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AIRPORT COOPERATIVE RESEARCH PROGRAM

Airports are vital national resources. They serve a key role in trans
portation of people and goods and in regional, national, and inter
national commerce. They are where the nation’s aviation system 
 connects with other modes of transportation and where federal respon
sibility for managing and regulating air traffic operations intersects 
with the role of state and local governments that own and operate most 
airports. Research is necessary to solve common operating problems, 
to adapt appropriate new technologies from other industries, and to 
introduce innovations into the airport industry. The Airport Coopera
tive Research Program (ACRP) serves as one of the principal means by 
which the airport industry can develop innovative nearterm solutions 
to meet demands placed on it.

The need for ACRP was identified in TRB Special Report 272: Airport 
Research Needs: Cooperative Solutions in 2003, based on a study spon
sored by the Federal Aviation Administration (FAA). The ACRP carries 
out applied research on problems that are shared by airport operating 
agencies and are not being adequately addressed by existing federal 
research programs. It is modeled after the successful National Coopera
tive Highway Research Program and Transit Cooperative Research Pro
gram. The ACRP undertakes research and other technical activities in a 
variety of airport subject areas, including design, construction, mainte
nance, operations, safety, security, policy, planning, human resources, 
and administration. The ACRP provides a forum where airport opera
tors can cooperatively address common operational problems.

The ACRP was authorized in December 2003 as part of the Vision 
100Century of Aviation Reauthorization Act. The primary participants in 
the ACRP are (1) an independent governing board, the ACRP Oversight 
Committee (AOC), appointed by the Secretary of the U.S. Department of 
Transportation with representation from airport operating agencies, other 
stakeholders, and relevant industry organizations such as the Airports 
Council InternationalNorth America (ACINA), the American Associa
tion of Airport Executives (AAAE), the National Association of State 
Aviation Officials (NASAO), Airlines for America (A4A), and the Airport 
Consultants Council (ACC) as vital links to the airport community; (2) 
the TRB as program manager and secretariat for the governing board; 
and (3) the FAA as program sponsor. In October 2005, the FAA executed 
a contract with the National Academies formally initiating the program.

The ACRP benefits from the cooperation and participation of airport 
professionals, air carriers, shippers, state and local government officials, 
equipment and service suppliers, other airport users, and research orga
nizations. Each of these participants has different interests and respon
sibilities, and each is an integral part of this cooperative research effort. 

Research problem statements for the ACRP are solicited periodically  
but may be submitted to the TRB by anyone at any time. It is the 
responsibility of the AOC to formulate the research program by iden
tifying the highest priority projects and defining funding levels and 
expected products. 

Once selected, each ACRP project is assigned to an expert panel, 
appointed by the TRB. Panels include experienced practitioners and 
research specialists; heavy emphasis is placed on including airport pro
fessionals, the intended users of the research products. The panels pre
pare project statements (requests for proposals), select contractors, and  
provide technical guidance and counsel throughout the life of the 
 project. The process for developing research problem statements and 
selecting research agencies has been used by TRB in managing cooper
ative research programs since 1962. As in other TRB activities, ACRP 
project panels serve voluntarily without compensation. 

Primary emphasis is placed on disseminating ACRP results to the 
intended endusers of the research: airport operating agencies, service 
providers, and suppliers. The ACRP produces a series of research 
reports for use by airport operators, local agencies, the FAA, and other 
interested parties, and industry associations may arrange for work
shops, training aids, field visits, and other activities to ensure that 
results are implemented by airportindustry practitioners.
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ACRP Report 123: A Guidebook for Airport Winter Operations serves to help managers, 
operators, and users of small to large airport facilities prepare for, operate during, and 
recover from disruptive winter events as well as manage airport user expectations. The 
guidebook identifies and evaluates best practices in airport airside and landside winter 
operations, as well as provides guidance on how to manage overall passenger experience 
within a framework of safety and efficiency. The guidebook also provides guidance to air
port operators on determining the optimal level of investment necessary to implement an 
effective program given expected winter conditions and the nature of the aviation activity 
at that particular airport.

Winter weather has the potential to disrupt operations at airports of all sizes, and recent 
events at several airports have again illustrated the importance of preparing for, operating 
during, and recovering from winter events. Lack of preparation by an airport for these 
events can result in potential safety issues. In addition, it is well known that dealing with 
winter operations can represent a significant cost to airports. For example, the FAA Office 
of Investment Planning and Analysis estimated the 2014 operating cost of a delayed pas
senger aircraft to be $82.66 per minute, and the 2014 value of time for a delayed business  
passenger to be $1.05 per minute with flight cancellations posing even greater costs— 
a factor that can support a decision to increase investment in snow removal so as to reduce 
the time required to clear a runway. To prepare for these events, airports have to develop a 
variety of procedures based on individual or unique requirements. Examining the range of 
existing procedures and evaluating effectiveness would help airports in general respond to 
a continuing winter operations requirement.

Under ACRP Project 1015, research was conducted by Gresham, Smith and Partners  
in association with Paul Sichko, Vesta Rea and Associates, Tim Anderson, Eric Tolton, and 
Richard Marchi to develop a guidebook that provides a useful framework based on best 
practices to ensure optimal investments into effective winter operations plans are being 
made at airports of varying sizes. As part of the research, the team visited a wide variety of 
airports including Centennial, Boise, Denver, Boston, Dallas, and Toronto, among others. In 
addition to this guide, the contractor’s final report is available on the TRB website (trb.org)  
by searching for “ACRP Report 123.”

F O R E W O R D

By Theresia H. Schatz
Staff Officer
Transportation Research Board
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1   

Winter weather has the potential to disrupt operations at airports of all sizes; a particularly 
harsh 2013–2014 winter season across the United States again illustrated the importance of pre-
paring for, operating during, and recovering from severe winter events. Inadequate investment 
in preparation for these types of events can result in potentially serious safety issues or frequent 
airport closures. Understanding that safety is paramount, the level of investment in an airport 
winter operations program must be balanced by the significant financial costs of the program. 
This is the challenging reality for airport operators.

Unilateral decisions on the level of airport investment in winter operations can be a source 
of conflict between airport operators and their stakeholders, particularly tenant air carriers. For 
example, an airport operator choosing the minimum levels of snow removal equipment (SRE) 
described in FAA Advisory Circular (AC) 150/5200-30C, Airport Winter Safety and Operations, 
and AC 150/5220-20, Airport Snow and Ice Control Equipment, may contribute to flight delays 
and cancellations that financially impact air carriers and their passengers. The FAA Office of 
Investment Planning and Analysis (IP&A) estimated the 2014 operating cost of a delayed pas-
senger aircraft to be $82.66 per minute, and the 2014 value of time for a delayed business pas-
senger to be $1.05 per minute with flight cancellations posing even greater costs (1). Conversely, 
airport operators choosing to invest hundreds of thousands and even millions of dollars in SRE 
and equipment operators to minimize flight delays and cancellations may increase costs to air 
carriers if the equipment is funded through rates and charges.

Achieving stakeholder buy-in on winter operations investment decisions requires active 
engagement of airport stakeholders during pre-season planning and continuing throughout the 
winter season. This engagement enables the definition and maintenance of mutually agreeable, 
predictable cost and winter operations performance expectations. Collecting and evaluating 
performance data during and at the conclusion of each winter season can define unanticipated 
operational shortfalls and facilitate informed decision making on potential additional invest-
ments necessary to meet mutual expectations. This collaborative, data-driven approach to 
meeting expectations can assist with determining and maintaining a dynamic, optimal level of 
investment in winter operations.

1.1 Guidebook Objectives

The first objective of this guidebook is to provide a process for identifying the optimal 
level of investment needed to prepare for, operate during, and recover from disruptive win-
ter events, as well as manage airport passenger expectations. There are numerous guidance 
documents available within the industry. Many are in the form of FAA ACs and ACRP guide-
books that focus on aspects of an airport winter operation program, and many of these are 

C H A P T E R  1
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2  A Guidebook for Airport Winter Operations

highlighted throughout this guidebook. However, none specifically addresses how to achieve 
this objective. (Note that the ACRP report cover images throughout this guidebook are linked 
to the PDFs of the actual reports themselves. Simply click on a cover image to navigate to 
these PDFs.)

The second objective of this guidebook is to present summarized airside and landside win-
ter operations best practices identified during research conducted in preparation for writing this 
guidebook. These best practices represent potential strategic and tactical opportunities to improve 
winter operations performance and, as such, support the first objective. Best practices are presented 
in Chapters 8 through 11, as described below. Additionally, some best practices are highlighted in 
other chapters as call-out boxes, and are presented adjacent to directly relevant chapter text.

1.2 Guidebook Organization

This guidebook is organized around the concept that a winter operations program can be 
structured using a management system approach, a framework of strategies and tactics (defined 
as processes and procedures) to achieve winter operations goals and objectives. Management 
systems also strive to achieve continuous improvement. The chapters are grouped by recurring 
airport winter operations program phase including:

•	 Operations planning,
•	 Strategy and tactic implementation,
•	 Performance evaluation, and
•	 Improvement opportunity identification.

Figure 1-1 illustrates the four phases, which resemble the common management system phases 
of Plan-Do-Check-Act. A similar figure appears at the introduction to each chapter highlighting 
the applicable phase addressed by the chapter. Readers can proceed directly to the guidebook 
chapters most relevant to the winter operations program phase they are currently in and apply 

Figure 1-1.  The guidebook 
organization is based on a 
management system approach 
to winter operations.
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the concepts presented therein. However, Chapters 2 through 5 establish the foundation for a 
strong winter operations program and should not be overlooked. A description of each chapter 
is provided below.

1.2.1 Operations Planning

Chapter 2

Chapter 2 presents three essential elements that set a foundation for successful and industry-
recognized winter operations programs—effective communication, collaboration, and coordi-
nation within an airport operator’s organization and among its winter operations stakeholders. 
It encourages identifying the range of stakeholders that may be impacted by, or may impact, 
winter operations, and it presents the characteristics that make up effective communication, 
collaboration, and coordination.

Chapter 3

Chapter 3 identifies the requirements for certificated airports to prepare, maintain, and carry 
out a snow and ice control plan (SICP). Airport operators subject to these requirements are 
referred by regulation to ACs that contain methods and procedures for snow and ice control 
equipment, materials, and removal that are acceptable to the FAA Administrator. The chapter 
identifies ACs directly applicable, or applicable in part, to airport winter operations and sum-
marizes the purpose of each AC.

Chapter 4

Chapter 4 presents a discussion of environmental laws and regulations, focusing on those 
intended to protect stormwater runoff quality from typical airport winter operations. This discus-
sion addresses various permits, permitting requirements, and guidance on interpreting permit con-
ditions. It concludes with a discussion of airport deicer management system design, components, 
and operation as a means to achieve stormwater permit compliance.

Chapter 5

Chapter 5 presents an approach for characterizing and understanding the range of meteoro-
logical conditions associated with winter storm events common to an airport’s regional geog-
raphy. It discusses various meteorological data sources and presents guidance on manipulating 
data to conduct frequency analyses in order to define winter event conditions. Once the recur-
rence intervals for the winter storm events are summarized and defined, the information can 
offer perspective on past winter operations performance. This information can also assist airport 
operators and stakeholders with setting performance expectations under threshold winter-event 
conditions, as described in Chapter 7.

Chapter 6

Chapter 6 presents a framework for establishing a winter operations performance manage-
ment system that will enable more informed decision making when it comes to investing in a 
winter operations program. The chapter also provides guidance on how to set clear performance 
goals and objectives.

Chapter 7

Chapter 7 describes how to develop a performance and cost baseline for airport winter opera-
tions, and a cost baseline based on delay costs for air carriers and passengers. This cost and 
delay information can be used, as will be described in Chapters 13 and 14, to evaluate potential 
opportunities for improvement and select from a list of potential improvement alternatives. 
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The chapter also describes the need to establish threshold winter-event conditions that define 
the expectations of the airport operator and its stakeholders, and that will be used to set perfor-
mance targets.

1.2.2 Strategy and Tactic Implementation

Chapters 8 through 11

Chapter 8 presents the best practices related to winter operations in general accordance with 
the contents of AC 150/5200-30C, Chapter 1, “Introduction.” Chapter 9 presents best practices 
related to the contents of AC 150/5200-30C, Chapter 2, “Snow and Ice Control Plan.” Chapter 10 
presents best practices related to the contents of AC 150/5200-30C, Chapter 3, “Snow Clear-
ing Operations and Preventive Measures,” and Chapter 4, “Snow Clearing Operations and Ice 
Prevention.” Chapter 11 concludes the presentation of best practices by presenting those related 
to the contents of AC 150/5200-30C, Chapter 5, “Runway Surface Assessment and Reporting.”

1.2.3 Performance Evaluation

Chapter 12

Chapter 12 presents a structured and systematic winter operations performance evaluation 
process that relies upon documented performance measurement data. It also provides a detailed 
process for evaluating significant performance shortfalls. The chapter will enable factually sup-
ported decision making about winter operations strategies, tactics, and procedures that are 
meeting established performance targets and those that are falling short.

1.2.4 Improvement Opportunity Identification

Chapter 13

Chapter 13 presents a process focused specifically on reducing runway occupancy time by  
SRE (a common winter operations performance measure) by identifying a snow removal 
capacity shortfall and potential alternative(s) to meet performance targets set by the air-
port operator and its stakeholders (see Chapter 7). The process uses equations presented 
in AC 150/5220-20 and provides guidance on estimating equipment needs. Chapter 13 also 
provides guidance on estimating the benefits of an investment in new or additional SRE to 
reduce runway occupancy time. This includes a comparison of baseline performance costs 
for airport operations and baseline delay costs for air carriers and passengers described in 
Chapter 7 compared to estimated costs associated with the investment in new or additional 
SRE. The results of this process can facilitate informed alternatives selection, as described in 
Chapter 14.

Chapter 14

Chapter 14 presents high-level considerations for selecting from multiple potential alterna-
tives to reduce or eliminate performance shortfalls. The selection processes described in this 
chapter can be used for minor and major investments.

1.3 Guidebook Limitations and Disclaimer

The term “best practice” used herein denotes a practice that was identified as being highly 
effective at one or more airports that have fully implemented it. However, in many instances it 
may not be possible or practicable to implement a particular best practice at a specific airport. 
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Readers should be aware that because the guidebook’s focus is on best practices, standard indus-
try practices associated with winter operations were typically not included. Therefore, this guide-
book should not be considered to be a comprehensive reference document on airport winter 
operation practices or associated regulatory requirements.

The photographs included in the guidebook are intended as illustrations of equipment and 
concepts to facilitate the reader’s understanding of presented material. TRB of the National 
Academies, the National Research Council, and the sponsors of ACRP do not endorse products 
or manufacturers. Trade or manufacturers’ names appear herein solely because they are consid-
ered essential to the object of the guidebook.
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C H A P T E R  2

Research for this guidebook revealed that airports with successful and industry-recognized 
winter operations program share three essential elements that set a foundation for their success: 
effective communication, collaboration, and coordination. These three elements are not exclu-
sive to an airport operator’s organization. Given the number of stakeholders having key roles in 
maintaining safe flight operations during winter storm events, effective stakeholder communica-
tion, coordination, and collaboration likely have an even greater impact on an airport’s program 
success. Many beneficial winter operations strategies and tactics, including those presented in 
this guidebook, require these internally and externally focused elements as an underpinning for 
successful implementation.

2.1 Identify Stakeholders

The first step toward building relationships based on effective communication, coordina-
tion, and collaboration is to identify the winter operations program stakeholders. Consider 
the entities that have the ability to impact winter operations performance through their 
actions or decisions. Conversely, consider who may be impacted by an airport operator’s 
actions or decisions. Advisory Circular 150/5200-30C, Airport Winter Safety and Operations, 
recommends this group of stakeholders be included in an airport’s Snow and Ice Control 
Committee (SICC) (2).

Within an airport organization, individual departments should be identified as unique stake-
holders because their functions and areas of focus differ. Common internal airport operator 
stakeholders include, but are not limited to, terminal and airfield operations, airfield mainte-
nance, facilities maintenance, engineering, public relations (PR) and communications, executive 
management, finance, public safety, and airport rescue and firefighting.

There are many external winter operations stakeholders including, but not limited to, the 
FAA, air carriers, fixed-base operators (FBOs), aircraft deicing contractors, snow removal oper-
ators, and the multiple organizational components of large external winter operations stake-
holders that should be individually identified. For example, FAA stakeholders may include the 
Air Traffic Control Tower (ATCT), Terminal Radar Approach Control (TRACON), Air Route 
Traffic Control Center (ARTCC), and Air Traffic Control System Command Center (ATCSCC). 
Air carrier stakeholders may include the local station and the System Operation Center/Airline 
Operation Center.

While the list of stakeholders may be lengthy, it is important to maintain detailed contact infor-
mation for each. When possible, obtain the names of individual personnel. After all, these are the 
people with whom your organization will need to communicate, coordinate, and collaborate.

Relationships as the Foundation 
for Winter Operations Success
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2.2 Communication

Effective communication is essential prior to, during, 
and following winter events and winter seasons. Without 
it, attempts at coordination and collaboration would be 
futile. Communications during pre-season planning, pre-
event briefings, Snow Control Center (SCC) operation, and 
performance evaluation meetings, as examples, will ideally 
incorporate the following communication characteristics:

•	 Clarity—Avoid unnecessarily complex communications 
and the use of potentially ambiguous terminology to 
increase the likelihood of understanding. Make sure the 
point of the message is abundantly clear.

•	 Concise—Be concise in verbal and especially written 
communications to facilitate rapid understanding. Sup-
porting or background information can always be pro-
vided later, if needed.

•	 Targeted—Target messages to specific audiences, or pro-
vide the messages in a manner that enables the intended 
audience to easily extract the information directly rel-
evant to it.

•	 Timely—Disseminate information as soon as is practical to enable the intended audience to 
understand, consider, and act on the information, if necessary.

•	 Recurring—Communicate important information more than once to ensure it reaches 
the intended audience, particularly if the information is relevant and to be retained over an 
extended period of time.

•	 Two Way—Utilize two-way communication when it is important to ensure both parties 
understand each other as intended. Two-way communication is critically important in resolv-
ing differences. Face-to-face communication is a preferable form of verbal two-way commu-
nication, especially when dealing with complicated or contentious subject matter. It will also 
make collaboration much easier.

2.3 Coordination

Given the number of airport departments and stakeholders that play an active role in airport 
operations during a winter weather event, effective coordination of each party is required to 
maintain safe airport operations. Winter operations coordination practices will ideally reflect 
the following characteristics:

•	 Planned—Planning requires the definition and communication of the overall operational 
goals and objectives, how these goals and objectives will be achieved, and what roles and 
responsibilities individuals have in achieving them.

