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Executive Summary

Digital aerial imagery is the most fundamental datdor use with geographic information
systems in local, state, and federal governmenirandmerous private and non-profit
organizations. The NC Geographic Information Cowating Council adopted statements and
resolutions in 2003 and 2005 that called for aasnable program for keeping high resolution
statewide orthoimagery (also called orthophotogyaphlirrent and accessible. Then, the
General Assembly recommended a statewide imagegygm as stated in Recommendations
13 through 17 in the State Geographic Informat@onsolidation Implementation Plan, as
directed by Session Law 2008-0107 Section 6.13eBder 2008. In response, the Statewide
Mapping Advisory Committee (SMAC) developed thisritioCarolina Orthoimagery Business
Plan to support the coordinated acquisition ofardess statewide imagery dataset of
standardized quality, resolution, age, and format.

Orthoimagery benefits a wide range of users of gatta data, including private industry, public
agencies, nongovernmental organizations, citiz&mg,educational institutions. Benefit
measures include (a) saving time in locating asgaading to emergencies, (b) saving time in
informing public decisions, (c) avoiding the cofeaoneous information from out-of-date
imagery and map features, and (d) saving time mulvag, storing, retrieving, displaying, and
archiving aerial imagery.

In terms of business requirements, orthoimagemhesultimate base map, recognizable to an
every growing audience and suitable for referemzbanalysis to derive and enhance geospatial
datasets. Orthoimagery in North Carolina adds evatuthree primary business uses: visual
reference, data creation and maintenance, and iranghsis. Data requirements focus on
current technology and best practices that sah&Zyspecifications for quality and accuracy as
adopted in “North Carolina Technical Specificatidias Digital Orthophoto Base Mapping”
http://www.secretary.state.nc.us/landfor the statewide project in 2010, the data irequents
were orthoimagery produced in 5,000 by 5,000-fdes twith ground resolution of 6 inches,
amounting to 100,000,000 pixels per tile. Formsatrue color (3-band) in GeoTIFF format.
The Coordinate Reference System is NC State Plameddate System, NAD 1983 (NSRS
2007) Datum, with units of US Survey feet. Tilesmvé unique names and use a new naming
convention (32 characters).

The primary functional requirement for orthoimagexyo be readily available, free of charge, to
local government operations including 911 and vade range of private and public users for
visual reference, geospatial reference, and imaghysis. Statewide orthoimagery should
enable data discovery, data viewing, and data duoaehl
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A statewide project necessarily has costs relat@dmsistency, quality, completeness,
maintenance of infrastructure for positional refexe data management, and public access to
information. Considering costs for a statewidegpam after 2010, a total cost on the order of
$250 per square mile or less (or about $12 millisayld appear to be achievable for all cost
components including geodetic services, programagament and data access.

To achieve the goals of the Geographic Informa@ordinating Council regarding imagery for
the state, the SMAC recommends a collaborativeagmbr to future projects to take advantage of
experience and expertise across several orgamsatids a prime example, the following
approach was used in the statewide project in 2010.

- Overall program management was the responsibili§®IA, staff to the GICC, to
take advantage of CGIA’s project management expeei@nd its capabilities to
apply the coordination structure of the GICC ascciammittees and working groups
to the statewide orthoimagery planning and impletatgmn.

Management of imagery acquisition, processing,\asuial quality control was the
responsibility of the Geospatial and Technology Btgament Office (GTM) to take
advantage of large project management experiemagdry expertise, and data
management experience.

Management of geodetic control and horizontal qualbntrol and related equipment
was the responsibility of the NC Geodetic Surveutitize experience managing and
performing quality control in the field, maintaiginlatasets for control, and
managing a statewide network of reference statidimss was in collaboration with
GTM for efficient workflow.

Public access to imagery (map services, data dasnknd related methods) and
distribution of imagery products is being managedugh NC OneMap by CGIA.

In addition, CGIA is providing outreach in the foohpresentations at conferences
and other public events and website updates.

Standard specifications for digital orthoimageryevepdated in 2009 and are
managed by the Land Records Management Sectidw iSecretary of State’s
Office.

Funding for a statewide orthoimagery program @0 depends on budgeting, planning,
negotiating, and factors that may not be appare@0iL0. As a framework, the recommended
funding approach for the statewide program (inelgdmagery acquisition, data access, program
management and investment in geodetic controt) veark with the following groups to obtain
funding that will support the recommendations comd in this plan:

1. Statewide organizations, including the NC 911 Baardehalf of local operations, and
state departments that apply geospatial data todsssprocesses. Specific amounts
depend on project locations in relation to statgpm requirements, restrictions, timing
and budgets.

2. Federal organizations, including cooperative agexgmled by the National Geospatial
Program. Funding from federal organizations depemdproject locations, federal
program initiatives and requirements, availabitifffunds, and limitations based on
location and purpose.

3. Local governments. Specific amounts depend on grrégeations in relation to local
program requirements and availability of funds.
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4. Private organizations, including electric powetitigis. In partnership with public
entities, private organizations are potential sesifor cost-share in selected counties
where those organizations have business requirenfi@nturrent high resolution
imagery.

For statewide imagery acquisition, the SMAC recomdseOption 4b (described in Section 9)
which divides the state into fourths, with flightsginning in 2012, and additional flights in
2013, 2014 and 2015. See the map below. The Wgp&roup identified the following
advantages to this approach:

a. This is the most efficient management approachyirieqy only one acquisition team.
There would not be a need for a prime contractonamage multiple acquisition teams to
cover the entire state.

b. Duration of delivery would be shortest and onliceess to data would occur over the

shortest time span of the four alternatives.

The approach would create consistent annual defioamdntractor services.

Smaller regional and local firms would be more Ijki® have capacity to compete for

selection.

e. With this approach it would be practical to considiferentiating resolutions for urban
and forested areas to potentially reduce acquisdasts per square mile.

f. The division of the western region into north andth project areas reduces the risk of
not acquiring images over the mountains beforedse@merge in the spring.

oo

Statewide Digital Orthoimagery,
Option 4b: State Divided in Fourths
with Mountains and Western Piedmont Split North and South
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The Statewide Mapping Advisory Committee recommangdementation of the business plan
to sustain a statewide program and its widespreadflis to users across North Carolina.
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The North Carolina Orthoimagery Business Plan va®bbped to support the coordinated
acquisition of statewide orthoimagery at scheduietvals in order to replace the county-based
acquisition system, which resulted in a patchwalkection of county imagery sets of varying
quality, resolution, age, and datum, with a seasni¢atewide imagery dataset of standardized
quality, resolution, age (within the same colleatinterval), and datum. The business plan’s
goals are to establish a sustaingiegram for keeping high resolution statewide arttagery
currentand_accessible

Sustainable: a consistent, successfully fundedrpro

Current: imagery was captured within one of tist faur years on a county basis

Accessible: imagery users have online access ps@ices and downloadable

files.

This business plan is based on the review of couagional (i.e., multiple counties), and state
conducted orthoimagery acquisition projects. itamhtes for North Carolina to regularly
acquire a standardized statewide set of imagettyarmost cost-effective and time-conserving
manner p055|ble by presenting:
The benefits of a standardized statewide imagetigsea
A defined and structured process that would avajalidation whether in the
collection, processing, or quality control (QC) pba
The organizational structure that was establislyepluticipating agencies working
together on previous aerial imagery projects
The pros and cons of the various implementatiorhot in regards to what portion
of the state’s extent (e.qg., 1/4, 1/3, 1/2, oraghtre state) would be mapped each year
during a given multi-year acquisition cycle

A standardized statewide imagery dataset thatdate on a regular basis would have
widespread benefits to North Carolina and its erfig, including:
- Improved 911 call response in regards to not dmtydaller’s location but also to site
conditions that are important to first responders aw enforcement
Mapping applications including land surveying, raastruction, and floodplain
mapping
Environmental applications, such as climate chategection for regulatory and
environmental monitoring

Essentially, up-to-date aerial imagery improvessien making, because aerial imagery is the
most fundamental GIS dataset in local, state, addril government and in numerous private
and non-profit organizations.

The North Carolina Orthoimagery Business Plan és@nted in ten sections: background,
purpose, program goals, benefits, requirementss cosganizational approach, project funding,
implementation plan, and appendices.
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Digital aerial imagery is the most fundamental datdor use with geographic information
systems in local, state, and federal governmenirandmerous private and non-profit
organizations. As examples, imagery is used dyc®ll centers for visual reference and for
accurate street mapping and addressing, by counti@ap property boundaries and
infrastructure, and by stormwater managers to atdou impervious surfaces. Orthoimagery
(aerial photos or digital images referenced toeitaeh within accuracy specifications) is vital to
search and rescue operations, emergency respoiiggtion planning, and in flood insurance
map maintenance. Other examples include the NGibrepnt of Agriculture and biological
emergency planning operations, assessing impatasadfuse patterns on critical habitat areas by
the NC Department of Environment and Natural Resesjrand highway planning by the NC
Department of Transportation. Clear, current, eateupictures of the landscape are applied to
private operations relating to timber, utilitiegliglery services, and land conservation to name a
few. Federal uses of locally-acquired imageryludimg the National Map, underscore the value
of data sharing on a timely basis.

The Center for Geographic Information and Analysiaff to the NC Geographic Information
Coordinating Council (GICC) organized the Digitatrdal Imagery Task Force in 2001 to
evaluate and make recommendations for an orgaanédost effective approach to
maintenance of a statewide digital aerial imagespurce. The goal of the Task Force was to
improve the availability of aerial imagery to suppaecision making at all levels of government
and the private sector. The group recognizedlttiabt resolution or better, as a statewide
resource, would be beneficial for base mappinduding creation and maintenance of street
centerlines, property boundaries, address poitnts;tare outlines and other map features.

The status of high resolution digital aerial imagier 2002 fell far short of a statewide resource.
Only 31 of 100 counties had acquired orthoimagewsr the most recent three years (2000-2002,
see Figure 1.1). For a statewide program witha gbimagery not more than four years old,

the pace should have been 75 counties over thegs.y&rom the statewide perspective, nearly
half of the counties had imagery captured five oreryears ago (39 counties) or no digital
imagery available (7 counties).
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Digital Orthophotography by County, Status in 2002
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Figure 1.1. Status of Orthoimagery in North Caralby County, 2002.

The Task Force specified the preferred datasatdlimsvs: black and white (in 2001

there were

concerns about disk space required for true cabemch pixels equivalent to 1 inch = 200 feet
mapping scale, English units, State Plane NAD 18&8;off exposures, 5,000 by 5,000-foot
tiles, GeoTIFF format, valid metadata, 12-monthwiel/, and data accessible in the public
domain. The Task Force recognized the value délgotations. Core collaborators were to be
responsible for overall management, contract adstration, quality control, storage, archiving,
and distribution. Collaborative tasks were touaid review and revision of technical

specifications as needed. Partnerships were iatetalinvolve local governments,
organizations, state agencies, and federal agencies

A working group under the Statewide Mapping Adwis@ommittee (SMAC) of the

lead regional

GICC

emerged from the Task Force. The Working Grougdidhophotography Planning serves the

SMAC on issues related to remotely sensed dataialAmagery may be described

as pictures of

the earth captured by aircraft equipped with digitdilm cameras and processed to fit the earth

with high precision for mapping purposes. The prinfacus of the Working Group
imagery types: true color high resolution orthoimig 4-band digital orthoimagery

is on three
including

the near-infrared band, and leaf-on 1-meter agnagery. The Group also has interest in issues
related to other remotely sensed data, includirigjo® imagery and Light Detecting and

Ranging (LIDAR) data for elevation.
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The Working Group is responsible for maintainingrmrentory of the status of orthoimagery at
the county level, including year of latest imagang previous years of imagery. The group
develops procedures for distribution of aerial ierggamong state agencies and the US
Geological Survey representing federal agenci€empressed imagery is downloadable through
the NC OneMap database (www.nconemap).gov

The group is charged with seeking sources of fupthrassist counties and state agencies in
acquiring high resolution imagery. Funding sosriterecent years have included the following:
NC 911 Board, USGS National Geospatial ProgramioNat Geospatial Intelligence Agency,
Department of Homeland Security, NC Floodplain Mag@Program (and the Federal
Emergency Management Agency), National Oceanicfanobspheric Administration, US
Department of Agriculture, NC Department of Agricuie and Consumer Services, Department
of Environment and Natural Resources, countiescéties, and public utilities.

In addition, the group serves as a technical adyiam for standards and imagery acquisition
projects. Recent examples include the new techspeifications for digital orthoimagery from
the Land Records Management Program, NC Secret&tate’s Office (adopted in October
2009), the Statewide Orthoimagery 2010 projectUBeDepartment of Agriculture, National
Agriculture Imagery Program (NAIP) leaf-on, 1-metesolution imagery, and county projects
involved in USGS Cost-Share cooperative agreements.

A national strategy emerged in 2004-2005 from thé@dwhal States Geographic Information
Council (NSGIC) that became the “Imagery for theid@d initiative. This is an organized
national effort to acquire imagery over the enti®A, consisting of multi-resolution products
(e.g., 6-inch, 1-foot, and 1-meter) with repeatileyof 1 to 5 years depending on location and
resolution. Imagery products are accessible irpth#ic domain and are consistent with national
standards (image type, quality, format and secgntycerns). The approach is for states to
manage part of the program through developmenusihless plans, the federal government to
fund a basic program, and imagery users to fundupugptions and cost-share to complete
coverage of high-resolution products.

The GICC reviewed the recommendations of the Taskd=(2003) and adopted a “Statement of
Direction for High Resolution Digital Aerial Imaggrin August 2003, and after more review
and consideration of the Imagery for the Natiotiative, adopted the following resolution in
November 2005ttp://www.ncgicc.com/Portals/3/documents/resanaderync.pdf

Resolution in Support of Aerial Imagery for North Carolina

Whereas, aerial imagery, in the form of digitahogthotos, is the foundation for most public and
private geographic information systems in Northdllaa; and

Whereas, this aerial imagery is developed by |a®tate, and federal government agencies in
various pixel resolutions at widely irregular intals, sometimes with costly duplication of
efforts; and

Whereas, the Geographic Information Coordinatingr@ed (GICC), established in August 2001
by North Carolina General Statutes 8143-725 thrd#fy727, is responsible for advising the
Governor, the General Assembly, and State Chiefrtn&tion Officer as to needed directions,
responsibilities, and funding regarding geograjficrmation; and
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Whereas, the GICC adopted the NC OneMap initiatie¢ seeks to integrate local government
digital orthophotoimagery within a statewide Intefrmveb-mapping service to better serve all
government agencies and citizen information neaig;

Whereas, the NC OneMap Strategic Plan and Finar&tiragegy adopted by the GICC in 2004
attests to the economic benefits of acquiring aficeshing aerial imagery across the state on a
regularly scheduled basis; and

Whereas, the National States Geographic InformaZiomncil (NSGIC) passed an “Aerial
Imagery for the Nation” initiative that requestsléeal leadership and financial support for aerial
imagery to be acquired and refreshed on a threeeyete; and

Whereas, the “Aerial Imagery for the Nation” initee relies on NSGIC members to involve
their state Councils to actively engage with publid private sector stakeholders and present the
merits of this proposal to the federal governmert Gongress; and

Whereas, the GICC vision for a robust statewideabphotography program in North Carolina is
completely aligned to the same objectives in therfél Imagery for the Nation” initiative.

