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Introduction 

Tabular 9-1-1 call routing was implemented decades before cellular technology allowed the general public 

to connect with 9-1-1 centers, also known as public safety answering points (PSAPs), from virtually 

anywhere. While communications, geographic information systems (GIS), and other technologies rapidly 

advanced, 9-1-1 has remained nearly stagnant for the past 30 years. The hardware and systems 

supporting 9-1-1 have reached end of life and can no longer support a very different customer base than 

what existed when 9-1-1 first was implemented in Arizona in 1985. Next Generation 9-1-1 (NG9-1-1) was 

designed systematically from the ground up to support the nomadic lifestyle of today’s public. 

 

Geospatial data provides the foundation for NG9-1-1 systems. Spatial queries replace flat tables and 

provide a precise point in polygon locations. The GIS not only locates the caller, but also recommends 

responders from each response type to assist in expediting the delivery of emergency services. 

 

 

Figure 1: Location Data Comparison 

 

This GIS data now is at the forefront of public safety, and local and regional data accuracy is vital to the 

success of NG9-1-1. The State of Arizona (State) plays a critical role in developing the implementation 

path and the final NG9-1-1 architecture for the state of Arizona (state, geographically). 

 

The Arizona Department of Administration (ADOA) 9-1-1 Program (Program), in support of the statewide 

rollout of NG9-1-1, sought a better understanding of local and regional capabilities to provide and maintain 
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the GIS data necessary for NG9-1-1 to locate 9-1-1 callers and accurately route 9-1-1 calls to the 

appropriate PSAP. The Program, with support from Mission Critical Partners, LLC (MCP), interviewed the 

GIS and PSAP leads for each 9-1-1 system in Arizona—15 total1. Additionally, the project team 

interviewed representatives from the Gila River Indian Community. An individual gap analysis report 

highlighting each 9-1-1 system’s capabilities in eight factors was drafted and provided to the Program and 

the participating 9-1-1 system administrator. This report summarizes the 15 individual sets of readiness 

scores into a single guidance document for the Program to support the GIS needs of the 9-1-1 systems. 

 

MAPS Readiness Assessments 

 

MCP used a proprietary methodology called the Model for Advancing Public SafetySM (MAPS®) to analyze 

GIS readiness at each 9-1-1 system. The MAPS toolset incorporates standards and best practices from 

multiple 9-1-1 governance bodies including the National 911 Program, the Federal Communications 

Commission (FCC) Task Force on Optimal Public Safety Answering Point Architecture (TFOPA), the 

National Emergency Number Association (NENA), the Association of Public-Safety Communications 

Officials (APCO) International, and state and regional groups across the country into an evaluation process 

designed to guide 9-1-1 authorities through the NG9-1-1 migration and ensure readiness to support 

ongoing NG9-1-1 operations. 

 

Strategic Planning 

 

The 9-1-1 system gap analysis reports build on the statewide NG9-1-1 GIS strategic planning effort by 

evaluating local capabilities and identifying opportunities for the Program to improve local and regional 

support while remaining fiscally responsible. Recommendations in the individual gap analysis reports were 

strategically coordinated with the Arizona Next Generation 9-1-1 GIS Strategic Plan2 to ensure alignment 

between local, regional and State goals for NG9-1-1 GIS. 

 

Project Methodology 

 

The approach to NG9-1-1 rollout widely varies by state. The MAPS toolset included customized topics 

relevant to the NG9-1-1 landscape in Arizona. Collaboratively, MCP subject-matter experts (SMEs) and the 

Program worked to identify key factors that are most relevant to the NG9-1-1 transition. This input was 

considered in the development of the MAPS assessment questions. The project team relied on industry 

standards and best practices to identify those that align with the factors being assessed. 

 

A comprehensive question set was developed based on these standards and industry best practices. Key 

GIS capabilities related to NG9-1-1 and industry best practices for GIS administration were considered in 

 

 
1 The NAUA report combined Navajo and Apache counties into a single 9-1-1 system. Gila River Indian Community (GRIC) 

was reported separately from the Pinal 9-1-1 system. The gap analyses did not include Arizona Department of Public Safety 

(AZ DPS) or Federal 9-1-1 systems.  
2 Arizona Next Generation 9-1-1 GIS Strategic Plan, Arizona Department of Administration. 

https://az911.gov/sites/default/files/AZ-DOA%20GIS%20Strategic%20Plan_August%202020_FINAL.pdf 

https://az911.gov/sites/default/files/AZ-DOA%20GIS%20Strategic%20Plan_August%202020_FINAL.pdf
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selecting the final question set. These questions focus on eight evaluation factors, depicted in the figure 

below. To achieve GIS data readiness (Factor 1), the 9-1-1 GIS resources must receive training (Factor 4) 

and be supported by current and robust technology (Factor 6) in a well-performing production environment 

(Factor 2). Beyond the GIS team, a high level of regional coordination (Factor 3) is necessary to ensure 

that GIS data and addressing (Factor 7) are accurate within each jurisdiction within a 9-1-1 system, as well 

as with neighboring systems across Arizona, and with neighboring states. 

 

The same GIS data that drives NG9-1-1 call-routing and location validation also is necessary for alternate 

routing scenarios (i.e., failover routing to another center when a PSAP has been rendered inoperable, 

uninhabitable, or inaccessible). To support this advanced capability of NG9-1-1, this data must be 

aggregated and provisioned into the computer-aided dispatch (CAD) system within a PSAP (Factor 5). It is 

important to note that CAD system provisioning is not a NENA requirement but is an industry best practice 

necessary to support alternate routing scenarios. Finally, all processes and workflows used to maintain the 

NG9-1-1 GIS data must have proper documentation (Factor 8). 

 

The statewide average for each factor is represented by the blue line in the MAPS diagram below. 

 

 

Figure 2: MAPS Factors Statewide Averages 
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Project Findings Overview 

The statewide rollout of NG9-1-1 in Arizona is at risk. No one 9-1-1 system is completely prepared for 

NG9-1-1, and many jurisdictions have what are considered blocking factors—factors with scores low 

enough to necessitate stopping the NG9-1-1 rollout for that jurisdiction until the issue is properly mitigated. 

 

The average score for General Information Technology (IT) was the highest of all ranking factors—8.23 out 

of a possible 10 points. 9-1-1 systems generally are supported by highly capable IT departments and are 

provided with sufficient hardware, software, and networks to create and maintain GIS data to NG9-1-1 

standards in a collaborative environment. 

