoing the
|argest loss of land in the nation because of subsidence and
erosion, especially in the New Oleans area. Currently, 25 to 35
square mles of marsh are |ost each year. VWil e many projects
exi st to exam ne, nonitor, prevent, and restore land that is | ost
due to settling, the key elenment to understanding the true
relationship of the ongoing processes is a conmopn, accurate
federal /state network of elevations. This can be done through
hi ghly accurate GPS technol ogy. The next generation of information
based on this technology is needed to better guide the nassive
public investnents that are foreseeable in upcom ng decades in the
areas of coastal restoration, transportation infrastructure, and
public safety.

1993 2020

Dark areas indicate wetland | oss - past and near future.

The state of Louisiana is in need of a statewde, reliable,
vertical federal/state geodetic control network. Historic survey
measurenents, nmade by pre-GPS, classical line-of-sight |eveling
techni ques, show that existing bench marks (vertical geodetic
control marks, consisting of netal disks or rods that nonunent

6



points on |and) throughout the southern portion of the state have
undergone dramatic changes in elevation, naking existing height
informati on unusable. Quality survey work with reliable accuracy
is a major challenge for surveyors in the southern part of the
state. In addition, the central portion of the state has very few
known el evati ons based on NAVD 88 (see figure below). [NAVD 88 is
the latest vertical coordinate system for consistently defining
heights and is simlar to defining an elevation relative to nmean

sea |level.] Problens with adjustnments and |ack of vertical
geodetic control have kept the data frombei ng | oaded i nto the NSRS
data base. [ Adj ustments “change” or “fit” the survey data to

improve the final results of the survey.] The earliest estinates
of having the Louisiana |leveling data readjusted is three to five
years from now.

NAVD 88 control in Louisiana

Louisiana NAVD 88 Control
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Anot her uni que problemfor Louisiana due to its subsidence and poor
hi storical data, is the use of several vertical datuns (coordinate
systens) within the state. In areas of severe subsi dence, such as
the New Ol eans area, several adjustnents of survey nonunents have
been perfornmed to update heights (elevations) for a particular
year. Oten these adjustnments rely on the elevation of only one
station, rather than on a network of stations. |[|f the elevation on
the one stationis inerror, the error will affect all the stations
bei ng adj usted resulting in inaccurate el evati ons on several survey
nmonumnent s.

Needs

Exanpl es of specific uses of height nodernization identified by
Loui siana are indicated in the follow ng text boxes, according to
t he general need they describe. Based on the information obtained
from the state, the mjor needs (and supporting information)
identified are:

1. Areliable, cost-effective, standardi zed, | egally established

national vertical reference datum (i.e., NAVD 88) and the
infrastructure (NSRS) through which to access and use it.

Port of I|beria

A standard, reliable vertical federal/state geodetic
control network does not exist in Louisiana. An
exanple of this is in the area near New |lberia. The
Port of Iberia recently contacted NGS asking for
techni cal services and support to establish vertica
control along the coast and the Port of |beria access
routes. The Port of Iberia, which recently underwent
an expansion, serves as a mgor hub for the
construction, oi | and gas industries, coast al
expl orati on and production activities. Fut ure studies
are underway to deepen access channels to the port to
support an increase in shipping and mari ne operati ons.
Accurate verti cal contr ol woul d enable precise
positioning of the dredges as well as efficient use of
the dredged material. The Port of Iberia, as well as
other ports in Louisiana, needs vertical control
established to efficiently nodernize access to its
facilities.




Devel opnent of evacuation pl ans

El evati ons used in current evacuation plans are based

on unreliable vertical control. Louisianais inpacted
by nore flooding and storminduced damage to
communi ti es and housi ng than any other state. In June

2001, Tropical StormAllison hit Louisiana. “A state
of emergency was declared in 25 parishes as a week’s
worth of rain generated nore than two feet of water.
Freshwater subnerged U S. Hoghway 90 [the prinmary
evacuation route in southern Louisiana] for over 12
hours.”® About 90 percent of the coast of Louisianais
| ess than three feet above sea | evel. Because of the
i naccur aci es of surveys and nodels, the “true” heights
in this region are only known to within a foot.
I naccurate heights lead to inaccurate flood plain
nodel s and unreliable evacuation plans. The state
needs an established, consistent vertical contro

systemto accurately assess flooding and its threat to
coastal popul ati ons.

2. The capability to easily interrelate the many vertical datuns
currently in existence, but particularly with respect to a
standardi zed national vertical reference datum (i.e.,
NAVD 88) .

Gauge data

USACE stream gauge data is often erroneous, citing
that streans run north when actually they are running
south. Gauge data and datuns need to be referenced to
NAVD 88. Tide and water | evel gauges managed by USACE
are in the process of being switched over to NAVD 88.