•	 Efficient—Winter operations efficiency is achieved when individuals and organizations under-
stand and execute their specific assigned roles and responsibilities without requiring duplication 
or redundancy.

•	 Defined Authority—A clearly defined chain-of-command increases operational efficiency 
and minimizes the potential for miscommunication or uninformed decision making.

•	 Effective Leadership—Effective leadership is required throughout the coordination process, 
from planning to execution, and enables clear direction and responsive, unimpeded, two-way 
communication flow between employees, supervisors and management.

BEST PRACTICE—Cooperative Relationships  
with Stakeholders

Airports that invest in 365/24/7 cooperative relation
ships with air traffic control (ATC) and key airport 
stakeholders have a higher probability of coor
dinated, effective, and successful snow removal 
operations. Most large airports conduct regularly 
scheduled daily operational teleconferences to 
maintain communication throughout the year. Some 
airports host daily facetoface briefings. Airport 
operators at smaller facilities cultivate working 
relationships with FBOs, key tenants, and pilots. 
Some airports host onairport events as a means 
to create and improve important relationships. 
Investment in personal relationships pays dividends 
during a snow and ice control event.
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•	 Inclusive—Airport departments and stakeholders actively participating in winter operations 
should have liaisons to the command structure to facilitate integration of operations and 
timely information exchange.

•	 Adaptive—The coordination process must withstand unanticipated events by remaining 
flexible and allowing airport employees, supervisors, managers and stakeholders to adapt to 
changing conditions (3).

•	 Reliable—The coordination process must provide reliable information and produce reliable 
outcomes. Without reliability, plan deviations will increase, efficiency will decrease, and deci-
sion making will become isolated.

2.4 Collaboration

ACRP Report 92: Guidebook to Creating a Collaborative Environment Between Airport Opera-
tions and Maintenance defines collaboration as two or more individuals or organizations with 

complementary skills interacting to develop a shared understanding and achieve 
shared goals that none had previously possessed or could have achieved on their 
own (4, p. 110). Collaboration among airport departments and stakeholders is 
imperative in the pursuit of improved winter operations outcomes for all parties 
involved. Chapter 10 of this guidebook relies on effective collaboration as part 
of evaluating winter operations performance and specifically investigating and 
improving performance shortfalls.

Collaboration is a well-documented business management concept. However, 
despite common acceptance of the need for collaboration, it does not always 
occur unimpeded. Building a collaborative environment with others requires 
the commitment of all involved. While the need for collaboration within a multi-
stakeholder airport setting has long been recognized, ACRP Report 92 confirms 
that challenges to collaboration remain within and beyond airport organiza-
tions. Effective collaborative efforts include the following characteristics:

•	 	Outcome Oriented—Progress toward achieving shared goals will sustain 
a collaborative effort, while a lack of progress will erode confidence among 
participants that a collaborative effort is worthwhile.

•	 	Leadership—While there may be a number of participating stakeholders, 
the airport operator needs to offer effective leadership to facilitate buy-in, 
collective decisions, and ultimately progress toward the group’s shared goals.

•	 	Understanding—Individually, participants in collaborative settings need to 
make a concerted effort to listen to each other for the sake of understanding. 
Doing so will encourage others to listen.

•	 	Respect—All participants need to respect each other’s 
opinions and perspectives, and acknowledge that, while 
differences may exist, they will each benefit from achiev-
ing shared goals.

•	 	Compromise—Given the inevitability of competing indi-
vidual interests, compromise will, at times, be required to 
continue moving forward. While this may sound idealistic, 
compromise is realistic if participants’ focus remains on 
the benefits of achieving the shared goals rather than on 
how that is accomplished.

•	 	Trust—In the presence of understanding, respect, and 
compromise, trust between the airport operator and 
its stakeholders will grow and facilitate progress toward 
shared goals.

“Effective collaboration is attained through 
broader participation. Addressing the state of just 
one division or department in an airport neglects 
to understand the entirety of the issue. Instead, a 
practical approach to fostering collaboration must 
be utilized. Any and all other agencies that affect the 
decision-making process, such as federal and state 
agencies, airlines, and other tenants, must also be 
considered in the effort.”—ACRP Report 92 (4, p. 6).
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2.4.1 Collaborating with Peer Airports

As with many aspects of airport management, maintaining close relationships with peer air-
ports can prove invaluable in the planning and conduct of winter operations. Collaborating 
with airports that experience comparable winter conditions is an ideal way to gain insights into 
equipment needs, performance, and operation. Aviation industry conferences focused on winter 
operations present invaluable opportunities for group and one-on-one information sharing. 
Most of the airports with industry-recognized winter operations that were contacted during 
the research phase for this guidebook cited staff attendance at winter operations conferences as 
contributing to their program success. Specifically, these airports benefitted from others sharing 
lessons learned and from their staff developing a professional network to facilitate further winter 
operations collaboration.
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FAA Requirements and Guidance 
Related to Winter Operations

The sponsors of public-use U.S. airports that accept FAA-administered airport develop-
ment assistance also assume federal obligations mandated by federal statute and incorporated 
in the grant agreements and property conveyance instruments entered into by the sponsor 
and the U.S. government. These obligations include maintaining and operating airport facili-
ties safely and efficiently and in accordance with specified conditions (5, p. 1–5). Except for 
certificated airports subject to the additional requirements of Federal Aviation Regulations 
(FAR) Part 139, “Certification of Airports,” the federal obligations to maintain the airport 
safely and efficiently do not impose specific responsibility to remove snow or slush or to 
address icy pavements. However, these airport sponsors are responsible for providing a safe, 
usable facility, which may require closing all or parts of an airport until unsafe conditions, 
including accumulated snow and slush, are remedied within a reasonable amount of time  
(5, p. 7–8).

Certificated airports located where snow and icing conditions occur, and thus subject to 
Section 139.313, “Snow and Ice Control,” must also prepare, maintain, and carry out an SICP 
in a manner authorized by the FAA Administrator. Section 139.313(c) directs these airport 
operators to certain ACs that contain methods and procedures for snow and ice control equip-
ment, materials, and removal that are acceptable to the FAA Administrator. There are addi-
tional ACs that also offer guidance directly applicable, or applicable in part, to airport winter 
operations.

During the airport site visits conducted as part of the research for this guidebook, airport staff 
requested that the guidebook identify and summarize ACs applicable to winter operations. To 
accommodate this request, the following sections provide a particular AC description, including 
a summary of its purpose extracted from the referenced document. For certain ACs, additional 
information is provided to illustrate their relevance to winter operations. Guidebook users are 
encouraged to monitor FAA’s web site to identify when draft, new, and revised ACs are available. 
FAA’s index of Series 150 ACs for Airport Projects is accessible at: http://www.faa.gov/airports/
resources/advisory_circulars.

3.1  ACs Presenting Methods and Procedures for Snow 
and Ice Control Equipment, Materials, and Removal

3.1.1 AC 150/5200-30C, Airport Winter Safety and Operations

This AC provides guidance to assist airport operators in developing an SICP, conducting and 
reporting runway friction surveys, and establishing snow removal and control procedures.
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3.1.2  AC 150/5220-18A, Buildings for Storage and Maintenance  
of Airport Snow and Ice Control Equipment and Materials

This AC provides guidance for the site selection and design 
of buildings used to store and maintain airport snow and ice 
control equipment, store approved materials, and provide per-
sonnel required to support the requirements under the airport 
operator’s winter storm management plan.

3.1.3  AC 150/5220-20, Airport Snow  
and Ice Control Equipment

This AC provides guidance to assist airport operators in the 
procurement of snow and ice control equipment for airport 
use. Change 1 provides guidance to airport operators involved 
in the procurement of snowsweepers to control ice and snow 
at airports during inclement weather.

3.2 Other Winter Operations-Related ACs

3.2.1 AC 91-6A, Water, Slush, and Snow on the Runway

This AC is issued to provide information, guidelines, and recommendations concerning the 
operation of turbojet aircraft when water, slush, and snow are on the runway.

3.2.2  AC 120-57A, Surface Movement Guidance  
and Control System (SMGCS)

This AC describes the standards and provides guidance in the development of a Surface Move-
ment Guidance and Control System plan for U.S. airports where scheduled air carriers are autho-
rized to conduct operations when the visibility is less than 1,200 feet runway visual range. An 
SMGCS plan facilitates the safe movement of aircraft and vehicles on the airport by establishing 
more rigorous control procedures and requiring enhanced visual aids.

3.2.3 AC 150/5200-18C, Airport Safety Self-Inspection

This AC provides information to airport operators on airport self-inspection programs and 
identifies items that airport operators should include in such a program. Section 10 discusses 
regularly scheduled snow and ice inspections that are required to evaluate an airport’s imple-
mentation of their FAA-approved SICP. Additionally, Section 13 discusses special condition 
snow and ice inspections that may be needed during winter storms until the airport is back to 
normal operation.

3.2.4  AC 150/5200-28D, Notices to Airmen (NOTAMS)  
for Airport Operators

This AC provides guidance on using the NOTAM system for airport condition reporting. 
Paragraph 15 discusses multiple NOTAM messages that have special reporting considerations 
under certain conditions. These conditions include friction measurement, braking action, winter 
conditions, depth of snow, plowed runways, runway sanding or deicing, snowbanks, and con-
tinuous snow removal operations on multiple runways.

Source: Gresham, Smith and Partners
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3.2.5 AC 150/5210-20, Ground Vehicle Operations on Airports

This AC and its attached appendices provide guidance to airport operators in developing 
training programs for safe ground vehicle operations and pedestrian control on the airside of 

an airport. This includes both movement and non-movement 
areas, ramps, and aprons. Not all the items addressed in this 
document will be applicable at every airport. The FAA recom-
mends that each item be evaluated in terms of how it may 
apply to the size, complexity, and scope of operation of the air-
port. This AC contains recommended operating procedures, 
a sample training curriculum, and a sample training manual.

Section 11(c) of AC 150/5210-20 (Change 1) discusses snow 
and ice removal as it relates to vehicles and operators required 
to remove snow and ice. A vehicle operator’s situational aware-
ness may diminish as a result of snow conditions at airports. 
Generally, poor weather conditions can be attributed to snow, 
fog, and rain, and these conditions create additional risks when 
operating vehicles at airports.

3.2.6  AC 150/5210-25, Performance Specification for Airport Vehicle 
Runway Incursion Warning Systems (RIWS)

This AC provides a performance specification for airport vehicle RIWS equipment. It dis-
cusses two types of detection systems: a preconfigured, commercial off-the-shelf system and a 
system with custom hardware and software. Runway incursions could happen more frequently 
due to winter weather conditions that may potentially increase loss of situational awareness and 
add to poor visibility.

3.2.7  AC 150/5220-16D, Automated Weather Observing Systems 
(AWOS) for Non-Federal Applications

This AC contains the FAA’s standard for the non-federal AWOS. It applies to anyone proposing 
to design, procure, construct, install, activate, or maintain an AWOS. Section 3.17 discusses run-
way surface condition sensors, which should be capable of detecting three runway conditions: 
dry runway, wet runway, and possible freezing conditions. There are performance testing criteria 
that the sensor must meet during an entire winter season.

3.2.8  AC 150/5220-22B, Engineered Materials Arresting Systems 
(EMAS) for Aircraft Overruns

This AC contains standards for the planning, design, installation, and maintenance of EMAS 
in runway safety areas. Engineered materials are high energy absorbing materials of selected 
strength, which will reliably and predictably deform under the weight of an aircraft.

Section 9 of AC 150/5220-22B discusses EMAS design requirements including construction 
that accommodates navigational aids within the EMAS boundary. Any snow or ice accumula-
tion on the navigational aids (prior to removal) cannot interfere with the functionality of any 
navigational aids within the EMAS. Furthermore, “the EMAS design must consider ice accumu-
lation and, in areas that are subject to snow or ice removal requirements, must be designed to 
be mechanically or manually cleared of ice and snow.” Section 10 discusses material qualifica-
tion that indicates all materials comprising the EMAS must be resistant to deterioration due 

Source: M-B Companies, Inc.
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to blowing sand and snow. Additionally, Appendix 3 discusses SRE that is compatible with the 
EMAS base.

3.2.9  AC 150/5220-26, Airport Ground Vehicle Automatic Dependent 
Surveillance Broadcast (ADS-B) Out Squitter Equipment

This AC provides guidance on the development, installation, testing, approval, and mainte-
nance of ADS-B out squitter units for airport ground vehicles. Using this AC, airports will be 
able to acquire approved and authorized airport ground vehicle ADS-B squitter units that are 
compliant with Title 14 Code of Federal Regulations (CFR), Part 91, ADS–B Out Performance 
Requirements to Support Air Traffic Control (ATC) Service, as well as the initial set of ADS-B 
applications. Please note that the technical specifications for manufacturing ADS-B squitter 
units for airport ground vehicles are published in the FAA’s document, Vehicle ADS-B Specifica-
tion, Version 2.4, published May 01, 2012. Ground vehicles used for airport winter operations 
that will be outfitted with ADS-B out squitter equipment are subject to this AC.

3.2.10 AC 150/5300-14C, Design of Aircraft Deicing Facilities

This AC provides standards, specifications, and guidance 
for designing aircraft deicing facilities. It discusses the subjects 
of sizing, siting, environmental runoff mitigation, and airfield 
operational requirements to maximize deicing capacity while 
maintaining safety and efficiency. It also provides design rec-
ommendations and emphasizes that centralized aircraft deicing 
facilities have unique deicing/anti-icing operational issues asso-
ciated with deicing/anti-icing aircraft that must be addressed.

3.2.11  AC 150/5320-12C, Measurement, 
Construction, and Maintenance  
of Skid-Resistant Airport  
Pavement Surfaces

This AC contains guidelines and procedures for the design 
and construction of skid-resistant pavement, pavement evalu-
ation with friction measuring equipment, and maintenance of 
high skid-resistant pavements.

3.2.12 AC 150/5320-15A, Management of Airport Industrial Waste

This AC provides basic information on the characteristics, management, and regulations of 
industrial wastes generated at airports and guidance for the development of a Stormwater Pol-
lution Prevention Plan (SWPPP) that applies best management practices (BMPs) to eliminate, 
prevent, or reduce pollutants in stormwater runoff associated with particular airport industrial 
activities. A major problem facing airport operators is the pollutant loading from deicing/anti-
icing runoff to receiving waters and wastewater treatment plants to ensure compliance with 
applicable permits and regulations.

3.2.13 AC 150/5340-26B, Maintenance of Airport Visual Aid Facilities

This AC provides recommended guidelines for maintenance of airport visual aid facilities. 
It addresses using in-pavement taxiway edge lights more frequently in areas of high traffic or 

Source: Gresham, Smith and Partners 
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frequent damage resulting from SRE. It also describes prac-
tices to lessen the damage to light fixtures by SRE removing 
snow around the lighting fixtures so that the fixtures are not 
obscured.

3.2.14  AC 150/5370-17, Airside Use of Heated 
Pavement Systems

This AC establishes minimum performance requirements 
for the design, construction, inspection, and maintenance of 
heated pavement systems for use in the aircraft operations 
area. The AC includes principles of operation and applica-
tions; design process, including heat requirements, formulas, 
and sample calculations; prospective locations and character-
istics; design considerations for electric and hydronic systems, 
including system controls; system performance requirements 
and specification template; system construction requirements 

and specification template; and inspection and maintenance requirements. Heated pavement 
systems offer an alternative strategy for effectively mitigating the effects of winter contaminants 
by melting snow and preventing bonding to the pavement surface.

Source: Fortbrand Services, Inc. 
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Regulation of Winter Operation 
Impacts on Stormwater

Planning for winter operations requires identifying applicable laws and regulations, under
standing their implications, and incorporating operational and infrastructure controls to achieve 
and maintain compliance. Typical winter operations planning activities are understandably 
focused on compliance with regulations and ACs intended to maintain safe and efficient airport 
and aircraft operations, as described in Chapter 3. However, familiarity with the laws and regula
tions intended to control the impact that winter operations have on the environment, including 
on stormwater runoff quality, is also important and expected.

Routine operations at an airport are subject 
to extensive environmental regulation. ACRP 
Report 43: Guidebook of Practices for Improving 
Environmental Performance at Small Airports 
presents a summary of applicable federal reg
ulations. ACRP Report 43 also identifies com
mon regulated operational activities, including 
activities associated with winter operations, 
and potential regulatory compliance attain
ment strategies. Additionally, it addresses the  
regulation of unplanned events, such as fuel 
spills during equipment fueling. Guidebook 
users are encouraged to review ACRP Report 43 
if in need of a comprehensive overview of the 
airport environmental regulatory environment. 
However, this chapter focuses on the regulation 
of winter operation impacts on stormwater 
runoff quality and methods to mitigate these 
impacts.

4.1  Airport Winter Operation Activities Affecting Clean 
Water Act (CWA) Regulation and Compliance

The most significant environmental concern associated with airport winter operations is the 
potential impact on airport stormwater runoff quality. Activities potentially impacting storm
water runoff quality are strictly regulated under the federal CWA. Winter operations by their 
nature interact with, occur in response to, and require the management of precipitation and 
resultant stormwater runoff. Stormwater runoff enters storm drains and is routed through 
stormwater infrastructure to surface water bodies nearby the airport (e.g., streams, rivers, lakes, 
oceans, etc.). In some situations, stormwater can also be directed to the sanitary sewer. The 
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following winter operation activities can affect stormwater runoff quality, and their potential 
impact on compliance with the CWA is described further in this section:

•	 Application of various chemical deicers to aircraft, paved surfaces, and ground equipment;
•	 Application of sand to paved surfaces; and
•	 Storage and mechanical melting of deicercontaminated snow.

4.1.1 Application of Chemical Deicers

Chemical deicers are used during the winter season at most 
northerntier airports. The term “chemical deicer” encom
passes chemicals that assist in melting and preventing refreez
ing of snow and ice (i.e., deicers) and chemicals that are used to 
prevent the adhesion of frozen precipitation on clean surfaces 
(i.e., antiicers). Chemical deicers may be applied to aircraft 
as a liquid mixed with water, and to paved surfaces as a liquid 
or solid. Airport operators are typically responsible for appli
cation of pavement deicers. Airport operators may not have 
direct control over the application of aircraft chemical deicers. 
However, once the applied aircraft deicers fall onto paved sur
faces of airports, airport operators are typically responsible for 
managing the deicerimpacted stormwater in a manner com
pliant with applicable environmental regulations and environ
mental permits. This is accomplished through the planning, 
construction, and operation of a deicer management system. 
A detailed discussion of deicer management systems and their 
components is provided in Section 4.4.