NOW, THEREFORE, BE IT RESOLVED THAT THE NORTH CARMIA GEOGRAPHIC
INFORMATION COORDINATING COUNCIL endorses the “Aattiimagery for the Nation”
initiative advanced by the National States Geogralpiiormation Council. Further, it is resolved
that the GICC will actively promote this initiatite statewide stakeholders, state and local
government leadership, and the North Carolina Gessjonal delegation.

Consistent with the direction of the GICC, Northr@ma found ways to reimburse counties for
a portion of local costs in the acquisition of higisolution aerial imagery during 2005 to 2009.
There were three sources of funds.

(1) The US Geological Survey (USGS) and CGIA emténéo cooperative agreements in
each of those years to apply federal dollars talloost-share projects. The National
Geospatial Intelligence Agency (NGA) provided fumasirban areas to supplement
USGS funds. The Department of Homeland Securityigded funds in coastal hazard
areas to supplement USGS funds. In 62 instanocesities received federal funds
ranging from 10 to 25 percent of costs in retumstoaring the imagery datasets with
CGIA, USGS and partnering state agencies.

(2) The Geospatial and Technology Management Of&EM) in the NC Division of
Emergency Management acquired imagery or sharecosts of imagery (up to 50
percent) with 23 counties during 2005 to 2009. dSats supported maintenance of Flood
Insurance Rate Maps under the NC Cooperating Teah8tate agreement with the
Federal Emergency Management Agency.

(3) The NC Geological Survey, with state hurricaeeovery funds, shared orthoimagery
costs in two counties in western NC.

The participating counties are displayed in Figliz A few counties (12 of 100) had not
participated in cost share projects as of 2009.
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Source of Cost-Share by County, 2002-2009
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Figure 1.2. Sources of Cost-Share for OrthoimaggrZounty, North Carolina.

The typical practice in North Carolina is for indlual counties to engage a private contractor to
produce orthoimagery every four to eight yearsteal to a property tax revaluation cycle. The
expected number of counties flying in a given yweauld be 25 based on the 4-year goal.

In practice, the number of counties contractingdidhoimagery was below par after 2008. In
2009, only 21 counties contracted for orthoimagettyough another 27 were eligible based on a
four-year refresh rate for imagery. In mid-20@@ppeared that as few as 8 counties were
likely to acquire imagery that would be eligible fimst-share in 2010, and plans for all counties
were uncertain because of local budget constraints.

Despite the cost-share efforts, by the end of 208%imagery was available for all counties in
North Carolina, but in a patchwork of different e&and resolutions (visible detail). As shown

in Figure 1.3, the year of the most recent orthgjeng ranged from 2003 to 2009. The

resolution (pixel size, the smaller the more detatied within counties to match tax mapping
conventions (more detail in densely settled araad)across county boundaries. The pattern
revealed that many of the lower tax-base countiestern and northern) had imagery more than
four years old as well as some of the most urbantoeinties where images were last captured in
2005.
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Digital Orthophotography by County, Status in 2009
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Figure 1.3. Year of Most Recent Orthoimagery by @guNorth Carolina.

In 2009, the Land Records Management Program iNN@&ecretary of State’s Office engaged
imagery stakeholders in an update of state spatifics for digital orthoimagery to provide

counties, state agencies, and service providetsalear, comprehensive, detailed, and current
guidance to achieve datasets of high quality toimize benefits to product users. See “North

Carolina Technical Specifications for Digital Orgifmto Base Mapping”
http://www.secretary.state.nc.us/land/

In the spring of 2009, the City of Durham Emerge@ommunications Center consulted CGIA
and the Working Group for Orthophotography Planrismdevelop a grant proposal to the NC
911 Board for statewide orthoimagery in 2010. Wabhnical advice from the group, Durham
submitted the proposal, and the 911 Board award2dB3nillion for a statewide project. The
goal of the project was to create a statewide inmddéorth Carolina to support accurate, timely
and effective placement of 911 calls in correcatams. The project began in January 2010

with the following objectives:

1) Provide all North Carolinians equivalent, up-toalatse imagery that supports detailed
mapping of streets and building locations, as aglaccurate mapping of property

boundaries.

2) Provide comprehensive, consistent, high qualitygeng that is seamless across county

boundaries and city limits.
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3) Give E911 call dispatchers confidence in the imagesmaps displayed in Public Safety
Answering Points (PSAP) across the state.

4) Create a statewide geospatial building block ferribxt generation of E911.

5) Realize the full potential of the NC OneMap datacinghouse for organizing and
providing access to statewide, high-resolution iemgg

6) Support employment and income in North Carolinadlgh state-licensed contractors
and domestic data processing operations.

In summary, the context for a business plan fdr@magery was years of planning and
preparation within the state’s coordination framekyalear direction from the GICC, updated
specifications for orthoimagery, demonstrated tafation among state and federal agencies,
effective cost-sharing for county acquisition ofigery, shortcomings in statewide imagery in
terms of currency and resolution, and a statewrdgpt to produce a common dataset for all
100 counties in support of 911 and geospatial dpaa

Key stakeholders in North Carolina’s orthoimagemygsam and their respective roles in the
state are listed and described in Appendix A.
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The purpose of a business plan for orthophotographtated in the State Geographic
Information /Consolidation Implementation Plandagcted by Session Law 2008-0107 Section
6.13, December 2008. Recommendations 13 through the GIS Study (the foundation of the
implementation plan) state the objectives relatjngrthoimagery as follows:

Recommendation 13

GICC/CGIA and the Land Records Management Progmanié¢ Department of the Secretary of State)
should coordinate a statewide flyover for orthoplgoaphy both logistically and via funding across th
different levels of government. This should bedubsn a four-year cycle to complete and maintaén th
statewide coverage.

Recommendation 14

GICC/CGIA and the Land Records Management Progiaounld implement an aggregate cost share model
with the Counties contributing 50%, the State dboting 25% and the Federal Government contributing
25% for the leaf-off product based on the TechrBécifications for Digital Mapping (OrthophotospG
102-17, Land Records Management Division, Northoldaa Secretary of State, as adopted by the GICC.

Recommendation 15

Consideration should be given regarding the 50%nGoparticipation to ensure counties with very high
growth which require more frequent orthophotograpay more of a share versus counties with littlado
growth who should pay a much smaller to no shateetost.

Recommendation 16
Subject to inclusion in the Governor's RecommenBadget for 2009-2010, appropriate 25% (or
$635,625) to the GICC for the State’s participatml/or

Recommendation 17
Request 911 Board to review the language pertaiiirtige 911 Fund to consider specifically allocgtin
monies for the State flyover.

Implementation Steps:

The position stated by Recommendations 13 and §4€&an the GICC's goal for a number of years.all w
the basis for the original estimate in the NC OnpNee-year funding plan several years addis “leaf-

off” product (i.e., orthophotography flown in thenter when most vegetation is bare) is based on the
Technical Specifications for Digital Mapping (Orgiteotos) GS 102-17, Land Records Management
Division, North Carolina Secretary of State, aspidd by the GICC.

Members of the GICC and CGIA have been working viétteral partners for a number of years to
leverage available federal funds to cost share @atinties for orthophotography. Statewide fundiag
not been available. Therefore, plans have bedtelinto individual counties or groups of countiegth no
consistency of scheduling.

The Statewide Mapping Advisory Committee (throulgh GICC) has played a key role in detailed
planning. The Department of the Secretary of Stadad Records Management Program, is fully engaged
in this process and should be considered as tlaestiaward for this data layer. This implies that th

funding and the accountability are part of thatwstelship role. In the past, CGIA has dealt direutith
federal funds that have been provided for this psep However, state appropriated funding for
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orthophotography falls under the statutory autasftthe Secretary of State. The agencies shoultt wo
together under the framework of the GICC to coaatirfunding to achieve the statewide flyover.

Orthophotography is clearly the fundamental buidditock for GIS across North Carolina. It is ir thest
interest of the State to make a substantial investrnm this data layer. Therefore, the State shtalle
responsibility for its development by funding 10@¥ihe cost ($2.6M) for this key data layer rattiem

the 25% State contribution specified in Recommdodét4, with the augmentation of federal funding,
when available. The 100% funding level will neede achieved gradually over several years.
Orthophotography is also a critical layer for enagrey response purposes. Therefore, the 911 Furd co
be an appropriate mechanism to fund a portionisefefiort.

The next step is preparation of a business planritiophotography that addresses
Recommendations 13-17. The plan will include raled responsibilities of stakeholders, contracting
procedures, a process for allocation of funds fsonrces including federal, State, and local, besttizes,
and buy-up opportunities. Creation and adoptiothefousiness plan will occur with the full partiatpn
and acceptance of the GICC.

North Carolina’s orthoimagery has two goals thatdaon the Background and Purpose stated
above, consistent with recommendations from the I@i3ementation Plan. These two goals
are the focus of this business plan:

%

a. Achieve a new statewide set of orthoimagery. dlreent statewide project for

orthoimagery acquisition in 2010, funded by a $1Rilion grant from the NC 911
Board to the City of Durham Emergency CommunicaiGenter, will meet this goal by
early 2011.

Establish a sustainable program for keeping higblwtion statewide orthoimagery
current and accessible. “Sustainable” means sist@mt, successfully funded program.
“Current” means that imagery was captured withie ohthe last four years on a county
basis. “Accessible” means that imagery users baliae access to map services and
downloadable files, and that online map servicestraser requirements to support client
applications.
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Orthoimagery serves a wide range of users witlsaalirepresentation of features on the earth, a
reliable base map for measuring distance, andadiag of light reflectance that give clues
about the properties of surfaces and vegetatiatho®nagery helps users answer questions
about locations, distance, connections, proxinsityface waters, and structures. Timely
emergency response, accurate and fair propertgssessment, more effective land use planning
by local governments, efficient timber managemand timely delivery of products are

examples of public and private benefits of regutagh resolution, accessible orthoimagery.

North Carolina’s orthoimagery program is intendedhare and sustain benefits statewide.
Orthoimagery program benefits have been documentde: NC Statewide Orthoimagery 2010
project, reports generated by the GICC and its ctrees, NC OneMap staff, and reports by the
Imagery for the Nation program. The Imagery far Mation, Cost Benefit Analysis published
in July 2007 by the US Geological Survey has amochiction that outlines the benefits of high
resolution orthoimagery:

Advances in technology over the last decade haeritaeasy for individuals and organizations toudiey
and utilize imagery in a number of different waydrganizations use orthoimagery to analyze, develop
and implement public policy related to: health g9, homeland security, transportation, agricaltur
surveying and mapping, hazards and wildfire respoasergy development, land use, economic
development, growth management, and many othenéssineeds. Some applications of orthoimagery
include:

* Post-event evaluation and strategic planningigar by first responders who require

orthoimagery to lessen loss of life and property #mimprove the response time through proper

identification and coordination of activities.

* Precision agriculture or farming which uses taalsh as orthoimagery to determine the correct

amounts of fertilizer used on each acre of land.aAesult, there are increased efficiencies in

agriculture practices.

* Streamlining workflows by aligning environmentdémographic, utilities, political boundaries,

public health infrastructure, and other data orgorgferenced data. As a result, relationships can

be drawn out that serve as preliminary assessmelst that identify trends, and disparities.

As a result, demand has increased dramaticallyefboent agencies at the Federal, State, and Local
levels also have acknowledged the value of imagadyhave begun to use it in conjunction with
Geographic Information Systems (GIS) technologstteamline workflows, decision processes and to
effectively coordinate their efforts. Orthoimagésythe base layer for many other data themes a¢sdc
with GIS technology. There is a direct correlatimiween these data themes, GIS technology, amd use
applications...

The Imagery for the Nation (IFTN) Cost Benefit Aysib describes non-quantifiable benefits of
an orthoimagery program (Table 4-11 in the IFTNoré€p Benefits may be organized in three
categories: End-user value, governmental operatiaiue, and private industry value.
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Orthoimagery benefits a wide range of users of gatta data, including private industry, public
agencies, nongovernmental organizations, citiza&md,educational institutions. Imagery users
in North Carolina include county and city GIS prghers and property mappers; county and
municipal 911 call centers, Lead Regional Orgaionat geospatial data users in state agencies
(including NCDOT photogrammetry and GIS units, noous NC DENR divisions, NCDA&CS,
DCCPS divisions and programs, DHHS, and CGIA), fadegencies (including USFWS,

USGS, NOAA, USACE), nongovernmental organizatiang.( land trusts and foundations), 16
public universities and other higher educationatitations, private industry related to
engineering, surveying, environmental servicesymitag, consulting, and GIS services, as well
as citizens.

For example, NCDOT prepared for likely federal stins dollars for transportation by
identifying potential projects that could be donigwm months, such as bridge replacements.
NCDOT had data stored locally including orthoimag@&iDAR, and cadastral data from
counties. Even with varying resolution and curseatthe orthoimagery, the available images
were invaluable in reporting on specific sitescadysistent baseline set of imagery (under
production for 2010) will make the reporting momnsistent and reliable and reduce time
needed in the field to verify site characteristics.

Appllcatlons of orthoimagery by end-users includgeaspatial reference for:
location orientation: images with recognizable éea$ such as roads, streams, shorelines,
fields, or landmarks
base mapping: county and town boundaries, stesgédines, property boundaries,
structure outlines, address points, and other reajufes
thematic mapping: flood hazard areas, land corgrervious surface, wetlands, farm
fields, forests, sea grass, shoreline and othengke
facility mapping: utilities, public works, statevaed buildings, parks, recreational
structures, and other facilities

Many benefits of an orthoimagery program to endgiaee not quantifiable but are valuable in
efficient and effective mapping, analysis, plannamgl decision support. End-user value may be
expressed as:

Access to current and historical imagery in theligubomain, including access and

distribution through NC OneMap

Reliability of product and schedule

Continuity of process and funding

Opportunities to meet additional business requirgmith buy-up options such as

color-infrared imagery or extracted map features

Increased interoperability across jurisdiction®tiyh consistent datasets and cross-

jurisdictional applications

Common source data

Higher resolution imagery for local users than prasly available in some cases



Business Plan for Orthoimagery October 2010

Access to consistent historical products
More applications available for decision support
Increased user base through easier discovery cherebs to imagery products

An orthoimagery program benefits governmental djpmna at all levels of government. Value
may be described as:
- Quality and consistency in operating data withid anross jurisdictions
Reliability of product and schedule to support plag, budgeting and analysis
Standardization of procurement processes
Application of standard data specifications and pesctices
Creation of economies of scale through consolidadioplanning, budgeting, contracting
and project management
Interagency interoperability and consolidation afadstorage and distribution
Increased government user base through directcagpipins and service provider
solutions
More effective use of resources for other projecits programs that may include
Framework datasets such as elevation, thematisetatauch as building outlines, and
analysis such as current land use.

In emergency response by local government opegtlmenefits may be described as:
Emergency responders get to the incident more tuick
Emergency response has a better understandingaifwithbe required when they arrive
Emergency response is better prepared in casdéaassiss needed outside of their region
Time savings in call answering and response frottebguality ortho imagery available
to call centers (quality = consistency, currenatad)

Other public examples of benefits include the fwilog:
Imagery informs accurate and fair assessment af [moperty taxes based on property
boundaries and structures
Natural hazard mitigation tasks rely on a pictureanditions before an event to better
define ways to limit damage
Understanding of locations of needs for specifibljguservices
Orientation and documentation of land, buildingansportation and other features are
important to economic developers
Geospatial information dissemination
o0 Road Centerline gathering
o0 Structure collection
o Parcel information gathering
o Time savings in local tax offices, GIS operationd &lated local operations
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Specific examples of the value of current, accubbatge maps (referenced to orthoimagery) in
North Carolina include the following:

1. The US Census indicates that one person misséx icount constitutes $1500
missed in federal funds per year for 10 years.n@able to count all residents in the
correct locations (jurisdictions) translates td &llocations of federal dollars to
counties and municipalities.