 

However, none of the eight factors averaged across the state scored high enough to be considered 

NG9-1-1 ready, while half the factors scored below transitioning to NG9-1-1. The only factor that averaged 

a high risk was Documentation. The high rate of GIS staff turnover in Arizona identified by the stakeholders 

highlights the need for workflow and standard operating procedure (SOP) documentation to ensure against 

production delays caused by newly hired staff needing to discover what needs to be done to maintain a 

jurisdiction’s NG9-1-1 GIS data. 

 

Most results were as expected and aligned to national averages for rural versus urban jurisdictions and 

level of service related to tax base. However, results in Regional Coordination for urban environments 

were concerning. Organized cooperative GIS data development and maintenance did not rate higher— 

and in one case scored lower—in an urban 9-1-1 system than in the majority of rural 9-1-1 systems. 

 

Scores for each factor are shown in the figure on the following page. 
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Figure 3: MAPS Factor Average Scores 

 

Detailed findings and recommended next steps are provided in the sections that follow. 
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1 GIS Data Readiness 

 

NG9-1-1 completely redesigns the process of 9-1-1 call routing. 9-1-1 call routing currently is provided 

using static tables for address location verification and selecting the correct PSAP to receive the 9-1-1 call. 

In the NG9-1-1 call-routing workflow, GIS data is used to locate the caller, select the destination PSAP, 

and recommend responding agencies immediately when the call is placed. To facilitate these advanced 

queries, the GIS data must be highly accurate and remain current. 

 

The migration to NG9-1-1 will take months or even years in Arizona and legacy 9-1-1 call routing will be 

conducted in parallel to geospatial call routing until such time as all telephone providers—land and 

cellular—in the state can utilize the advanced capabilities of GIS-based call routing. Therefore, GIS data 

readiness spans both legacy tabular and NG9-1-1 GIS datasets. This requires the improvement and 

maintenance of the GIS road centerlines and address points as well as the 9-1-1 center’s PSAP, 

emergency service zone (ESZ), and provisioning boundaries. Additionally, the tabular master street 

address guide (MSAG) and automatic location identification (ALI) databases must be validated against the 

GIS data and errors corrected. 

 

 
 

1.1 Statewide Findings 

 

The GIS Data Readiness factor includes seven topic areas. 

 

• Data Sharing 

• NG9-1-1 Schema 

• Road Centerline to ALI/MSAG above 98% 

• ALI Validation Testing 

• Multiline Telephone System (MLTS)/Private 

Branch Exchange (PBX) Data Access 

• ALI/MSAG Access 

• NENA Standards 

 

 

The graph on the following page shows the statewide average for these seven topics. 

 

Most jurisdictions had adopted or could transform the data using automated scripts into the NENA NG9-1-1 

GIS data schema. Nearly all 9-1-1 systems actively shared GIS data with the Program for validation and 

building statewide GIS datasets. All jurisdictions have run comparisons between the three main datasets—

GIS, MSAG, and ALI—with most being above the 98% NENA recommended match. This is an important 

achievement for the NG9-1-1 transition. However, access to the MSAG and ALI databases falls into the “At 

Risk” category. Some jurisdictions have only one staff member with access to the databases. This poses a 

Until all cellular and land telephone providers in Arizona can utilize GIS for 9-1-1 call 

routing, GIS data readiness spans both legacy 9-1-1 and NG9-1-1. 

1   GIS Data Readiness 
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risk to the continuity of work as no other staff members have access to the databases in case of turnover, 

time off, or any other absence. The other category that falls in the “At Risk” category is the NENA 

Standards. As the schema seems to be transitioning to NG9-1-1, it is important to populate the required, 

recommended, and optional fields that the schema includes. Without following the standards, 

interoperability will be hard to achieve. 

 

 

Figure 4: GIS Data Readiness Factors 

 

The legacy tabular and NG9-1-1 GIS data should validate to at least 98% before implementing geospatial 

routing3. Most 9-1-1 systems have reached that 98% threshold, although testing occurs only quarterly to 

annually depending on the jurisdiction, which is not sufficient for maintaining the GIS data to the high 

standards required for NG9-1-1 operations. 

 

Several jurisdictions indicated that MLTS and PBX systems on government and commercial campuses do 

not meet the requirements set by Section 506 of RAY BAUM’S Act. The FCC has adopted rules to ensure 

that “dispatchable location” is conveyed with 9-1-1 calls to dispatch centers, regardless of the technological 

platform used, including 9-1-1 calls from MLTS. Dispatchable location means a location delivered to the 

PSAP with a 9-1-1 call that consists of the validated street address of the calling party, plus additional 

 

 
3 NENA Standard for NG9-1-1 GIS Data Model: NENA-STA-006.1.1-2020, February 18, 2020 

NENA Information Document for Synchronizing GIS Databases with MSAG & ALI: NENA 71-501, Version 1, May 26, 2009 
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information such as suite, apartment, or similar information necessary to adequately identify the location of 

the calling party (47 Code of Federal Regulation [CFR] § 9.3.)4. While this is a telephony issue, GIS can 

assist with the resolution by geocoding the location database and comparing the recorded location to the 

address points for the campus buildings. 

 

Geocoding is the process of transforming a tabular location, such as an address or x, y coordinates, to a 

location on a map. The geocoding process is used in NG9-1-1 to help route calls to the correct PSAP. 

 

 

Figure 5: Geocoded Example 

 

1.2 Blocking Issues 

 

The rollout of NG9-1-1 and the need for parallel legacy and geospatial 9-1-1 call routing throughout the 

migration necessitate synchronicity between the legacy ALI and MSAG tables and the GIS site structure 

address points and road centerlines. The staff maintaining these GIS data must have access to the ALI 

and MSAG tables to make updates and download fresh copies of the tables for validation at least quarterly. 

In high-growth areas, this validation should occur monthly. The average score for this factor meets the 

needs of enhanced 9-1-1 (E9-1-1) but is insufficient to support the migration to NG9-1-1. 

 

Most jurisdictions have included the attribute fields to support the NENA NG9-1-1 GIS data schema, but far 

too many jurisdictions have not met the NENA standards for completing the attribution. Null values, non-

standard attribution, and temporary placeholder information in the mandatory or conditional (where 

 

 
4 https://www.fcc.gov/mlts-9-1-1-requirements 
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conditions met the requirements for population) fields were the most common issues with meeting the 

NENA standards. Optional fields were not evaluated for this study. Noncompliance with the NENA 

standards will preclude a 9-1-1 system from implementing geospatial 9-1-1 call routing, therefore delaying 

a jurisdiction from going live with NG9-1-1. 