Chemical deicers can be problematic environmentally primarily because they contain highly 
biodegradable organic constituents. When those constituents are discharged to the storm sewers  
and to receiving waters, they begin to degrade if exposed to microbial organisms, typically in 
the form of bacteria. The bacteria use the organic components of the chemical deicers as a food 
source and in the process use oxygen dissolved in the water. If the levels of dissolved oxygen 
in receiving surface waters get low enough, fish and other aquatic organisms may be harmed. 
As such, minimum levels of dissolved oxygen in water bodies are often established by regula
tory agencies, which lead to limitations on the quantities of biodegradable pollutants that can 
be discharged to those water bodies. Those limitations on substances that “demand oxygen” 
when biodegrading are often expressed in permits in terms of laboratory analyses designed to 
measure how much oxygen is used up when the deicers are biologically or chemically oxidized. 
This includes biochemical oxygen demand (BOD) and chemical oxygen demand (COD). Total 
organic carbon (TOC) is another laboratory measurement that is used to quantify how much 
organic chemical is present in a sample. In deicerimpacted stormwater, TOC can often be cor
related reasonably well to BOD and COD and is, therefore, sometimes included in the effluent 
limitations or monitoring requirements of permits.

The principal constituents of chemical deicers that are susceptible to biodegradation are the 
freezing point depressants, which most often are propylene glycol (PG) and ethylene glycol (EG), 
glycerin, acetates, and formates. Most aircraft deicers are glycolbased with some use of glycerin. 
Pavement deicers can include any of these constituents. Relatively speaking, PG presents the 
most significant oxygen demand, followed by glycerin, and then EG.

While the oxygendepleting characteristics of chemical deicers typically drive environmen
tal permit requirements and the need for deicer management at most airports, other potential 

Source: Wausau Equipment Company
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environmental effects of chemical deicers may be significant drivers for permit compliance and 
deicer management at some airports, including:

•	 Toxicity (potentially from the freezing point depressants and deicer additives);
•	 Odors;
•	 Foaming;
•	 Total dissolved solids (TDS) concentrations from the inorganic salt portion of pavement deicers 

like sodium formate and potassium acetate; and
•	 Contribution to biofilm growth of receiving waters (i.e., nuisance growth).

These effects could restrict the amount of the pollutants associated with deicers that are 
allowed to be discharged to surface waters. The importance of these factors as drivers for envi
ronmental permit compliance and deicer management is site specific. Often their importance 
is driven by characteristics of the receiving stream, applicable state regulations, local regulatory 
environment, public input, and past history of environmental impacts. It is advisable for per
sonnel managing winter operations to be aware of the potential environmental impacts that 
underlay environmental permit conditions and compliance expectations.

4.1.2 Application of Sand

Sand is sometimes used instead of, or in conjunction with, chemical deicers to increase friction 
on runways, taxiways, and ramp areas. The sand is chemically inert, but it can contribute to the 
solids discharged to water bodies that receive airport stormwater runoff. Often, stormwater dis
charge permits have requirements that limit and/or require monitoring of solids which are often 
quantified through an analytical parameter called total suspended solids (TSS). Application and 
subsequent transport of applied sand can increase the concentration of TSS in stormwater run
off, which increases the potential for a violation of stormwater discharge permit criteria or cre
ation of a water quality issue in the streams. In addition to potentially obstructing inpavement 
lighting, sand can also build up, interfere with, and potentially damage the catch basins, pumps, 
pipes, tanks, and treatment units associated with deicer management systems, as well as with 
mechanical snowmelters.

4.1.3  Deicer-Contaminated Snow Storage  
and Mechanical Snow Melting

Snow falling on paved surfaces is often plowed, broomed, 
or blown to adjacent perimeter and infield areas, or hauled to 
designated snow dumps. Both aircraft and pavement chemi
cal deicers can be mixed with the snow (sometimes referred 
to as “pink snow” due to the dyes in the aircraft deicers). 
Natural melting of piled or stored snow can often occur over 
long periods of time. From an environmental standpoint, this 
often means a prolonged discharge of chemical deicers mixed 
within the snow well after the time of application. There is 
some evidence that chemical deicers may migrate from snow 
piles at rates faster than the rate the snow melts (the “snow 
cone effect”), resulting in discharges of high concentrations of 
BOD and presenting a deicer management and permit compli
ance challenge (6). Rain events and/or increases in tempera
ture can also accelerate melting and chemical deicer discharge. 
For these reasons, collection and treatment of runoff may be 
required and provided through a deicer management system. Source: Gresham, Smith and Partners 
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It may be necessary, or simply advantageous, to mechanically melt snow. The procedure can 
take a variety of forms. Snowmelters may be permanently installed at a specified location or they 
may be mobile, meaning the melted snow discharges to different portions of the storm sewer 
system at different times. Mechanical snow melting can occur in close proximity to the source 
of the accumulated snowfall or in remote areas off the ramp where dedicated snow piles exist. 
Because of the variability in location and timing of mechanical snow melting operations, snow 
melting can have a significant effect on an airport operator’s ability to comply with its environ
mental permits and the performance of its deicer management system.

4.2  National Pollutant Discharge Elimination System 
(NPDES) Stormwater Discharge Permitting  
Under the CWA

Most winter operations occur in areas of airports that discharge stormwater runoff through 
a point source outfall to a receiving water body. The operations at airports are considered to be 
industrial activities and are, therefore, required to have one of two types of NPDES permits for 
industrial activities: a general NPDES permit that is applicable to a group of facilities, or an indi
vidual NPDES permit issued specifically for a facility. A few airports are subject to both general 
and individual NPDES permits. The permitting agency will determine the required permit. To 
apply for a stormwater permit, an airport operator is typically required to submit a notice of 
intent. The assigned permit will then provide the criteria, conditions, and monitoring require
ments that govern the allowable stormwater discharges. Familiarity with the NPDES permit is 
essential for appropriate winter operations planning and decision making.

NPDES permits are issued with an effective duration of up to five years, and must be renewed, 
typically starting six months prior to expiration. It is not uncommon for permit limits and 
conditions to change when permits are renewed. Permit changes relevant to winter operations 
should be communicated during preseason winter operations planning.

4.2.1 General NPDES Permits

A general NPDES permit contains generic language that is applicable to the facilities covered 
under the permit. General NPDES permits may contain numeric effluent limitations or, more 
frequently, discharge benchmarks. Effluent limitations define the maximum or minimum extent 
of pollutants in a discharge. Often, those limits are in terms of concentrations (e.g., maximum 

BOD concentration) or mass loading (e.g., maximum kilo
grams of TSS per day). Exceeding those limits can constitute 
a violation of the permit. If permit criteria are violated, the 
regulatory agency can require a series of compliance actions 
that can range from submitting a letter describing the reason 
for the exceedance to daily fines. Repeated permit violations or 
excessively high exceedances of criteria can result in the regula
tory agency issuing orders or decrees for specific and poten
tially costly actions to correct the issue. Individuals can also 
be held responsible for willful violation of permit conditions.

Effluent benchmarks are less restrictive than effluent limits. 
If benchmarks are exceeded, the permittee does not incur a 
permit violation, although it may be required to implement 
additional practices to prevent further exceedances. If bench
mark exceedances continue, more restrictive measures and Source: Gresham, Smith and Partners
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fines can be required by the permitting authority. The authority could also potentially imple
ment effluent limitations in place of benchmarks if it finds a reasonable potential for frequent 
exceedance of the benchmarks.

General permits may contain requirements to perform monitoring of stormwater discharges, 
although the monitoring requirements are often less intensive than in individual NPDES permits. 
State agencies delegated authority to administer the NPDES program have issued general permits 
modeled after the U.S. Environmental Protection Agency (EPA) multisector general permit, which 
is only directly applicable to a small number of states that do not have their own NPDES permit
ting authority. The multisector general permit includes requirements that apply specifically to air 
transportation facilities, including conditions associated with discharges from airfield and aircraft 
deicing activities. The multisector general permit includes effluent monitoring benchmark con
centrations for COD (120 mg/L), fiveday biochemical oxygen demand (BOD5) [30 milligrams per 
liter (mg/L)], ammonianitrogen (2.14 mg/L), and pH (6.0–9.0 standard units).

In addition to monitoring stormwater discharges, a general NPDES permit typically includes 
requirements to:

•	 Prepare an SWPPP for industrial activities (also refer to AC 150/532015A, Management of 
Airport Industrial Waste);

•	 Conduct inspections;
•	 Train employees;
•	 Clean up spills; and
•	 Implement BMPs.

BMPs are processes, procedures, and structural controls to reduce the release of pollutants 
typically near the pollutant source. Some BMPs, such as those related to handling of deicer, 
would be implemented by winter operations staff. As a result, BMPs related to winter operations 
should be identified in winter operations plans and staff should be trained on the procedures.

4.2.2 Individual NPDES Permits

Individual NPDES permits typically have specific numeric effluent limitations for one or 
more pollutants, and are usually required by the state agency or EPA in lieu of general permits 
based upon a higher concern for potential violations of water quality standards. Like general 
NPDES permits, individual NPDES permits include requirements for preparation of a SWPPP 
for implementation of BMPs. An individual NPDES permit will often include numeric effluent 
limits and, potentially, narrative criteria further limiting discharges. Often numeric limits are 
based on the values that will prevent water quality standards established for the receiving stream 
from being violated. Individual NPDES permits may also have numeric effluent limits derived 
from treatmenttechnologybased standards.

4.2.3  Effluent Limitations Guidelines (ELGs) and New Source 
Performance Standards (NSPSs)

Airport NPDES permits may include technologybased ELGs to control airport deicing dis
charges. According to the EPA Fact Sheet, “Effluent Guidelines for Airport Deicing Discharges,” 
the ELG requirements generally apply to chemical deicerimpacted stormwater (referred to as 
wastewater in the fact sheet) associated with the deicing of airfield pavement at primary airports. 
Specifically, the fact sheet identifies the following requirements:

•	 “Existing and new primary airports with 1,000 or more annual jet departures (“nonpropeller 
aircraft”) that generate wastewater [i.e., pavement deicerimpacted stormwater] associated 
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with airfield pavement deicing are to use nonureacontaining deicers, or alternatively, meet 
a numeric effluent limitation for ammonia [i.e., 14.7 mg/L, prior to dilution or mixing with 
nondeicerimpacted stormwater]” (7, p. 1).

Additionally, certain NPDES permits may include NSPS applicable to the following subset of 
airports described in the fact sheet:

•	 “New airports with 10,000 annual departures located in cold climate zones are required to 
collect 60 percent of aircraft deicing fluid after deicing. Airports that discharge the collected 
aircraft deicing fluid directly to waters of the U.S. must also meet numeric discharge require
ments for COD [i.e., 271 mg/L daily maximum, 154 mg/L weekly average]. The rule does not 
establish uniform, national requirements for aircraft deicing discharges at existing airports. 
Such requirements will continue to be established in general permits, or for individual permits 
on a sitespecific, best professional judgment basis” (7, pp. 1–2).

The provision of the ELG associated with ureabased deicers is critical to understand for 
airport operators applying pavement deicers. While many airport operators have moved away 
from the formerly widespread use of urea to melt snow and ice on pavements, some airports 
still utilize urea or have provisions for use of urea on an emergency basis. The ELG rule does not 
outright ban use of urea; however, if an airport uses urea, even on an emergency basis, it must 
ensure that the concentration of ammonianitrogen in discharges to the surface waters does not 
exceed 14.7 mg/L. Since widespread use of urea can easily result in stormwater concentrations 
greater than 14.7 mg/L, airport operators who consider the continued use of urea may need to 
demonstrate a means for collecting and/or treating ureaimpacted stormwater to reduce ammo
nia concentrations to less than 14.7 mg/L.

4.2.4 Guidance for Interpreting Conditions in NPDES Permits

The NPDES permits that govern the discharges of stormwater containing pollutants to sur
face water bodies may have conditions that affect winter operations. Airfield maintenance and 
operations staff should consult the airport environmental staff or consultants involved in the 
permit development and regulatory agency coordination to help interpret the applicability of the 
permit conditions to winter operations. Knowledge of the permit structure and conditions can 
be useful in interpreting measures that need to be taken in response to the permit. The permits 
often have the following elements:

•	 Listing of point source locations from which stormwater discharges are authorized,
•	 Limitations on the quantity or concentration of various pollutants in the discharge,
•	 Limitations on the volume or flow rate of stormwater that can be discharged,
•	 Requirements for the monitoring of pollutant concentrations and flow rate/volume,

Summary of ELG and NSPS Considerations for Airport Winter Operations

•	  Use of urea as pavement deicer is banned unless ammonia concentrations at 
stormwater discharge points are less than 14.7 mg/L.

•	  There are no national requirements for aircraft deicing discharges for existing 
U.S. airports.

•	  COD effluent limits are applicable only to new airports with sufficient flight 
operations.

•	  No specific type of deicer treatment technology is mandated.
•	  ELG-driven conditions are incorporated into NPDES permits.
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•	 Special conditions under which stormwater discharges are authorized or 
limited, and

•	 Requirements for reporting monitoring data and observations.

NPDES permits for industrial activities apply on a year-round basis, but may 
include criteria that vary by season. Seasonal criteria are typically listed in the 
section of NPDES permits where effluent limitations and monitoring require-
ments are provided on an outfall-by-outfall basis. Criteria may be seasonal 
because receiving water bodies can assimilate pollutants to different extents 
in warmer and colder weather and because of the unique nature of winter 
operations at airports. Summer criteria can often be more stringent than win-
ter criteria. At some airports, the management of snow piles or stored deicer-
impacted stormwater can extend into the summer time frame in the NPDES 
permits. It is, therefore, important to be aware of winter versus summer differ-
ences in permit conditions, including the dates at which the conditions change. 
For example, discharges from snow piles that may have met winter season per-
mit limits might exceed summer season limits.

It is important for airport operators to determine which permit limits repre-
sent the most restrictive limits, or governing conditions, in the permit. For more 
guidance on determining governing conditions from permits and agreements, see 
ACRP Report 99: Guidance for Treatment of Airport Stormwater Containing Deicers.

4.3  Other Regulatory Programs Applicable  
to Airport Winter Operation Activities

In addition to the NPDES permit program, airport winter operations may also be subject to 
additional regulation. Chemical deicer-impacted stormwater or applied deicer runoff may be 
regulated under a municipal separate storm sewer system (MS4) permit, if it is discharged into 
a stormwater conveyance system owned or operated by a public entity. Additionally, discharges 
into a sanitary sewer where the discharge is eventually treated at a publicly owned treatment 
works (POTW) may be regulated by the POTW under the national pretreatment program. For 
additional guidance on MS4 and pretreatment program requirements, see ACRP Report 99: 
Guidance for Treatment of Airport Stormwater Containing Deicers.

4.4  NPDES Compliance Through an Airport Deicer 
Management System

If stormwater runoff from winter operations is likely to contain pollutants from deicer appli-
cation at levels that have a reasonable potential to violate regulatory criteria and NPDES permit 
conditions, the stormwater must be managed to mitigate potential environmental impacts to 

Summary of NPDES Permitting Considerations for Airport Winter Operations

•	  NPDES permits for industrial activities are the primary means for regulating 
discharge of deicer-impacted stormwater.

•	 Effluent limits are based primarily on local water quality standards.
•	 Different limits can apply in summer and winter.
•	 Each drainage area and outfall can have different limits.
•	  BMPs for managing stormwater may be required and are typically described in 

an SWPPP.
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surface water and groundwater. The comprehensive, integrated system for managing deicer-
impacted stormwater is called a deicer management system.

4.4.1 System Components

Each airport’s deicer management system is different and may not include all of the compo-
nents depicted in Figure 4-1. Most include some form of designated deicer application areas, 
stormwater monitoring, collection of impacted stormwater, and discharging stormwater in a way 
that meets permit conditions. Some airports required extensive systems for temporarily storing 
the stormwater, means for treating the stormwater onsite or offsite, and sophisticated processes 
for controlling the deicer management system as a whole. The components, capacities, coverage 
area, and complexity of an airport’s individual deicer management system are dependent upon 
local climate, aircraft operations, airport infrastructure, assimilative capacity of the local water 
bodies receiving the stormwater runoff, and regulatory requirements.

4.4.2 System Planning and Evaluation

The planning and evaluation of deicer management system 
needs and the design of the systems can be a complex pro-
cess that can take years. As a result, implementation of a deicer 
management system is often undertaken outside the strict 
confines of winter operations planning (see ACRP Report 14: 
Deicing Planning Guidelines and Practices for Stormwater 
Management Systems). However, coordination between those 
designing deicer management systems and those responsible 
for winter operations planning is essential. Critical areas that 
require coordination and common understanding include:

•	 	Deicer application locations, both for aircraft and pavement 
deicing;

•	 Types and even specific brands of deicing chemicals;
•	 Conditions under which deicer is applied;

Figure 4-1.  Schematic of potential deicer management system 
components (8, p. 2).

Source: Gresham, Smith and Partners  
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•	 Method by which deicer is applied (e.g., use of hybrid forced air deicing units 
for aircraft deicing);

•	 Tracking of deicer use;
•	 Forecasting future deicer use;
•	 Procedures for overnight parking and deicing aircraft;
•	 Snow plowing and blowing practices;
•	 Snow storage locations;
•	 Snow melting procedures; and
•	 Runway closure criteria and procedures.

Winter operations staff should actively engage those charged with the design 
of a deicer management system to help ensure that designers have the best 
available information on these practices. This will maximize the likelihood 
that the implemented deicer management system is appropriately sized and 
capable of successfully operating under the variety of conditions that may be 
encountered. Designers of deicer management systems should seek to thor-
oughly understand the winter operations practices and take steps to ensure 
that the overall winter operations practices are compatible with operational 
needs for deicer management systems. At some airports, winter operations staff 
has responsibilities for general winter operations and for deicer management 
system operation. Coordinating the timing and extent of operational needs for 
these two sets of responsibilities is essential.

4.4.3 Stormwater Runoff Monitoring (9)

Monitoring of stormwater runoff is an integral element of regulatory compli-
ance and a means for managing winter stormwater flows within a deicer man-
agement system. This section presents a synopsis of ACRP Report 72: Guidebook 
for Selecting Methods to Monitor Airport and Aircraft Deicing Materials.

Stormwater monitoring can allow the segregation of deicer-impacted 
stormwater into different fractions based on concentration. The objective is 
to collect and potentially treat only the stormwater that has pollutant concen-
trations above permitted concentrations or loadings. Often in these types of 
systems, online monitors are used to get near-continuous measurements of 
flow rates and pollutant concentrations, with the results fed to a computer-
based control system. If the measured values exceed predetermined set points, 
actions such as the opening or closing of a slide gate or the turning on or off of 
a pump are triggered, resulting in the routing of the stormwater to a particular 
location.