2. NC DOT is tasked with distributing a share of gasoline tax to the municipalities
through the Powell Bill Fund Program. Municipal Inolaries and street centerlines
must be documented so the Powell bill Funds caortygerly distributed.

3. NC department of Revenue assesses licensed stitiid-ranchise Taxes value. The
Town of Knightdale received an additional $450,p@® year in Franchise Taxbg
providing accurate locations of utility customeesed on geosptial datasets.

4. The City of Raleigh uses orthophotography to cal®iimpervious area and to
document additional impervious area for city stavater fees. The storm water fee
not only pays for the program but pays for orthdpgmaphy each year.

An orthoimagery program benefits the geospatiad dadustry and other private businesses.
Service providers include contractors or subcotdrador aerial image acquisition, image
processing, quality control, maintenance of basppimg layers, creation and maintenance of
thematic layers, custom mapping, and mapping agpbics. Orthoimagery producers in North
Carolina have included large firms that are natiamacope, medium firms with regional scope,
and small firms that work primarily within the statThere are many small firms in North
Carolina that respond to a market that has beenrdded by frequent locally-funded imagery
projects. Private organizations that derive daienforthoimagery in North Carolina are
national, regional, and statewide in scope, witmyrexamples of state-based service providers
that develop and maintain datasets for local gda@pgerations and information technology.

Industry value may be expressed as:
Increased opportunity for value added servicesighiohg feature extraction, base
mapping, and processing of color infrared imagery
Guidance for coordinating efforts across countiesia service to state agencies
Common source data for applications across the stat
Improved planning and scheduling of workflow foofassional service providers
Positive economic impact
Increased customer base

Many more private or nonprofit organizations defenefits from current, high resolution
imagery in applications related to real estatedpod delivery, engineering, planning,
environmental assessment, and a variety of othes. us

Benefit measures include the following:
a. Time / efficiency for informing public decisions
b. Currency of imagery and features (cost of misinfation)
c. Time for handling, storing, retrieving, displayiragchiving
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Measuring benefits and translating to dollars fBalilt and approximate, but useful in framing
the value of statewide orthoimagery. In the 2Qtafesvide orthoimagery project, the benefits
may be described as follows.

(1) County/city operational savings: for 2010-2013, ¢ésémated benefit to counties and
cities of not contracting for orthoimagery indivally is estimated to be $10.4 million.
The estimated annual benefit is $2.6 million owenrfyears.

(2) County and city and state time savings from feweguests from state and federal
agencies (datasets are available from NC OneMap)inae annual rates: 24 requests per
year, 2 hours to fill each request, at least 1@8dictions.

(3) County and city and state time savings from feveguests from private and public
entities (datasets are available from NC OneMagyume annual rates: 12 requesting
agencies, 2 requests per year, 2 hours to fill eeghest, at least 100 jurisdictions.

(4) Time savings in call answering and response frotiebguality orthoimagery available
to call centers (quality = consistency, curren@tad); assumes 3.5 hours saved per week
in at least 100 jurisdictions.

(5) Time savings in local tax and GIS operations ateted local operations (quality =
consistency, currency, detail); assumes 2 hoursdsper week in at least 100
jurisdictions and 1.5 hours saved per week in stgéencies relating to 100 jurisdictions.
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Requirements for a statewide orthoimagery prograay be described as business requirements,
data requirements, and functional requirements.

! % &

Orthoimagery is the ultimate base map, recognizibén every growing audience and suitable
for reference and analysis to derive and enhanospggial datasets. Orthoimagery in North
Carolina adds value to three primary business ugissial reference, data creation and
maintenance, and image analysis. This sectiorribesaequirements for each of the business
uses in terms of users, applications, and assdaik#tia products.

1. Visual Reference

For years county governments have provided thenmhajanding for orthoimagery in North
Carolina. County investments in orthoimagery hawabled extensive mapping of land parcels
in all 100 counties to support fair and accuratgpprty tax assessment. Visual reference is very
important to parcel mapping. The ability to pasita deed description on a map by using visible
features such as roads, streams, tree lines, leesg and buildings is the only cost effective
process for developing a cadastral map for taxatibor appraisal of structures (improved real
property), current orthoimagery is an essentiaregice source.

A more recent requirement for complete and curoethioimagery is to serve as a visual
reference for 911 call centers. With the prevatenic911 calls from mobile phones that
generate Global Positioning System (GPS) coordsn@ditude and longitude), georeferenced
imagery as a base map along with street centeinggurisdictional boundaries are invaluable
in establishing a call location and its implicasdor emergency response.

The majority of imagery uses are for visual refeeenCompressed imagery or online map
services are the most suitable formats to meetsieedisual reference.

2. Geospatial Reference

Counties use orthoimagery as a geospatial refefenckata creation and maintenance. Features
in the imagery guide digitizing of street centezbnand survey data may be displayed over
imagery to verify locations. Development of addrpsints based on visible structures in
orthoimagery is becoming more common in county @8rations. State users apply imagery
to creation and maintenance of a wide range ofséédaincluding transportation features,

wildlife habitat, streams, building footprints, asldoreline to name a few. Private users apply
imagery to delineation of forest stands, farm Bedahd electric utilities as a few examples. GIS
desktop tools enable data creation and mainterfzased on imagery for a wide range of users.
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The second most common imagery uses are for gealsfgdérence. Compressed imagery or
online map services are the most suitable fornoatsdet needs for geospatial reference.

3. Image Analysis

Image analysis involves specialists who have théstand knowledge to extract features from
imagery (e.g., structure outlines, shorelines, Weyhsurfaces), classify pixels to represent
vegetated land cover, and other operations thatgrét what the digital sensors captured.
Counties use image analysis to measure area eltatimapped property deeds and compare to
area noted in deed descriptions. Some jurisdisteoe analyzing impervious surface from
orthoimagery, and applying results to stormwatesfihat are based on impervious surface
amount. Changes in impervious surface amountarakyzed for floodplain management and
planning.

In terms of users and applications, image analgsisthe minority, but there are benefits to be
realized. Uncompressed imagery or online map seswvare the most suitable formats to meet
needs for image analysis. Adding the fourth bancr¢ate color infrared imagery (discussed
below) adds value for image analysis involving sitsation of vegetation type and condition,
impervious surface delineation, and wetlands detect

"% &
1. Specifications for Statewide Imagery

Imagery product specifications for future projeett be based on current technology and best
practices, will satisfy NC specifications for qugland accuracy, and will provide the best value
to users statewide. Imagery will satisfy “Northr@ana Technical Specifications for Digital
Orthophoto Base Mappindittp://www.secretary.state.nc.us/lan@pecifications relate to all
aspects of orthoimagery, including pixel resolutam positional accuracy (map coordinates of
an image feature represents the actual locatidghe@ground) and image quality relating to
shadow penetration, realistic colors, seamless iemysand undistorted transportation features.

In the 2010 statewide project, data specificatiookided orthoimagery produced in 5,000 by
5,000-foot tiles with ground resolution of 6 inchamounting to 100,000,000 pixels per tile.
Format is true color (3-band) in GeoTIFF formateTCoordinate Reference System is NC State
Plane Coordinate System, NAD 1983 (NSRS 2007) Datuth units of US Survey feet. Tiles
have unique names and use a new naming conveBRoch@racters). Statewide there are
approximately 60,200 tiles over land and water.

The common resolution across the state (6-inchrgteesolution) was a requirement for the
2010 project. For future projects, State spedifices would accommodate a mix of resolutions
with a maximum of 1-foot resolution. Future prdgecould consider higher resolution in
urbanized areas to capture sharper edges to seacand lower resolution over forests and
fields where there are few structures.
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The disk storage space for uncompressed imaged (Bedormat) is estimated at 294 MB per
tile, translating to a disk storage space requirdraeapproximately 17 TB. In the 2010 project,
GeoTIFF (uncompressed) images are not being storaxhline access. Given current
technology and practice, compressed imagery meetsdeds of most users, including
performance in client applications. In the 2016jgct, the orthoimagery will be compressed by
a ratio of 20 to 1 in MrSID format. Estimating fone-fifth of the disk space for compressed
imagery, the total for statewide MrSID tiles wolded less than 900 GB. For the 2010 project,
compressed imagery will be stored for online access

For the 2010 project, map services will be cre&ednline access to imagery. The project
plans to create at least one cache of statewidgargdo support faster rendering of images in
client's own desktop and web applications.

County mosaics, compressed by a ratio of 50 taillLpbe produced for each county in the 2010
project. Total disk space would be approximaB&g GB for mosaics (necessarily including
overlapping tiles). Mosaics will be delivered of#l, but not offered for download because of
the large file sizes and current bandwidth.

For the 2010 project, digital elevation model (DEd&tasets used in the processing of
orthoimagery will be available from the NC Floodpldapping Program. The datasets are
based on LIDAR data captured during 2000-2003hdfDEMs generated from LIDAR data
need to be modified (because of significant grodistlrbance such as a new highway
interchange), the county files will be a delivemblf not modified, the data will be
downloadable from NC FMP. Datasets vary in sizedynty. The DEM used for Brunswick
County, one of the largest, consumed 3.5 GB of siiglce. The DEM used for Chowan County,
one of the smallest, was 200 MB.

Other files required for the 2010 project includetatata records at the county level, compliant
with state standards, for GeoTIFF and MrSID datasét statewide tile index shapefile and
county index shapefiles will be available from gveject. Data fields will include the new 32-
character conventional name. Imbedded in the name 8-character modular unit number
generated from corner coordinates that is unique.

Total disk storage space requirements for the 20ttdimagery project will amount to
approximately 3 TB including 2010 imagery and imggaroduced from flights in 2009 and
earlier. For potential caching of imagery for nsmpvices, the priority geospatial projection for
caching purposes in the 2010 project is geogramhits in decimal degrees (latitude and
longitude) to be consistent with 911 business djmera and the current NC OneMap map
viewer. The secondary projection for caching Wwélstate plane coordinates, English units.
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2. Requirements for Storage and Access to Interniagery Files

The scope of the 2010 statewide project did ndudecolor infrared imagery deliverables

which would have required a second set of imagdymis at a significant additional cost.

During the 2010 project, the Working Group ideetifipotential benefits from imagery data that
has been processed to an interim stage wheresiady for “exploitation” into orthorectified
images. From that interim product, specialists g@yerate 3D imagery, color infrared imagery
(using the fourth band that is not used in the tier products), and topographic products. The
requirements for storage (several times larger fimshed products) and access to interim
imagery files (not deliverables in the 2010 stateproject) are attached as Appendix B.

" % &

To achieve full benefits to imagery users in NaZrolina, imagery should be available in
multiple formats and via multiple delivery mechans A single solution will not satisfy the
needs of all users. Users of imagery in desktévace applications have very different needs
and expectations than users of web-based map \devimiage analysts and geospatial
professionals have much more demanding requireni@ntkata access than the general public.
A multi-faceted approach is required to accommotteemany different constituents of image
delivery solutions for North Carolina.

The primary functional requirement for orthoimagexyo be readily available, free of charge, to
local government 911 and GIS operations and tode wange of private and public users for
visual reference, geospatial reference, and imaghly/sis. Statewide orthoimagery should
enable three basic functions:

1. Data Discovery
Compressed imagery metadata records should bed@amtkesearchable
NC OneMap GIS Inventory should be current includmggery by county
Users may easily discover imagery files availableyear of image capture) for an area
of interest
Users may easily discover vector files availablesio area of interest

2. Data Viewing
- Imagery should be readily viewable (software cre#te equivalent of a mosaic based on
map extent)
Imagery should be accessible (via map serviceg)liemt applications including web
map viewers and desktop GIS
Imagery delivery (jpg rendered on server) afteengicof request should meet
performance expectations (network performance &adtgperformance will vary)
Tile index should be available for download in #exdion of vector files
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3. Data Download
Compressed imagery should be available for downlyaal user-defined area, with a
limit on file size. For example, the statewidejpobin 2010 will enable download of
approximately 540 MB (equivalent to 36 compresded)t
Compressed imagery from earlier years should biade for download by a user-
defined area, with a limit of approximately 540 Nijuivalent to 36 compressed tiles)
Download functionality should enable users to esttimagery for an area of interest and
receive a dataset online.
Vector datasets should be available for downloadekample as zipped shapefiles.

The Working Group did research on data formatsdatd delivery and access solutions. The
findings are as follows.

4. Data Format

Master or archival copies of imagery should useoummressed GeoTIFF image format. Image
and remote sensing analysts will also require imageuncompressed GeoTIFF, but this is a
very small user group. At some point in the futlossless JPEG 2000 may become the
preferred image format for archival or analysig, ibis not a suitably mature and or consistently
implemented format yet.

Recommended “general distribution” formats are EQWWIrSID format. Both offer much
smaller files than GeoTIFF images. They are gehlyenall supported (at least for read
operations) by most GIS and Computer Aided Destfiwsire packages. ECW is slightly more
accessible, in that a number of the open sourcep@t®ages do not support MrSID format.
ECW or MrSID format imagery is suitable for downdban public FTP sites.

Both ECW and MrSID formats are conducive to prodgaingle-image mosaics of smaller and
medium-sized coverage areas (cities or countiedgwtill maintaining a reasonable file size.
Users who need larger coverage areas (river basitudl state) will be better served by imagery
that has been tiled using a rectangular grid, abalseamless raster image catalog can created in
their desktop software of choice. The most comtiioy system used with medium resolution
imagery (ex: USDA NAIP with 1-2m pixel resolutiois)the USGS Digital Orthophoto Quarter
Quad (DOQQ) grid. In this system, each imagediileension spans 3.25 minutes of
longitude/latitude (~3.1 miles). For higher resmntaerial imagery, such as the 6-inch to 1-foot
pixel resolution imagery typically flown by coungnd records departments, smaller tiles are
more useful because the file sizes are largeNoirth Carolina, the tiling system of record is a
10,000-foot square “Basic Modular Unit* as manddigdhe Technical Specifications for

Digital Orthophoto Base Mapping, as published l&yMC Land Records Management Division
of The Secretary of State’s Office. The statewidgect uses a subdivision of the basic modular
unit (quadrants measuring 5,000 by 5,000 feet).

%
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5. Data Delivery and Access

A copy of an imagery dataset should be maintainathcompressed GeoTIFF format as the
“master” or “archival” version. This version of timaagery should be delivered using a variety
of methods, for different user groups:
If disk space on the map server is adequate, tepaWWMS map service that outputs
ad-hoc rendered images for general map viewer sktdp GIS use. Either as a file-based
image catalog, or as a layer in a spatially enabt&dbase.
Via portable hard drive or WCS services for acdssemote sensing and image analysts
who need the full resolution imagery to performitlamalysis and modeling operations.
Small study areas may be obtained from a WCS dogelareas will need to be
transferred in an offline manner.
Optional- If disk space on the map server is adequatantagery should be pre-
rendered into map tiles and served as a WMTS sefoicuse in web mapping clients.
Optional- If the software is available, the imagery mayrmpgested into a Globe server to
power visualization services in the associated &hbwer client.