Pi pel i ne and wel | head mappi ng

Exposed pi pelines and capped wel | heads pose a hazard
for navigation and the environnent. To prevent
di sasters such as pipeline bursts and narine
acci dents, accurate positioning and identification of
pi pes and wel |l heads in coastal waters, especially in
areas of subsidence and coastal erosion, are needed.

3Chartuk, Robert, July 2001, “Tropical StormAllison is
Nation's Costliest Ever,” NOAA Report, Volunme I X, No. 7, p. 2.
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Agricul ture and the watershed*

In Louisiana, an established vertical federal/state
geodetic control network that relates to various
industries is needed to pronote business and reduce
envi ronment al hazar ds.

Mississippi

Baton Rouge

Louisiana
Mewy Orleans
Metairie

-
LARGEST DEAD ZONE EVER

@l f coast fishery harvests (principally Louisiana)
provi de about 40 percent of the nation’s annual
seaf ood supply in tonnage and val ue. Forty percent of
all coastal wetlands in the country are found in
Loui si ana. Ext ensi ve hypoxia (|l ow oxygen) events,
referred to as the “Dead Zone,” have very |arge
i mpacts on the state and the fisheries in the Gulf of
Mexi co.

This “Dead Zone” off the Louisiana coast covers an
estimated 8,000 square mle area and is being called
the | argest ever hypoxic area on record. Heavy rains
from Tropical Storm Allison fueled this l|ifeless
noving area in the Gulf of Mexico as storm run-off
along the Mssissippi Rver carried nutrients down
river into the @ulf of Mexico. The nost preval ent
run-off nutrients include fertilizer from farnms and
i ndustrial and urban wastes fromthe 32 states in the
river’s watershed.

A consistent vertical control network is needed to
allow the agricultural industry to better manage the
fertilizers wused on fields and to allow better
nonitoring and assessnment of run-off and its affect on
the wetlands and fishing industry.

“Rogers, Al, July 27, 2001, “Dead Zone Now Cal | ed Lar gest
Ever,” RodnReel.com featured article.
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Bar at ari a Hydrol ogi ¢ Basi n®

The National Geodetic Survey is working with the state
and LSU to create a conprehensive nonitoring of
processes in the Barataria Hydrol ogi c Basin, conbining
the need for height nodernization with the nonitoring
of coastal subsidence and sea | evel rise.

The Barataria basin is currently |osing approximtely
12 square mles of wetlands annually, nmaking it anong
the nost rapidly disappearing estuaries on Earth.
Restoration, nonitoring, and anal ysis projects such as
a coast-wde network of nonitoring stations,
nonitoring stations for the Davis Pond diversion
project, and the developnent of a conprehensive

hydrodynam ¢ nodel wll soon be in place. These
studies wll docunent the dynamics of vegetative
communi ties, fish and wildlife assenbl ages,
bat hynetry, and conprehensi ve hydrol ogy of the basin.
Collectively, they wl]l bridge the gap from a

project-level understanding to a nore systens-|evel
under st andi ng, strengthening the ability to forecast
future scenarios and allowing for better planning
strategi es.

A nethodology will also be devel oped in conjunction
with Louisiana Departnent of Natural Resour ces
per sonnel t hat wi || allow for r epr oduci bl e

measurenents of marsh heights during the duration of
the project. Real-tinme kinematic (RTK) GPS surveying
met hods will be used to neasure marsh heights at the
centineter |evel.

3. Nat i onal technical standards and guidelines for using GPS to
det erm ne hei ghts.

Potenti al Benefits

The benefits of height nodernization to the state of Loui siana,
categori zed by area of industry and descri bed with exanples in text
boxes, include:

®Center for Geolnformatics, Louisiana State University,
“Est abl i shnent of subsidence rates, net surface changes, and
relative sea-level rise rates between 2001 and 2006, Barataria
Hydrol ogi c Basin,” Draft proposal.

11



Saf et y/ Fl oodi ng

| nproved energency response routes:

S i nprove tinme nodels and routes for evacuati on;

S decrease nunber of people stranded; and

S i mprove nodel s for river flood stage predictions as well
as neasurements.

Hurricane sheltering in hospitals

Critical care, special needs patients are at hei ght ened
ri sk during | arge evacuations, due to the potential for
long travel times with limted or no access to nedica
facilities. A study sponsored by Jefferson Parish and
conducted by the LSU Hurricane Center is underway to
assess the capacity of mdrise hospital buildings in
the New Oleans area to be used for special needs
shelters. Stormsurge fl ood nodeling, building systens
assessnments, and future nodifications to hospital
utilities and infrastructure are highly dependent on
accurate el evation data.

More accurate nodels of storm surges, coastal erosion, and
trajectories of oil and chem cal spills that enable better
response to these hazards.

Accurate digital el evation nodels, enabling better flood plain
anal ysis and determ nation of flood insurance needs.