Airports typically implement permit monitoring programs that involve sample 
collection and analysis for the monitoring parameter. Monitoring consists of two 
elements: collection of the sample and testing of the sample to quantify the param-
eter in question. Sampling can be accomplished in a variety of ways, including:

•	 Collection of individual samples by airport or hired staff.
•	 Use of auto samplers that are programmed to collect samples at regular intervals or based 

on how much flow has passed. The auto samplers may be programmed to mix the individ-
ual samples together (composite sample) or temporarily hold individual samples (discrete 
samples).

•	 Use of specially designed sampling systems that may involve continuous or intermittent 
pumping of stormwater, typically to a continuous monitoring device.
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The testing of the sample to quantify its characteristics typically occurs through analysis at an 
independent, certified analytical laboratory or analysis onsite at the airport using:

•	 Analytical equipment permanently situated in the lab.
•	 “Test kits,” which are smaller instruments that may provide results with a lesser degree of 

accuracy than laboratory equipment. This type of testing is used when the airport desires a 
faster turnaround time for the results.

•	 Hand held instruments (e.g., a pH probe) that can be carried from point to point.
•	 Test equipment permanently installed near the monitoring location. This method is used when 

a large quantity of data is required, but is limited to a relatively narrow band of parameters.

Common analytical parameters for winter operations include: flow rate; flow volume in a day; 
BOD; COD; TSS; TDS; and levels of PG, EG, ammonianitrogen, phosphorus, pH, and tempera
ture. It is recommended that airport personnel involved in winter operations understand the 
monitoring requirements, including:

•	 Sample/monitor location;
•	 Sample timing;
•	 Conditions that trigger sampling/monitoring; and
•	 Areas of the airport draining to each monitoring location.

An understanding of this information and communication with airport personnel respon
sible for sampling and permit compliance can result in more efficient monitoring with less risk 
of permit noncompliance.

4.4.4 Runoff Collection and Storage

Deicer management systems have limitations in their ability 
to manage deicerimpacted stormwater. For most airports, the 
stormwater drainage areas are too vast for stormwater runoff 
from all areas to be collected with a deicer management sys
tem. As a result, stormwater collection systems are limited to 
areas where collection is needed to meet regulatory criteria. 
In addition, at some airports, deicer application is limited to 
small areas, such as deicing pads, so that the volume of storm
water impacted by deicers is minimized. Understanding the 
boundaries of the deicer application and stormwater collec
tion is essential for winter operations staff. Deicing outside of 
these areas can directly lead to noncompliance with environ
mental permits. If through operational needs or expansion 
it is not feasible to deice aircraft within areas served by the 
deicer management systems, other measures must be taken 
to achieve compliance. Instances where aircraft or pavement 
is deiced outside of the deicer management system collection 
areas should be noted and reported by winter operations staff.

Many airports have storage vessels for temporarily containing deicerimpacted stormwater. 
The vessels may be underground tanks or pipes, lined or unlined lagoons, or aboveground stor
age tanks. The storage vessels are typically sized to have enough storage for relatively extreme 
deicing seasons. However, they do not have unlimited capacity, and it is possible that condi
tions may be encountered where storage capacity is temporarily unavailable. Sizing storage vol
umes, along with other deicing management system components, should involve identifying 
an appropriate design storm event, as described in ACRP Report 81: Winter Design Storm Factor  

Source: Gresham, Smith and Partners
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Determination for Airports. This process requires an understanding and analysis 
of airport-specific historical winter event data similar to the process described 
in Chapter 5 of this guidebook. Winter storm events that exceed the design 
storm conditions may result in the need to temporarily adjust operations, such 
as postponing mechanical snow melting until sufficient capacity is available. 
Communication between deicer management system staff and winter opera-
tions staff in these circumstances is necessary.

4.4.5 Deicer-Impacted Stormwater Runoff Treatment (8)

Some airports have, or are considering the addition of on-airport, deicer-
impacted stormwater runoff treatment capabilities into their deicer manage-
ment systems. This section presents a synopsis of the treatment discussion 
originally presented in ACRP Report 99: Guidance for Treatment of Airport 
Stormwater Containing Deicers.

Deicer treatment is the component of a deicer management system that 
removes deicers from the deicer-stormwater runoff mixture. Deicer treatment 
can utilize physical or biological means to reduce the pollutant content of 
stormwater such that it can be discharged to the surface water body or sanitary 
sewer. Commonly used deicer treatment systems include membrane-based gly-
col recycling systems, evaporation-based glycol recycling systems, and biological systems that 
use bacteria to degrade the deicer. Deicer treatment systems are usually designed specifically to 
remove or breakdown the chemical constituents in deicers and are not suitable to treat all pollut-
ants. For example, biological treatment systems are not designed to treat the types of chemicals 
in jet fuel, especially at high concentrations. In fact a significant fuel spill could harm deicer 
treatment operations. As a result, it is important that deicer treatment systems not be used as a 
catch-all or dumping ground for water with pollutants other than deicers.

Deicer treatment systems may also be designed to treat spe-
cific types of deicer constituents. For example, many deicer 
recycling systems in the U.S. are intended to produce concen-
trated PG. As designed, they are usually not set up to produce 
concentrated streams of EG or glycerin. Therefore, if changes 
to the type of deicer are considered, steps should be taken to 
ensure their compatibility with the deicer treatment operations.

Finally, deicer treatment systems have defined maximum 
capacities. While many deicer management systems have 
means for “buffering” the treatment system through upstream 
storage or controlled discharge of pollutants into the treat-
ment unit, some do not. Therefore, care must be taken with 
the release of spike loadings of deicer that discharge to the 
treatment system. This includes potential spike loadings from 
extended mechanical snow melting operations, dumping of 
deicer collected from glycol recovery vehicles into the collec-
tion system, and spills of deicer.

4.4.6 Annual Operational Review

Once deicer management systems have been implemented, there is often a learning curve 
associated with the operation, including the compatibility between the deicer management sys-
tem operation and the remainder of winter operations. While the learning curve is often most 

Source: Gresham, Smith and Partners 
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steep in the first winter of operation of deicer management systems, each winter presents its 
own unique circumstances. As result, it is recommended that as each year’s winter operations 
planning is undertaken, a portion of the effort be devoted to discussing issues from the previous 
winter’s deicer management operations to determine if any changes to the winter operations 
plan or the deicer management operations should be undertaken for the next season. Aspects of 
the operations that should be routinely considered include:

•	 NPDES permit violations that occurred in the previous winter and the causes,
•	 Whether deicer application operations were able to be contained within areas served by the 

deicer management system,
•	 Whether snow storage areas are appropriately sized to contain deicerimpacted snow,
•	 Whether snow storage areas are located in areas that meet operational needs,
•	 Whether deicer management operations affected the airport operator’s ability to perform 

winter operations as needed,
•	 Anticipated changes in deicing chemicals,
•	 Anticipated changes in deicing locations, and
•	 Access and maintenance issues.
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Historical Winter Storm Event Data

An airport operator’s winter operations capabilities are rarely questioned, except when they 
are overwhelmed by a significant winter storm event and the impacts are felt by the airport, its 
stakeholders, and the traveling public. This can occur at airports of any size. At a general avia-
tion airport, the impact may involve a single corporate aircraft unable to depart when planned. 
Impacts may also become apparent in more spectacular fashion at large-hub airports when 
closed runways result in extended flight delays, hundreds of cancellations, thousands of stranded 
passengers, and millions of dollars of lost revenue accompanied by prolonged and often critical 
media attention.

An illuminating example of the value of understanding the history of meteorological events 
occurred following the December 17–23, 2010 winter storm that severely disrupted London 
Heathrow Airport (LHR). The disruption from that storm resulted in a formal inquiry that 
examined LHR’s winter operations practices and recommended changes to avoid a similar 
disruption. The resulting recommendations affected the updating of the snow plan, coordi-
nation among stakeholders, and prioritization of resources, providing for passenger comfort 
and the organization of the airport’s emergency response structure for dealing with snow 
emergencies. Following the inquiry, LHR invested £10 million in additional SRE and sub-
stantially revised its response to winter storm events. The enquiry noted that the snowfall 
amount, 7 cm, had an expected recurrence interval of 5 years based on the meteorological 
period of record at LHR. However the enquiry also noted that a 22-year long stretch of mild 
weather had created a false sense that the risk of such a storm was remote and could be 
handled within the existing resources.

The following sections describe how characterizing and understanding the range of historical 
meteorological conditions associated with winter storm events common to an airport’s geogra-
phy can help with better planning, communicating, executing winter operations, and managing 
of expectations.

5.1 Benefits of Utilizing Historical Meteorological Data

Most airport operators rely heavily on weather forecasts at the onset of a winter storm event 
to plan their operations, and on real-time weather observations to adjust their plans as the event 
unfolds. However, few utilize historical weather data as part of their annual winter operations 
planning process. Those that do tend to have experienced a significant and highly visible opera-
tional disruption due to a winter storm event or are airports that have learned from the experi-
ences of other airports. The planning topics identified throughout this guidebook demonstrate 
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how meteorological data from historical winter storm events, or summaries of statistical analyses 
of these data, can offer the following benefits:

•	 Aligning performance targets with specific winter event conditions;
•	 Qualifying targeted winter event conditions to facilitate a shared understanding of the invest-

ment in infrastructure, equipment, staff, and operating procedures required to achieve per-
formance goals;

•	 Facilitating airport operator and stakeholder understanding of the statistical frequency that 
future winter storm events may exceed the airport’s winter operations capabilities;

•	 Facilitating airport operator and stakeholder risk-based decision making on the acceptability 
of the airport’s winter operations capabilities and associated operational implications;

•	 Comparing past seasonal performance outcome and efficiency measurements to past winter 
storm events; and

•	 Comparing recent winter storm events to ranked past events to understand relative magnitude.

5.2 Meteorological Data Sources

Meteorological data are widely available for most geo-
graphic regions across the United States. Because many 
airports are designated National Weather Service (NWS) 
monitoring stations, airport-specific data may be available. 
The National Oceanic and Atmospheric Administration 
(NOAA) National Climatic Data Center (NCDC) pro-
vides access to digital historical weather and climate data 
for numerous monitoring stations through its website at: 
http://www.ncdc.noaa.gov/data-access/quick-links. Of the 
accessible databases offered by NOAA, the following two 
databases provide hourly meteorological data: the Inte-
grated Surface Database, Hourly, Global (ISD); and the 
Hourly Precipitation Data Publication/Database.

The ISD contains the following primary meteorological 
parameters that, in conjunction with associated data flags 
or codes that indicate precipitation type, can be useful in 
characterizing winter storm events:

•	 Hourly snowfall (indicator of event severity),
•	 Hourly ice accumulation (indicator of event severity),
•	 	Hourly liquid accumulation (indicator of snow density in 

conjunction with snowfall data),
•	 Hourly wind speed (indicator of drifting conditions),
•	 Hourly prevailing wind direction (indicator of pavement surfaces impacted by drifting when 

used in conjunction with wind speed),
•	 Hourly visibility (indicator of conditions limiting SRE performance), and
•	 Hourly temperature (indicator of snow density).

The Hourly Precipitation Data Publication/Database contains only hourly precipitation data 
available to the hundredth of an inch. The greater measurement accuracy makes this data prefer-
able to the precipitation data that may be available through the ISD. These data can also facilitate 
the calculation of additional parameters of interest (e.g., total event duration). The timespan of 
available data, or period of record, should be reviewed to determine if there are sufficient data to 
characterize historical winter storm events. A step-wise process for accessing meteorological data 

BEST PRACTICE—Weather Observation  
and Terminology

A basic understanding of the fundamentals of 
weather observation and weather terminology is 
of benefit to airport operations personnel. Basic 
meteo rology courses are available at technical 
schools, colleges, and universities across the coun-
try. Many airports train operational personnel as 
NWS qualified Certified Weather Observers. In fact, 
the NWS has recently reached out to airports seek-
ing to bolster the number of certified observers 
available at airport locations. The training guide 
for surface weather observations is available via 
the following link to the NWS website: http://www.
weather.gov/om/forms/resources/SFCTraining.pdf.
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from both databases is available in Appendix A. For statistical calculations of winter storm event 
frequency, as described later in this chapter, a large dataset of hourly records spanning at least 
10 years is required. However, consideration should also be given to changing climatic conditions 
and the representativeness of meteorological data measurements recorded decades ago.

5.3 Climate Changes Considerations

Airports that appear to be experiencing a sustained trending of climatologi-
cal change may elect to utilize data from more recent periods (e.g., the past two 
decades) rather than the full available period of record. While climate change 
and its effect on airport winter operations are beyond the scope of this guide-
book, ACRP Synthesis 33: Airport Climate Adaptation and Resilience reviewed 
the range of risks to airports from projected climate change and the emerg-
ing approaches for handling them. ACRP Project 02-40, “Climate Change Risk 
Assessment and Adaptation Planning at Airports” (on-going at the time of this 
writing), is intended to develop a climate change adaptation guidebook for 
airports that identifies potential impacts from climate change; assesses related 
airport risks; and provides guidance for managing related uncertainty, devel-
oping a prioritized actions plan, and implementing the actions plan as an adap-
tive management process (10).

5.4 Data Manipulation and Analysis

Once historical meteorological data are downloaded into spreadsheet-type 
software (e.g., Microsoft Excel®), the dataset must be manipulated to eliminate 
unwanted data. Data manipulation and analysis can be labor intensive and may 
require external support, depending upon the availability and capability of air-
port personnel. The end goal is to identify and summarize individual winter 
storm events and associated event parameters documented within the dataset.

5.4.1  Steps for Manipulating Raw Historical 
Meteorological Data

The following steps represent a high-level overview of the steps necessary 
to manipulate historical data obtained from NOAA and identify individual 
winter events that can be later ranked:

1. Compile and relate the hourly precipitation data, if obtained from the 
Hourly Precipitation Data Publication/Database, into the spreadsheet con-
taining the ISD data.

2. Maintain one parameter type per column, and all hourly parameter data 
occurring in the same year, month, day and hour in a single row.

3. Eliminate rows of data for location-specific non-winter season months.
4. Filter the data using accompanying snow or ice-related weather codes to locate 

and identify the records with the desired codes (data format documentation 
of the ISD data including a description of data column headers and weather 
codes is available at: http://hurricane.ncdc.noaa.gov/cdo/3505doc.txt).

5. Identify the beginning and end of storm events within the dataset through 
the use of the hourly precipitation data (see Table 5-1). Differentiating 
between events requires defining an inter-event period, or the period of 
time between the end of one storm event and the beginning of another. This 
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period should be longer than the intermittent dry periods that may occur during a winter 
storm event. ACRP Report 81: Winter Design Storm Factor Determination for Airports suggests 
that geographically driven inter-event periods typically range between 3 and 24 hours (11, 
p. 4). The closest NWS branch office may be able to assist with determining an appropriate 
local inter-event period.

6. Utilize the data within the boundaries of each defined storm event to calculate the following 
parameters by event:
 – Total event duration (e.g., hours);
 – Total event snowfall (e.g., inches);
 – Average hourly snowfall intensity (e.g., total inches/event duration in hours);
 – Maximum hourly snowfall intensity;
 – Total event ice accumulation;

Table 5-1.  Example filtered meteorological data with highlighted winter storm event data.

Note: YR = year; MO = month; DA = day; HR = hour; MN = minute; DIR = direction; SPD = speed; GUS = gust; CLG = cloud ceiling, meaning “lowest opaque
layer”; SKC = sky condition; VSB = visibility; OVC = overcast; MW = manually observed present weather; TEMP = temperature; DEWP = dew point;
ALT = altimeter; and PCP01 = hourly precipitation reported in hundredths of an inch (where “T” means “Trace amount”).
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 – Average hourly icing intensity;
 – Maximum hourly icing intensity;
 – Total event liquid precipitation accumulation;
 – Average hourly liquid precipitation intensity;
 – Average hourly wind speed;
 – Average hourly prevailing wind direction;
 – Average hourly visibility;
 – Minimum hourly visibility;
 – Average hourly temperature;
 – Maximum hourly temperature; and
 – Minimum hourly temperature.

7. Enter the above-identified calculated storm event parameters into a second separate 
spreadsheet with storm event start date and time as the first two column headers and 
each additional parameter as a separate column header. There should be only one event 
per row.

8. Use the second spreadsheet with individual event statistics assembled to conduct a storm 
event frequency analysis by event parameter.

5.4.2 Event Frequency Analysis

A recurrence interval (also referred to as a return period) for a winter storm event parameter 
is a statistical estimate of the probability that the given event will be equaled or exceeded in any 
given year. For example, a 100-year recurrence interval winter storm event snowfall total means 
that there is a 1 in 100 probability or 1-percent chance of the event snowfall occurring or being 
exceeded in any given year; whereas, a 10-year recurrence interval winter storm event snowfall 
total means that there is a 1 in 10 probability or 10-percent chance of the event snowfall occur-
ring or being exceeded in any given year. Table 5-2 further illustrates the relationship between 
recurrence interval and probability of occurrence. However, it should be noted that in any given 
100-year period, a 100-year recurrence interval event may occur more than once or not at all 
because weather events are independent of previous weather events.

To conduct a frequency analysis and identify event recurrence intervals for the winter storm 
event parameters summarized in the second spreadsheet described above, 10 or more years of 
data should be used. More than 10 years of data will increase the confidence level in the analy-
sis results. Each storm event, along with all associated data, must be sorted by the parameter of 
interest in descending order of magnitude. For example, to determine the winter storm event 
recurrence interval by total event snowfall, sort the data listing the largest total event snowfall 

Table 5-2.  Example recurrence intervals and probabilities  
of occurrence.

Recurrence 
Interval (years) 

Probability of Occurrence in Any 
Given Year 

Percentage Chance of Occurrence 
in Any Given Year

100 1 in 100 1%

50 1 in 50 2%

25 1 in 25 4%

10 1 in 10 10% 

5 1 in 5 20% 

2 1 in 2 50% 

A Guidebook for Airport Winter Operations

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22221


32  A Guidebook for Airport Winter Operations

value first. This event would receive a ranking of 1; then rank the remaining events by total 
event snowfall in descending order of magnitude until all of the data are ranked storm event 
data. Once sorted and ranked, the recurrence interval can by calculated using the following 
equation:

n

m
Recurrence interval

1= +

where:

n is number of years in the data record
m is the magnitude ranking

As meteorological data from subsequent winter season events are made available by NOAA, 
event statistics can be calculated and added to the second spreadsheet to determine recurrence 
intervals. Maintenance of these spreadsheets on a minimum annual frequency will require sub-
stantially less effort than the initial effort to analyze periods of record data.