A copy of an imagery dataset should be convertedhighly compressed format such as ECW
or MrSID for general use as map backgrounds. Taisign of the imagery should also be
delivered using a variety of methods, for differasér groups:
Over a Local Area Network (LAN) as an image catato@n a spatially enable relational
database layer for use by desktop clients in theedacility as the fileserver. This is
needed to print large, high quality maps.
Zipped, and made available for Internet downloas@/FTP / HTTP / WGET.
Optional— packaged for use on mobile devices
Optional, and only marginally viable served over a Wide Area Network (WAN) as an
image catalog or in a spatially enable relatiorsabtlase layer for use by desktop clients
in nearby facilities, provided the WAN speed isardetter.

More detail on image formats and technical solisnattached as Appendix C.
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What is the cost of orthoimagery? This sectioesfiestimates based on recent projects and
optional approaches to acquisition.

For any county-scale or regional-scale project,trtasks are assigned to private contractors that
have invested in equipment, expertise, and metaondsre licensed in North Carolina to
produce orthoimagery consistent with State spettibos. As explained in the funding section
below, contractors are typically engaged in a digalions-based selection process that includes
negotiation of price after selection of a qualifemhtractor. Project components include flight
planning, establishing ground control points, imagaquisition (flights), aerial triangulation
(referencing images to ground control points), tngeor updating a digital elevation model,
ortho rectification (referencing images to elevajjacadiometric processing (color balancing),
photo finishing (editing), quality control (visuahd positional), and packaging (tiling,
compression, mosaic, metadata, and reports).

Prices for components of an orthoimagery projeetvarriable from year to year and county to
county, influenced in part by contractor investmiergquipment, availability of appropriate
aircraft, fuel prices, labor costs, flight plan rdions to accommodate differences in terrain,
availability of digital elevation models, and otHactors. Geodetic control managed by the State
plays a key role in ground control (surveyed pgimssitional accuracy (continuously operating
reference stations), and quality control (surveyeisits and analysis). Cost components also
include management of contractors, from evalugtirogposals to contracting to product review
and acceptance, and management of a statewideaprogn addition, data distribution and

public access are cost components for a statewaggm to assure data sharing to realize
benefits to imagery users.

The Digital Imagery Task Force (2001) estimated #éhstatewide project would cost on the

order of $30 million, or about $625 per square rhdsed on the recommended specifications (6-
inch ground resolution, one-fourth of the statetesgal annually) and management of an ongoing
program. The statewide imagery project for 201€ déotal cost of $12.3 million for 100
counties and comparable specifications, includmgstment in geodetic control and investment
in data access throughww.nconemap.gav The project did not account for significant cost
incurred as in-kind services by state agenciesdbléborated on the project, including project
planning, contractor management, and technical@esy The cost per square mile for the 2010
project is about $253, not including in-kind seesc

How did the cost of a statewide orthoimagery projicrease from $30 million to $12 million?
The cost factor that decreased the most is retatpdeparation of digital elevation models for
orthorectification. North Carolina, through tmatiative of the Geospatial and Technology
Management Office in the Department of Crime Cdrdaral Public Safety in support of the
Floodplain Mapping Program, acquired statewide LID@A.ight Detecting and Ranging) data
and generated digital elevation models. Thesesdtgare available to orthoimagery contractors
to apply to projects. The 2010 statewide projegiiad LIDAR datasets, with minor
modifications, saving significant time for contrad in orthoimagery processing. Other cost
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factors include the shift from film cameras to thjsensors with implications for acquisition

and processing costs, improvements in geodeticaamid positional reference with

implications for processing costs, updated stageifipations for digital orthophotography, a

new aerial camera validation range in North Camlancoordinated tile (panel) scheme based on
state plane coordinates, and a new tile namingexaion for orthoimagery.

Orthoimagery projects in 2009 included two groupsaunties and an individual county that
engaged private contractors to produce orthoimalggigounty. Ground resolution varied in
some counties (higher resolution in urban areagvaas a uniform 6-inch resolution for others.
The groups were able to take advantage of someoeates of scale, including the sharing of
common tiles at county boundaries (saving prodaabdioredundant tiles). There were too many
variables in those projects to assume that thes costld be extrapolated to a statewide project.
In particular, each project had a single prime @otor, not multiple prime contractors like the
2010 statewide project, and did not invest in gdod®mponents or information technology.

The 2009 projects may represent a best case fotysuale projects because of county
collaborations, relatively normal to low demand fiagghts (21 counties in 2009), and a
depressed economy. Contracts for 2009 orthoingageiged from $105 to $170 per square
mile for groups of collaborating counties. Thoseate contracts did not include public
management and administration time handled by éesiand a regional organization, and did
not include quality assurance and program managelnye@GIA in support of cost-share
contracts with 10 of the 21 counties (funded by&Edlogical Survey, National Geospatial
Program). A statewide project necessarily hassaetated to consistency, quality,
completeness, maintenance of infrastructure foitipoal reference, data management, and
public access to information.

Considering costs for a statewide program aftef28%otal cost on the order of $250 per square
mile or less (or about $12 million) would appeab&achievable for all cost components
including geodetic services, program managementataaccess.

The Working Group for Orthophotography Planningnitifeed options for acquisition of
orthoimagery that would meet the goal of imagerymae than four years old. The 2010

project is a full statewide approach that createsramon base map across 100 counties. Since
initiation of the Digital Imagery Task Force in Z0Mther approaches have been considered that
would acquire one-half of the state at a time, timeet of the state over four years, and one-
fourth of the state on an annual basis. Althatghrelative cost of each alternative over four
years cannot be specified based on informatiorlaMaito the Working Group, a discussion of
cost factors informs selection of an approach.

For product delivery by county, approximately 5,59®9,000 statewide 5,000 by 5,000-foot
tiles (about 9 percent) are common to two or mormtes (intersect county boundaries).
Consequently, a full statewide project minimizes edundancy in tiles on a county basis. The
smaller an annual project, the lower the cost gs/from flying multiple counties.

Given the geographic size of North Carolina andniineber of jurisdictions for data delivery,
management of private contractors is a signifigaaject cost. The larger the project, the
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greater the time requirements to manage multiglengeof contractors to assure consistency in
acquisition, aerial triangulation, orthorectifiaati color balancing, photo finishing, and quality
control. In the Working Group’s judgment, the gireld for relatively more intensive project
management requirements is about one-fourth oftdite. The Floodplain Mapping Program
successfully managed acquisition of 17 counti€)id5. From the Program Management
perspective, CGIA managed twenty-five county costre contracts in one year without having
to add supplemental staff. Multiplying that effost 2, 3, or 4 would have required temporary
assistance. The relative project management aostikely higher for one-half or all of the state
than for one-fourth of the state.

For future acquisition projects, program managelisneed to develop more specific cost
estimates that build on the experience of the ZBfect, with attention to ways to deliver the
best value for the state. From a qualitative peaBype, alternatives are described in the
Implementation section, including advantages asddliantages for data users, data producers,
data managers, and program managers.
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To achieve the goals of the Geographic Informa@ordinating Council regarding imagery for
the state, the SMAC recommends a collaborativecampr to future projects to take advantage of
experience and expertise across several orgamsatids a prime example, the following
approach was used in the statewide project in 2010.
Overall program management was the responsibiliy@IA, staff to the GICC, to take
advantage of CGIA’s project management experienddta capabilities to apply the
coordination structure of the GICC and its comnastand working groups to the
statewide orthoimagery planning and implementation.
Management of imagery acquisition, processing,\asuial quality control was the
responsibility of the Geospatial and Technology Btggment Office (GTM) to take
advantage of large project management experiemagdry expertise, and data
management experience.
Management of geodetic control and horizontal qualntrol and related equipment
was the responsibility of the NC Geodetic Surveuytitize experience managing and
performing quality control in the field, maintaiginiatasets for control, and managing a
statewide network of reference stations. This wa®llaboration with GTM for
efficient workflow.
Public access to imagery (map services, data dadnknd related methods) and
distribution of imagery products is being managedugh NC OneMap by CGIA. In
addition, CGIA is providing outreach in the formpmtsentations at conferences and
other public events along with:
Maintaining a project web page, such as the on&éh&2010 Statewide
Orthoimageryproject
(http://www.nconemap.net/NCOrthos/tabid/425/Defaisihy)
Materials such as thé&kamples of how aerial imagery is used in NorthoGag”
(http://www.nconemap.com/Portals/7/documents/NCOneiamimagery1007.
pdf)
The North Carolina Department of the SecretarytafeSis required by § 102-17 to
establish statewide technical land mapping starsdardrder to standardize land
mapping for county land records. The Land RecMdaagement Program in the
Secretary of State’s office serves as the lead@gken statewide technical land mapping
standards.
Technical support and advice is provided by\therking Group for Orthophotography
Planning(http://www.ncgicc.com/Default.aspx?tabid=)4@ the GICC Statewide
Mapping Advisory Committee (SMAC).
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This organizational structure supports efficienog affectiveness in meeting a rigorous set of
photogrammetry standards relating to collectioncpssing, quality control, outreach to users,
and public access to information. North Carolmé#&ortunate to essential elements in place,
including:
Agencies that have established working relatiorsstagreements, and understandings for
an effective team approach, and
Personnel who have expertise in professional ses\and technology as well as in
Qualification-Based Selection (QBS) contracting.

Section B provides more detail on the organizatistracture.

* + !

The organizational structure should be composdd)ajualifications-based selection of
contractors, (2) systematic project tasks, andg@)nical support.

1. QBS contracting

In the North CarolindEngineering and Land SurveyingGeneral Statute (8 89C),
“photogrammetry” is included in tHgractice of land surveying'definition. Consequently,
photogrammetry is regulated by therth Carolina Board of Examiners for Engineers and
Surveyors (NCBELS{https://www.ncbels.org/ which requires that the acquisition and
production of orthoimagery in North Carolina beyd®d by an NCBELS licensed land
surveyor, henceforth referred to as a North Caadftrofessional Land Surveyor (PLS), working
for or the owner of an NCBELS licensed firm.

Furthermore, North Carolina state and local agene@nting to contract out the aerial imagery
services must adhere to tHRrocurement of Architectural, Engineering, and 8eying
Services“General Statute (8 143-64.31. - .33), which is mammly known as the Mini Brooks
Act (http://www.ncbels.org/forms/minibrooksact.pdhat outlines the QBS contracting
procedure:

1.1. Procurement of Architectural, Engineering, andSurveying Services.

§ 143-64.31. Declaration of public policy

(a) Itis the public policy of this State and alilpic subdivisions and Local Governmental
Units thereof, except in cases of special emergenvopving the health and safety of the
people or their property, to announce all requirersefor architectural, engineering,
surveying and construction management at risk sesyito select firms qualified to
provide such services on the basis of demonst@etpetence and qualification for the
type of professional services required without relga fee other than unit price
information at this stage, and thereafter to negtatia contract for those services at a
fair and reasonable fee with the best qualifiechfirlf a contract cannot be negotiated
with the best qualified firm, negotiations with tiiam shall be terminated and initiated
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with the next best qualified firm. Selection diren under this Article shall include the
use of good faith efforts by the public entity adify minority firms of the opportunity to
submit qualifications for consideration by the patantity.

The Secretary of Administration shall adopt rulesnmiplement the provisions of this
subsection including the format and frequency pbréng. (1987, c. 102, s. 1; 1989, c. 230,
S. 2; 2001-496, s. 1; 2006-210, s. 1.)

In addition to contracting aerial imagery firmsatoquire and deliver the aerial imagery, another
key component to a successful statewide aerial émyggyoject is to contract othérms to
perform the independent Quality Control/Quality dssice (QA/QC) work in order to insure the
following:

Each project delineated procedure has been followed

Each project delineated standard has been met

The final product meets each project delineatedirement

Thus, these QA/QC firms provide the State and sys® data users with assurances on the
imagery’s accuracy and precision. As with thedkded requirement to acquire the aerial
imagery firms through a QBS process, the acqursibithe independent QA/QC firms must
likewise be done by a QBS process.

In addition to contracts with aerial imagery and/Q& firms, the participating state agencies
need to develop a Memorandum of Agreement (MOAWbeh each other in order to insure that
each agency works in an efficient (cost-effectimd ame-conserving) manner in the
collaborative effort to complete the project. Tdgreement can be a MOA between all the
agencies or can be broken down into separate M@#gden sub-groups of agencies working
together. In addition, the MOA between agenciesway depending on the legal requirements
of each participating agency.

Even if the State of North Carolina initiated a mizg acquisition cycle of mapping the state
every X years (e.g. a 4-year acquisition cycleg,ribtation [i.e. portion of the state’s extent (e.g
1/4, 1/3, 1/2, or the entire state) that it plamsnap each year during that multi-year acquisition
cycle] would determine the amount of resources @rglanes, sensors, and firms) and cost
(both total cost and payment schedule) needednplete the tasks in the time frame of the
project. For example, if the State initiated ae&yacquisition cycle with a 1/4 rotation, then it
would contract with firms to map 1/4 of the stateidg each year for four years. Conversely, if
the State initiated a 4-year acquisition cycle witha rotation (i.e. map the entire state in one
season), then the State would need to contractfinmis that could assemble four times the
number of planes than the first example and wholavoat fly for the State on that project
during the next three years. Therefore, it is salble to take into account the economic interests
of the aerial imagery firms when choosing the magicquisition cycle and the rotation.
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2. Project tasks
2.1. Standards

The North Carolina Department of the SecretarytafeSis required by § 102-17 to establish

statewide technical land mapping standards in dadstandardize land mapping for county land

records. One of the standards developed in resgorthis statue by the departmentssd

Records Management Secti@itp://www.secretary.state.nc.us/land/ThePage)dspke

“North Carolina Technical Specifications for Digit@rthophoto Base Mappifigwhich was

revised on October 1, 2009 to allow digital sensord provide the following digital sensor

requirements

(http://www.ncgicc.com/Portals/3/documents/Tech_SpBagital_Orthophoto _Base_Map_ 1001

09.pd:
- A capture width shall either be approximately 12 @ixels or greater.

Simultaneous capture of red, green, blue for eagiosure. Infrared is desirable but not

a requirement.

A captured radiometric resolution of at least 1&kpixel (bpp) for each band/channel

If utilized, a pan-sharpening ratio of 5:1 or bette

The system shall use square pixels (ground fod)pairall times during processing. The

technique of using aggregated detectors resulting iectangular pixel before blending

with other channels shall not be used.

The Contractor shall provide a successful Manufeats Certificate as issued by the

USGS for digital sensor for all make/models ofayst to be utilized. If a

Manufacturer’s Certificate has not been issued I333% the Contractor may apply to the

Client for a waiver. The Contractor shall also pide calibration certificates for all

systems to be used for acquisition.

Although the above standard’s title refers to “Bagji mapping and there is now a section (2.14)
in the standard listing the six requirements fgitdl sensors, the standard’s data collectionris fo
both differentially rectified scanned images oiffibr using a digital sensor. In addition, the
August 2004 datetiDigital Orthophoto Standard
(http://www.ncgicc.com/Portals/3/documents/orthodtpdf was amended in November 2004
to include the following brief section:

A digital sensor (digital camera) may be used iadtef a traditional aerial camera and film
for the project with the expressed written consérthe Contracting Officer. The Contractor
must describe in writing to the Contracting Officke specifications of the sensor to be used
and how the sensor will meet or exceed all of theitional camera and film requirements

for digital orthophotos.