FIl ood pl ai n managenent

Hei ght noder ni zat i on woul d provi de accurate,
standardi zed, vertical geodetic control for the flood
managenent program of Amite River Basin Conmm ssion.
Additionally, it would inprove the flood plain nodels
used by the Federal Enmergency Managenent Agency.

| mproved flood control and the cost/benefit ratio for USACE
projects, including |evee and subsidence projects and
devel opment of hurricane protection systens.

Navi gati on/ Ports

| mproved coastal and harbor navigation, enabling safer and
nore cost-effective shipnent of goods.
Preci se positioning of dredges and dredge naterial s.
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Moder ni zati on of ports and wat erways

The Port of Iberia and other ports and waterways in
Loui siana would benefit from the cost effective
nmet hods of determ ning accurate depths and el evati ons
resul ting from hei ght noderni zati on.

Determ nation of the “true” rate of sea level rise aside from
the vertical subsidence along the coast.

Agri cul ture/ Aquacul ture

Real -time positioning of farm equipnent and reduction of
production costs.

More efficient fish farmng, including crawfish farm ng.
Better managenent of natural resources through the use of
reliable G S.

Decreased run-off of contaminants as a result of controlled
applications of water, fertilizers, and pesticides in
preci sion farm ng.

Preci sion farm ng

In addition to mapping and nonitoring the wetland,
hei ght noderni zation will contribute to the reduction
of fertilizers and pesticides introduced into the
coastal wetl and ecosystemt hrough t he use of precision
farmng. In precision farm ng, conputers nounted in
farm equi pnent are gui ded by GPS and regul ate the use
of water, seeds, fertilizers, and pestici des precisely
to their fields to wthin a foot, thus decreasing
production cost and contam nate run-off.

Scientific

| mpr oved under st andi ng of tectonic novenent.
| nproved nodel ing of the geoid (equipotential surface of the
Earth’ s gravity field which best fits nean sea |evel).

Survey
More accurate horizontal and vertical geodetic control for
public and private sector users.

Ability to achieve greater accuracy i n parcel mapping efforts.
Renot e sensi ng and shorel i ne mappi ng support.
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Grand Isle - Port Fourchon
t opogr aphi c/ bat hynetric denonstrati on project

In the Gand Isle and Port Fourchon area of coastal
Loui siana, a collaborative effort between NOAA, the
United States Geol ogical Survey (USGS), and ULL is
underway that will nerge bathymetric and t opographic
data to develop a prototype elevation surface that
can be used by coastal comunities, planners, and
managers for a w de range of coastal projects. The
denonstrati on project uses accurate geodetic contro

for its kinematic GPS techniques, airborne data
col | ection using Light Detection and Rangi ng (LI DAR),
and data transformation tools.

Recommendat i ons

Based on our assessnent of the needs of Louisiana, NGS provides the
foll ow ng recommendati ons:

1.

Perform additional GPS neasurenents and |eveling on bench
mar ks to establish the basic franework of survey points needed
t o support hei ght noderni zation in Loui si ana as recomrended i n
t he 1998 Hei ght Moderni zati on Study. The establishnment of the
framewor k woul d be funded through outside sources and grants

and conpleted within five years. The franmework, designed
specifically to nmeet Louisiana’s needs, would provide
accurate, reliable, and <consistent height information

referenced to NAVD 88 to be included in NSRS. Wth NGS
oversight, state and |ocal agencies would work with the
private sector to performthe geodetic survey projects.

Rapid I and | oss and continuous el evation (height) changes in
Loui siana require a well-managed and nonitored federal/state
geodetic control network to protect the environnment, ensure
safety of its citizens, and enhance prosperity within the
state. Currently, 25 to 35 square mles of wetland per year
are |l ost in Louisiana due to ground subsi dence (sinking of the
| and) and coastal erosion. Cities and cultures are at risk of
losing their land and having to relocate. Flooding and sea
| evel rise threaten the coastal region, nost of which is only
three feet above sea | evel. Flood plain nodels and evacuati on
pl ans, devel oped usi ng outdated el evations, put the citizens
of the lowlying areas at great risk during heavy rains. The
current available geodetic control does not support the
state’s needs to evaluate and nmanage the changes in its
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environment and the inpact on its econony and ecosystem
Problenms with historic surveys, |and novenent, and sea | evel
rise have made the current vertical geodetic control in
Loui si ana obsol ete, inaccurate, and unable to ensure safety.

Adequat e spaci ng of hi gh accuracy GPS neasurenents coi nci di ng
wi th current existing height information, fromclassical |ine-
of -si ght surveys, al so i nproves the geoi d nodel (nodel derived
from nmeasurenents of the Earth’s gravity), which relates GPS
hei ghts to orthonmetric heights (leveling elevations). This
results in nore efficient and econom c applications of GPS
technol ogy to determ ne el evati ons.