Once the recurrence intervals for the winter storm events summarized in the second spread-
sheet have been calculated, the information can offer perspective on past winter operations per-
formance. For example, if an airport operator and its stakeholders understand that significant 
flight delays occur due to snow removal operations associated with a 2-year recurrence interval 
total event snowfall, they can plan around the 50-percent chance that this level of operational 
disruption may occur during every winter season. If the likelihood of this disruption is too 
high, new performance goals and objectives to reduce the likelihood of flight delays can be set  
and the airport operator can increase its ability to manage greater recurrence interval winter 
storm events. This is the concept upon which identifying threshold winter-event conditions and 
setting performance targets is based. Identifying threshold winter-event conditions and setting 
performance targets are discussed in Chapter 7.
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Investment in winter operations to improve performance requires the identification of, col-
lection of, review of, and action-oriented response to relevant data. Data is information, and a 
lack of good information leads to uninformed decisions and failure to meet expectations. This 
chapter presents a framework for making informed, defensible decisions based upon clear per-
formance goals and objectives, sound data, documented baseline performance, and established 
winter event-based performance targets.

6.1  Identify Performance Goals, Objectives,  
and Measures

Many of the airports surveyed during research conducted for this guidebook had not estab-
lished clear winter operations performance goals, were not measuring program elements 
having strategic importance to their performance, and were not using measures to guide 

and adjust their operational performance. 
Accomplishing these actions requires a struc-
tured system for goal setting and performance 
measurement. ACRP Report 19: Develop-
ing an Airport Performance-Measurement  
System defines performance measurement  
as “measurement on a regular basis of the 
results and efficiency of processes, services  
and programs” (12, p. 8). ACRP Report 19 
offers guidance and step-wise instruction 
on how to establish a formal, documented  
performance-measurement system. The fol-
lowing sections of this chapter touch on some 
of the many concepts presented in ACRP 
Report 19. These concepts represent key con-
siderations for planning winter operations 
programs. Readers are encouraged to incorpo-
rate a performance-measurement system into 
the overall management system approach to 
winter operations outlined in this guidebook.
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6.1.1 Performance Goals

Goal setting for an airport winter operations program is a crucial first step toward managing 
performance. High-level goals should reflect the following characteristics:

•	 Identify a broad, desired end result;
•	 Originate from an airport-wide strategic goal setting process, if one exists;
•	 Reflect highest-level priorities for which the airport is willing to invest its resources;
•	 Align with other high-level airport goals;
•	 Reflect the input and interests of the winter operations stakeholders (see Chapter 2);
•	 Require the coordinated efforts of winter operations stakeholders to achieve; and
•	 Apply to the organization over an extended duration.

It is important to set a manageable number of goals for a winter operations program. Three to 
four well-conceived goals may be all that are necessary depending on airport size and complexity. 
Each goal may be supported by multiple related objectives, which are described in the next section. 
Figure 6-1 provides three examples of high-level winter operations program goals.

6.1.2 Performance Objectives

The terms “objective” and “goal” are often considered to be synonymous; however, for the 
purpose of this guidebook the terms are assigned unique meanings. Objectives are a subset of 
high-level goals. As presented earlier, a goal represents a broad, desired end result. An objective 
is more specific than a goal, represents a pathway to achieving a goal, and will typically be imple-
mented over a shorter time interval. Multiple objectives may be required to support a single 
high-level goal (see Figure 6-2), so the total number of goals set by an airport will be driven 
by the number of supporting objectives. However, the total number of objectives will typically  
be constrained by the availability of resources (i.e., resources, capital, time) required to implement 
the objectives.

Figure 6-1.  Example high-level winter operation program goals.

Figure 6-2.  Relationship 
between goals and 
objectives.

A Guidebook for Airport Winter Operations

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22221


Winter Operations Performance Measurement  35   

When setting objectives, apply “SMART” criteria. While there may be alternate words assigned 
to each letter of this acronym, the following version is well-suited to winter operations:

•	 Specific—Is the objective specific enough to ensure consistency and avoid confusion?
•	 Measurable—Can a quantifiable measure be assigned to the objective to track progress?
•	 Assignable—Is the objective assignable to an individual or group to ensure ownership and 

accountability?
•	 Realistic—Is the objective within the collective capability of the airport and its stakeholders 

given available time and equipment, human, and financial resources?
•	 Time-Based—Does the objective have a predefined period of time during which it is to be 

achieved?

Figure 6-3 provides the same high-level winter operation program goals presented in the 
previous figure with associated example objectives.

6.1.3 Performance Measures

Once objectives to support each high-level winter operations program goal are set, determine 
how performance can be measured so that progress toward goals and objectives can be quan-
tified. The inability to identify clear performance measures for a goal or objective is a strong 
indicator that the goal or objective is not specific enough and may require further refinement.

Nearly every aspect of airport winter operations can be measured, and some airport operators 
collect large amounts of data over the course of a winter season. However, just because an activ-
ity can be measured does not mean that it should be. Collecting data with no pre-established 
purpose for how the data will be used, or how it will relate to operational goals or objectives, 
may result in an inefficient and ineffective use of airport resources. A fundamental concept of 
performance-measurement systems is to select measures that will be useful to the intended user 

Figure 6-3.  Example objectives associated with high-level winter operation 
program goals.
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and will offer insight into operational performance so that adjustments can be made to achieve 
desired results (12, p. 10).

Performance measurements may not be useful for all audiences within the airport organiza-
tion or for airport stakeholders. For example, the average speed of a snow team on a runway 
covered with one inch of wet snow may be clocked at 15 miles per hour. This measurement 
may be useful to an airfield maintenance manager who is looking for opportunities to increase 
the average snow team speed. However, this measure may be of little value to the FAA ATCT or 
airport operations. Instead, a more useful measure may be the average SRE runway occupancy 
time to clear one inch of wet snow. This measure is also an indicator of snow team performance, 
including operating speed, but better meets the needs of this audience. The bottom line in 
selecting performance measures is to make sure they meet the needs of their intended audience.

As will be described later in this section, direct measures of individual activities may be most use-
ful to personnel within an airport organization directly responsible for those activities. Measures 
that can serve as performance indicators for broader operations may be most useful to personnel in 

the organization tasked with managing overall performance to meet established 
goals and supporting objectives. The most beneficial strategic measures of air-
port winter operations are referred to as “airport performance indicators” (APIs) 
and are synonymous with the more familiar term “key performance indicators.” 
The term API is used in this guidebook to facilitate consistency with ACRP Report 
19A: Resource Guide to Airport Performance Indicators, which describes numerous 
performance indicators covering most facets of airport operations.

Determining which measures will be useful and offer insight requires an 
understanding of the various types of measures and where they originate. 
Figure 6-4 classifies the sources of potential measures as inputs, outputs, out-
comes, and efficiencies according to their relationship to airport winter opera-
tions activities, which are driven by winter event meteorological conditions. 
Each classification of measure is defined below.

•	 Inputs—The resources utilized to conduct an activity (e.g., equipment capi-
tal investments, number of pieces of equipment used, number of operators 
required, gallons of pavement deicer applied, gallons of fuel consumed, etc.).

•	 Outputs—The results of the operational activities (e.g., square feet of pave-
ment treated, duration of runway closures, number of aircraft operations 
during event, etc.).

Figure 6-4.  Relationship of input, output, outcome, and efficiency 
measures to operational activities driven by winter event 
meteorological conditions.
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•	 Outcomes—The impacts of inputs and outputs on the airport operator and its stakeholders 
(e.g., increased operating costs, decreased departure delays and cancellations, no runway incur-
sions by snow team, no go-arounds due to closed runways, etc.), which are compared to its 
objectives (i.e., intermediate outcomes) and goals (i.e., end outcomes).

•	 Efficiencies—Relationship of output production or outcomes to the use of inputs (e.g., total 
cost per square foot of treated pavement, air carrier cost per minute of runway closure, etc.).

In addition to considering the classification of measures, 
also consider whether measures document what has occurred 
in the past or indicate what may occur in the future. Measures 
that document what has already happened are considered lag-
ging measures and provide data upon which to react. Most 
winter operations performance measures are lagging measures. 
Measures that indicate what may happen in the future are 
considered leading measures and allow proactive course cor-
rections, as necessary, to achieve desired intermediate and end 
outcomes. ACRP Report 19 suggests that few airports recognize 
and use leading indicators, although it advocates establishing a 
balance in the use of lagging and leading performance measures 
(12, p. 20). An example leading measure applicable to winter 
operations is average “windshield time” for SRE operators dur-
ing winter events. This measure represents the average number 
of hours an equipment operator works during a winter event 
prior to a substantial rest period. As a well-documented con-
cern for airport operators, it is an indicator of potential opera-
tor fatigue, loss of concentration and situational awareness, and other safety concerns such as 
vehicle collisions, runway incursions, or other undesirable performance. To be a leading measure, 
there should be a reasonable correlation between the measure and potential future performance.

Other considerations for selecting performance measures for winter operations include the 
following:

•	 Primary—Select primary measures that can be measured directly rather than secondary mea-
sures that must be calculated from other measures.

•	 Importance—Select measures for an aspect of an activity that is most important to, or has the 
most influence on, the airport’s performance of that activity.

•	 Control—Avoid measuring activities when the airport does not have primary control over the 
activity or when the activity may be affected by multiple variables beyond the airport’s control.

•	 Ease of Acquisition—Avoid measures that are difficult to capture as part of normal opera-
tions or that are labor intensive.

•	 Accuracy and Precision—Avoid measurement methods that introduce the potential for sig-
nificant error in accuracy (i.e., the difference between measured and actual values) or preci-
sion (i.e., the inability to replicate measured values under identical conditions) when accurate 
or precise measurements are required. Conversely, avoid unnecessarily expending resources 
to collect accurate or precise measurements, when doing so will not increase the usefulness of 
the data (i.e., an indicator will suffice).

Figure 6-5 identifies possible APIs for the example high-level winter operation program goals 
and associated objectives presented in the earlier figures. Appendix B presents example measures 
that may serve as useful APIs for seven winter operations performance categories. This list does 
not represent all possible APIs that may be of interest to an airport. The identified APIs were the 
most prevalent indicators identified from airport interviews, documents, and discussion during 
the conduct of research for this guidebook and were included because each enables monitoring of 

Source: Wausau Equipment Company
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airport winter operations performance. The APIs can inform decisions about whether to improve 
process efficiency associated with activities and/or invest in additional resources (e.g., inputs). The 
list will enable airports to select APIs based upon areas of interest and their own specific goals.

6.2 Plan Data Collection and Reporting

Data collection and reporting requires a potentially significant investment with the expected 
return being improvement in winter operations performance. The investment will include labor 
and may also include software and equipment to measure performance. The level of investment 
may vary greatly between airports based on the number of tracked performance measures. Data 
collection and reporting costs should be accounted for in the annual winter operations program 
budget. Additional considerations related to collecting and reporting performance data that may 
help better define the level of investment required include:

•	 Who is responsible and accountable for performance data collection? This may be the most 
important question because, if data are not collected as prescribed, the other questions are 
irrelevant. Avoid naming individuals as responsible and accountable and, instead, name a 
specific position(s). Staff filling these positions should then be instructed how to fulfill their 
responsibilities.

Figure 6-5.  Example APIs identified for objectives associated with high-level 
winter operation program goals.
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•	 Where will performance data be recorded and stored? Decide if data will be recorded directly 
into electronic format or written to hard copy and later entered into electronic format. Strive 
for collecting electronic data records using the most practical and efficient process possible. 
To accomplish this, airports need to consider what software will be used for data management 
and reporting. Chapter 6 of ACRP Report 19 offers insight into software-based performance 
reporting.

•	 How will performance data be reported? Data reporting decisions, including how data are to 
be presented to management-level decision makers, are typically linked to data management 
software platform considerations. At a minimum, performance data should be presented in a 
manner that facilitates management understanding of performance trends, identifies potential 
performance issues, and enables management decisions to maintain or improve performance 
(12, p. 88). This is often accomplished through the use of performance scorecards or dashboards.

•	 When will performance data be reported? The frequency of performance data reporting 
depends upon the data and intended audience. Reporting “Time to Complete Airside Prior-
ity 1 Pavement” to an airfield maintenance department could realistically occur after each 
winter event, while the same API might be reported to the airport’s director after each winter 
season. It is important to remember that performance measurements should be reported at 
the frequency required for decision makers to make timely, informed performance manage-
ment decisions.
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Winter Operations Baseline  
and Performance Targets

After setting winter operations program goals and objectives, and identifying associated 
APIs and performance measures, a performance and cost baseline can be established to under-
stand existing operating capabilities and set performance targets. A baseline can also be used 
to compare and evaluate the effectiveness of newly implemented operational strategies and 
tactics. This chapter presents considerations for documenting a performance and cost baseline, 
as well as setting performance targets once current performance capabilities and limitations 
are understood.

7.1 Document Performance Baseline

Available data associated with defined APIs and performance measures and data collected 
during previous winter seasons can be used to establish a performance baseline. However, the 
data should reflect the outcomes of current equipment and operational practices. Data associ-
ated with winter operations practices no longer in use offer no benefit. If no data were recorded 
for certain APIs during previous seasons, do not allow this lack of data to prevent moving for-
ward with efforts to improve winter operations performance. Use the upcoming winter season 
to collect and document data that can then serve as a baseline for future seasons. Refer to the last 
section of Chapter 6 on data collection and reporting.

7.2 Associate Performance with Historical Winter Events

For performance and cost baseline data to yield their greatest value, associate them with his-
torical winter events occurring immediately prior to and at the time the data were collected. The 
recommended meteorological data and winter storm event recurrence interval determinations 
described in Chapter 5 can support the evaluation of performance and cost baseline data and 
offer meaningful context. This effort can, in turn, help an airport operator and its stakeholders 
define target threshold winter-event conditions, as described later in this chapter.

7.2.1 ATC Runway Closure Duration

The duration of ATC runway closures due to pavement surface conditions and/or snow and 
ice removal operations is an effective API to use in establishing a performance baseline. As an 
API, ATC runway closure duration can be associated with SRE runway occupancy time and past 
winter event condition data following the steps identified in this section. This process can illus-
trate the general relationship between winter event conditions and SRE runway occupancy time, 
potentially supporting the estimation of SRE investment necessary to reduce runway occupancy 
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time as described in Chapter 13. Additionally, the process 
can illustrate the general relationship between SRE runway 
occupancy time and ATC runway closure duration, poten-
tially revealing opportunities to improve existing proce-
dural or communication inefficiencies between the airport 
operator and ATC.

Considering only data collected within the period of time 
that best reflects current SRE capabilities, implement the 
following steps:

1. Review operations logs to identify runway closures over 
the course of a winter storm event. If multiple runways 
were in use, identify and separately document the data 
for each runway in a basic spreadsheet.

2. Identify the date, ATC runway closure time, reopening 
time, and closure duration (in minutes) for each runway.

3. Identify the time SRE entered and exited the runway sep-
arately from the time when ATC closed and reopened the 
runway.

4. Calculate the total and average closure duration for each 
runway during the event (see Table 7-1).

5. Identify the winter event in the list of historical win-
ter storm events summaries (if prepared as described 
in Chapter 5). Add data for event duration, snow type 
(e.g., dry or wet), total event snowfall, and average event 
intensity along with recurrence interval data for each 
parameter to the spreadsheet (see Table 7-2).

The five steps described above should be repeated for 
additional winter events that led to runway closures dur-
ing the historical period of review. Ideally, data is assembled 
for five or more seasons (barring significant changes to 
snow removal operations during that period). More data 
will enable increased understanding of the relationships 
between the data sets. The data in the spreadsheet can then 
be sorted by any column to assess event parameter magni-
tude on runway closure time (see Table 7-3).

7.2.2  Aircraft Delays Attributable  
to ATC Runway Closure Duration

During 2013, approximately 36.5 percent of flight delays 
reported by airlines were attributable to weather (13). Dur-
ing the winter months of 2013, runway closures were one of 
many causes of aircraft arrival and departure delays during 
winter weather events. Runway closures typically occur for 
SRE operations and subsequent pavement friction testing. 
Flight cancellations also present costs. However, because 
many airlines proactively cancel flights ahead of pending 
winter storm events to reduce air traffic into and out of the 
impacted airports, it is difficult to attribute cancellations to 
runway closures. Source: M-B Companies, Inc.

BEST PRACTICE—Log of Winter Event Activities

Certificated airports are required to maintain a 
daily log of airport activities. Even with the addi-
tional workload created by a snow or ice event, it 
is important to maintain a detailed and accurate 
log of activities during a storm. General aviation 
airports also benefit from a detailed record of 
snow removal activities. A storm summary is often 
attached to the daily log to summarize important 
data related to the storm, including the amount 
and type of snow received, snow removal meth-
odology, amount of chemicals used, frequency of 
runway closures, airport capacity, deicing perfor-
mance, and notable events. An internal storm-to-
storm comparison is likely the best benchmarking 
opportunity available to airport operators. The 
daily log becomes a short-term and long-term 
data source for performance review. A daily log 
becomes a quick reference guide when respond-
ing to tenant questions during winter event per-
formance review meetings and can be researched 
when planning a response to a forecasted snow 
or ice event. References to decisions and perfor-
mance during previous events of a similar nature 
may streamline the planning process for the forth-
coming event. Daily log information and event 
summaries are excellent end-of-season resources 
for SICC review when considering possible revi-
sions to the SICP.
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1/17/2011

6:25 6:28 6:53 25 7:00 35 7:20 7:22 7:55 33 8:02 42 77 

8:17 8:20 8:44 24 8:48 31 9:00 9:08 9:36 28 9:38 38 69 

9:38 9:54 10:20 26 10:25 47 10:41 10:48 11:16 28 11:18 37 84 

11:32 11:38 11:57 19 11:59 27 12:22 12:30 12:55 25 12:57 35 62 

13:26 13:28 13:52 24 13:55 29 15:05 15:06 15:32 26 15:37 32 61 

16:00 16:01 16:20 19 16:22 22 17:00 17:01 17:23 22 17:28 28 50 

Average Event ATC 
Closure Duration (min) 32 35 34 

Number of Event ATC 
Runway Closures 6 6 12 

Table 7-1.  Example summary of ATC runway closure data for a winter storm event.
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1/17/2011

6:25 6:28 6:53 25 7:00 35 7:20 7:22 7:55 33 8:02 42 77 

11 1.1 Dry 4.2 2.7 0.38 0.9 

8:17 8:20 8:44 24 8:48 31 9:00 9:08 9:36 28 9:38 38 69 

9:38 9:54 10:20 26 10:25 47 10:41 10:48 11:16 28 11:18 37 84 

11:32 11:38 11:57 19 11:59 27 12:22 12:30 12:55 25 12:57 35 62 

13:26 13:28 13:52 24 13:55 29 15:05 15:06 15:32 26 15:37 32 61 

16:00 16:01 16:20 19 16:22 22 17:00 17:01 17:23 22 17:28 28 50 

Average Event 
ATC Closure 

Duration (min) 
32 35 34 

Number of Event 
ATC Runway 

Closures 
6 6 12 

Table 7-2.  Example summary of ATC runway closure and meteorological data for a winter storm event.
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Winter conditions on pavement surfaces other than runways may contribute to ground delays 
during aircraft taxi-in and taxi-out. These are more difficult to measure and attribute to SRE 
performance. This is especially true if ramp and apron pavement snow removal responsibilities 
are shared among multiple parties.