Large-format digital camera technology is repladiig-based collection. For an explanation
on the differences in aerial imagery collectiorvEstn film-based cameras and digital cameras,
please read thelssue 68: Traditional Aerial Film Camera VS. Didi@amera Sensor
(http://www.ncgicc.org/Portals/3/documents/ip68_alétmcamera_vs_digitalcamera.pdfhite
paper, which was prepared by therking Group for Orthophotography Planning
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(http://www.ncgicc.com/Default.aspx?tabid=)4#d presented to the Geographic Information
Coordinating Council (GICC) in August 2008.

For technical explanations of orthophotography daads, please peruse the following
presentations by the NCDOT Photogrammetry Unit:
Photogrammetry Workshop: Basics of Modern Photognatry (Oct 2007)
(http://www.ncgicc.com/Portals/3/documents/Photagreetry _ortho _workshop 2007.pdf
2008 Review Officers Workshop
(http://www.ncgicc.com/Portals/3/documents/2008Reddficers %20Workshop_Sylva.pdf
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2.2. Geodetic control

Geodetic control is the foundation for any aemahgery or
mapping project (Figure 7.1). The geodetic corttnat has
been and will continue to be used for aerial imageojects
in North Carolina is maintained by the NC Geod&tizvey
(http://portal.ncdenr.org/web/Ir/geodetic), whichv
established by 8§ 102 as the lead agency for thelolement
and maintenance of the State’s official survey base

Figure 7.1. A conceptual drawing of a Geographforimation
System (GIS) showing how the aerial imagery and
mapping layers can line up perfectly due to geadeti
control.

Up until the advent of the release of the civil@wbal Positioning System (GPS) code in the
late 1980s, the geodetic control that was availebberial photographers consisted solely of the
passive network of monumented geodetic stations
(http://portal.ncdenr.org/web/Ir/geodetic/maps/sieq
http://portal.ncdenr.org/web/Ir/geodetic/maps/fiwAfterwards, the geodetic control was
expanded to include théorth Carolina Continuously Operating Referencei&ta CORS)

Network (http://portal.ncdenr.org/web/Ir/geodetic/maps/¢@fsGlobal Navigation Satellite
System (GNSS) equipped stations (Figure 7.2), whashsince become a key supporting
component for efficient (cost-effective and timaiserving) aerial imagery collection,
processing, and QA/QC.

North Carolina Geodetic Survey
512 M. Salisbury Street
4 GNSS CORS in RTK Network [JJl] Network RTK Area - Raleigh, North Carolina 27604
~ f http://www.ncgs.state.nc.us

# CORS in RTK Network

% CORS 0 12525 50
[ = —

@ Installation in Progress Miles

Figure 7.2. The North Carolina Continuously OpegiReference Station (CORS) Network of Global
Navigation Satellite System (GNSS) equipped statamof September 15, 2010.

%
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In addition to the geodetic control provided by N&@he PLS in charge of the aerial imagery
collection or QA/QC may need to establish additigraund control in order to meet or exceed
the technical specifications listed in thidorth Carolina Technical Specifications for Digital
Orthophoto Base Mappirig
(http://www.ncgicc.com/Portals/3/documents/Tech_SpBagital_Orthophoto _Base_Map 1001

09.pd).

2.3. Imagery acquisition, processing, QA/QC, andriial product delivery

The North Carolina Floodplain Mapping Program (NOFPMhas experience in utilizing the QBS
selection process to acquire professionals/firmetdertake statewide projects as well as with
managing these professionals/firms. For examplE;MP managed a statewide Light Detection
and Ranging (LIDAR) mapping project to generatéasesvide set of elevation data in order to
produce Digital Flood Insurance Rate Maps (DFIRbIghe entire state. This experience
managing statewide mapping projects provides NCHMP the background to be the lead
agency in the management of the following statewsielgal imagery project components:

Acquisition

Processing

QA/QC

Product delivery
2.4. Horizontal QA/QC

NCGS would be the lead agency for collecting
and analyzing of horizontal QC surveys. NCGS
will maintain a database of photo identifiable QC
points. NCGS will supervise the collection of
new QC points and the generation of final QC
reports.

NCGS will maintain the North Carolina Aerial
Camera Validation Range, which is located west
of Mount Airy in Surry County.

At the beginning of each mapping season, each
firm will provide NCGS with a digital orthophoto
of the entire validation range from each sensor

equipped plane that would be used in the projec
NCGS will analyze the product delivered by the
PLS and generate a horizontal accuracy report

(Figure 7.3), which must meet or exceed the Figure 7.3. A sample of aerial imagery
horizontal accuracy requirements of the statewic validation statistics Graphic by

imagery project. accuracy analyst TM
www.spatialis.cor

—
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2.5. Data storage and user access to imagery

The North Carolina Center for Geographic Informatamd Analysis (CGIA) will serve as the
lead agency for data distribution and access tmeminagery for state and federal agencies,
local governments, and the private sector. An@meite and cost-effective technology for
storing, serving, and distributing the data prodweil be a key element of the overall project.
Information technology improvements and workfloveveloped for the 2010 statewide project
will benefit future projects.

2.6. Outreach to users

Outreach is a key element of any large (statewpdgect. Many requests for information about
the project will be received from the public andrate sectors. CGIA will provide outreach in
the form of presentations at conferences and qihielic events along with:
Maintaining a project web page, such as the onéh#2010 Statewide Orthoimagepyoject
(http://www.nconemap.net/NCOrthos/tabid/425/Defaisihy)
Materials such as thé&kamples of how aerial imagery is used in NorthoGag”
(http://www.nconemap.com/Portals/7/documents/NCOnaEisamimagery1007.pyif

3. Technical support

TheWorking Group for Orthophotography Planning
(http://www.ncgicc.com/Default.aspx?tabid=)43 the GICC State Mapping Advisory
Committee (SMAC) would provide support to the pobjeartners. Members of the committee
include representatives from the following deparntaeand agencies:
- North Carolina Center for Geographic Informatiom &nalysis (CGIA)

North Carolina Department of Agriculture & Consunsarvices (NCDA&CS)

North Carolina Department of Environment and NdtR@sources (NCDENR)

o Information Technology Services

0 North Carolina Geodetic Survey (NCGS)

North Carolina Department of Transportation (NCD®hptogrammetry Unit

North Carolina Department of the Secretary of State

North Carolina Floodplain Mapping Program (NCFMP)

United States Geological Survey (USGS)

Local Government Committee (county or city GIS esgntative)

The depth of knowledge and expertise from this catemhas been and will continue to be a
valuable asset to partnering agencies working troonagery projects.
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As noted in the Background section of this documiotth Carolina has leveraged a variety of
techniques to fund aerial imagery in the last tearg. Funding for these aerial imagery projects

has included the following funding combinations:

Cost-sharing between a state agency (CGIA) andtissunsing a combination of federal
(cooperative agreements to reimburse for datarsijeand local funds

Funding provided by a state agency (NCFMP) for ¢ollinty projects

Cost-sharing between state agencies [NCFMP andahth Carolina Geological Survey
(NCGS) - Landslide Program] and local governments

Grant from the North Carolina 911 Board for thd @ast

County funding alone without cost-share

Public/private partnerships (city or county fundsupplemented by electric power utility or

water/sewer authority funding)

All approaches, except for the 911 grant, resultidtie collection of imagery in a piecemeal
manner across the state. Yet, the most cost@fficind effective method is to utilize a

statewide data collection approach as succincggmeed in the following excerpt from the NC

OneMap Strategic Plan (2004):

Digital aerial imagery forms the foundation for ethdata layers. It is a significant cost
item, but also a key asset. A new, integratedcastl effective approach is proposed to
achieve a more current statewide data layer. Tp@each is to fly the photography to a
GICC-approved standard for 25% of North Carolina@eyfour years using a 50/50 cost
share between the State of North Carolina and Igcalernments. Historically, local

governments have borne 100% of this cost. Sonaédowernments have not been able to
afford this expense at all. This new approach &nlsure that complete statewide coverage is
refreshed on a four-year cycle. This is impor@stNorth Carolina grows and changes over
time. Decisions that will affect local communit@she state tomorrow need to be based on
current data. The cost of digital aerial imagesydi2.5 million per year under this new
approach.

Note that the cost figure is dated and would béherorder of $1.5 million per year in state share
based on $3 million per year or a total cost of 8ition over four years. The 50/50 cost-share

suggestion was a goal based on acknowledgementespread benefits of orthoimagery

available on a statewide basis. After 2004, cbhates percentages for county by county projects

ranged from about 10 to 25 percent from federatcasy and 50 to 100 percent from state

sources. In practice, specific cost shares dfiewdt to predict in the context of funding sousce

with variable amounts year to year, variationsasts for private contracting, restrictions on
programs based on location, and other factors.
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The 2010 project included investment in geodetittiad to support horizontal accuracy of
orthoimagery. A sustainable, effective programurnegs maintenance of those investments,
particularly NC Continuously Operating Referencati®hs (CORS) that are part of the North
Carolina Real Time Network. The NC CORS is a afctive and time-conserving component
of aerial imagery collection, processing, and dguassurance/quality control. North Carolina
Geodetic Survey develops and maintains the Offfsialvey Base (GS 102) which includes
passive monuments and CORS.

Although funds for future statewide projects haweé een identified, potential funding sources

for statewide orthoimagery include the following:
NC 911 Board funded a grant to the City of Durhamthie 2010 statewide project. In
2010, the General Assembly authorized the Boafdrid statewide projects directly.
Floodplain Mapping Program in the Geospatial anchfielogy Management Office
(GTM), Department of Crime Control and Public SafetGTM has shared ortho
imagery costs with selected counties in suppoftoofdplain map maintenance that
requires imagery not more than five years old.
NC Geological Survey (NCGS) shared imagery cogh Wie Floodplain Mapping
Program and local governments to support landstidpping.
US Geological Survey (USGS) National GeospatiabRam and the National Geospatial
Intelligence Agency (NGA) have provided partial dlumg of local orthoimagery under
cooperative agreements with CGIA as part of theddat Geospatial Program.
The National Oceanic and Atmospheric AdministraiN®AA) has funded coastal
imagery projects in North Carolina.
NC Department of Agriculture and Consumer Serv{d§SDACS) and the Department
of Environment and Natural Resources (DENR) shaostls for imagery (leaf-on 1-
meter resolution imagery) in support of agricultuiehe US Department of Agriculture is
the primary funding source the imagery (Nationatiégjture Imagery Program).
Counties and cities. Until 2010, counties andcesiBupplied the majority of funding for
orthoimagery.
Public/private partnerships. As examples, munlaigiéities and electric cooperatives
have shared imagery costs in some counties.

Since 2005, the US Geological Survey (USGS), aloitig the National Geospatial Intelligence
Agency (NGA) and the Department of Homeland SegB#HS) has invested $1,429,300 in
partnership funding into the state for distributtoriocal governments in the collection and
sharing of high resolution ortho imagery. Sixtyet{62) of the one hundred (100) counties in
the state have taken advantage of this cost shagegm. The imagery and support files were
shared by the local governments with the statetlaad) SGS and placed into the public domain.
Data is available thru NC OneMap and The NationapMNGA and DHS additionally used
these data as assets for homeland security anddhazizgation and response.

6
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As events at the USGS have prompted change inati@aerdquirements of the agency, the level of
funding from USGS for ortho collection has declinddSGS funding is moving toward an
elevation/LIDAR collection scenario starting in 2011 with fewer funds for ortho collection
available. NGA continues having ortho data coiectequirements for the NGA-defined urban
areas of one hundred thirty-three (133) citiehaWS, of which three (3), Winston-
Salem/Greensboro, Raleigh/Durham, and Charlottenaserth Carolina. It is expected that
NGA will continue to provide collaborative fundifigr these three urban areas for the
foreseeable future.

Note that some of the funding sources (e.qg., Fl@dpapping Program, USGS, NC
Geological Survey, NC Department of Agriculture &ahsumer Services) are restricted to
projects in areas of the state that meet their@gpalicies or funding requirements. Those
agencies cannot be the sole source of funding $tatewide acquisition project, but could
provide supplemental funding for a statewide priojgren the acquisition of imagery meets their
business requirements.

" % -

Ideally, an organization would contribute to aetdatie orthoimagery program in an amount that
reflects the benefits of orthoimagery to its owisiness processes and to its clients and
constituents. Benefits include savings of timenepand even lives, as well as qualitative
benefits of better informed decisions about retdtestransportation, flood insurance, forest
management, and land conservation to name a few.S8ction 4, Program Benefits, above for
more description of imagery benefits.

Without attempting to quantify and assign benettspecific organizations and their clients, a
review of benefits sheds light on a funding apphoaSubstantial benefits for local government
operations and local clients are evident when iegh resolution becomes available.

Additional benefits, especially to emergency opere, are generated locally where there is
imagery that is complete, consistent and concuaerdss county boundaries. Statewide
organizations benefit from statewide or at leagtaal imagery in numerous cross-jurisdictional
areas of interest. Likewise, federal agencies fitehem the consistency and currency in a
variety of applications. In addition, private angzations increasingly make use of
orthoimagery in business processes.

Funding for a statewide orthoimagery program @40 depends on budgeting, planning,
negotiating, and factors that may not be appare@0iL0. As a framework, the recommended
funding approach for the statewide program (ineglgdmagery acquisition, data access, program
management and investment in geodetic controt) veark with the following groups to obtain
funding that will support the recommendations comd in this plan:

1. Statewide organizations, including the NC 911 Baardehalf of local operations, and
state departments that apply geospatial data todasprocesses. Specific amounts
depend on project locations in relation to stategpam requirements, restrictions, timing
and budgets.
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2. Federal organizations, including cooperative agergmled by the National Geospatial
Program. Funding from federal organizations depemdproject locations, federal
program initiatives and requirements, availabiifyfunds, and limitations based on
location and purpose.

3. Local governments. Specific amounts depend on girégeations in relation to local
program requirements and availability of funds.

4. Private organizations, including electric powetitigis. In partnership with public
entities, private organizations are potential sesifor cost-share in selected counties
where those organizations have business requirenf@nturrent high resolution
imagery.
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In 2011, North Carolina will be in the process ompleting the statewide project with imagery
flown in 2010. Tasks include distributing datagetsounties, providing online access to
imagery, and assuring quality and data shariny@a2011. Reports on the 2010 statewide
orthoimagery project early in 2011, including lasséearned, will inform strategies of the NC
Geographic Information Coordinating Council for 20dnd after. Based on the best available
information and the considerations of the Workingp for Orthophotography Planning, the
Statewide Mapping Advisory Committee, recommendagproach for future years, subject to
support by potential funding sources and endorseimethe GICC.

The Working Group for Orthophotography Planningsidared a second statewide orthoimagery
project as well as logical groupings of countiesdibernative acquisition approaches. The
options are full state, acquiring one-half of tkeges at time, flying the state in thirds, and flyin

the state in quarters. For each option, the grdaptified advantages and disadvantages.