Expand the current network of CORS and explore the use of
Port - A- Measures (PAMs) and extensoneters in Louisiana. The
conbi nation of CORS throughout the state and nobile and
stationary height nonitoring stations concentrated in
subsi dence ar eas t oget her provi de an accur ate statew de hei ght
nmoni toring systemreferenced to the highly accurate National
CORS network. To serve as the essential franmework for height
noder ni zati on, special enphasis is required in the southern
part of the state.

Phot ograph of a PAM

PAMs are nobile nonitoring systens that use GPS to determ ne
hei ght changes to nonitor subsidence. Ext ensoneters are
per manent devi ces for neasuring small changes in the distance
between two points on the Earth, and are used to detect
subsi dence w thout the use of GPS. Continuous nonitoring by
use of CORS across the state would allow for accurate
information of subsidence at the ground Ievel. Pl ans are
al ready underway for expansion of the National CORS network in
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the state, but additional state and | ocal CORS are needed in
the southern part of the state undergoing the npbst serious
| and | oss. [National CORS is a nationw de network of hundreds
of CORS whi ch have been positioned so that their elevations
are assuned to have zero errors relative to the center of the

Eart h. CORS provide data for high accuracy GPS post-
processing of el evation data. Sone of the CORS are al so radio
beacons that instantaneously transmt differential GPS

corrections for users wth RTK GPS applications.]

Establ i sh a Loui si ana Spati al Reference Center (LASRC). Like
California, Loui siana does not have a state agency
coordinating efforts to i nprove the geodetic reference frane
and requires a Spatial Reference Center to work in conjunction
with NGS to support height nodernization within the state.
[Wth assistance and grants from NGS, the California Spati al
Reference Center was established to  better addr ess
California s geodetic control needs.] The creation of a LASRC
woul d serve as a regional center for height nodernization and
foster technol ogy transfer not only between NGS and t he state,
but al so between Loui siana and its nei ghboring states.

Loui siana’s active coastal wetlands and shorelines create
uni que referencing issues that cannot be addressed solely by
the national program The coastal processes and nonitoring
prograns, including renote sensing and shorel i ne mappi ng, that
exam ne subsi dence and shoreline retreat require nore tinely
action that can be done nore effectively at the state and

| ocal |evel. NOAA is currently engaging in a partnership
agreenent with Louisiana State University to enhance NSRS in
Loui siana. The LASRC would provide an Internet link to the

NSRS dat a base, devel op specifications and gui delines for GPS
surveys not otherw se available at the national |evel, and
educate wusers on spatial data referencing 1issues and
appl i cati ons.
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W SCONSI N

Backqgr ound

Before GPS, the vertical federal/state geodetic control network
consi sted of orthonetric heights (vertical heights relative to nmean

sea |level). The vertical control stations (bench marks) were
surveyed using classical leveling to differentially determ ne the
hei ght between bench nmarks. In Wsconsin, the vertical

federal /state geodetic control network established by NGS was
conducted primarily in the 1920's and 1930's, wth additional

control established by USGS in the 1950's. The figure bel ow
indicating NAVD 88 control in Wsconsin represents elevation
(height) information currently in the NSRS data base.

NAVD 88 control in Wsconsin

Wisconsin NAVD 88 Control

nnnnnnnn

Much of the NAVD 88 control information is outdated, however, since
many of the stations have not been revisited or surveyed in recent
years and may no | onger be useable. Wen NGS updated Wsconsin's
vertical control to NAVD 88 in 1991, there were 7400 vertical
control nonunments (points with precisely determ ned heights).
Today, fewer than half of these nmonunents can be found. Many of
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the nmonunents were destroyed during construction and devel opnent
projects. O the renmining nonunents, many cannot be tied to the
GPS net wor k because over head obstructions such as trees, buil dings,
and utility lines block GPS signals, and nany others are unstable
W th substantial discrepancies between published el evations and
current measurenents. A recent report from the Wsconsin
Departnent of Transportation (WsDOI) states that out of the
vertical control nmarks searched for to support their statew de
hei ght noderni zation effort, only about 15 percent of the nost
stable quality marks (coded in the NSRS data base as A- or B-
stability) were found useable.

The current vertical federal/state geodetic control network in
Wsconsin is insufficient. Mst of the bench marks are old and
subj ect to environnental disturbances, nanely frost heave and post -
gl acial rebound. Frost heave occurs when water-saturated soil is
defornmed and uplifted during periods of freezing. Post - gl aci al
rebound is the rising of the Earth’s surface which occurs in | and
that was conpressed by glaciers during the last ice age. The | and
is still rebounding in the Great Lakes region today. Additionally,
in nost parts of the state, 50 percent or nore of all bench marks
have been destroyed due to construction and |and devel opnment
activities.