 

One 9-1-1 system scored at high risk for this factor and nine of fifteen 9-1-1 systems have one or more 

topics with insufficient advancements to move forward with the NG9-1-1 migration. 

 

1.3 Recommendations 

 

GIS data readiness must be achieved and every data steward capable of constant maintenance to 

NG9-1-1 standards. The Program is in the process of implementing tools to assist the jurisdictions in 

maintaining the GIS data and running validation checks against the legacy tabular data. Training and 

support must be provided to all GIS data stewards to ensure the tools are properly used and provide value 

to the jurisdictions. 

 

Statewide aggregate GIS data is quintessential to the success of NG9-1-1 and to fully realize the added 

benefits of connecting all PSAPs to the same network. The Program already collects the GIS data from all 

9-1-1 systems and builds an aggregate GIS dataset for NG9-1-1. This GIS data must be shared back to 

the 9-1-1 systems for use in collaborative GIS data development and the population of GIS CAD maps 

beyond the area of operations for each PSAP to provide for alternate call-routing mitigation and building 

policy routing rules. 

 

 
  

➢ Statewide aggregate GIS data is quintessential to the success of NG9-1-1 and to fully realize the 

added benefits of upgrading to NG9-1-1. 
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2 Production Environment 

Maintaining the GIS data and the CAD map and coordinating GIS data updates with neighboring 

jurisdictions within the schedule set by NG9-1-1 standards require all components of the system to 

function at peak performance. An optimal functioning GIS production environment is people, data, and 

systems all collaborating toward a mutual goal. The project team chose to focus on four main components 

of the production environment for this study: GIS staff, GIS data storage, information technology (IT) 

support for the GIS data storage, and the need to support both the NG9-1-1 solution components and the 

CAD map. 

 

2.1 Statewide Findings 

 

The Production Environment factor includes four topic areas. 

 

• Data Storage 

• GIS Staff 

• Centralized GIS Database Service Level 

Agreement (SLA) 

• Staff Support for CAD and Emergency 

Services Internet Protocol (IP) Network 

(ESInet) Operations  

 

 

The graph on the following page shows the statewide average for these four topics. 

 

Most 9-1-1 system administrators are supported by either a GIS professional or contracted GIS services 

through a private vendor. However, most 9-1-1 systems do not have the GIS staff necessary to fully 

support the needs of NG9-1-1 operations. Six 9-1-1 systems require at least one additional GIS position to 

meet the demands NG9-1-1 will place on GIS. More GIS staff are necessary to fill the many vacancies in 

the municipalities and counties across the state. The GIS job market is competing for the limited qualified 

professionals available to fill the multitude of open positions. This leads to higher-than-normal turnover 

rates, especially in the rural parts of Arizona, inconsistency in data maintenance procedures, and delays in 

achieving NG9-1-1 readiness. While the GIS staffing topic is within the transitional state to NG9-1-1, the 

shortage of GIS professionals and the number of open and new GIS positions in Arizona necessitates 

placing GIS staffing on the list of risks to the success of NG9-1-1. 

 

2   Production Environment 
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Figure 6: Production Environment Factors 

 

All fifteen 9-1-1 systems interviewed use the Esri suite of GIS products. Capabilities with the Esri software 

vary between jurisdictions and some 9-1-1 systems are only end users of GIS data provided by GIS 

contractors. Every 9-1-1 system maintains GIS data in Esri format either stored in a file geodatabase or in 

a spatial database. This allows for the easy sharing of GIS data between jurisdictions and with the 

Program. GIS data storage across the state is sufficient for the NG9-1-1 migration and is nearly ready to 

support the ongoing operations of NG9-1-1. 

 

2.2 Blocking Issues 

 

The 9-1-1 environment requires what the industry terms “five 9s” availability or 99.999% uptime. While the 

GIS does not need to meet this level of availability since the GIS data are loaded into the NG9-1-1 NGCS 

components with each update, losing GIS capabilities for even one day in most jurisdictions could have 

repercussions throughout the entire NG9-1-1 system5. Many 9-1-1 systems’ GIS staff do not have access 

 

 
5 NENA recommends 72-hour (or less) turnaround time for address point and road centerline error corrections 

NENA Standards for the Provisioning and Maintenance of GIS data to ECRF and LVFs: NENA-STA-005.1.1-2017, February 

16, 2017 
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to maintain GIS servers, and their respective IT groups only support the server on which the GIS database 

is loaded. GIS access to manage the spatial database as well as the GIS data stored within should be 

ubiquitous across the state. Establishing minimum support standards and enforcing them with memoranda 

of agreement (MOAs) or more stringent SLAs would mitigate this risk. 

 

GIS staffing quickly will become a blocking issue for many jurisdictions as maintaining both the NG9-1-1 

component GIS data and updating the CAD map within the limited timeframe necessary to support 9-1-1 

and NG9-1-1 operations is necessary. The majority of 9-1-1 systems do not have the requisite GIS staff to 

support both CAD and NG9-1-1 solution GIS needs within the 72-hour turnaround time established by 

NENA. In fact, many jurisdictions stated that GIS and NG9-1-1 lack the necessary support from local 

leaders to expand staffing and capabilities even if qualified staff were plentiful. 

 

2.3 Recommendations 

 

The State has established some NG9-1-1 GIS standards and adopted NENA standards to broaden the 

GIS data development, sharing, and maintenance requirements in the state. The Program should work 

with local GIS leaders to establish minimum standards for GIS data server access, availability—including 

network connectivity between the data center, GIS, and the PSAP—and backup and recovery plans for 

every PSAP and GIS data steward in the state. Further, the Program should provide MOA and SLA 

templates for local use in implementing these new standards.  

 

The Program has funded $868,835.86 in GIS data development projects in fiscal year (FY) 2022 and 

already has received requests for an additional $261,110.00 in GIS data development projects in FY 2023 

from the PSAPs. These projects have very limited scope and only prepare the GIS data; they do not 

account for GIS data maintenance. These funds would be better spent hiring GIS staff within the Program 

to offset GIS staffing gaps in the 9-1-1 systems and local jurisdictions. The individual MAPS analyses 

revealed that 9-1-1 systems required additional GIS resources to meet the needs of NG9-1-1. However, 

many require less than a full-time employee and, for the rural jurisdictions, attracting and retaining qualified 

GIS staff is very difficult. Hiring GIS staff at the State level is more fiscally responsible and offers 

candidates a more attractive compensation package, likely leading to better retention rates. 