! ! & + #

1. Option 1 is a second statewide, 100-county project woutdioby 2014 to satisfy the
requirement that imagery not be more than fourselt. The Working Group identified the
following advantages of another statewide project:

a. The imagery provides a comprehensive, consistesd teap for visual reference,
geospatial reference, and geospatial analysisrsWgauld have confidence in currency
and quality from tile to tile. For 911 operationsers benefit from consistent,
predictable, current base mapping across jurigdistiincluding ortho imagery.

b. The new set of imagery could be compared to th® 2Dhgery to analyze changes in
features anywhere in the state. Analyses sutdmdscover classification are most
effective using a statewide dataset and havingtitwe periods of comparable data.

c. Statewide delivery is equitable from the countyspective (all receive the same
products) and predictable for planning purposes.

d. Users have maximum flexibility in defining areasmerest across jurisdictions and
viewing images of the same currency.

e. Economies of scale are maximized by long flighedifior aerial acquisition, flexibility in
defining aerial triangulation blocks across jurgdains, common contracting covering all
jurisdictions, common invoicing, common product@fieations, and common
deliverables.

f. A statewide project is a significant economic stimswduring the flight year.

g. The most qualified contractors for a large multixsty project are likely to have
resources available to meet project requirememtthéoselected year.

The Working Group identified several disadvantatges full statewide project:
a. There is a heightened risk of leaves emerging isteva areas before flights capture
imagery in the context of statewide acquisition degloyment of numerous aircraft.
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b.

Managing multiple image acquisition teams for ftdiverage, consistency, quality and
timeliness is challenging and relatively time canguwg above a threshold of about one
guarter of the state. Relative management costligh for aircraft mobilization and
labor-intensive processing. The 2010 projects isedorime contractors with two
acquisition teams each as well as subcontractturs tipird party contractors for
positional and visual quality control.

All areas, including remote forests that lack maghil features for most data users, are
captured and processed as the same high resoautibthe same frequency as areas that
are dense with structures and features of intévasiost users.

The approach favors contractors with the greatgsacty and national markets to the
disadvantage of smaller regional and local firmihwexpertise but limited capacity and
limited alternative markets in years when Northdliae is not acquiring imagery.
Information technology solutions are complicatedhmsy uneven development of data for
storage and online access.

2. Option 2 divides the state into western and eastern hékigsre 9.1), with flights likely to
occur in 2013 and 2014 to avoid any county imageing to five years. The Working Group
identified the following advantages to this appitoac

a.

f.

Economies of scale in acquisition and processiaggnificant though somewhat less
than the full state approach because of redundastaiong the boundary of the two
halves.

The magnitude of the project is more manageabli, Nidely lower management costs
per square mile especially relating to aircraft tipétion and labor-intensive processing.
The demand for services from contractors is someggr@ad out over the years.

The duration of product delivery will be shortedaonline access to new imagery will
occur sooner.

The risk of leaf-on conditions is somewhat lowettva smaller geographic extent for the
overall project.

Overall management costs may be the most effiewen factoring in time required for
proposals, selection, work orders, plans, and aotgr

The disadvantages of acquiring one-half of theestabne year and the other half in another

year:
a.

b.
C.

Less consistency in imagery across the state.r&paacies in image currency and color
balancing will be most apparent at the boundamyastern and western projects.

Some tiles will be captured and processed in be#rs/(at the edge of regions).

Less user flexibility in defining areas of interastoss jurisdictions for display and/or
analysis.

Groups of counties with regional identities andaagl organizations are divided by
project boundaries (e.g., Sustainable Sandhiligngte J Council of Governments).
Little or no demand in North Carolina for imagepntractors in off years.
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Figure 9.1. Alternative to Statewide Acquisitio®ne-half of the State, by County, North Carolina.

3. Option 3 divides the state into thirds (Figure 9.2), wiigHts likely to occur in 2012, 2013
and 2014 to avoid any county imagery aging to jigars. The Working Group identified the
following advantages to this approach:

a.
b.
C.

d.

Smaller project magnitude for managing acquisiaod processing

Less duration for delivery of products and onliceess could be sooner

It may be practical to handle one-third of theestaith one acquisition team, eliminating
the need for a prime contractor but retaining teedifor subcontractors.

At this magnitude, it may be practical to considiierentiating resolutions for urban and
forested areas to potentially reduce acquisitisgtper square mile.

The approach to capture one-third of the state/@ar would have the following disadvantages:

a.
b.

C.

More redundant tiles in acquisition and processingggional boundaries.

More chance for inconsistency in color balanceegianal edges and less consistency in
currency

The economies of scale in proposals, negotiatiwnsgk orders, contracts diminish as the
approach involves significant management time gyearéry year.

More groups of counties with regional identitiesl aagional organizations are divided
by project boundaries (e.g., Centralina Councibovernments, BRAC Regional Task

Force).
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Figure 9.2. Alternative to Statewide Acquisitio®ne-third of the State, by County, North Carolina.

3b. Option 3b configures the regions so that imagery over thantans is acquired in two of

the three years to reduce risk of not acquiringnadilges before leaves emerge in the spring.
Note that flight lines over the mountains run eaxt west, but flight lines run north and south
over the western Piedmont. There would be noilofigyht line efficiency in the mountains, but
probably some loss in flight line efficiency eabtlte mountains compared to Option 3. The
coastal plain would be acquired in one year, takithgantage of long north-south flight lines and
addressing all military bases and ranges in onkeothree flight years. See Figure 9.3.

%
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Figure 9.3. Alternative to Statewide Acquisitio®ne-third of the State with north-south divisionsivef
the coastal plain, by County, North Carolina.

4. Option 4 divides the state into fourths (Figure 9.4), wiiphts likely to occur in 2012, 2013,
2014 and 2015. The Working Group identified thiéofeing advantages to this approach:

a.

b.

This is the easiest approach to manage, with améyazquisition team and no prime
contractor managing acquisition.

Duration of delivery would be shortest and onliceess to data would occur over the
shortest time span of the four alternatives.

The approach would create consistent annual defeamdntractor services.

Smaller regional and local firms would be more Ijki® have capacity to compete for
selection.

With this approach it would be practical to considdferentiating resolutions for urban
and forested areas to potentially reduce acquisdasts per square mile.

The disadvantages to acquiring one-quarter oftiite gach year for four years:

a.

b.

C.

One-fourth of the counties will have imagery (2013t is five years old while new
images are acquired during 2015.

There will be even more redundant tiles in acgwisiand processing at regional
boundaries.

More chance for inconsistency in color balanceegianal edges and less consistency in
currency.

More groups of counties with regional identitiesl @agional organizations are divided
by project boundaries (e.g., Western Piedmont C@@Eastern Carolina COG).
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e. The economies of scale in proposals, negotiatosgg orders, contracts diminish as the
approach involves significant management time eyesy.

Figure 9.4. Alternative to Statewide Acquisitio®ne-fourth of the State, by County, North Carolina.

An alternative to Option 4 is a division of the wera half of the state into northern and southern
sections to reduce the risk of not acquiring imames the mountains before leaves emerge in
the spring. Se®ption 4b in Figure 9.5. A disadvantage is that in somatioos, the age of
imagery will be two years apart instead of one yeay., between Chatham and Randolph or
Chatham and Alamance depending on the sequenegiohs).
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Figure 9.5. Alternative to Statewide Acquisitio®ne-fourth of the State with north-south division i
western half of the state, by County, North Caglin
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The NC 911 Board funded the 2010 statewide orthgenaproject and is a potential funding
source for sustaining the statewide approach.ubers related to 911 call answering and
emergency response, consistent data across jurstias preferred. Benefits to 911 operations
are somewhat diminished where the currency of imageanges across a county boundary.

Other county and local government operations aenge users of orthoimagery as well. For
purposes of property mapping, land records, prggpraisal and tax assessment, and
administrative district boundaries, the value afigistent imagery in adjoining counties is
somewhat less than for 911 operations and othgoges that are less confined within
jurisdictional boundaries. Resolving a county eyaf property appraisal and revaluation with a
state cycle of imagery publishing is a new chaleemdpere county-by-county acquisition is
replaced by statewide projects. Counties haveodstrated a willingness to pay for
orthoimagery acquisition, however inconsistentghtiern of county projects over the years.

Private users of orthoimagery (and related magsagderties and streets) benefit from
consistency across county boundaries. Urban areglsgstate markets, consumer markets,
transportation, wetlands and other natural areas@atrbound by jurisdictions. Private utilities,
typically with services in multiple cities or cougd, have contributed to a few county
orthoimagery projects in recent years. Privatesusave paid for imagery copies.
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State and federal agencies, who have shared apaitthe cost of county imagery projects in
88 of 100 counties, benefit most from concurrenasiets that may be applied to multi-county
areas, river basins, habitats, highway corridard, @her areas of interest that go beyond the
boundaries of a single county.

% " -

For the purpose of generating the most benefitsigers of orthoimagery in North Carolina, the
Statewide Mapping Advisory Committee recommendsaiewing approach to imagery
acquisition, funding, and program management.

Imagery Acquisition

For statewide imagery acquisition, the SMAC recomds®©ption 4b which divides the state
into fourths, with flights beginning in 2012, andditional flights in 2013, 2014 and 2015. See
Figure 9.6. The Working Group identified the feliog advantages to this approach:
a. This is the most efficient management approachyirieqy only one acquisition team.
There would not be a need for a prime contractonanage multiple acquisition teams.
b. Duration of delivery would be shortest and onliceess to data would occur over the
shortest time span of the four alternatives.
c. The approach would create consistent annual defeamdntractor services.
d. Smaller regional and local firms would be more ljki® have capacity to compete for
selection.
e. With this approach it would be practical to considdferentiating resolutions for urban
and forested areas to potentially reduce acquisdasts per square mile.
f. The division of the western region into north andtk project areas reduces the risk of
not acquiring images over the mountains beforede@merge in the spring.

Implementation of the business plan will sustastaewide program and its widespread benefits
to users across North Carolina.
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Figure 9.6. Recommended Option for Statewide Adtioiis One-fourth of the State with north-south
division in western half of the state, by Countyrth Carolina.

1 0/0 1

Risks and dependencies for a statewide orthoimggegram may be stated briefly as:

- Weather conditions limit the number of days andre@uitable for capturing aerial
exposures that meet specifications for sun antgedefree skies, and leaf-off conditions.
Natural disasters, particularly flooding, may olbrecground features.

Capacity and competitiveness in the orthoimagernyice industry are factors in
achieving affordable prices, high quality, and tiyservices for large orthoimagery
projects.

Public agency capacity to support planning, projeghagement, distribution, and public
access depends on sufficient expertise and furtdisgstain the capacity.

Local governments, formerly the primary sourcewfds for acquisition of
orthoimagery, may become dependent on state-fuodkedimagery acquisition and not
be prepared for the absence of a state project winagery becomes out of date.
Funding to support a systematic, beneficial statevarogram is at risk even in the best
economic conditions.
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B. Business Requirements for Storage and Accelsgdom Imagery Files

C. Imagery Data Formats and Methods for Deliveny Access



APPENDIX A

Key Participants and Stakeholders in an Orthoimagey Program

1. North Carolina Secretary of State - Land Records Mnagement Program

a.

C.

The Secretary of State’s Land Records Advisory Cadtemis a committee of
local government and business stake holders proyigliidance on Land Records
matters

This Department has the legislated requiremenet@ldp and adopt standards
for base mapping and orthophotogragbge standard for the North Carolina
Technical Specifications for Digital Orthophoto Baglapping)
http://www.ncgicc.org/Portals/3/documents/Tech _Spéugital Orthophoto_Bas
e_Map 100109.pdf

Provides technical assistance for ortho projects

2. North Carolina Board of Examiners for Engineers andSurveyors

a.

b.

Licenses Photogrammetric Surveyors as Professi@ml Surveyors in the State
of North Carolina

Enforces State laws governing activities deemedPtiaetice of Surveying under
the statutory definition of Surveying in G.S. 898

3. NC Geographic Information Coordinating Council

a.
b.
C.

d.

GICC policy — high resolution aerial imagery israéogty
Statewide Mapping Advisory Committee (SMAC)
Working Group on Orthophotography Planning (reptstSMAC)
http://www.ncgicc.org/Default.aspx?tabid=143
Responsibilities:
i. Maintain annventoryof the status of local orthophotography
ii. Seek funding to assist counties and state agemcazjuiring high
resolution imagery
iii. Develop procedures for distribution of imagery agpastate and federal
partners
iv. Promote the development of NC OneMap as a framefoordata
sharing

4. North Carolina Center for Geographic Information and Analysis (CGIA)

a.

®eo o

Maintains NC OneMap database and image server @oithpressed
orthoimagery)

Manages the Statewide Orthoimagery Project 2010

Manages Cooperative Agreements with USGS to sluats of local imagery
Technical services to extract features from imageny other GIS analysis
Staff to the GICC and its committees
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5. NC Geodetic Survey
a. Establish and maintain the official survey basetlerstate (GS 102)

Statewide orthoimagery project

Provide geodetic control for the imagery acquisitemd processing

Manage the positional quality control of the imager

Establish an aerial camera validation range toaedtvalidate aerial imagery
cameras

f. Maintain the NC Continuously Operating Referencigh (CORS) Network and
upgrade stations to GPS+GLONASS capability

®ooo

6. NCDOT Photogrammetry Unit
a. In house technical consultant for remote sensisigeis

b. Helps with technical review of Statewide Orthoimigeroject proposals

c. Designed Statewide Orthoimagery project’s calilorafield and geometric
accuracy validation process

d. Provided technical review of Statewide Orthoimagangject’s control and flight
plans

e. Provided technical support for Statewide Orthoinmggentracting and quality
assurance staff regarding digital image processiritgpphotography generation,
and data storage issues

f. Provides a practical, hands-on perspective in dsons about orthoimagery

7. North Carolina Department Of Transportation Location and Surveys Unit
a. Provide resources for North Carolina’s GPS Basadst&letwork used in the

Statewide Orthoimagery project.
b. Assisted NC Geodetic Survey in establishing Statev@rthoimagery project
aerial camera calibration field.

8. North Carolina Floodplain Mapping Program (NCFMP)
a. The NCFMP is within the Geospatial and Technolognisigement Office

(GTM) in the Division of Emergency Management, Déypent of Crime Control
and Public Safety

b. The NCFMP has experience in orthophotography attoprido meet the
requirements for Digital Flood Insurance Rate M@PSIRM) produced for the
Federal Emergency Management Agency (FEMA)

c. Because of the knowledge of ortho collection aredddpability to pull in
contracting sources GTM was asked to assist ilcalection of the
Orthophotography for the statewide project

d. GTM is managing the acquisition, production andcpssing of the
Orthophotography for the state of North Carolina

e. NCFMP provides state wide LIDAR (digital elevatioodels) used for
orthophotography projects in all counties
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NC Department of Agriculture and Consumer Service{NCDA&CS)
a. Partner with the USDA, Farm Service Agency on tlagidhal Agriculture
Imagery Program (NAIP)
b. NAIP 1-meter resolution, leaf-on, true color, statée ortho imagery
c. NCDA&CS funds “projects of interest” to the USDAdpartners to encourage
them to fly NC. Past projects include:
i. 2006 — Provided FPM LiDAR data as full cost share
ii. 2008- Partnered with NCGS to provide ground corgodhts, an ongoing
project and a small cost share
lii. 2009 — Partnered with DENR to upgrade NAIP to colfnared imagery

9. USGS - Collaborative Ortho Collection
a. Federal investments in local governments for omiagery collection and

distribution
b. Provide imagery access and distribution servioasThe National Map
c. Provide imagery QA/QC if desired
d. Provide full imagery contracting services throagBeospatial Products and
Services (GPSC) Contract, if desired
From 2005 thru 2009, the USGS, NGA, and DHS havested $1.48nillion in
NC for the collection of county/municipal high réstton digital ortho

o

10.The North Carolina 911 Board- E-911 awarded a grant of $12.3 million to they©ff
Durham’s Emergency Communications Center for adipnsof statewide orthoimagery
to support complete, consistent, and current baggpmg and visual reference for 911
operations and other public purposes.