Understanding the nature and impact of runway closures on flight delays will enable airports 
to be more informed as they engage their stakeholders about reducing SRE runway occupancy 
time during winter weather events. This can be accomplished by estimating aircraft delays attrib-
utable to winter weather event runway closures, and then calculating associated aircraft and 
passenger delay costs.

Predicting specific arrival and departure delays attributable to winter 
weather event driven runway closures requires the use of delay simulation 
models or an analysis of past delay data. ACRP guidance on delay types, 
measurement, and simulation can be found in ACRP Report 104: Defining 
and Measuring Aircraft Delay and Airport Capacity Thresholds and ACRP 
Report 79: Evaluating Airfield Capacity. Models such as the Total Airspace 
and Airport Modeler and SIMMOD are widely used, while the Runway Delay 
Simulation Model, the Airfield Delay Simulation Model, and the Air Traf-
fic Optimization Fast Time Simulator are also being used (14, p. 43). The 
models use input data including aircraft flight schedule (often represent-
ing the busiest operational day) and runway closure data, including closure 
frequency and durations, associated with specific winter storm event con-
ditions. Simulations can be specifically tailored to runway configurations, 
runway use (e.g., arrival only, departure only, mixed, etc.), demand levels, and 
target runway closure times. The end products are high-resolution simula-
tions of the delays experienced during runway closures due to snow removal 
operations. However, preparing and running the simulations is time con-
suming and expensive. This technique is most feasible at large airports when 
significant expenditures on a new or substantially expanded SRE fleet are 
being considered, likely requiring external support.

Winter Event  
Date 

Average Event ATC 
Runway Closure 
Duration (min) 

Number of Event ATC 
Runway Closures 
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Intensity 
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3/3/2011 71 17 14 4.0 Wet 9.9 10 0.71 7.0 

1/23/2011 44 16 13 1.3 Dry 5.1 3.4 0.39 1.0 

1/17/2011 34 12 11 1.1 Dry 4.2 2.7 0.38 0.9 

12/11/2010 28 6 4 0.8 Wet 1.3 1.1 0.33 0.7 

2/14/2011 23 3 2 0.6 Dry 0.9 0.8 0.45 1.3 

12/22/2011 24 2 3 0.7 Dry 0.7 0.7 0.23 0.6 

Table 7-3.  Example summary of ATC runway closure and meteorological data for multiple 
winter storm events sorted by total event snowfall recurrence interval.
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A less technical (and likely less accurate) alternative to modeling delays 
attributable to runway snow removal operations involves developing rough 
estimates using historical operations data. Aircraft delay data sources include, 
but are not limited to, the following:

•	 FAA ATCT/Airport Operations Logs: FAA ATCT and/or airport operations 
logs often provide useful historical aircraft delay data resulting from snow 
removal operations. This data source is best suited for general aviation up 
to medium-sized airports with ATCTs. However, the quality of ATCT and 
airport operations records may vary by location.

•	 U.S. Department of Transportation (U.S.DOT), Research and Innova-
tive Technology Administration (RITA) TranStats On-Time Performance 
Database: The RITA Bureau of Transportation Statistics maintains an 
extensive database of data, including historical on-time performance data, 
reported by air carriers. The RITA TranStats On-Time Performance data 
table allows a user to filter data for a number of fields including time period 
(e.g., month), origin or destination airport, airline, departure and arrival 
delay minutes, and cause of delay (e.g., weather) to name a few. However, 
delay data is only recorded for delays that occur in excess of 15 minutes. 
Recent delays can be compared to snow removal operations logs to identify 

 when snow removal operations contributed to the delay. TranStats data are complex and likely 
require staff training or external assistance to extract the desired information. The database is 
available at: http://www.transtats.bts.gov/Fields.asp?Table_ID=236.

Despite the volume of delay data that may be available for historical flight operations, sort-
ing through it to assemble data corresponding to winter storm events when runways were 
closed may be challenging. There may be no means to differentiate the cause of late-arriving 
aircraft. For example, a delay record coded as a non-extreme weather-related National Avia-
tion System delay may have been attributable to weather occurring at the departure airport 
rather than the destination airport. Aircraft departure delays, if tracked by the airport or 
ATCT, may be difficult to attribute to runway closure time, as well. Departure delays are 
commonly attributable to circumstances within an airline’s control: ramp and centralized 
aircraft deicing operations congestion; inadequate coordination between airlines, deicing 
vendors, airport operations, and the ATCT; and missed deicer holdover times requiring 
repeated deicing.

Understanding that there are limitations with using available data, a rough estimate of 
flight delays attributable to runway closures during winter event conditions can be prepared 
by building upon the three steps used in the example for preparing a runway closure dura-
tion performance baseline. This process is best suited for hub airports and airports with 
substantial cargo traffic. It is less applicable to smaller airports where runway closures affect 
fewer flight operations. Similarly, airports without scheduled commercial service may find 
the approach of limited value because of the potential lack of delay data. (Note: this example 
process can also be used to support the estimation of SRE investment to reduce runway occupancy 
time as described in Chapter 13.) The additional steps for estimating flight delays include the 
following:

1. For each identified winter event during which runway closures were quantified, obtain and 
review the planned flight schedule for that date, and records of actual arrival and departure 
times. Estimate the number of delays associated with each closure.

2. Estimate the number of delays associated with each event and document in the spreadsheet 
as shown on Table 7-4.
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7.3 Document Cost Baseline

The fiscal pressures facing every airport and stakeholder drive the need for financial account-
ability and cost efficiency. This, in turn, drives the need to establish and document a cost baseline 
for current operations. Like the performance baseline, a cost baseline will help in the assessment 
of future changes to a winter operations program. The cost baseline should not only include the 
airport operator’s equipment and operating costs but also, where possible, airline and passenger 
delay costs driven by the airport operator’s winter operations performance. General consider-
ations related to documenting these costs are described further in this section.

7.3.1 Airport Winter Operations Costs

It is important to understand the cost of a current SRE fleet in terms that are relevant to 
the decision-making process, including decisions to replace equipment or invest in additional 
equipment. If airside and landside costs are currently tracked separately, keep the costs separate 
throughout the following process.

Annualized Capital Cost

For each piece of SRE, calculate the annualized capital cost 
as illustrated in Figure 7-1. Although no simple formula for 
establishing a lifetime cost will suffice for all cases, a combina-
tion of past experience with similar equipment, peer input, and 
manufacturer data can be used. FAA established that the nor-
mal useful life for SRE is about 10 years, although equipment 
can be maintained for longer periods (15). A simple spread-
sheet can be used to track the aggregate annualized capital cost 
of the SRE fleet. Identify each piece of significant equipment 
in a column header, and then enter the annualized capital cost 
for each year of useful life in the rows below with each row 
signifying a year. As each piece of significant equipment is 
acquired or retired, update the spreadsheet to reflect the new 

Winter Event 
Date 

Average Event ATC 
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Duration (min)

Number of Event 
ATC Runway 
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3/3/2011 71 17 12 14 4.0 Wet 9.9 10 0.71 7.0

1/23/2011 44 16 7 13 1.3 Dry 5.1 3.4 0.39 1.0

1/17/2011 34 12 6 11 1.1 Dry 4.2 2.7 0.38 0.9

12/11/2010 28 6 5 4 0.8 Wet 1.3 1.1 0.33 0.7

2/14/2011 23 3 4 2 0.6 Dry 0.9 0.8 0.45 1.3

12/22/2011 24 2 4 3 0.7 Dry 0.7 0.7 0.23 0.6

Table 7-4.  Example summary of ATC runway closure, estimated aircraft delay, and 
meteorological data for multiple winter storm events sorted by total event snowfall 
recurrence interval.

Source: Gresham, Smith and Partners
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fleet make-up. For any given year, the current annualized capital cost of all the significant SRE 
can be found by totaling across all entries in the row representing the year of interest.

Annual Operations and Maintenance Cost

Because the number and duration of winter events in any given winter season is variable, 
and SRE is used only intermittently, actual annual SRE usage can vary substantially year to year. 
Likewise, the annual cost of operating and maintaining the SRE will vary. Thus, multiple years 
of operating cost data are needed (up to 10 years is ideal) to develop a reasonable annual average 
estimate. However, these costs should reflect the current winter operations program. Operations 
and maintenance costs may include:

•	 Wages and benefits (full-time and seasonal hourly 
employees);

•	 Meals, if provided;
•	 Lodging, if provided;
•	 Fuel, oils, and lubricants;
•	 Routine consumables (e.g., filters, wipers, etc.);
•	 Periodic replacement parts (e.g., broom cassettes, plow 

moldboard cutting edges, tires, etc.);
•	 Chemical deicers and sand; and
•	 Contractor snow removal and/or melting.

Equivalent Annual Cost

Equivalent annual cost will facilitate a comparison of air-
port winter operations baseline costs to costs for proposed 
changes in equipment or tactics. It may also facilitate the 
estimation of potential benefits. The method of calculating 
equivalent annual cost is shown in Figure 7-2.

Figure 7-1.  Example calculation of 
annualized capital cost.

BEST PRACTICE—Computerized Maintenance 
Management System

Airport operators should utilize a computerized 
maintenance management system (CMMS) or 
procure and operate fleet management computer 
software. Computerized systems streamline main-
tenance activities on a per-vehicle basis. The use 
of vehicle mileage or engine hours as the primary 
consideration for vehicle replacement is no longer 
cost effective. Actual maintenance and repair costs 
provide far better justification when determining 
whether or not to keep or replace a vehicle.

Figure 7-2.  Calculation of equivalent 
annual cost.
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7.3.2 Airline Delay Costs

While unavoidable to a certain extent, aircraft flight delays present real costs to airlines, com-
mercial and private operators, traveling passengers, and the U.S. economy. The U.S. Travel Asso-
ciation, a national, non-profit organization representing all components of the travel industry, 
determined that every hour a flight is delayed costs the U.S. economy an average of $3,300 in 
passenger-related economic activity (16). The FAA Office of IP&A estimated fiscal year (FY) 
2014 average hourly aircraft direct operating costs for passenger and cargo air carriers, as well as 
general aviation aircraft. These costs are summarized in Table 7-5. The term “block hour” used 
in the table is an hourly increment of “block time.” Block time is synonymous with the following 
regulatory definition of “flight time” which states, “. . . time that commences when an aircraft 
moves under its own power for the purpose of flight and ends when the aircraft comes to rest 
after landing” (17).

The average total block hour costs for the applicable aircraft type can be used to quantify the 
runway closure delay costs to airlines, aircraft owners, and the passengers. However, these data may 
overestimate or underestimate actual costs depending upon if the aircraft delay was at-gate, taxi-
out, in-flight, on-approach, or taxi-in. In-flight delays are most costly due to fuel burn, followed by 
ground and gate delays. Determining when to apply the variable cost types presented in Table 7-5 
may be difficult, except for departure delays for which airborne hour costs would not apply.

Delay costs can also be overestimated or underestimated depending upon the size of the air-
craft. The costs presented in Table 7-5 represent averages for many of the aircraft in use. To iden-
tify more specific cost data for airlines and their aircraft, airports can access the RITA TranStats 
database, which provides Form 41 financial data containing information on large certified U.S. 
air carriers including balance sheet, cash flow, employment, income statement, fuel cost and con-
sumption, aircraft operating expenses, and operating expenses. These data are available at: http://
www.transtats.bts.gov/Tables.asp?DB_ID=135&DB_Name=Air%20Carrier%20Financial% 
20Reports%20%28Form%2041%20Financial%20Data%29&DB_Short_Name=Air%20
Carrier%20Financial.

The TranStats data can be used to calculate aircraft block time costs in dollars per aircraft per 
unit time. However, like the on-time performance data described earlier, filtering, extracting, 
and manipulating data from the database can be labor intensive. However, much of this work 
has already been done through the Airline Data Project (ADP) established by the Massachusetts 
Institute of Technology (MIT) Global Airline Industry Program. The ADP is available online at: 
http://web.mit.edu/airlinedata/www/default.html.

The ADP provides downloadable spreadsheet summaries of airline-reported Form 41 financial 
data that calculate total annual block time costs, among other items. Spreadsheets are available 
for major domestic carriers at no cost, and the block time cost data are subtotaled by one of 

FY 2014 $ 

Variable Cost
Fixed Cost per 

Block Hour
Total Cost Per 

Block HourPer Airborne 
Hour 

Per Ground 
Hour Per Gate Hour Per Block 

Hour 

Air Carrier—Passenger  $4,456   $2,148   $1,443   $4,103   $857   $4,959 

Air Carrier—Cargo  $8,597   $4,149   $2,798   $8,038   $1,964   $10,001 

General Aviation  $729   $351   $234   $659   $909   $1,567 

Source: FAA Office of IP&A

Table 7-5.  FY 2014 average hourly variable and fixed aircraft direct operating costs (1 ).
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three pre-defined aircraft fleet categories including small narrow-body aircraft, large narrow-
body aircraft, and wide-body aircraft. Use the ADP spreadsheets to calculate an airport-specific 
weighted block hour cost based on the individual carriers and aircraft fleet mix serving the 
airport. Table 7-6 illustrates the variability of passenger air carrier block hour costs by airline 
and aircraft category.

Aircraft delay costs can be estimated for the data previously illustrated in Table 7-4. (Note: 
this example process can also be used to support estimating the benefits of SRE investment to reduce 
runway occupancy time as described in Chapter 13.) To estimate aircraft delay cost, the following 
example builds on Table 7-4 and includes the following additional steps:

1. Use the average passenger air carrier block hour time, or calculate an airport-specific block 
time cost per hour as the cost basis for generating an aircraft delay cost. Convert the block 
time cost per hour to block time cost per minute by dividing by 60.

2. Calculate the total delay cost per aircraft, total event delay cost per ATC runway closure, and 
total delay cost per event (see Table 7-7).

3. Associate the delay costs per event with the event meteorological and recurrence interval data 
(see Table 7-8).

Airline
Total Cost Per Block Hour (FY2013 $)

Small Narrow-Body Large Narrow-Body Wide-Body 

Alaska $5,003 $4,130 –

American $4,689 $5,048 $9,231

Delta $5,066 $5,285 $9,048 

Frontier $4,035 N/A N/A 

Jet Blue $4,141 N/A N/A 

Midwest $1,380 N/A N/A 

Southwest $4,035 $4,054 N/A 

United $4,797 $5,235 $10,686 

US Airways $4,395 $4,559 $8,465 

Data Source: MIT Global Airline Industry Program ADP

Table 7-6.  2013 airline block hour costs by aircraft 
category (18 ).

Winter 
Event Date 

Average Event ATC 
Runway Closure 
Duration (min)

Number of Event 
ATC Runway 

Closures 

Estimated Aircraft 
Delayed / ATC 

Runway Closure 

Weighted Average
Aircraft Block Time

Cost / Minute

Total Delay 
Cost / Aircraft 

Total Event Delay 
Cost / ATC 

Runway Closure 

Total Event 
Delay Cost 

3/3/2011 71 17 12 $74.39 $5,282 $62,500 $1,062,500 

1/23/2011 44 16 7 $74.39 $3,273 $24,003 $384,051

1/17/2011 34 12 6 $74.39 $2,529 $14,332 $171,990

12/11/2010 28 6 5 $74.39 $2,083 $9,720 $58,322 

2/14/2011 23 3 4 $74.39 $1,711 $6,559 $19,676 

12/22/2011 24 2 4 $74.39 $1,785 $7,141 $14,283 

Table 7-7.  Example summary of ATC runway closure duration, estimated aircraft delay per 
runway closure, and associated aircraft delay cost data.
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7.3.3 Passenger Delay Costs

FAA IP&A also estimated the FY 2014 average value of a delayed business traveler’s time to 
be $63.00 per hour, and a delayed personal traveler’s time to be $35.10 (1). These values can be 
manipulated in a similar manner as described for aircraft block time cost per hour to estimate a 
cost per winter event and event recurrence interval.

7.4 Define Target Threshold Winter-Event Conditions

After performance and cost baseline data have been compiled and associated with past winter-
event conditions, convene the SICC, including air carrier stakeholders, to assess past performance 
(see Chapter 12) under varying winter-event conditions. The SICC should then establish target 
threshold winter-event conditions that define the desired maximum winter operations perfor-
mance capabilities of the airport operator. Target threshold winter-event conditions represent a set 
of specific, measurable meteorological conditions beyond which an airport operator’s capabilities 
to maintain a pre-established operating condition (e.g., keeping all runways open) will be exceeded. 
Multiple target threshold winter-event conditions may be set for increasingly severe weather condi-
tions (e.g., maintaining two active runways during 5-year recurrence hourly-snowfall intensity, and 
maintaining one active runway under 10-year recurrence hourly-snowfall intensity).

Defining the threshold winter-event conditions that exceed an airport operator’s capabilities 
to achieve established performance objectives is a fact-driven process. It is based on the cur-
rent capabilities and practices of the winter operations team (e.g., runway clearance times) and 
the winter-event recurrence intervals for key meteorological conditions (e.g., total event snow 
depth or average hourly-snowfall intensity) as described in Chapter 5. The acceptability of these 
capabilities and the associated operational implications and outcomes as the best an airport can 
do is a risk-based decision for the airport operator and its stakeholders and one that should be 
considered before setting performance targets. It is essential that all stakeholders agree on what 
is acceptable so that no single entity is served at the expense of the others.

Once defined, threshold winter-event conditions can provide reference points for establishing 
or raising winter operations performance goals and objectives. Defined threshold winter-event 

Table 7-8.  Example summary of ATC runway closure, aircraft delay cost, and meteorological 
data for multiple winter storm events sorted by total event snowfall recurrence interval.
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3/3/2011 71 17 $1,062,500 14 4.0 Wet 9.9 10 0.71 7.0

1/23/2011 44 16 $384,051 13 1.3 Dry 5.1 3.4 0.39 1.0

1/17/2011 34 12 $171,990 11 1.1 Dry 4.2 2.7 0.38 0.9

12/11/2010 28 6 $58,322 4 0.8 Wet 1.3 1.1 0.33 0.7

2/14/2011 23 3 $19,676 2 0.6 Dry 0.9 0.8 0.45 1.3

12/22/2011 24 2 $14,283 3 0.7 Dry 0.7 0.7 0.23 0.6
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conditions can also facilitate a shared understanding of the investment in infrastructure, equip-
ment, staff, and operating procedures required to achieve performance goals.