 

 

 
  

➢ The Program should work with local GIS leaders to establish minimum standards for GIS data 

server access, availability, and backup and recovery plans. 

➢ The Program should hire GIS staff to offset GIS staffing gaps in the 9-1-1 systems and local 

jurisdictions. 

➢ The Program should provide MOA and SLA templates for local use in implementing these new 

standards. 
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3 Regional Coordination 

The rollout of NG9-1-1 dramatically changes the 9-1-1 landscape. Arizona no longer will be supported by a 

collection of 81 individual PSAPs or fifteen individual 9-1-1 systems but will be a statewide network of 

9-1-1 centers digitally connected to each other and to the rest of North America. This interconnection 

requires local, regional, tribal, state, and multistate collaborative GIS data development and maintenance 

to provide the highest quality GIS data without coverage overlap or gaps, which could delay the delivery of 

9-1-1 services. 

 

The individual or siloed GIS data providers must cooperatively work to build seamless, aggregated GIS 

data across Arizona. 

 

 

Figure 7: Silo Representation 

 

3   Regional Coordination 
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Aggregating GIS data from individual counties reduces the number of errors such as gaps and overlaps 

and allows the Program to distribute clean regional data to the PSAPs. 

 

The most accurate GIS data is sourced from the local GIS authority. Not all municipalities have GIS 

capabilities; some counties maintain the GIS data for the incorporated and unincorporated areas. The 

figure below represents the Program’s desired workflow for GIS data with the understanding that some 

concessions will be made for cooperative GIS efforts or contracted services. 

 

 

Figure 8: GIS Desired Workflow 

 

Arizona has a well-established platform for GIS data sharing in the AZGeo Data Hub6. The Program 

continues to leverage existing programs across State agencies to enhance the capabilities of the 911 

system while maintaining fiscal responsibility. The Program established a partnership with the Arizona 

Geographic Information Council (AGIC) and the Arizona State Land Department to use AZGeo for the 

dissemination of NG9-1-1 GIS data. This capability was identified as vital to the success of NG9-1-1 in the 

Arizona Next Generation 9-1-1 GIS Strategic Plan. All tribal and local jurisdictions will have access to the 

aggregated NG9-1-1 GIS datasets for use in collaborative GIS data maintenance and building regional 

CAD maps.  

 

The Program also is an active participant in the NHTSA National 911 Program GIS initiative to assess 

national capabilities of the GIS industry to support the NG911 migration and define the future of next 

generation GIS (NG GIS). In parallel with the NHTSA National 911 Program, Arizona is seeking to 

 

 
6 AZGeo (arcgis.com)  

911 Program
Aggregation Point

County
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Municipality

County
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https://azgeo-data-hub-agic.hub.arcgis.com/
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implement a GIS data supply chain that includes partners from State agencies, the Federal National 

Address Database (NAD), public sector businesses such as Amazon and Google who frequently require 

location information, and neighboring states.  

 

While it is the desire of the Program to combine the efforts of state and local stakeholders to build the most 

robust capabilities at the lowest cost to taxpayers through incorporating AZ Geo, a statewide geocoding 

service, the Department of Transportation (DOT) linear reference system natively in support of 911, this 

responsible use of existing infrastructure will require every 911 system across the state to meet minimum 

standards for regionalizing the GIS data. 
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3.1 Statewide Findings 

 

The Regional Coordination factor includes six topic areas. 

 

• ESZs Edge-Matched to PSAPs 

• PSAP Polygon Edge-Matching 

• Address Points Verified Against Overlaps 

• GIS Data Available to Other Jurisdictions 

• Provisioning Boundaries Edge-Matched to 

Neighbors 

• Road Centerlines at Boundary Edges  

 

 

The graph below shows the statewide average for these six topics. 

 

The progress of individual 9-1-1 systems towards high-quality, accurate, and current GIS data is to be 

commended. However, the NG9-1-1 architecture necessitates coordinated development and maintenance 

of seamless GIS data for all of North America. Arizona 9-1-1 systems excel at building GIS data within their 

respective jurisdictions. However, there still is a great deal to be accomplished before the state is ready to 

move forward with the NG9-1-1 rollout. 

 

 

Figure 9: Regional Coordination Factors 
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The service boundaries for fire, law. and emergency medical services (EMS) generally are clipped to a 

jurisdictional boundary. Understanding that these data are wholly within a single jurisdiction, it is expected 

that the majority of 9-1-1 systems are in the transitional stage for this dataset. 

 

Only three 9-1-1 systems scored as transitioning to NG9-1-1 on all six of topics in this evaluation factor. 

Four 9-1-1 systems are at high risk against successful NG9-1-1 migration. Two jurisdictions stated that 

they do not actively share GIS data with neighboring jurisdictions, which places them and their immediate 

neighbors at high risk of GIS data overlaps that will preclude them from loading GIS data into the NG9-1-1 

components. 

 

3.2 Blocking Issues 

 

The individual counties have put great effort into ensuring the accuracy of their internal boundaries along 

with address points and centerlines. The PSAP polygon is used for 9-1-1 call routing in NG9-1-1 and, 

therefore, should be aligned with the dispatching authority in an area. The PSAP boundary can weave in 

and out of a jurisdictional boundary and may not align with the provisioning boundary. The alignment of 

PSAP boundaries is at the discretion of the 9-1-1 authority and should, as a best practice, be aligned to 

reduce 9-1-1 call transfers. This requires a great deal of coordination between GIS and 9-1-1 as well as 

between PSAPs and 9-1-1 systems. Edge-matching the PSAP polygons will remain a blocking issue until 

all 73 primary PSAP boundaries are topologically correct—free of overlaps and gaps. The figure below 

highlights polygon alignment issues frequently discovered when aggregating GIS data from neighboring 

jurisdictions that did not coordinate GIS data development. 