APPENDIX B
Business Requirements for Storage and Access to émim Imagery Files

The Working Group identified potential benefitsrframagery data that has been processed to an
interim stage where it is ready for “exploitatianto orthorectified images. From that interim
product, specialists may generate 3D imagery, aofcared imagery (using the fourth band that

is not used in the true color products), and togplgic products. Storage and access to interim
imagery files were not deliverables in the 201@estéde project. However, the Working Group
developed a description and approach.

Interim Imagery Files

For the Statewide 2010 project, contractors tdtbpartment of Crime Control and Public
Safety’s Geospatial and Technology Management ©#re processing raw exposures from the
digital aerial cameras into 4-band interim imagégs. This intermediate data is staged for
further processing that ties the aerial picturethéoearth. At the semi-processed stage, the data
is suitable for true color imagery production, edldrared imagery production, or both.

Potential Users
Users (or their contractors) who have the resoucgenerate color infrared orthoimagery may
include:
Self-selected counties (typically engaging licenglbdtogrammetry services)
State agencies, especially those related to ermieoh natural resources, and agriculture
Federal agencies, especially those related toadaaiences and earth observation
University researchers related to the topics above
Nongovernmental organizations, especially thossedlto land conservation, water
quality and wildlife habitat
Private businesses, especially those related tmesgng, planning and environmental
services

Applications

How would users apply color infrared imagery toitieisiness processes? The North Carolina
Center for Geographic Information and Analysis (Bf3tas done service projects for many of
the typical applications including land cover as&yimpervious surface mapping, tree canopy
analysis, forest type analysis, urban forestry,watland mapping.

How often would users require access to the seotgased datasets? For a given county or
region, successful processing of interim imagergrtbo-rectified color infrared imagery need
occur only once if the product is placed in thelmpudbomain or shared with CGIA to for public
distribution. It is unlikely that all counties anelgions of the state will find users willing and
able to cover the cost of processing color infranealgery (costing as much as 50 percent of a
typical orthoimagery project). The requests faiadare likely to be 25 or fewer the first year,
and a diminishing number in following years.
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Benefits

If a county or other entity were to identify a nded2010 color infrared imagery, commonly a
contractor would be engaged to either use theimtenagery files or recreate them from raw
exposures. Access to the interim files would saeentractor approximately 50 percent in total
costs for generating products from tfeband compared to starting with the raw exposures.

Storage Requirements

The interim imagery files are being downloaded-{bRportable drives for short-term retention.
The approximate disk storage space equals 112 d&:(bon 221,000 camera exposures
statewide). Interim imagery files are organizeddrge geographic blocks that contain parts of
multiple counties, not by tile like the finishedtwwimagery or by county. Data for an average
county extraction would amount to 2 TB.

Technical Solution

A solution for retention of the data is storageacsecure server, with no public interface. The
only functionality required is access to the datanake copies of selected files to portable media
in response to requests from local, state, fedardlprivate entities subject to approval by the
NC 911 Board. Data requests would require timdutiilling requests, cost recovery for

portable media used if not supplied by the requestdata, and recovery of shipping costs if
any. Requests are expected to be infrequent anti/eportions of the dataset. The amount of
disk storage space would be 112 TB for this dataset



APPENDIX C
Data Formats and Methods for Delivery and Access t@rthoimagery
Functional Requirements for Image Data Access

Imagery must be available for users to access itipteuformats and via multiple delivery mechanisms
A single solution will not satisfy the needs of adlers. Users of imagery in desktop software egitins
have very different needs and expectations thars wdeveb-based map viewers. Image Analysis and
GIS professionals have much more demanding reqaim&srior data access than the general public. A
multi-faceted approach is required to accommodaartany different constituents of @-be’
comprehensive suite of image delivery solutiondN@rOneMap.

Aerial or Satellite Imagery Formats:

Uncompressed, full-resolution GeoTIFF format
A highly compressed format (ECW, MrSID, JPEG 2000)
Specialized formats for multi-spectral or multi-dinsional raster data

GeoTIFF is a public domain standard which allows georefeireg information to be embedded within a
TIFF image file. The information includes map padjen, coordinate systems, ellipsoids, datums, and
everything else necessary to establish the exatiapeference for the image file. This formaaiso the
most widely accessible by GIS, CAD and other vigadéibn software, and it is considered the “indystr
standard”. The GeoTIFF format is also capablecotaining more than three spectral bands, making it
possible to display both the “True Color” (the Re¥en/Blue of visible light) format and “False Golo
Infrared” (Red/Green/NearIR) format from the saitee Aerial photography is usually delivered from a
contractor in uncompressed GeoTIFF format. Thimast commonly used image format for archival
purposes because it maintains full resolution arel fidelity. Tiff and GeoTIFF format images are
limited to file sizes of 4GB. There is a varianttioé Tiff format known as “BigTiff” which can be
essentially unlimited in size, but for most apiicas, file sizes larger than 4GB are simply natqpical.

The primary drawback to GeoTIFF format is its viemge size. Although uncompressed GeoTIFF is
recommended as the master or archive image formsitoo large for general distribution via FTP or
other internet download mechanisms. It is typicayeded only by GIS and/or Remote Sensing
professionals who perform imagery analysis openati@quiring the complete spectral information
contained in each pixel. Internet map server appbaos also benefit from using uncompressed GeoTIFF
imagery as a data source. The software is ablkesatth and process the pixel information much fasn t

it would from a compressed image format, which gaihemust first be uncompressed before it can be
rendered. For use with internet map server appicgt uncompressed GeoTIFF images may have
internal overviews built, which further speeds renoly and display speed. Internal overviews shaold

be built on the master or archival copy of an inmagiataset.

Compressed image formats produce file sizes tieatnaich smaller than the uncompressed GeoTIFF
version of an image, some with a small loss of ienqgality (lossy), and some without (lossless).
Wavelet compression techniques currently provigehilghest compression mechanism commonly
available in most GIS and CAD software. As an examgp 200 MB 4-band DOQQ in uncompressed
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GeoTIFF format may be compressed into a 20 MB EGknhéat image file with little or no discernable
loss in image quality. Compressed images are rgelosuitable for true image analysis operations and
lose any extra band information, but are highlyfuise all other mapping and visualization operasoA
highly compressed format is preferred for geneisttidution from FTP sites and LAN file serverskali
Several lossless compression formats are currgntlge in the GIS and CAD industry: ECW, MrSID,
and JPEG 2000.

ECW format (.ecw) is a proprietary, lossy wavelet coaggion image format that is optimized for aerial
and satellite imagery without using intermedidiadior intermediate disk storage. Georeferencing
information is contained partially in the interffigé header and partially in an external “worlcefil

(.wld). This format was originally developed by #aResource Mapping for its ERMapper software
product, but it has since been acquired by pammpany ERDAS/Leica/Hexagon. While under ERM
ownership, a version of the ECW codec and softwlakeloper’s kit (SDK) to enable ECW image
decompression or creation (under 500 MB in sizey reteased for free usage by the GIS community.
Subsequently, many software applications begandade support for ECW format. After gaining
control of the format, ERDAS has made the currension of the ECW codec and SDK unavailable for
free public download and restricted its use to leation purposes” only. This makes ECW a slightigd
desirable image format than it has been in the pasit is still widely used and quite useful. GDAan
open source spatial data conversion toolkit, usedder, “legal” version of the ERMapper ECW SDK
and is the primary means for creating ECW imaged€u500 MB) without the purchase of an SDK or
other software license from ERDAS.

MrSID format (.sid) stands for “multi-resolution seansl@nage database”. It is a proprietary (lossy or
lossless) discrete wavelet compression image foomginally developed at Los Alamos National
Laboratories. The technology was later privatizeith development and distribution rights owned by
LizardTech, Inc. and subsequently acquired by garempany Celartem Inc. Georeferencing
information is stored in external “world” files &) and the format supports multiple levels of int
overviews that provide a fast, progressive displamany different “zoom levels”. There is no free o
open source implementation of the MrSID format, faost mainstream commercial GIS and CAD
software offers support for reading this formathoihe “generation 2” (MG2) and “generation 3" (MG3
versions. MG2 format is limited to 2GB in file siaad supports only lossy compression. MG3 supports
unlimited file sizes, lossless encoding with optiation and manipulation functions such as area of
interest encoding. Open source GIS software baseldeoGDAL library has the ability to read MrSID
images. There is no free mechanism for encodingelanages in the MrSID format, but the ArcMap
software includes the ability to encode individucompressed rasters smaller than 50 MB to thédMrS
format. This is useful only for aerial photograghwgt covers a very small area. The ability to eecod
images larger than 50MB requires the purchase &K or other software license from LizardTech.
Regardless, the MrSID format remains a very popasggial imagery format in the GIS industry.

JPEG 2000is an image compression standard and coding syststed by the Joint Photographic
Experts Group committee, with the intention of s8peing their original JPEG standard with a superio
wavelet-based compression method. JPEG 2000 fatecaimposes an image into a multiple resolution
representation in the course of its compressionga® supports tiling during the encoding procasd,
progressive transmission when decoding and digpyegn image. Cultural heritage organizations are
starting to use JPEG 2000 as an archival formadusecof its ability to preserve the original image
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guality and characteristics without loss of fidglibut uncompressed Tiff or GeoTIFF currently remai
the predominant archival format.

The Open Geospatial Consortium (OGC) has definmdtadata standard for georeferencing JPEG 2000
images with embedded XML using the Geography Matkampguage (GML) format: GML in JPEG 2000
for Geographic Imagery Encoding (GMLJP2). JPEG 288 containing GMLJP2 markup are
“georeferenced” and can be located and displayéaeircorrect position on the Earth's surface by GIS
and CAD software that supports this format. Onetétion of theJPEG 2000 standard is that it does not
specify how to mosaic an image with other datagmteid to some common coordinate systé&udvanced
features of the GMLJP2 format include support for:

Image bit-depths of 16 or higher

Virtually unlimited number of spectral bands to pag hyperspectral imagery
Full cameras / sensor model descriptions

Image quality information, such as cloud-coverraaties or NIIRS rating
Multiple images (stereo pairs) stored within themeamage file

There are a variety of codices and SDKs for enapititages in the JPEG 2000 format — some open
source, some not. The GIS industry has been moerestto adopt and support the JPEG 2000 format
because of inconsistencies between the interpratafithe standards for JPEG 2000 and in the image
output of different codecs. There has been a gklaetaof adoption for the format in the mainstream
image editing software industry as well. Currenthere is still no native support for JPEG 200@my of
the major web browsers, although there are plughasenable limited JPEG 2000 browser support.
JPEG2000 has been more successful as an imaget farmabile devices and communication
applications where very image high quality with mial size is required.

Support for JIPG2000 images is less than matuteei®IS industry, and not all software packages wil
read all JPEG 2000 images yet. As an example,@i8 Zexas NAIP Imagery was distributed as JPEG
2000 files and was encoded using the kakadu JPEI=2@Ebder. In an account of JPEG 2000 imagery
testing documented at http://blogs.onterrasystemggisblog/?p=78 the JPEG 2000 images proved to
be unreadable by GDAL, ERViewer, TatukGIS, AutoCMap, and GeoJasper — all of which use the
ERMapper ECW/JPEG2000 SDK. Of the GIS/CAD applaraitested by the reviewer, only ArcView
and GlobalMapper were capable of reading the JFEIB #nages. While the JPEG 2000 format holds
promise to become a future preferred imagery farthatcurrent lack of comprehensive software
package support for it and the inconsistent encdgiementations indicate that it is not yet re&aly
become the preferred delivery format for aerialdeng.

Specialty Formats

Specialized formats for raster data derived fronsses on various satellite platforms, (Landsat, PO
Aqua, Terra, Ikonos, etc.) often include multi-gpalcor multi-dimensional data representations.réhe
are a multitude of file formats in use. Outsidehaf scientific communities, these specialty fornaaes
often encountered:

Erdas Imagine (.img)
ERMapper (.ers).
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Hierarchical Data Format for Earth Observing Syst¢HDF-EOS)
Network Common Data Form (netCDF)

IMG and ERS formats have enjoyed support in mo§t &ickages for some time. Increasingly, they have
begun offering support for netCDF and HDF, butof®&S practitioners convert the image, or the
relevant subset of a multi-dimensional image, toT3EF for greater ease of use. None of these dpgecia
formats is suitable for use as a general datailaligiton format for North Carolina orthophotography.

There are also a wide variety of specialized imafmats used by the US DoD and Federal
Intelligence Community, and most of these are seldacountered in the civilian world. One exception

is NITF, or theNational Imagery Transmission Format.has been adopted as a standard by the
International Standards Organization and the Araeridational Standards Institute (ISO/ANSI), as the
Basic Imagery Interchange Format (BIIF). BIIF isiaaplementation of JPEG 2000 Core Coding that has
been designed to support NATO and U.S. militaryliappons. This format is capable of encapsulating
complex “metadata”, or information about the imabe, image itself, as well as optional overlay
graphics (symbols, labels, and text) all in the sdile package. While this format is becoming more
well-known in the civilian world, it is not yet camon enough for consideration as a distribution ftrm

in the North Carolina for public domain imagery.

A fairly new “specialty” format for use with aeriahd satellite imagery is “New Universal Image”ijnu
This is a proprietary format developed by Pixia wation, primarily for the Department of Homeland
Security. The format is designed to provide vepidaetrieval, display, and manipulation of massive
high-resolution image files without the need foage compression. The nui technology, while a piatent
candidate for powering very fast, web-based imadwery and display services, is not yet widely
supported in mainstream GIS or CAD desktop softywane is too proprietary to use as a general
distribution format for public domain image files.

Image Format Recommendations

Master or archival copies of imagery should useommressed GeoTIFF image format. Image and remote
sensing analysts will also require imagery in ungaased GeoTIFF, but this is a very small usermgrou

At some point in the future, lossless JPEG 2000 bempme the preferred image format for archival or
analysis, but it is not a suitably mature and arsistently implemented format yet.

Recommended “general distribution” formats are EQWrSID format. Both offer much smaller files
than GeoTIFF images. They are generally well suppaofat least for read operations) by most GIS and
CADD software packages. ECW is slightly more adtéssin that a number of the open source GIS
packages do not support MrSID format. ECW or Mr&Dbnat imagery is suitable for download on
public FTP sites.

Both ECW and MrSID formats are conducive to prodggaingle-image mosaics of smaller and medium-
sized coverage areas (cities or counties) whillenséiintaining a reasonable file size. Users whede
larger coverage areas (river basins or full statktbe better served by imagery that has beed tiging

a rectangular grid, so that a seamless raster icetgéog can created in their desktop softwarenofae.
The most common tiling system used with medium|cggm imagery (ex: USDA NAIP with 1-2m pixel
resolution) is the USGS Digital Orthophoto Quaerad (DOQQ) grid. In this system, each image tile
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dimension spans 3.25 minutes of longitude/latit{+B1 miles). For higher resolution aerial imagery,
such as the 6-inch to 1-foot pixel resolution imgggpically flown by county land records departrtgen
smaller tiles are more useful because the filessize larger. In North Carolina, the tiling systein
record is a 10,000-foot square “Basic Modular Umitandated by the Technical Specifications for
Digital Orthophoto Base Mapping, as published &N Land Records Management Division of The
Secretary of State’s Office.