In 1991, Wsconsin was one of the first states to establish a High
Accuracy Reference Network (HARN). The HARN was a nationw de
effort led by NGS to upgrade the horizontal positions and GPS
(ellipsoid) heights of the national geodetic control network using
GPS techni ques. In 1997, with continuing inprovenents in GPS
technol ogies coupled with the developnent of the very highly
accurate CORS network, NGS | aunched a neweffort - the Federal Base
Net wor k (FBN) canpaign. The FBNis a very high accuracy network of
hi gh accuracy network of nonunented stations (points) wth 100-km
nom nal spacing throughout the United States and its territories.
The FBN, observed and nmanaged by NGS, also contains additiona

stations as needed in areas of subsidence, crustal notion, or
special interest. NGS recognized that the state and | ocal

governnments, as well as the private sector, were interested in a
network of geodetic control with |ess distance between stations.

Wil e establishing the FBN, NGS invited all interested parties to
simul taneously observe additional stations, known as the
Cooperative Base Network (CBN). The CBN is a very high accuracy
networ k of nonunmented stations with 25- to 30-km nom nal spacing,

established and maintained through cooperative agreenents wth
ot her Federal, state, and | ocal governnent agencies. The focus of
the FBNCBN surveys was to cooperatively reobserve the HARN
stations as either FBN or CBN stations with personnel from NGS,

state and |l ocal comunities. The FBN and CBN stations would then
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be positioned relative to the highly accurate CORS, dramatically
i nproving the GPS vertical conponent of NSRS.

W sDOT and NGS have a history of cooperative effort in the use of
GPS technol ogy to i nprove both the horizontal and vertical control
data within the state. Even with these efforts however, there are

still gaps and need for inprovenent in the state’'s geodetic
net wor k.
Needs

In Wsconsin, the existing federal/state geodetic control network
sinply does not support today’ s design and construction projects.
The critical nature of the shortfall of accurate geodetic control
especially verti cal control, pronpted the Wsconsin Land
Information Board in April 2001, to establish a State El evation
Dat a Task Force to assess the needs and uses for vertical control
and directly address the deficiencies. National, state, and | ocal
agencies, as well as the private sector, need consistent and
accurate geodetic control for use in highway and | and devel opnent,
noni tori ng and nodel i ng of shoreline and fl ood pl ai ns, and safe and
econoni cal transportation of goods.

Wsconsin was one of the first states to realize it needed to
enhance its vertical height system As a result, in 2000, W sDOT
and NGS agreed to col | aborate on the W sconsi n Hei ght Mderni zati on
Program (W-HW). The agencies drew fromthe 1998 Nati onal Hei ght
Moder ni zation Study in fornulating a 10-phase plan to inprove
el evation data throughout the state. The goal of the W-HW is to
elimnate inconsistencies between horizontal and vertical control
data, supplenent control where marks have been destroyed, and
create a network that can use GPS technol ogi es as a cost-effective
positioning tool in place of conventional equi pnent and procedures.
Wiile the HARN and FBN CBN canpai gns provided highly accurate
hori zontal and GPS el lipsoid heights to the state, the W-HW w ||
provide highly accurate and precise primary vertical control
(orthonetric heights), as well as densify (add nore stations to)
the federal/state geodetic control network, to all of Wsconsin.

O the 43 bench marks with published NAVD 88 heights
| eveled to in Phase | of the W-HW, only 19 (44% could
be constrained in the final NGS vertical adjustnent. The
other 24 (56% had elevation changes ranging from
-20.4 cm(-8.0 inches) to 19.2 cm (+7.5 inches) fromthe
publ i shed NAVD 88 hei ghts.®

®\NGS vertical adjustnent of W-HW, Phase 1.
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Pl anned as a 10-year effort, but nore practical and cost-efficient
as a five-year plan, the W-HW will establish a three-di nensi ona

federal / state geodetic network using GPS and conventional |eveling
t echni ques throughout the state. Accuracies of 2 cm are expected
in the horizontal and vertical conponents. The plan follows NGS
gui delines and calls for the subm ssion of all data collected and
processed to be submtted to NGS for inclusion in NSRS
| mpl enent ati on of the W-HW consists of:

. researchi ng and recovering exi sting NSRS bench marks;
. plotting high accuracy GPS and bench nmarks;
. densifying GPS at three different |evels;

- primary base stations at 25 kilonmeter (km spacing;
- secondary base stations at 12-14 km spaci ng;
- local network stations at 6-8 km spacing;

. creating new |l evel lines incorporating high accuracy GPS and
exi sting bench marks;

. | ocati ng new bench marks at 2 km spacing al ong | evel |ines;

. perform ng conventional |eveling on bench marks, HARNs, and
primary base stations;

. performng GPS on all levels of GPS stations to transfer
el evati ons;

. processi ng, anal ysis and adjustnment of GPS and | evel i ng dat a;
and

. subm tting adjusted data to NGS for review and inclusion in

the NSRS data base.

Potenti al Benefits

The benefits of height nodernization to the state of Wsconsin
categorized by industry and described by exanples in the text
boxes, include:

Saf ety
. | nproved energency response routes:

S i nprove tinme nodels and routes for evacuati on;

S decrease nunber of people stranded; and

S i nprove nodels for river stage predictions as well as
measur enent s.