 

 

Figure 10: Polygon Alignment Issues7 

 

 

 
7 arcgis desktop - Align one polygon boundary to another boundary - Geographic Information Systems Stack Exchange  

https://gis.stackexchange.com/questions/290747/align-one-polygon-boundary-to-another-boundary
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All road centerlines should end right at the boundaries edge. Without the proper regional coordination, 

these features can overlap or have gaps, and there could be a delay in the routing of an emergency call as 

well as vehicular routing. The address ranges on road centerlines and individual address points also must 

be checked for overlap or duplication between jurisdictions. Half of the 9-1-1 systems stated that address 

ranges and points have not been validated against their neighbors. 

 

Finally, the provisioning boundary, which defines the authoritative source for GIS data, must be 

topologically correct. The State has chosen to use the official statewide county boundary GIS dataset from 

AZGeo as the provisioning boundary. Although this GIS dataset is topologically correct, it has not been 

adopted by all jurisdictions and used to clip the other GIS datasets. GIS data extending beyond the 

provisioning boundary will cause the entire GIS data push to the NG9-1-1 solution components to be 

rejected. 

 

3.3 Recommendations 

 

The Program should facilitate coordinated digital or table-top planning sessions between 9-1-1 systems to 

review boundary areas of concern. Local teams should consist of the 9-1-1 director and a GIS resource as 

well as law, fire, and EMS representatives from each jurisdiction where service boundaries are contested. 

Once the boundaries are agreed upon, the GIS polygons can be properly aligned for call routing and 

correctly attributed. 

  

Road centerline and address points should be reviewed along jurisdictional boundaries to ensure 

overlapping and duplication of features is rectified. Road centerlines should be snapped to the end of a 

neighbors centerline and the address points should not be duplicated along boundaries. Again, 

coordination is vital to the accuracy of this data.  

  

The Program has chosen to continue working through the 9-1-1 system administrators to collect and 

disseminate GIS data. The figure on the following page represents the workflow envisioned by the 

Program for data collection and error reporting. 
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Figure 11: Data Correction and Error Reporting Workflow 

 
Supporting this workflow will require a higher degree of coordination between jurisdictions than is occurring 

in the vast majority of 9-1-1 systems. The Program should support the collaboration with outreach on the 

importance of governance to cooperative GIS data maintenance and to the leadership at local government 

and tribal communities on the need for leadership support for NG9-1-1 GIS data maintenance. 

 

 
  

➢ The Program should facilitate coordinated digital or table-top planning sessions between 9-1-1 

systems to review boundary areas of concern. 

➢ The Program should support the collaboration with outreach on the importance of governance to 

cooperative GIS data maintenance and to the leadership at local government and tribal 

communities on the need for leadership support for NG9-1-1 GIS data maintenance. 



 

  20 

 

4 Training 

The number of parties involved and the complexity of the systems both increase exponentially with the 

introduction of NG9-1-1, not just for GIS but for 9-1-1 as well. The pairing of 9-1-1 and GIS is new for both 

groups, which presents many challenges. Outreach and education are vital to garnering support from new 

stakeholders. The success of NG9-1-1 in Arizona is in the hands of local, regional, tribal, and state leaders 

who may not understand the intricacies of GIS, NG9-1-1, and the marriage between the two technologies. 

 

4.1 Statewide Findings 

 

The Training factor includes four topic areas. 

 

• GIS Software Training 

• MSAG, ALI, and GIS Data Validation Tool 

Training 

• Ongoing Maintenance Tool User Groups and 

Training 

• Education for Non-GIS Stakeholders  

 

 

The graph on the following page shows the statewide average for these four topics. 

 

GIS staff across the state demonstrate a high degree of skills using GIS software and the associated 

validation tools. GIS resources in all but three 9-1-1 systems indicated that Esri software training was 

sufficient for them to properly maintain the GIS data to NG9-1-1 standards. Most 9-1-1 systems also have 

received the requisite amount of training necessary to properly maintain the ALI and MSAG tables. 

 

4   Training 
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Figure 12: Training Factors 

 

4.2 Blocking Issues 

 

Three 9-1-1 systems stated that they were unable to maintain the ALI and MSAG and synchronize the 

legacy tables with the GIS data. These high-risk jurisdictions cannot migrate to geospatial routing until the 

GIS data and the legacy tables both are matched to a 98% accuracy and the jurisdictions have an 

achievable GIS data maintenance plan in place. Training on the 1-Spatial tools provided by the Program is 

required for these 9-1-1 systems. 

 

GIS staff across the state are well trained and have access to training to help support the migration from 

E9-1-1 but there is a nearly universal concern about the lack of understanding from leadership regarding 

the role GIS plays in the NG9-1-1 landscape. Five 9-1-1 systems cited a lack of education or outreach 

among non-GIS stakeholders as a roadblock to success. Since GIS is at the heart of call routing, it is 

imperative that all key stakeholders across all disciplines understand the basic concepts of GIS, its role in 

NG9-1-1, and the importance of maintaining these geospatial datasets. 
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The need for user groups and training for GIS data maintenance tools as well as a user forum for 

collaboration was highlighted by many GIS participants. Three 9-1-1 systems received high-risk scores 

while four counties are at risk; this equates to almost half the 9-1-1 systems in the state. Without proper 

GIS data maintenance training, timely GIS data maintenance and GIS data integrity are at risk as well. 

 

4.3 Recommendations 

 

GIS staff should continue to be provided unrestricted access to current training opportunities that support 

the NG9-1-1 environment. This includes on-demand training on GIS software and Program and third-party 

GIS data maintenance tools. Ongoing training in these tools will allow GIS staff to maintain data integrity 

and provide updates within the 72-hour timeframe required in an NG9-1-1 environment. 

 

Understanding the role that GIS plays in the NG9-1-1 landscape is vital at every level including leadership. 

Program-sponsored outreach is recommended to familiarize non-technical stakeholders about the 

essentials of GIS and its role in 9-1-1 call routing. Outreach can be delivered through educational sessions 

during 9-1-1 Board meetings, State and county legislative hearings, and open public sessions. It also is 

recommended that educational material be posted on county and State 9-1-1 websites using language 

non-technical users can understand. 

 

The Program will help to mitigate the validation and maintenance tools scores for most jurisdictions as the 

GIS stakeholders are added to the Program-sponsored toolset and provided the training from the software 

vendor. 

 

 
  

  

➢ GIS staff should continue to be provided unrestricted access to current training opportunities that 

support the NG9-1-1 environment. 