Imagery Delivery Mechanisms:

A variety of data delivery mechanisms are availahlinough many are not practical or advisable for
access to large image datasets, particularly tiead” desktop access.

CD / DVD media

Portable Hard Drive and “Sneaker-Net”

“Live” Network Access over a Local Area Network (NA
“Live” Network Access over a Wide Area Network (WAN
Internet downloads using FTP / HTTP / WGET
Bittorrent

An OGC “Web Map Service” (WMS)

An OGC “Web Map Tile Service” (WMTS)

An OGC “Web Coverage Service” (WCS) “

Globe” Servers

Other Assorted Image Data Access Services

CD / DVD Media: Image distribution via this type of media is nagder very useful because of the
limited amount of data that can be stored on dsidigc, and this method of data transfer worky dor
very small jurisdictions or coverage areas.

Portable Hard Drive and “Sneaker-net”: Large county or statewide datasets in uncompreSsed IFF
format are typically shared with other organizasitny loading a copy of the data on a portable hard
drive. “Sneaker-Net” is a tongue-in-cheek termdutgedescribe the transfer of electronic informatoy
physically couriering removable media from one catepto another, in lieu of transferring the
information over a computer network. This is aljaarchaic mode of data delivery, but given the
bandwidth limitations most organizations still cemdl with, it is a reliable, inexpensive, and refely
painless way to share data.

“Live” Network Access over a Local Area Network (LAN): Inside an organization, local workgroups
often place a single, read-only copy of an imagktaset on a local file server and the many Gif$ alla
access it over the local area network. UncompreGsed IFF files are generally too large for this inoet
and data access times will be unusable on mostnetwand can degrade the network unacceptably for
other general computing operations. Depending em#twork connection speeds (10 Mbps vs 100
Mbps) access to compressed image formats such\AsdE®IrSID may also be slower than desired by
the GIS users. One strategy for mitigating the lenolis to place only the GIS users who need tosacce
the imagery on the same dedicated segment of thrieas the image file server and ensure each user
has at least a 100 Mbps Ethernet connection. Gigalhérnet (1000 Mbps) is preferable, but not yet
widely available in all offices. This type of datacess provides generally acceptable performantes |



Business Plan for Orthoimagery October 2010

imagery is stored in a spatially enabled databaseSDE, Rasdaman, Oracle Spatial GeoRaster), access
times are faster than file-based data. The prirdesyback to storing imagery in a relational datakias

that the platform selected usually severely lirttits types of desktop or web GIS/CADD clients that ¢
consume the data, unless it is exposed as an OGOMalp Service (WMS).

“Live” Network Access over a Wide Area Network (WAN): WANSs offer varying network access
speeds, depending on the technology used. Gietd thiB of data is the equivalent of 10 MB of
network traffic, attempting to access large aenlgery datasets in a desktop GIS or CADD appbaoati
over a WAN connection is much slower than LAN netwaccess. For longer WAN distances that
involve several router hops, there can also beeguhit of network latency induced delay. The fwilngy
table represents the amount of time it takes tsfea 1.0 GB of data over the listed WAN connection
speeds, based on 90% circuit utilization. A sirg@NV or MrSID county mosaic image can be 100-350
MB in size. On a T3 line data transfer rates aughty half of a 100 Mbps LAN connection, and many
public sector organizations do not have the bufigededicated T3 lines, based the billing rates aaded
by the NC Office of Information Technology Servic€onclusion — WAN is not typically a viable
environment for desktop GIS applications to acceswote imagery in real time.

%
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Internet downloads using FTP / HTTP / WGET: These data access protocols have been in use for
since the mid 1990s, and are well-tested and &femped methods to access data from a remote docati
and save a copy locally for later use. These paoigcare not suitable for “live” access to largenote
imagery datasets in desktop GIS/CADD applications.

BitTorrent: is a distributed peer-to-peer file sharing protott@llows many people to download an
image file without overstraining the hosting servBitTorrent breaks up files into small pieces and
distribute those pieces on to the PCs of end waeoshave downloaded the BitTorrent type client. Whe
a user requests the file to be delivered or strdaméhem, rather than having to get it from a hsesver,

a tracker program determines where all the filegdeare, and defines how the user reassembledriteem
a copy of the original on their computer as adile stream. This is a good distribution systenttiose
who create and publish content, but not as goodrdrusers. BitTorrent expects the end-user to
contribute bandwidth, hard drive storage and prsioggpower, as well as allow anonymous access to
their computer by anyone with a BitTorrent clieppbcation who wants a copy of the data. This iywh
network security administrators typically forbidethse of BitTorrent in almost all public sector
organizations. With BitTorrent, not only is thesusvho is searching for imagery completely depehden
on a collection of unknown peers who may or mayt@bnline, have decent bandwidth, or have their
sharing bandwidth set to an reasonable bit-ratenBvmany peers are sharing the specific file thaser
wants a copy of, the data often trickles in at thét would make a dial-up modem appear fast.

For a time, Earth Resource Mapping, Inc. (ER Mappperated thgeotorrent.orgwebsite and offered
public domain aerial and satellite imagery via Bittent, but the site never gained widespread aoiopti
When the company was purchased by ERDAS, the geotarrg website was taken offline. BitTorrent
is an uncommon method of distributing large imagtatasets. NASA uses it with imagery available on
their Visible Earth website, but they may be thgyames. BitTorrent is not a suitable method feria
imagery distribution by or to North Carolina gover@nt agencies.

OGC “Web Map Service” (WMS): WMS is a vendor-neutral interoperability standdrat tallows both
desktop and web-based applications to request adrap images, rendered on the fly, from any map
server that supports the standard. The map sexmders a picture of the imagery for the specifiedha
often overlaid with vector data layers, and sehdssmall picture to the requesting applicationeathan
the actual imagery itself. Image sizes are typycaithall — 100-300 kb, depending on the complexity o
the map images and the image quality the senymoigrammed to deliver. File delivery format is
typically JPEG for non-transparent images and GIPNG for images with transparency. Some WMS
server can deliver output from an aerial imagery service in other non-image formats, such as SVG,
PDF, SWF, or EPS.

This is a very viable method of access to aerialgeny in viewing applications without needing tovda
copy of the imagery locally. WMS does have thramary drawbacks:

WMS can be slow if the server is not sufficientdgourced/sized or the network bandwidth is
inadequate.
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WMS map services typically place a cap on the afzn image it will generate, meaning end-
users with very large computer monitors may noalle to maximize their application windows
without exceeding the image size a WMS server ligngito render.

It is rarely possible to print large format mapsdiDE sized) from an aerial imagery WMS
service. The typical screen resolution of WMS outp®6 dpi and is meant for viewing rather
than printing. The image rendered by the server @800 x 600 pixels in size. For printing a
high quality map, the resolution may need to be-3800 dpi. An E sized plot is 34 x 44 inches,
so the image the WMS server needs to generate300 api plot would be (34*300) x (44* 300),
or 10,200 x 13,200 pixels in size — much largentimost WMS map servers can accommodate.

OGC “Web Map Tile Service” (WMTS): “Mass Market” mapping service providers such as@kso
Yahoo, Microsoft and OpenStreetMap all achievertheiy fast response speeds by using pre-rendered
and cached map images, at specific map scalesar lavels. Each of these services was implemented
with different formats, tiling schemes and accessmanisms. GIS web-mapping products such as
ArcGIS Server, TileCache and GeoWebCache subsdywamed the ability to generate cached image
tile pyramids, each with its own format. To resdile interoperability problem, the OGC worked with
the OSGEO and the rest of the geospatial industdevelop the WMTS standard, largely based on the
OSGEO TMS format, for the purpose of enabling nil@g from many different providers to be accessed
in the same manner.

The WMTS service is an image tile hierarchy, (somes referred to as a pyramid), covering multiple
map scales. It automatically returns map tiles ftbenmost appropriate pyramid / zoom level for any
given map scale and area. WMTS is not a replacefoeMVMS, because pre-rendered, cached map
images offer far less flexibility than what candmhieved by an OGC WMS server. However, using pre-
rendered and cached map images tiles is a veraiasefficient way of delivering maps to web
applications. Version 1.0 of the official WMTS sp@ation was released in April 2010. As it is aye
new standard, it is not yet supported by many agst@lS applications. Some map tile server products
such as Cubewerx’s Cubeserv, GeoWebCache and TheGery quickly implemented the new WMTS
specification. Other popular web mapping softwateh as ArcGIS Server and Erdas Apollo do not yet
support WMTS, but plan to in future releases. fan drawbacks to WMTS are the same as for any
pre-rendered image map tile cache system:

Requires much larger disk space resources
The imagery is available only at pre-set map scales
Extra time and server resources are needed toaertee image caches

If new source imagery becomes available, all legélhe cache must be regenerated in order to
use it.

Each image cache is available only in a singledioate reference system.

If speed of delivery is the primary requirement, W8is a very viable way of serving large amounts of
aerial imagery data to web mapping applicationsjdoot yet a viable option for delivery of aerial
photography to most desktop GIS packages.
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An OGC “Web Coverage Service” (WCS): The WCS is a specification for sharing raster datasver

the web. The raster datasets made available thrdlB services are called “coverages” (not to be
confused with the older ArcINFO vector coveragerfat). The primary difference between a WCS and a
WMS is that a WMS service renders a picture ofdaa and sends it to the map viewer and a WCS
extracts the requested region from the source irgagackages it up, and ships it to the map viewer
client in a format suitable for use with image gsed or modeling operations. Payloads can quickly
become very large, so area and size restrictiamsanmonly placed on public WCS services to prevent
the server from being overloaded. Other WCS sesvace secured and may or may not require payment
to access their data. Depending on the map ssoflvare in use, a variety image delivery formats c

be supported: GeoTIFF, NITF, DTED, netCDF, HDF, GREPEG2000, GIF, BMP and PNG.

“Globe” servers: Some globe servers, such as Google Earth Enteffpuision Server, Microsoft Virtual
Earth, GeoEye GeoFuse, World Wind Java Server, I§&&rver Advanced or Skyline Globe Server
allow the user to ingest and process their own anadata so that it can be served and display#éuein
associated globe viewer client applications. Tyipicdelivering imagery via a globe server allowso

be used in a very limited number of software cBennless the globe server supports the OGC WMS
standard. Globe servers are very popular for limtéon, but are not very useful for GIS analysis
operations or map production. Access to aerial anafrom a globe service should not be used as a
primary data access mechanism — most of the gledvers are very proprietary and only work with thei
own clients.

Other Assorted Image Data Access Serviced/arious other services to access both aeriakatellite
imagery exist. Some, such as GlobeXplorer's Image€ot Service only allows users to purchase
imagery from that company. Others, such as PYXI8Web StreamServer, are designed to ingest the
data steward’s imagery and allow it to be servadovoprietary web service to the data steward’s
customers, business partners, or other use batbheNef these types of data access services ésblu
for widespread use by the general public, the peigactor, or government agencies — they are too
proprietary and the types of GIS or CADD softwdrattcan consume these services is very limited.

5
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Data Delivery and Access Recommendations

A copy of an imagery dataset should be maintainacthcompressed GeoTIFF format as the “master” or
“archival” version. This version of the imagery skbe delivered using a variety of methods, for
different user groups:

If disk space on the map server is adequate, tepaWWMS map service that outputs ad-hoc
rendered images for general map viewer or deski§puSe. Either as a file-based image catalog,
or as a layer in a spatially enabled database.

Via portable hard drive or WCS services for actgsseemote sensing and image analysts who
need the full resolution imagery to perform theiakysis and modeling operations. Small study
areas may be obtained from a WCS, but large ardlasegd to be transferred in an offline
manner.

Optional - If disk space on the map server is adequatenthgery should be pre-rendered into
map tiles and served as a WMTS service for usesim nvapping clients.

Optional - If the software is available, the imagery mayirmgested into a Globe server to power
visualization services in the associated Globe ereslient.

A copy of an imagery dataset should be convertediighly compressed format such as ECW or MrSID
for general use as map backgrounds. This versitimeaimagery should also be delivered using a tarie
of methods, for different user groups:

Over a Local Area Network (LAN) as an image catalogn a spatially enable relational database
layer for use by desktop clients in the same figcas the fileserver. This is needed to print large
high quality maps.

Zipped, and made available for Internet downloaisguFTP / HTTP / WGET.

Optional— packaged for use on mobile devices

Optional, and only marginally viable served over a Wide Area Network (WAN) as an ieag
catalog or in a spatially enable relational dateldager for use by desktop clients in nearby
facilities, provided the WAN speed is T3 or better.

An alternative for delivering the statewide WMS ahtTS map services to the many potential users is
to utilize hosted “Infrastructure-As-A-Service” 8) offerings from a commercial cloud computing
provider. The use of a hosted laaS environmentatigate the slow map service delivery speeds and
bandwidth issues associated with hosting servingh® State network. Additional desirable featurfes
using a hosted cloud computing platform includeahiity of map servers to utilize automatic scglin
and load balancing features. Some hosting provisosoffer distributed “edge network” content
delivery solutions, which can provide dramatic parfance increases in serving the pre-rendered map
tiles used in WMTS services.

If relying solely upon a commercially hosted platfois not considered a viable alternative for it
reasons, a hybrid solution, commonly known as “@lursting” may also be used. In this model, the

main WMS and WMTS map services would be hostederttate of NC network, but when demand for
services increases beyond the State’s capacityotade an acceptable level of service, supplemental
virtual servers in a commercial cloud computingiemmment could be provisioned on-demand to address
the spike in web service request traffic. Cloudbngsis typically used to handle seasonal or evased
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traffic peaks. As the aerial imagery produced tesand Federal Agencies is in the public domais, i
an ideal candidate for exploring the benefits afted cloud infrastructure because there are naigecu
restrictions on the data and it does not change.

Monthly charges for hosting applications and largimes of data on a commercially provided cloud
platform will depend upon a variety of factors éif data files transferred to the cloud by apfilica
owner, number and size of virtual server instanisgdoyed, size of data transferred out of the cloud
service user requests, number and duration of oradd auto-scaled servers used, storage required for
persistent data files and backup snapshots, suppoitacts, etc.). The costs associated with eawlice
provider cannot easily be estimated unless diglagérequirements, number of virtual servers, and a
baseline for monthly usage traffic is already knowtosting providers also offer Service Level
Agreements that vary widely in their suitabilityr i@overnment applications. Some even require tieat t
customer document and provide proof of downtimerder to obtain “service credits”, yet they provide
no tools for analyzing application server instaaocstorage volume downtimes

The European Network and Information Security AgefiENISA) conducted a risk assessment on cloud
computing business model and technologies. Thdtriesan in-depth and independent analysis that
outlines some of the information security beneditsl key security risks of cloud computing. The répo
provides a set of practical recommendations.

http://www.enisa.europa.eu/act/rm/files/deliveraiitoud-computing-risk-
assessment/at_download/fullReport

The following case study illustrates how the Swgesernment has successfully used Amazon EC2 and
S3 storage services to provide web mapping andémyaggrvices to 30,000 unique visitors per dayhwit
a map delivery speed of up to 1,300 map tiles peorsd.

http://aws.amazon.com/solutions/case-studies/svpest