. More accurate nodels of storm surges, coastal erosion, and
trajectories of oil and chemi cal spills that enable better
response to these hazards.

. Accurate digital elevation nodels, enabling better flood pl ain
anal ysis and determ nation of flood insurance needs.
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Dam bur st anal ysi s

The Wsconsin Departnent of Natural Resources is
responsi ble for the analysis of nore than 20,000 dans.

Accurate vertical heights are needed to show downstream
flooding that would occur if a dam fail ed. Many of
these dans are old and dam burst analysis is critica

for the protection of human life.

Navi gati on/ Transportati on

. | nproved coastal and harbor navigation, enabling safer and
nore cost-effective shipnent of goods.
. Conmbi ned bathymetric and vertical height information in

shorel i ne nodel s.
Hi ghway Construction and | nprovenent

. More accurate vertical data for prelimnary highway design.

W -HW and RTK GPS net hod success

W sDOT used RTK GPS to verify both the horizontal and
vertical positions of a group of photogramretric
targets that had been placed in the field for a
hi ghway desi gn/ mappi ng project. Using the current
nmet hod of static GPS and conventional |eveling took
280 staff-hours to conplete. Wth W-HW conpl et ed,
the RTK GPS nethod took only 30 staff-hours, nore
than nine times faster than the current nethods
enpl oyed. Again, these savings wll continue to
accrue for WsDOT and other | ocal and state agencies
as the W-HW expands.

. | mproved ability to delineate drai nage basins for bridge and
cul vert si zi ng.

. | mproved data quality to provide nore accurate, nore detail ed
digital elevation nodels.

. Near by bench marks for use in highway desi gn and construction

which are nore reliable and cost effective.
Agricul ture

. Real -time positioning of farm equi pnent and reduction of
producti on costs.
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Crop dusting

Digital elevation nodels of agricultural areas would
allow crop dusters to fly their fields wthout
requiri ng manual flagging of the fields, thus reducing
costs.

Decreased run-off of contamnants as a result of controlled
applications of water, fertilizers, and pesticides in
preci sion farm ng.

Central Sands agricultural region

The Central Sands area of Wsconsin, a major producer
of vegetables, relies heavily on irrigation and the

use of fertilizers and pesticides. [|nproved height
information and the use of precision farmng
techniques will reduce run-off and reduce production

costs in this agricultural region.

Property Description

Expedited gathering of information for flood plain
determ nation

Al'l ow i ncorporation of topographic files as part of tax parcel
maps to provide nore detailed information about property
par cel s.

Surveyi ng

Facilitated registration of Public Land Survey Systemdata in
t he conputer aided design environnent.

Greater accuracy in parcel mapping efforts.

More accurate horizontal and vertical geodetic control for
public and private sector users.

Hi gh speed rail project

A recent problemw th el evations occurred in a project
mapped by WsDOT for a high speed rail project.
Because of a lack of accurate heights, GPS-derived
hei ghts were m scal cul ated, resulting in over 100 hours
of additional survey work, a three-nonth delay in the
project, and an additional 50 hours of mapping work to
correct the problem Inproved and consistent heights
woul d have prevented these costly errors and del ays.
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Land

I nformati on Systens

Greater accuracy for field checks on digital orthophotos
(digital version  of a rectified (corrected) aeri al
phot ogr aph) .

Verification of orthophoto products

Dodge  County conduct s subst anti al anount s of
phot ogrammetry each vyear. As part of the quality
control program the digital orthophoto products are
checked for accuracy. Before the W-HW was in pl ace,
it took 24 hours to conduct field checks necessary to
verify horizontal and vertical positions of check
points in a single 36 square mle Public Land Survey
System Townshi p. Wth W-HW conpleted, RTK GPS
procedures nmake it possible to conplete the
verification in four hours. This 6:1 savings
translates into hundreds of thousands of dollars
annual Iy for Dodge County, when taking into account the
many hi ghway projects for which they are responsi bl e.

Provided field reference points for verifying accuracy of
resource grade GPS coll ected data.

| nproved data quality for nore detailed terrain nodeling and
t hr ee- di nensi onal visualization activities.

Conservati on

Better deternination of wetland boundari es.

Better determination of Great Lakes erosion and | ake |evel
ri se.

Soi | erosion assessnents.
| ncreased data visualization and three-di nensi onal nodel i ng.

Use Pl anni ng

Better determ nation of slope gradients.

Dai ry noderni zati on

Topogr aphi ¢ surveys are used for proper site selection
of dairy operations. Sites with a slope of 2 to 6
percent allow for drainage w thout erosion.

Better determ nation of el evations for flood ©plain
del i neati ons.
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Facilitate eval uati on of property characteristics for permts,
petitions, and parcel conbinations.