7.5 Set Performance Targets

Use performance and cost baseline data and defined threshold winter storm event conditions 
to identify long-term and interim performance targets for each established API and performance 
measure, as described in Chapter 6. Long-term targets should be set first. They should align with 
established performance goals and supporting objectives and be representative of the airport 
operator’s and airport stakeholders’ collective desired outcomes. Once long-term targets are set, 
establish interim targets and dates by working backward from the long-term target date toward 
present day (12, p. 77). Interim targets should reflect a realistic rate of performance improve-
ment. The number of interim targets to be set is dependent upon what is being measured. For 
example, interim targets for APIs that measure seasonal performance should be set annually, 
while APIs measuring winter event performance may be set monthly or on a per-event basis.

If current performance data are not available for an API, an airport should establish a reason-
able estimate for its long-term and interim performance targets, which should then be revisited 
as new data are collected to determine if the targets require adjustment.
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Winter operations planning translates winter operations performance goals and objec-
tives described in Chapter 6 into winter operations strategies and tactics. The definition of 
each term includes the following, and the relationship between each term is illustrated in 
Figure 8-1:

•	 Goals: Desired broad long-term end results that provide direction and purpose.
•	 Objectives: Shorter-term, specific pathways to achieving a related goal.
•	 Strategies: The general approaches used to achieve complicated goals or objectives.
•	 Tactics: The actions taken or tools used to help implement the strategies, achieve objectives, 

and attain goals.

Chapter 3 also described how certificated airports located where snow and icing conditions 
occur are subject to FAR §139.313, Snow and Ice Control, and must prepare, maintain, and carry 
out an SICP in a manner authorized by the FAA Administrator. The requirements for the content  
of an SICP are contained in AC 150/5200-30C, Airport Winter Safety and Operations. The docu-
ment also presents a considerable amount of guidance on the development of winter opera-
tions strategies and the planning for the implementation of various supporting tactics. However,  
AC 150/5200-30C only establishes the minimum industry practices for preparing an SICP and 
planning winter operations. Airports and their stakeholders have taken these practices and 
improved upon them through implementation of the AC, planning of winter operations strate-
gies, and execution of winter operations tactics.

Through the conduct of research for this guidebook, winter operations strategies and 
tactics representing industry “best practices” were shared by airports of all sizes in broad 
geographic areas and winter climates. These best practices do not focus on all winter opera-
tions practices consistently implemented across the industry (i.e., standard operating prac-
tices). Instead, the best practices, while potentially impractical to implement at any one given 
airport due to the wide variability of airports and operating conditions, represent new or 
alternative methods for achieving winter operations performance objectives and attaining 
performance goals.

To assist with understanding how and where the best practices presented in this chapter relate 
to winter operations, they are presented in general accordance with the contents of AC 150/5200-
30C Chapter 1, “Introduction.” Each practice title is followed by a description of the airport 
type(s) in brackets to which the practice may be most applicable. Chapters 9 through 11 of this 
guidebook are similarly organized like subsequent chapters of AC 150/5200-30C. This organi-
zational methodology will enable incorporation of applicable practices into an existing SICP or 
other winter operations documentation.

C H A P T E R  8

Winter Operations Best Practices
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8.1 Airport SICC

Snow Committee [All Airports]

The formation of an active and functional Snow Committee is imperative at any airport that 
experiences snow and ice events, no matter the frequency of those events. Airport tenants, part-
ners, and stakeholders are offered representation on the Snow Committee with the acknowl-
edgement that membership may be more heavily weighted toward critical tenants and service 
providers. Meeting frequency and individual committee member responsibility varies from 
airport to airport. At a minimum, the Snow Committee should conduct post-season planning 
meetings, SICP review meetings, pre-season planning meetings, and meetings during the winter 
season at a frequency dictated by the SICP. Snow Committee input to an airport’s SICP is critical 
to the formulation of a comprehensive and workable document, and is the foundation for suc-
cessful implementation of the snow plan.

Many airport operators have found success in considering a Snow Committee as a year-
round element of operational planning. It is a general observation that a full-time commit-
ment to winter operations planning tends to result in more successful implementation of 
the SICP. Regularly scheduled meetings are conducted throughout the year, with a seasonal 
adjustment to meeting frequency—weekly meetings during the winter season and monthly 
meetings during the off-season. The weekly meetings at some facilities can eliminate the need 
for hastily-scheduled post-event review meetings. Snow Committee member commitment 
to a routine meeting schedule enhances attendance and participation. Active engagement in 
a Snow Committee tends to result in more frequent stakeholder presence at an SCC or Snow 
Desk during a winter event. Full-time Snow Committee members also tend to be more respon-
sive to the need to alter or revise operational procedures, resulting in more efficient snow 
removal operations.

Methods to Foster Stakeholder Relationships [All Airports]

Airports that invest in cooperative relationships with the ATC, key airport tenants, and 
stakeholders have a higher probability of coordinated, effective and successful snow removal 
operations. Most large airports conduct daily operational teleconferences to maintain com-
munication throughout the year. Some airports host daily face-to-face briefings. Airport oper-
ators at smaller facilities cultivate working relationships with FBOs and pilots. Some airports 
host on-airport events as a means to meet persons who might otherwise be only voices on 

Figure 8-1.  Relationships between goals, 
objectives, strategies and tactics.
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the telephone. Many airports invite front-line air traffic controllers along during routine air-
field inspections. Many controllers appreciate being able to observe airport operations from 
a ground perspective, as the viewpoint is quite different than from an elevated position. Air 
traffic control reciprocates by offering airport personnel access to the ATCT. Airport operators 
also benefit from the development of inter-departmental relationships. It is imperative that 
airfield operational groups maintain productive and collaborative relationships. Invitations to 
planning and finance department representatives to join operational groups while conducting 
routine tasks or for airfield tours provide those parties with valuable insight as to how their 
responsibilities affect airport operations. Strong personal relationships are key to successful 
snow and ice control events.

Cooperative Relationships with Stakeholders [All Airports]

Airports that invest in 365/24/7 cooperative relationships with ATC and key airport stakeholders 
have a higher probability of coordinated, effective, and successful snow removal operations. Most 
large airports conduct regularly scheduled daily operational teleconferences to maintain commu-
nication throughout the year. Some airports host daily face-to-face briefings. Airport operators at 
smaller facilities cultivate working relationships with FBOs, key tenants, and pilots. Some airports 
host on-airport events as a means to create and improve important relationships. Investment in 
personal relationships pays dividends during a snow and ice control event.

Relationship between Maintenance and Operations  
[Small, Medium, and Large Hub]

A positive working relationship between airport maintenance and air-
port operations is an absolute key to success during winter operations. Fre-
quent communication throughout all phases of planning and execution in 
an environment of trust facilitates that success. The departments should 
have a clear understanding of their respective duties and responsibilities. 
Some airports create documents that list those responsibilities. Disagree-
ments should be addressed with timely mitigation and cooperative problem 
solving. One airport specifically noted the need to “check egos at the door 
and realize the two departments are one team with a goal to maximize pas-
senger and customer service.” Airports that assign joint oversight of opera-
tions and maintenance departments at a level below the senior management 
level appear to be more flexible in dealing with problems and issues. A com-
mon department director at an operational level has proven to be successful 
in moving both departments in the same direction and in achieving common 
goals and objectives. Additional information is available in ACRP Report 92: 
Guidebook to Creating a Collaborative Environment Between Airport Opera-
tions and Maintenance.

Airport Executive Staff and Board Members  
[Small, Medium, and Large Hub]

Airports should consider the role of airport executive staff and, as appropriate, appointed 
airport board members during winter events. Those persons should be included in pre-season 
winter operational briefings in order for all parties to have a clear understanding of their 
roles and responsibilities. Airports have reported conflicts when, during a weather emergency, 
executive staff or other ranking individuals appear at the Incident Command Post (ICP) or 
the Snow Desk and feel the need to assume command. General consensus is that executive staff 
and political appointees are best suited for liaison roles and working in concert with a Public 
Information Officer (PIO) or airport PR staff. Airport operators may also wish to invite high 
profile airport tenants to pre-season briefings, where procedures and priority pavements can 
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be identified and outlined in advance of an actual event. Expectations identified during pre-season 
planning will result in fewer issues during an actual event. Overall performance is enhanced when 
airport operators conform to pre-established plans and procedures. Vehicle operators report fewer 
mistakes and less stress when allowed to follow standard operating procedures without deviation. 
The adage “plan the work and work the plan” applies during winter operations.

8.2 Snow Control Center

8.2.1 Pre-Event Planning and Coordination

Adjustment of Flight Schedules in Advance of Winter Event  
[Medium and Large Hub]

Air carriers have experienced significant costs savings, 
reduced their exposure to excessive tarmac delays, and improved 
customer relations by adjusting flight schedules in advance of a 
winter event. Demand on the affected airport is reduced through 
cancellations and rerouting of aircraft. Schedule adjustments 
allow air carriers to control the location of aircraft and crew 
assets, thus facilitating rapid recovery from storm-related service 
disruptions. Air carriers attempt to make decisions in a time-
frame most convenient for their customers; usually the night 
before a forecasted event, so passengers can be advised well in 
advance of rerouted flights, expected delays, or canceled flights. 
Although an imposition to customers, flight cancellations limit 
passenger exposure to lengthy stays at diversion airports.

Airport operators have become valuable resources to air 
carriers in determining the appropriate level of service relative 
to airport capacity by providing forecasted runway capacity, 
outbound deice capacity, expected impacts to ground move-
ments, and other valuable data needed by the air carriers in 

their decision-making process. Teleconferences to establish airport capacity are necessary and 
usually begin 12 to 24 hours in advance of a forecasted event. Key players include the air-
port operator, major air carriers, deice pad operators, weather forecasters, local ATC facilities, 
and enroute ATC centers. The inclusion of the FAA ATCSCC in the coordination process is 
appropriate for large-hub facilities. It is also advisable to keep local Transportation Security 
Administration (TSA) officials apprised of changing flight schedules for possible modifica-
tion of security checkpoint operating hours. Each party provides input based on forecasted 
conditions, experience, and past performance, and consensus is reached on forecasted airport 
capacity, with air carriers expected to make appropriate adjustments to their flight schedules. 
At airports with multiple carriers, the airport operator may be able to exert influence over 
equitable schedule adjustments based on their knowledge of terminal, taxiway, apron, and 
deice and runway snow removal capabilities. Many airports have developed written programs 
outlining equitable assignment of departure slots during periods of reduced capacity.

The flow of information should continue throughout the event in order for the air  
carriers to make the appropriate adjustments. It is in the airport operator’s best interest to 
encourage full participation and cooperation by all parties. A single carrier’s inability to 
properly manage flight operations may lead to airfield overload and gridlocked operations. 
Remotely parked aircraft impede snow removal operations. Airport gridlock leads to exces-
sive tarmac delays and the exposure to possible fines for the air carrier and for the airport by 
the U.S.DOT.

Source: Gresham, Smith and Partners
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Establishment of Hourly Aircraft Arrival Rate [Medium and Large Hub]

Factors that affect the establishment of an hourly aircraft arrival rate (AAR) by ATC include 
forecasted runway capacity, forecasted frequency of runway snow removal operations, ground 
movements, aircraft parking gate accessibility, remote aircraft parking capacity, and deice pad 
capacity. Airport operators should coordinate closely with ATC to provide input to AAR during 
winter storm events. It is generally good practice to establish the AAR at a level that does not 
exceed the outbound deicing rate. Work with tenants and ATC to establish procedures between 
all applicable parties to meter deiced aircraft to the runway in a manner to avoid the expiration of 
deice holdover times. Many airports require tenants, including fixed-base and corporate opera-
tors, to coordinate outbound aircraft movements with the Snow Desk. Airports that operate a 
centralized deicing facility often establish procedures that permit direct coordination between 
ATCT and the deice facility operator. The Snow Desk and/or deice facility operators should pro-
vide ATC with updated outbound deicing rates. AARs should be adjusted accordingly.

Communication with ATC on Changes to Forecasted Airport Capacity 
[Medium and Large Hub]

Changes to forecasted airport capacity need to be immediately forwarded to ATC, since failure to 
reduce the aircraft arrival rate may result in gridlock conditions and create excessive tarmac delays.

Inclusion of ATC and ARTCC in Pre-Event Planning  
[General Aviation and Small Hub]

The ATC facility with responsibility for aircraft movements at an airport should be included 
in pre-event planning meetings or teleconferences. Airports without 24/7 ATC operations should 
consider the inclusion of the appropriate approach control facility or enroute ARTCC in pre-
event coordination meetings. Communication will likely be with the traffic management unit 
(TMU) at the facility.

Pre-Event Planning Participation by Reliever and Diversion Airports 
[General Aviation and Large Hub]

Representatives of reliever airports and primary diversion airports should be invited to par-
ticipate in pre-snow event planning meetings or teleconferences. Reliever airports contribute to 
available capacity within the local area. An alternative would be to ensure that potential diver-
sion airports are communicating directly with the appropriate approach control or enroute ATC 
facility to identify their airport capability and capacity.

8.2.2 Ground Movement Coordination

Third-Party Surface Management Software [Large Hub]

Subscribing to a third-party surface management software program will likely provide a return 
on investment (ROI) relative to more efficient aircraft ground movements and the mitigation of 
potential fines for violation of the U.S.DOT three-hour and four-hour tarmac delay regulations. 
Available software programs can help manage ground capacity by allowing better coordination 
of aircraft push-backs, taxi clearances, deice queue lines, and end-of-runway queue lines. The 
programs can graphically depict aircraft experiencing tarmac delays. Alerts can trigger airport 
operator coordination with the aircraft operator to minimize delays and to prevent violation of 
U.S.DOT rules. A surface management software subscriber reported a significant increase in ter-
minal concessions revenue after implementing a surface management system. The assignment of 
firm gate departure times created more efficient and timely aircraft boarding processes. Increased 
terminal dwell times resulted in increased concessions sales. Customer service was enhanced by 
allowing passengers to remain in gate hold areas as opposed to waiting onboard aircraft in long 
departure queues.
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Coordination of Aircraft Ground Movements  
[General Aviation and Small Hub]

Establish communication protocols with FBOs and corporate flight departments to facilitate 
aircraft ground movements during winter operations. Airport operators can often work around 
scheduled flight operations. The sharing of flight schedules, proposed arrival and departure times, 
and proposed aircraft deicing operations results in more efficient snow removal operations on all 
paved areas: runways, taxiways, and ramps. Tenants should keep the airport and/or the Snow Desk 
apprised of revised schedules.

8.2.3 Command Center/Snow Desk

Mobile Command Post [General Aviation and Small Hub]

Not all airports have the resources to furnish and operate a physical Snow Desk or winter opera-
tions command center. Airports have been successful in operating mobile command centers, pref-
erably staffed by at least two persons: the Incident Commander or Snow Boss and a liaison or 
communications specialist. A mobile command post will require technology to support com-
munications and information sharing. Some type of communications node will be required to 
support the issuance of NOTAMs, field condition reports, airport status reports, and to receive 
airport tenant and user information requests. An airport wireless network system would support 
365/24/7 communications.

Use of the Airport Operations Center (AOC) as the ICP  
or Snow Desk [Medium and Large Hub]

Most large airports maintain an AOC to support daily, routine airport func-
tions. An AOC has proven to be an effective location for an ICP or Snow Desk 
during a winter event. Some airports initiate formal National Incident Man-
agement System (NIMS) Incident Command protocols to coordinate snow 
removal activities under the SICP (for additional information on NIMS, see 
ACRP Report 103: A Guidebook for Integrating NIMS for Personnel and Resources 
at Airports). The AOC may be an excellent location in which to convene Snow 
Committee meetings in advance of and during a winter event, and the SICP 
should identify key partners and stakeholders that are expected to report to 
that location. The SICP should also outline assignments, duties, and expecta-
tions of persons assigned to a Snow Desk.

Snow Desk Contact Phone Number [All Airports]

Tenants must have the ability to contact an airport operator on a 24/7 
basis. Snow Desk contact telephone numbers are routinely advertised and 
made available to tenants prior to the winter season. It may be practical to uti-
lize a well-known phone number, such as the normal 24/7 airport operations 
number. Since a Snow Desk may be mobile at a smaller facility, a mobile phone 
contact number is also of importance to airport tenants.

8.2.4 Staffing

Designated Snow Boss or Incident Commander  
[Small, Medium, and Large Hub]

Under NIMS Incident Command protocols, a designated incident commander is the final 
authority regarding decisions at an incident scene. Snow removal operations benefit from the same 
principle. One individual should be designated as the Incident Commander or Snow Boss, with 
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responsibility for implementation of the snow plan. Delegation of authority is a key element of 
incident command. Effective snow bosses delegate decision-making authority as appropriate to 
managers and supervisors. Airports have reported success in designating an individual to a liai-
son position to assist the incident commander with communications during an event. Multiple 
persons should be trained for the role of Snow Boss or Incident Commander to facilitate rotating 
shifts. NIMS protocols recommend that at least three persons be trained for each position within 
the incident command system.

Co-location of Operations and Maintenance Representatives  
During a Snow or Ice Event [Medium and Large Hub]

Communication and coordination between operations and maintenance is enhanced by 
co-locating representatives of the respective departments during a snow or ice event. Mainte-
nance should be represented at an Incident Command Center or at a Snow Desk. An alternative 
arrangement may have maintenance and operations representatives riding together in an air-
port vehicle or the lead vehicle of the snow removal team. As staffing levels might prevent those 
arrangements at smaller facilities, concise protocols should be in place to facilitate communica-
tions between operations and maintenance.

Stakeholder Positions at Snow Desk [All Airports]

Key stakeholders of an airport’s snow and ice control oper-
ation should have a seat at an Incident Command Center or 
at a Snow Desk to facilitate communication, coordination, 
and cooperation. Representatives who have been trained on 
NIMS Incident Command protocols and who are familiar 
with the airport’s SICP are more likely to be valuable con-
tributors to the coordination process. If physical representa-
tion is not feasible, procedures should be instituted for rapid 
communication. Many smaller airports compile and dissem-
inate 24/7 contact phone numbers, with the telephone num-
bers of key stakeholders programmed into a phone’s speed 
dial function.

PR Involvement in Daily Operational Conference 
Calls [Small, Medium, and Large Hub]

Public Relations personnel should make every effort to 
join daily operational conference calls facilitated by opera-
tions departments, especially in advance of winter events. 
Air traffic control and air carriers routinely participate on daily calls and share operational 
planning decisions. The daily briefing is often the best source for accurate, airport-specific 
weather forecasts. Daily participation, regardless of the weather, will provide PR departments 
with timely airport operational information.