➢ Understanding the role that GIS plays in the NG9-1-1 landscape is vital at every level including 

leadership. 
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5 CAD Systems 

GIS data that is developed for NG9-1-1 should also be accessible and used by CAD systems throughout 

the state. This data can be used to enhance local call processing and call dispatching along with providing 

a map display for facilitating situational awareness. There are various CAD software platforms being used 

across the state; some are “homegrown” and not part of a centralized solution. Supporting CAD systems 

further necessitates GIS data sharing in a standardized format. Ingesting NG9-1-1 GIS data into the local 

CAD system will help ensure timely updates and synchronicity between the NG9-1-1 components and 

CAD systems. 

 

Leveraging the same GIS data for CAD and NG9-1-1 provides instant return on investment. Although there 

are slight differences in the attribute requirements for the GIS data used to route calls to the PSAPs and 

the needs for vehicular routing and situational awareness in CAD, these generally can be overcome with a 

few extra fields in the GIS data attribute table rather than recreating the entire dataset. By consolidating the 

level of effort for data development into a single dataset, each jurisdiction can eliminate the need for 

multiple resources maintaining duplicate GIS datasets and the risk of conflicting GIS data attributes 

between the datasets.  

 

5.1 Statewide Findings 

 

The CAD Systems factor includes three topic areas. 

 

• CAD and Spatial Interface (SI) Same Source 

• Data Sharing with the State 

• Frequency of CAD Map Updates 

 

 

The graph on the following page shows the statewide average for these three topics. 

 

Nine 9-1-1 systems reported sourcing the same GIS data for CAD and the NG9-1-1 components while 

three 9-1-1 systems are in the high risk category. Roughly half of the 9-1-1 systems actively share either all 

or a portion of their GIS data with neighboring jurisdictions. The majority of 9-1-1 systems are at risk for 

overspending on GIS data maintenance or experiencing discrepancies between the GIS data used for 

9-1-1 call routing and the CAD maps in the PSAPs. 

 

5   CAD Systems 
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Figure 13: CAD Factors 

 

The 9-1-1 systems have shown moderate success sharing data to the State. Eleven 9-1-1 systems actively 

share data at least quarterly. The frequency of CAD map updates has also had moderate success but 

these topics scored within the at-risk category. Additional efforts are needed to encourage the sharing of 

NG9-1-1 data and to ensure all PSAPs have access to the AZGeo portal. 

 

5.2 Blocking Issues 

 

Since CAD is not necessary for NG9-1-1, there are technically no blocking issues for this section. 

However, several issues will increase the cost of GIS data or decrease the capabilities of a 9-1-1 system or 

individual PSAP: 

 

• Six 9-1-1 systems maintain separate GIS data for the CAD system and NG9-1-1 

− Doubles the cost to maintain each dataset 

− Introduces the risk of conflicting GIS data  

• All but two 9-1-1 systems updated the CAD maps quarterly or less frequently 

− New addresses not added to the CAD map for three months 

− 9-1-1 calls routed to the PSAP from locations not available in the CAD map 
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− No CAD map coverage for construction and utility workers 

• Twelve 9-1-1 systems indicated that they only use local GIS data in the CAD map 

− No CAD map coverage for wireless 9-1-1 calls routed to the PSAP from beyond the jurisdiction 

− No CAD map for alternate 9-1-1 call routing from other PSAPs 

 

5.3 Recommendations 

 

The Program should provide aggregated NG9-1-1 datasets in a centralized location accessible by all 

PSAPs. The Program currently utilizes the AZGeo portal for its geospatial repository and should ensure the 

IT infrastructure can support frequent uploads and downloads of GIS data and ensure security for data 

transport and storage. 

 

The Program should encourage monthly uploads of addressing data to the AZGeo portal as well as at least 

monthly downloads by all PSAPs. Weekly updates are recommended for high-growth areas. This will 

ensure the most current data is available to all PSAPs. 

 

The State should encourage regional NG9-1-1 data downloads for local CAD environments and host 

regional workshops, in person or virtually, to educate and support users of the system. 

 

 
  

➢ The Program should provide aggregated NG9-1-1 datasets in a centralized location accessible by 

all PSAPs. 

➢ The Program should encourage monthly uploads of addressing data to the AZGeo portal as well 

as at least monthly downloads by all PSAPs. Weekly updates are recommended for high-growth 

areas. 

➢ The State should encourage regional NG9-1-1 data downloads for local CAD environments and 

host regional workshops, in person or virtually, to educate and support users of the system. 
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6 General Information Technology 

The systems supporting the GIS professionals who develop and maintain the GIS data for NG9-1-1 must 

meet performance and availability standards beyond those of systems used for everyday reporting and 

spreadsheet tasks. Spatial database management systems require a high degree of computing power, fast 

and reliable networks interconnected with other jurisdictions and the State, and end-user computers (PCs) 

with advanced processing and three-dimensional video rendering capabilities. The difference between a 

word processing PC and a GIS PC can be measured in tens of seconds to minutes for each view refresh 

or data editing session. GIS is tasked with updating tens of thousands of records to comply with NG9-1-1 

standards and hundreds more edits per month to maintain the GIS data to NG9-1-1 standards. The loss of 

productivity and delays in updating the NG9-1-1 components with the latest GIS data far outweighs the 

investment necessary for quality infrastructure and hardware. 

 

6.1 Statewide Findings 

 

The General Information Technology factor includes four topic areas. 

 

• Software Licensing 

• Software Updates 

• Computers 

• Technical Support 

 

 

The graph below shows the statewide average for these four topics. 

 

Nearly all 9-1-1 systems indicated that they have sufficient licenses for Esri products and that the licenses 

are up to date within a minor release or software patch. However, the number of individual licenses of Esri 

software across the state is surprising and indicates that the total cost for software is much higher than 

necessary. Esri offers enterprise licensing, which can drastically reduce the cost per license over individual 

licensing. Several counties indicated that they attempted to secure enterprise licensing to include the 

municipalities within the county but met with resistance from Esri. 

 

6   General IT 
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Figure 14: General Information Technology Factors 

 

The advanced spatial database servers used to house GIS data require fine tuning to optimally function. Of 

those counties maintaining their GIS data in Esri’s spatial database engine (SDE), approximately one-third 

stated that they did not have login access to the server for managing SDE and IT staff did not fully support 

the server beyond standard operating system and security patching. 