Scientific

| mproved understanding of tectonic novenent (post-glacial
r ebound) .
| nproved nodel i ng of the geoid.

Recommendati ons

Based on our assessnent of the needs of Wsconsin, NGS provides the
foll owi ng recommendati ons:

1.

Accel erat e t he W sconsi n Hei ght Moder ni zati on Program (W - HVP)
fromten to five years. Analyze data collected in the early
phases of the W-HW to determ ne possible nodifications to
field procedures and the design of the program Specifically,
assess the amount of leveling to be conpleted and the current
specifications and guidelines of the field observations to
ensure accurate, yet economc, developnent of height
noder ni zat i on.

The potentially substantial econom c benefits to the state and
nation through the transportation, agriculture, construction,
and public safety industries realized five years sooner woul d
make W sconsin a prototype for height nodernization for the
region, as well as the country. NGS acknow edges the
tremendous effort underway by the WsDOT to conplete its
10-year W-HW, but cautions that technol ogy will outpace the
effort unless the work is accelerated through nodified
procedures and gui del i nes.

Pronote Wsconsin as a role nodel and trainer in height
noder ni zati on. Since Wsconsin' s height noderni zation effort
is already underway, the state would be in a position to
advi se neighboring states in the devel opnent and uses of
hei ght noderni zation. Transfer of technol ogy through NGSw th
W sconsin as a regional |eader could help address the entire
region’s econom c and environnmental issues.

| nvestigate opportunities for additional funding for the
hei ght noderni zation in Wsconsin. Additional resources would
result in nore outsourcing opportunities, as well as
technol ogy transfer, to private surveyors. Fundi ng woul d
al so ensure that the efforts of the state are recogni zed as it
has devel oped and inplenmented a val uable resource for all
users of spatial data.
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GLOSSARY OF TERMS AND ACRONYMS

ADJUSTNMENT
The process of finding a set of “best” values froma set of
redundant survey observati ons. An adj ustnent changes, or
fits, the survey data to inprove the final results of a
survey.

BENCH MARK

A bench mark is a vertical (elevation) geodetic control mark,
consisting of a netal disk or rod, that nonunents a point on
| and.

CBN
The Cooperative Base Network is a very high accuracy network
of nmonunmented stations with 25- to 30-km noninal spacing,
est abl i shed and mai nt ai ned t hrough cooperative agreenents with
ot her Federal, state, and |ocal governnent agencies.

CLASSI CAL LEVELI NG

Cl assical, or conventional, line-of-sight leveling required
crews of surveyors to wal k and carry survey equi pnent, taking
geodeti c survey nmeasurenents approxi mately every 100 yards, to
establish and maintain a national coordinate system of
extrenely accurate heights (el evations). The survey equi pnent
required that the points being neasured were visible to one
anot her.

CONVENTI ONAL LEVELI NG

Conventional, or classical, line-of-sight leveling required
crews of surveyors to wal k and carry survey equi pnent, taking
geodeti ¢ survey nmeasurenents approxi mately every 100 yards, to
establish and maintain a national coordinate system of
extrenely accurate heights (el evations). The survey equi pnent
required that the points being nmeasured were visible to one
anot her.

CORS
Conti nuously Operating Reference Stations provide GPS data for
hi gh accuracy GPS post-processing of elevation data. Sone
CORS are also radio beacons that instantaneously transmt
differenti al GPS corrections for wusers wth RIK GPS
applications.
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CSRC
California Spatial Reference Center

DATUM
A datumis a set of values used as a reference or basis for a
coordi nate system

DEM

A digital el evati on nodel is a digital cartographic
representation of the elevation of the |and.

DEPARTMENT OF COMMVERCE
The U. S. Departnent of Comrerce is the parent organi zati on of

NQAA. Its mssion statenent includes pronotion of job
creation, economc growh, sustainable developnent, and
improved living standards by working in partnership wth

busi ness, universities, comunities, and workers.

DI d TAL ORTHOPHOTO

A digital orthophoto the digital version of a rectified
(corrected) aerial photograph.

ELLI PSO D HElI GHT
An ellipsoid height is based on an ellipsoid nodel of the
surface of the Earth. A geoid height val ue nust be applied to
conpute an el evation (height) relative to nmean sea | evel

EXTENSOVETER
An extensoneter is a pernmanent and hi ghly accurate devi ce used
for measuring small changes in height over tinme on the Earth.
Ext ensoneters, which do not use GPS, are used to detect
subsi dence.

FBN
The Federal Base Network is a very high accuracy network of
nonunent ed stati ons with 100- kmnom nal spaci ng t hroughout t he
United States and its territories. The FBN al so contains
additional stations in areas of subsidence or crustal notion,
or as needed in support of Federal aircraft navigational
requirenents.