 

6.2 Blocking Issues 

 

Two 9-1-1 systems indicated that network speeds between buildings and with the internet is insufficient for 

most data and file sharing. Further, network connectivity is often unavailable due to dust or rain storms 

interfering with the microwave network through which the county connects to the outside world. Without 

reliable network connectivity, the 9-1-1 system will be unable to share GIS data and download aggregated 

GIS data from the State. 

 

Three 9-1-1 systems highlighted the need for new computers with better graphics capabilities for editing 

GIS data and six 9-1-1 systems failed to meet requisite IT support standards for GIS hardware and 

software. 
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6.3 Recommendations 

 

Arizona is experiencing rapid growth in many counties. With this growth comes improved communications 

infrastructure in those areas. The Program should work with partner agencies at the State to waive right-of-

way fees in rural jurisdictions and influence communications providers to extend infrastructure into these 

underserved counties. 

 

The Arizona Department of Public Safety (DPS) is in the process of upgrading and expanding its 

emergency communications network. As this system is designed and implemented, there may be 

opportunities for the Program and local jurisdictions to partner with DPS to add additional bandwidth for 

jurisdiction and 9-1-1 use. Other State agencies also may provide further partnering opportunities that the 

Program can extend to improve local network connectivity. 

 

The Program should develop and share a minimum specifications standard for GIS PCs within Arizona. 

The Program could improve upon the minimum specifications by establishing a State purchasing contract 

with two to three prescreened vendors for desktop and laptop PCs meeting NG9-1-1 and GIS performance 

metrics such as 3D-capable video cards, multiple monitors, and minimum random access memory (RAM) 

and hard drive sizes. 

 

 
  

➢ The Program should work with partner agencies at the State to waive right of way fees in rural 

jurisdictions and influence communications providers to extend infrastructure into these underserved 

counties. 

➢ The Program should develop and share a minimum specifications standard for GIS PCs within 

Arizona. 



 

  29 

 

7 Addressing 

The delivery of life-safety services is all about “where.” 

 

• Where is the emergency? 

• Where should the 9-1-1 call be routed? 

• Where is the closest responder? 

• Where do the responders need to be sent? 

 

Accurate, robust addressing is paramount to the success of NG9-1-1 and the life-safety mission of 9-1-1. 

 

7.1 Statewide Findings 

 

The Addressing factor includes three topic areas. 

 

• New Address and Road Centerline Process 

• Addressing Process 

• Addressing to GIS Update Timeframe  

 

 

The graph below shows the statewide average for these three topics. 

 

There are approximately 100 addressing authorities in Arizona. The majority of addressing authorities do 

not have addressing workflows that include the 9-1-1 authority in the process before the address is issued, 

internal GIS capabilities to record the address point when it is issued, or even formal training on 

addressing best practices and standards. The widely varied approach to addressing across the state 

resulted in low scores for all ranking factors in this topic. 

7   Addressing 
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Figure 15: Addressing Factors 

 

There is much work to be done in Arizona to improve the addressing processes across the state. Given the 

importance of addressing to NG9-1-1 and the delivery of life-safety services, it is strongly recommended 

that the Program not move forward with the NG9-1-1 migration until 9-1-1 systems make sweeping 

improvements in address management. 

 

7.2 Blocking Issues 

 

Only four 9-1-1 systems ranked high enough to proceed with the NG9-1-1 migration in this topic. Nine 

9-1-1 systems have at least one ranking factor and of those five have two ranking factors in the high-risk 

category. One 9-1-1 system indicated that they do not have an addressing authority nor do they have an 

ordinance assigning authority to require the use of an assigned address. 

 

Addressing workflows that do not include a review by the 9-1-1 authority prior to issuing the address risk 

assigning an address that does not comply with 9-1-1 standards. There is no statewide guidance on 

recommended addressing workflows, addressing ordinances, or best practices for assigning addressing. 

 

Multiple 9-1-1 systems identified nonauthoritative address assignment or self-addressing as frequent 

issues within their jurisdictions. Nonauthoritative address assignment is an address assigned by a utility 

company, the post office, or other non-governmental agency. Two 9-1-1 systems stated occurrences of 
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new residents bringing their mailbox from a previous home, post, address number and all, and planting it at 

their new home. This self-assigned address almost never aligns with the numbering scheme for the road 

segment on which it is located. 

 

7.3 Recommendations 

 
The Program should develop and deploy an outreach plan to assist tribal councils, counties, and 
municipalities with revamping addressing programs. The outreach plan should include: 
 
• A brief, one-page explanation of the importance of addressing to 9-1-1 and why the Program is 

conducting the outreach 

• Minimum standards for address assignment 

− Methods for assigning address ranges 

− Proper spacing for address numbers 

− Odd/even parity standards 

• A template for creating an addressing ordinance 

• Templates for intergovernmental agreements (IGAs) to manage the information flow from addressing 

authorities without GIS capabilities up to the GIS authority, from local to county GIS, and between 

neighboring jurisdictions sharing addressing responsibility along a road centerline 

• Standards and expectations for address propagation from the addressing authority to the NG9-1-1 

solution 

• Executive briefing materials to garner leadership and elected official buy-in 

 

The figure below, used in a County Addressing Ordinance, shows the industry standard for assigning 

address numbers every 5.28 feet or 100 addresses per one tenth of a mile.8 

 

 

 

 
8 https://coconino.az.gov/documentcenter/view/6258  

https://coconino.az.gov/documentcenter/view/6258
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Figure 16: Address Assignment 

 

By allowing for 100 addresses every quarter mile, jurisdictions can accommodate mobile home parks, 

apartment buildings, and high-density commercial developments. 

 

 

 
  

➢ The Program should develop and deploy an outreach plan to assist tribal councils, counties, 

and municipalities with revamping addressing programs. 
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8 Documentation 

The creation and maintenance of the processes, procedures, agreements, workflows, responsibilities, 

metadata, and other types of documentation are the most neglected tasks in the majority of professional 

job descriptions. The complex nature of NG9-1-1 necessitates careful planning. Mitigating the many risks 

to the success of this undertaking necessitates the development of and strict adherence to documents 

regarding workflows, SOPs, strategic planning, and industry standards. 

 

8.1 Statewide Findings 

 

The Documentation factor includes five topic areas. 

 

• Continuity of Operations Planning 

• SOPs 

• GIS Data Error Workflow 

• Governance Documentation 

• Implementation Planning  

 

 

The graph below shows the statewide average for these five topics. 

 

The GIS programs supporting Arizona 9-1-1 systems are much like the rest of the GIS industry—there is 

not enough time or effort invested in documenting and updating the plans and agreements supporting 

NG9-1-1 GIS. All fifteen 9-1-1 systems participating in the gap analysis process either have long outdated 

documentation or are lacking documentation. 

 

8   Documentation 
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Figure 17: Documentation Factors 

 

Only six 9-1-1 systems have up-to-date continuity of operations (COOP) plans that include the needs of 

GIS and meet the needs of NG9-1-1. Three 9-1-1 systems indicated that they have a GIS strategic plan 

that has been updated based on the anticipated effort to include supporting NG9-1-1 GIS data 

maintenance. 

 

8.2 Blocking Issues 

 

SOPs guide the majority of tasks in the PSAP, but six 9-1-1 systems are severely lacking in SOPs on GIS 

data creation and maintenance. Without these valuable documents, staff turnover—which is frequent in the 

GIS industry—could place the GIS maintenance schedule weeks or months behind the three-day 

turnaround schedule. 

 

Eleven 9-1-1 systems do not fully document and track the GIS data error workflow from PSAP to GIS to 

DDTI/Comtech and CAD updates. When the 9-1-1 telecommunicators discover an error in the GIS data, 

they report that error to GIS, which corrects the issue and reloads the GIS data into the CAD map and also 

will be responsible for uploading the GIS data to the NG9-1-1 components. Without a written workflow and 
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status tracking, there is no way for the PSAP to know that the requested updates were posted to the GIS 

data. 

 

Several 9-1-1 systems stated that there is a lack of understanding about GIS, NG9-1-1, or the relationship 

between the two. Only three 9-1-1 systems have a GIS strategic plan that includes the needs for NG9-1-1 

and only one of those systems included leadership in the development of the strategies. 

 

8.3 Recommendations 

 

The Program can provide templates for COOP and strategic plans and base both of these on the State’s 

plans to ensure alignment with the Program’s strategic goals. Adding the importance of documentation to 

an outreach plan will assist the 9-1-1 systems in justifying the effort to leadership. 

 

The Program has established the workflow for GIS data from the local data steward to the State to the 

NG9-1-1 components and back to the PSAPs. This is the foundation for the necessary governance 

documentation to support the cooperative relationships that must be maintained to successfully support 

NG9-1-1 operations. The Program should formalize the workflow and update the Arizona Next Generation 

9-1-1 GIS Strategic Plan with the information. 

 

 
 

  

➢ The Program can provide templates for COOP and strategic plans and base both of these on the 

State’s plans to ensure alignment with the Program’s strategic goals. 

➢ Adding the importance of documentation to the outreach plan will assist the 9-1-1 systems in 

justifying the effort to leadership. 

➢ The Program should formalize the workflow for GIS data from the local data steward to the State to 

the NG9-1-1 solution and back to the PSAPs and update the Arizona Next Generation 9-1-1 GIS 

Strategic Plan with the information. 
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9 Conclusion 

Until all cellular and land telephone service providers in Arizona can utilize GIS for call routing, legacy 

9-1-1 call routing will be conducted in parallel to geospatial call routing—this requires diligence in 

maintaining GIS road centerlines and address points as well as 9-1-1 center PSAP ESZ and provisioning 

boundaries. This need demonstrates the following key conclusions and recommendations for the Program 

to undertake. 

 

1. Statewide aggregate GIS data is key to NG9-1-1 success to realize the full benefits of transitioning to 

NG9-1-1. 

− The Program must support the development, collection, aggregation and dissemination of NG9-1-1 

GIS data for statewide ESInet, 9-1-1 system, and local PSAP use. 

 

2. An optimal functioning GIS production environment includes people, data, and systems all 

collaborating toward a common goal. 

− The Program must continue to support local GIS data development through training, funding, staff 

augmentation, and facilitation of collaborative efforts. 

 

3. NG9-1-1 requires GIS analysts and PSAP personnel to cooperatively work across jurisdictions to build 

seamless, aggregated GIS data across the state—no more working in a silo! 

− The Program must continue to develop standards and set strategic goals that align with the 

development and maintenance of seamless GIS data across the state and with tribal entities. 

 

4. Not actively sharing GIS data and collaboratively working with neighboring jurisdictions to refine GIS 

data places Arizona 9-1-1 callers at risk. 

− The Program must provide continuous outreach and education of local, regional, and tribal GIS 

staff on the importance of collaborative GIS data development. 

 

5. Understanding the role and value of GIS in NG9-1-1 at every level from telecommunicators to elected 

officials at the local and state level is vital to success. 

− The Program must work with 9-1-1 and jurisdictional leadership at least quarterly to provide 

updates on the progress of the NG9-1-1 migration and the current status of GIS in NG9-1-1. 

 

6. Timely updates of GIS data should be accessible and used by CAD systems to enhance 9-1-1 call 

processing and dispatching to ensure 9-1-1 callers can be found as quickly as possible. 

− The Program must continue to partner with AZGeo to provide ready access to aggregated GIS 

data for NG9-1-1 to all Arizona 9-1-1 stakeholders. 

 

7. Loss of productivity and delays in updating NG9-1-1 components and CAD systems with the latest GIS 

data far outweighs the investment cost necessary for quality infrastructure and hardware and software 

to support GIS. 

− The Program must identify and assist in mitigating gaps in quality wide-area network coverage and 

lack of connectivity between local and State GIS resources. 



 

  37 

− The Program must develop minimum standards for GIS workstations and servers and provide a 

statewide contract through which jurisdictions can purchase these assets. 

− The Program must assist local and regional entities in negotiating affordable licensing agreements 

with Esri, the GIS software vendor of choice, for all jurisdictions in Arizona. 

 

8. The importance of accurate and robust addressing should not be overlooked. 

− The Program must establish a common, minimum addressing standard and provide support to 

regional, tribal, and local entities in developing local addressing standards that meet or exceed the 

requirements set forth by the State. 

 

9. SOPs guide the majority of tasks in the PSAP, but most 9-1-1 systems are severely lacking in SOPs on 

GIS data creation and maintenance. Without these valuable documents, staff turnover—which is 

frequent in the GIS industry—could place the GIS maintenance schedule weeks or months behind the 

three-day turnaround schedule. 

− The Program must support the development of NG9-1-1 GIS SOPs with document templates easily 
adapted by PSAPs and 9-1-1 systems. 