FROST HEAVE
Frost heave is the wuplifting of land which occurs when
wat er-saturated soil is deformed and uplifted during periods

of freezing.
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GECDESY

Geodesy is a branch of applied mat hematics concerned with the
determ nation of the size and shape of the Earth and t he exact
positions of points onits surface, with a description of its
gravity field.

GECDETI C CONTROL

CGeodetic control is a highly accurate, consistent, and
reliable set of information about the |ocations (latitude and
| ongi tude), heights (relative to a specific point), and
characteristics of points within an area.

GEA D

The geoid is the equi potential surface of the Earth’s gravity
field which best fits nmean sea | evel.

GEA D HElI GHT

Ceoi d height is the difference between a GPS hei ght (el lipsoid
hei ght) and an orthronetric height (elevation relative to nmean
sea |l evel).

GEA D MODEL

asS

GPS

HARN

A geoid nodel is derived from neasurenents of the Earth’s
gravity field and is inportant in translating GPS heights to
orthonetric heights.

Geographic Informati on Systens are conputer systens used for
integrating, manipulating, analyzing, and displaying data
related to the positions on the Earth’s surface. The data may
be represented on different |ayers where each | ayer contains
data about a particular kind of feature.

The G obal Positioning Systemis a satellite based positioning
system funded and operated by the Departnent of Defense, but
available to civilian users. GPS provides very accurate and
econoni cal positioning.

Hi gh Accuracy Reference Network is a nationwi de effort by NGS
to upgrade the horizontal positions and ellipsoid heights of
t he national geodetic control network using GPS techniques.
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HEl GHT MODERNI ZATI ON
Hei ght noderni zation is an effort, led by NGS, to enhance the
vertical conponent of NSRS, by pronoting the precise
determ nation of heights through the use of GPS surveyi ng.

LASRC
Loui si ana Spatial Reference Center

LI DAR
Light Detection and Ranging is an aircraft-nounted | aser
measuring system that uses a laser to transmt and receive
optical pulses for water surface and sea bottom detection to
determ ne sea water depth.

LSU
Loui siana State University

NATI ONAL COCRS
National CORS is a nationw de network of hundreds of CORS
managed by NGS, whi ch have been positioned so well that their
el evations are assuned to have zero errors relative to the
center of the Earth.

NATI ONAL OCEAN SERVI CE
The National Ocean Service, one of NOAA's five line offices,
provi des a wi de range of products and services, established on
a scientific basis, for the protection of life, property, and
t he environnment.

NAVD 88
North Anerican Vertical Datum of 1988 is the |atest verti cal
coordi nate system for consistently defining heights and is
simlar to defining an elevation relative to nean sea | evel

The National CGeodetic Survey is an office within the National
Ocean Service, which is a subset of the National Cceanic and
At mospheric Adm nistration. NGS s role is to ensure that the
United States has a consistent, high accuracy geodetic
reference franework to support mapping, surveying, and ot her
infrastructure applications.

NOAA
The National Cceanic and At nospheric Administration’s role is
to descri be and predict changes in the Earth’s envi ronnent and
conserve and nmanage the Nation’s coastal and marine resources
to ensure sustainable econom c opportunities.
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NSRS
The National Spatial Reference System is the national
reference framework that specifies Ilatitude, |ongitude,
hei ght, scale, gravity, and ori entation throughout the Nati on,
as well as how these val ues change with tine.

ORTHOVETRI C HEI GHT
An orthonetric height, or elevation, is a height relative to
mean sea | evel

PAM
A Port-A-Measure is a nobile nonitoring systemwhich uses GPS
to monitor ellipsoid height changes to nonitor subsidence.

PORT- A- MEASURE
A Port-A-Measure, or PAM is a nobile nonitoring systemwhich
uses GPS to nonitor ellipsoid height changes to nonitor
subsi dence.

POST- GLACI AL REBOUND
Post-glacial rebound is the rising of the Earth’s surface
whi ch occurs in land which was conpressed by glaciers during
the last ice age.

PRECI SI ON FARM NG
In precision farm ng, conmputers nounted in farmequi pnent are
guided by GPS and regulate the wuse of water, seeds,
fertilizers, and pesticides to the foot, not to the field,
thus decreasing production cost and the run-off of
cont am nants.

RTK GPS
Real -time kinematic GPS is a technique used to provide GPS
posi tioni ng. The technique involves tracking the carrier

phase of the GPS signals and requires a GPS base station cl ose
to the user

SUBSI DENCE
Subsidence is the sinking of land, often caused by the
wi t hdrawal of groundwater from below the Earth’s surface.

ULL
University of Louisiana at Lafayette

USACE
United States Arny Corps of Engineers
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USGS
United States Ceol ogi cal Survey

W - HWP
The W sconsin Height Mdernization Program is a program
devel oped by WsDOT and NGS, drawi ng fromthe National Height
Moder ni zation Study recommendations, which utilizes GPS and

| eveling techniques to inprove el evation data throughout the
state.

W sDOT
W sconsi n Department of Transportation
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