Collaborative Decision Making [Small, Medium, and Large Hub]

Airports have reported success in utilizing collaborative decision-making (CDM) techniques 
as a routine method in which to communicate with tenants, and have noted particular success 
in utilizing CDM during winter events. CDM invites input from key partners and stakehold-
ers during a decision-making process. Participation can be in person at an Incident Command 
Center or Snow Desk, or via teleconference. CDM communication protocols should be defined 
in the SICP, with a pre-season discussion to establish expectations for tenant participation in 
snow event decision making.

Source: Gresham, Smith and Partners 
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8.2.5 Runway Closure Coordination

Partnering with Local ATC to Disseminate Runway Closure Information 
[General Aviation, Small, and Medium Hub]

At airports with a single runway or single runway operations during snow and ice events, airport 
operators may wish to partner with local ATC in an effort to provide timelier runway closure informa-
tion to tenants and airport users. NOTAM dissemination efficiency has improved in the eNOTAM 
system. However, an aircraft operator may already be beyond flight planning and in final preparation 
for departure when a decision is made to close a runway for treatment or an already coordinated run-
way closure time is revised. One airport reported success in having ATC broadcast impending run-
way closure times on clearance delivery and ground control frequencies. Aircraft operators or flight 
crews monitoring either frequency could, therefore, take appropriate action regarding deicing and 
taxi-out or could communicate their readiness for departure in advance of the runway closure.

Airport ATCT Representative [Medium and Large Hub]

An airport representative assigned to the ATCT during snow 
and ice events facilitates immediate communications between 
the airport and ATC. The airport ATCT representative becomes 
an immediate communications conduit for surface closure 
coordination, the sharing of local information, and the sharing 
of National Airspace System information from air traffic facili-
ties, up to and including the FAA ATC System Command Cen-
ter. An airport ATCT representative also alleviates the need for 
air traffic supervisors to take coordination phone calls, allow-
ing those individuals to focus on their primary responsibili-
ties. However, caution should be exercised when coordinating 
runway closures, as other parties often need to be included in 
runway closure coordination communication (i.e., sole reliance 
on an airport ATCT representative may circumnavigate criti-
cal communication paths). The ATCT representative can also 
immediately coordinate with ground control to hold or reroute 
aircraft in a manner to expedite snow removal operations.

Coordination with Other ATC Facilities [Medium and Large Hub]

Airport operators may wish to include ATC facilities other than the local ATCT in the runway 
closure coordination process. TRACON facilities and ARTCC can provide valuable information 
to enhance decision making. Similarly, larger airports may wish to consider the inclusion of 
local air carrier gate control or deice control centers and Operations Control Centers (OCCs) 
or Systems Operations Centers (SOCs) in the runway closure coordination process. Air carriers 
can identify critical flights that they may wish to get on the ground or to get airborne in advance 
of a runway closure. It should be noted to airport operators that ATCT and air carrier gate or 
deicing control will tend to favor departure operations, while OCC/SOC and ARTCC facilities 
will lobby for priority to land aircraft. Frequent conference calls keep key stakeholders informed 
of the short-term plan for the airport.

8.2.6 Information Dissemination

Inclusion of PR in Airport Information Dissemination Networks  
[Small, Medium, and Large Hub]

Airport operations groups should ensure the inclusion of the PIO or a designated PR rep-
resentative in airport information dissemination networks. It is important for operational 

Source: Gresham, Smith and Partners 
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groups to keep communication teams immediately aware of airport status and developing 
events. The PIO or a PR representative should be assigned a seat at the snow removal ICP or 
at the Snow Desk.

Stakeholder Communication [All Airports]

Stakeholders, including airlines, government agencies, concessionaires, FBOs, ground trans-
portation providers, overnight accommodations (hotels, churches, Red Cross), tenant military 
installations, emergency response elements, and regional diversion airports, not represented at 
an Incident Command Center or at a Snow Desk need to be kept informed of decisions and 
airport status. Airport operators must maintain a robust two-way communication network in 
order to maintain consistent airport-wide service levels. Telephone communication remains the 
mainstay in interaction between airports and stakeholders. Broadcast fax and text messaging 
are viable communication tools for disseminating airport status messages. Large-hub airports 
have experienced success with utilizing web-based tools via internal websites or web portals 
provided by a third-party service provider. Consistent performance in the area of information 
sharing during routine airport operations leads to more successful communication during win-
ter operations. A staff point-of-contact should be designated for tenants to provide updated 
contact information, as well as to conduct periodic verification of existing phone numbers and 
email addresses.

Regularly Scheduled Event Conference Calls with Stakeholders  
[Medium and Large Hub]

Larger facilities will benefit from regularly scheduled conference calls to coordinate and com-
municate with airport tenants and stakeholders. Twice daily calls are common, with increased 
call frequency as dictated by storm conditions. Proactive dissemination of information reduces 
calls from tenants seeking to pull information from an airport operator.

Information Dissemination via Airport Website [Large Hub]

Enhance airport websites with current airport status information above and beyond aircraft 
arrival and departure information. Such a program will require a commitment of personnel to 
maintain website information in real-time. Although smaller airports may not have the staff to 
provide this service, the push of information by an airport out to tenants and other airport users 
can reduce the need for telephone communication.

Information Dissemination via Email Notification [All Airports]

Airports may wish to consider pre-loaded email notification lists for rapid dissemination of 
information. Airports should have immediate access to current and accurate 24/7 contact infor-
mation for air carrier operations or systems control centers, air traffic facilities, regional airport 
managers, FBOs, local public safety agencies, and other key airport tenants.

Information Dissemination via Commercial Web-Based Products  
[Medium and Large Hub]

Commercial web-based products are available that provide airborne and on-ground aircraft 
situational display. Systems can be programmed to alert airport operators of aircraft diversions 
and length of ground delays, enhancing response to irregular operations (IROPS) events.

Wireless Communication Systems [All Airports]

The installation and operation of a system to facilitate wireless communications will enhance 
the ability to issue timely airport condition reports. Mediums may include radio frequency trans-
mission or an airport-wide wireless computer network. The former will likely require associated 
proprietary hardware and software, while the latter can be accomplished with laptop computers 
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or tablets loaded with commercial software. Wireless communications systems allow the opera-
tion of mobile Snow Desks, which are of great benefit to smaller airports with limited personnel.

Rapid Information Dissemination Systems [Medium and Large Hub]

Commercial web-based products are available to disseminate information in a mass commu-
nications format. Systems can be programmed to alert airport operators of aircraft diversions 
and length of ground delays, enhancing response to IROPS events. They can provide multi-
media dissemination of information in a format chosen and programmed by the individual 
users of the system. These systems can deliver voice and text messages at a rate and volume that 
exceed local airport capability.

Use of Web-Based Information Portals [Medium and Large Hub]

Medium- and large-hub airports have experienced success with the dissemination of airport 
conditions and other critical airport information through commercial, web-based information 
portals (e.g., PASSUR OPSnet™, ITT Exelis Symphony® and multiple platforms that provide 
situational awareness and graphical displays). The contracted service enhances customer service 
by allowing airport tenants and air carrier systems OCCs to pull airport information from a 
website, as opposed to waiting for the airport operator to push information to interested parties 
through the NOTAM system or through internal airport information dissemination systems.

Web-based information service providers create web pages specifically for an individual air-
port. Predetermined information fields are populated by the airport operator. Most systems 
facilitate one-touch information dissemination to both the airport website and to the NOTAM 
system. Web page access is password protected and controlled by the airport operator. Sys-
tems can display real-time information to include airport status, surface conditions, current 
NOTAMs, runway configuration, flight operations information, weather information, diversion 
information, IROPS conditions, and other information as determined by the airport operator 
through system configuration. Systems also provide an interactive, online chat function for all 
authorized users. Subscription rates are based on airport size and computer transaction volume. 
Some airports have also established a means by which to integrate and operate such systems 
remotely from the airfield. Access to wireless communications systems and the availability of 
portable computer hardware is required for those functions.

Local NOTAMs [All Airports]

Airport operators should be cognizant of the limited type of NOTAMs that are disseminated 
through the FAA’s eNOTAM system, which restricts material to those of a national interest. 
Airports must, therefore, augment the national NOTAM distribution system with a system to 
disseminate local NOTAMs and other critical information. Cost-effective mediums include 
broadcast fax, group text, and email lists. Broadcast fax and email distribution lists are cost-
effective means in which to disseminate information to local outlets. Airports must be cogni-
zant of the need to maintain current and accurate user contact information. Airports routinely 
identify a single point-of-contact for tenants to interact with when providing new or updated 
contact information.

8.3 Airfield Clearing Priorities for the SICP

Priority Pavement Designation [All Airports]

Airport operators should not attempt to maintain the entire airport during a significant snow/
ice event. Airports that try to maintain too large an area invariably fail, which results in unsched-
uled airport closures and lengthy recovery timeframes. Airports should include in the planning 
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process active coordination with ATC and major air carriers to 
determine an appropriate number of surfaces to designate as 
priority pavements. Priority designation should not focus solely 
on runways and parallel taxiways. Critical non-movement areas, 
such as deice pads, are often included in priority designation. 
Consensus should be reached on airport capacity associated 
with the maintenance of priority pavements. A separate pave-
ment prioritization list may be needed for ice events. Some 
airports formally close non-priority runways and taxiways to 
prohibit aircraft operations on the surface. Operations along 
unattended areas often lead to compacted snow and ice that 
bond with the surface. Surface closures eliminate potential 
conflicts between aircraft and snow removal vehicles. The FAA 
snow plan requirement of identifying priority one, two, and 
three movement-area surfaces can be applied to all sections of 
the airport. Priorities can be established for aprons, leasehold 
areas, and landside areas. Airport operators should maintain 
strict adherence to the priority snow removal plan, even in the face of pressure from key ten-
ants. Pre-season education of the priority pavement plan may mitigate disagreements during 
a snow event.

Optimizing Runway Clearing and Treatment 
Procedures [All Airports]

When determining the number of connecting taxiways to 
clear and treat during a closure, airport operators should con-
sider locations that minimize SRE runway occupancy time. 
Consideration must be given for the range of aircraft expected 
to use the surface during a snow event. High-speed taxiways 
are usually located to support air carrier operations. It may be 
beneficial to also consider other taxiways that would facilitate 
more efficient runway exit for corporate or general aviation 
operations.

Post-Event Snow Removal Schedule [All Airports]

The order in which airport surfaces are addressed after a 
snow or ice event should follow snow removal priorities as 
listed in the SICP. This applies to both airside and landside 
facilities. Post-event snow removal should be scheduled in a 
manner that provides the greatest amount of rest for the snow 
removal team, with timing often dictated by the next fore-
casted snow or ice event. It is also good practice to communicate priorities and schedules with 
airport tenants. Many airports continue to operate their Snow Desks until completion of clean-
up activities.

Snow and Ice Control Considerations in Capital Project Planning  
and Design [Small, Medium, and Large Hub]

Planning and design of airport capital projects must consider impacts on snow and ice con-
trol operations. Management and operating costs should be identified and incorporated into 
operating budgets as appropriate. Operations and maintenance personnel need to be briefed 
on expectations for any new aircraft movement surfaces. Air traffic control and tenant expecta-
tions may justify the hiring of additional personnel, the procurement of additional SRE, or the 

Source: Oshkosh Corporation
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arrangement for contracted snow removal services. The alternative to additional personnel and 
equipment is to prioritize snow removal services and to clearly communicate expectations to 
airport tenants and users.

8.4 Terminal and Landside—Ground Side Priority

Segregation of Airside and Landside Snow Removal [All Airports]

The decision to integrate or segregate personnel between airside and landside (ground side) 
snow removal assignments is likely determined by the size of the airport. Training requirements 
and the importance of operator familiarity with the airside environment and associated tasks 
usually result in dedicated airside crews at larger airports. Smaller facilities may require the same 
crew for airside and landside snow removal. Those airports that need to place a higher priority 
on airside tasks have enlisted the assistance of other airport employees to address landside snow 
removal. Airports report augmenting field maintenance staff with fleet mechanics, skilled trade 
personnel, and building maintenance workers.

Landside Pavement Priority [All Airports]

Landside pavements should be assigned priorities in a manner similar to airside pavements. 
Prioritization should be made for arterial roadways, emergency vehicle access roads, revenue-
generating parking areas, service roads, remote parking areas, and other landside pavements.

Third-Party Contracts for Landside [Small, Medium, and Large Hub]

Priorities and safety considerations often warrant the assignment of full-time airport per-
sonnel to airside snow removal assignments. Yet there are passenger movement and revenue 
considerations that dictate expedited snow removal from landside roadways and surface parking 
lots, as well. To address those considerations, the vast majority of airports enter into third-party 
contracts for landside and parking lot snow removal services. It is standard for a professional 
parking management company to be responsible for snow removal from within their leasehold 
areas. Third-party agreements identify equipment type and specifications, minimum number of 
vehicles, response time requirements and performance standards. Airport operators can facili-
tate expedited snow removal by providing on-airport storage for the contractor’s SRE. It has 
also been shown to be beneficial for the airport operator to conduct annual inspections and/or 
licensing of contractor’s SRE.

8.5 Airfield Clearance Times

8.5.1 Consistency and Predictability

Maintaining Consistent Runway Reopening Times  
[Medium and Large Hub]

A concerted effort to establish and maintain runway reopening times maximizes airport 
capacity during snow and ice events. Consistent performance in reopening runways at a pre-
arranged time creates predictable operation performance and builds confidence with ATC facili-
ties and airport users. With confidence in runway availability, ATC can begin sequencing both 
arrival and departure aircraft for the runway in advance of the scheduled runway reopening 
time. Aircraft operators can also conduct deicing operations in a more efficient manner. If past 
performance has been inconsistent, ATC will likely hold aircraft at outer fixes until assured a 
runway is available. Excessive holding increases controller workload and results in a significant 
expense to the affected aircraft operators, as do missed approaches should a runway reopen time 
be missed with an aircraft on approach.

A Guidebook for Airport Winter Operations

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22221


Winter Operations Best Practices  63   

Repeatable performance requires significant levels of planning and practice. Predictable run-
way closure timeframes require consistency in the number of vehicles assigned to the operation, 
a snow removal routine that is well known by all vehicle operators, and contingency planning 
for unforeseen circumstances, such as equipment failures or communication failures. If it is 
determined that a scheduled reopening time cannot be met, immediate communication and 
coordination are necessary to maintaining confidence in the operation. Generally speaking, if 
given 15 minutes of notice, ATC can adjust to a rescheduled runway reopening time without a 
significant increase in controller workload. Airport past performance is considered when esti-
mating airport capacity in advance of a snow or ice event. Consistent performance equates to 
higher capacity and higher capacity results in fewer impacts to the traveling public, enhancing 
an airport’s reputation for being able to operate during inclement weather.

Circuit Routes [Medium and Large Hub]

Established snow removal circuit routes allow SRE to con-
duct edge-to-edge snow removal following predetermined and 
standardized routes along runways and parallel taxiways. Circuit 
routes facilitate predictable vehicle movements and have shown 
the propensity to be completed in repeatable timeframes. Gen-
erally speaking, snowfall intensity dictates the frequency of cir-
cuit route snow removal operations. Pavement geometry may 
limit the ability to implement circuit routes at some airports.

Dedicated Taxiway Snow Removal Team [Large Hub]

Many airports have created taxiway snow removal teams 
to operate in support of, or independent of, runway snow 
removal teams. Independent taxiway teams are assigned to 
maintain core taxiway routes. Those teams may be called to 
augment a runway team to enhance runway snow removal 
operations. Taxiway teams can operate behind the primary 
group of runway snow removal vehicles to plow high-speed 
exit taxiways and other critical runway exit points. The taxiway team reduces the amount of 
time required to conduct a runway snow removal operation. The availability of multiple run-
way exit points provided by the taxiway team reduces runway occupancy times and increases 
airport capacity. When procuring new SRE, larger airports have been increasingly likely to keep 
older equipment that can be used to build taxiway or other 
specialty teams. Procurement of high-speed, multi-function 
vehicles addresses staffing issues as the single-operator vehicle 
makes available an operator that can be assigned to another 
vehicle.

8.5.2 Multi-Function Equipment

Multi-Function Equipment to Reduce Runway  
Closure Time [Medium and Large Hub]

High-speed, multi-function SRE have become the industry 
standard at large-hub airports and are becoming more com-
mon at some medium-hub, small-hub, and high-volume gen-
eral aviation airports. These units provide the capability to 
plow, broom, and blow (forced air) snow with a single vehicle. 
As airports retire individual plows and rotary brooms, they are 
replacing them with multi-function vehicles. In addition to the 

Source: Fortbrand Services, Inc. 
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purchase of new multi-function units, airports may wish to consider the availability of tow-
behind broom equipment, which can be attached to existing plow vehicles, essentially creating a 
high-speed, multi-function vehicle.

Runway teams of multi-function equipment have reduced 
runway closure times to 10 to 15 minutes, down from what 
used to be 30, 45 or 60-minute runway closures. The reduction 
in the time on the runway is made possible by vehicle speed 
and the implementation of one-pass, edge-to-edge method-
ology. The deployment of additional equipment behind and 
in support of the primary runway team further reduces the 
time on a runway. The support team plows high-speed taxi-
ways or other critical runway exit points. The total number 
of vehicles required to meet 10 to 15 minute runway closure 
timeframes is variable based on airport configuration. Many 
airports have designed circuit routes to maximize the efficiency 
of multi-function snow removal operations. Procurement and 
deployment of the equipment may be of benefit to operators 
of medium hub and applicable general aviation airports due to 
the ability to perform two functions with one operator made 
possible by the use of multi-function vehicles. The availabil-
ity of the additional vehicle operator can then facilitate the 
deployment of additional equipment.

High-Speed, High-Capacity Snow Blowers 
[Medium and Large Hub]

A runway snow removal team is only as fast as the rotary 
snow blowers, which are usually the slowest pieces of equip-
ment in the team. Airports that have invested in high-speed, 
multi-function SRE also need to invest in high-speed, high-
capacity snow blowers. Machines rated at 5,000 tons/hour and 
greater are now on the market.

8.6  Sizing and Staffing Snow and Ice Control  
Equipment Fleet

8.6.1 Equipment Procurement and Disposition

SRE Procurement Analysis [Small, Medium, and Large Hub]

Close coordination is required between maintenance staff and airport finance staff in the 
procurement of SRE and in the development of an equipment replacement program. The low-
est priced vehicle may not be the most cost-effective vehicle. Maintenance can assist finance by 
providing guidance, equipment performance reliability, actual maintenance costs, and other 
data (e.g., airline delay costs) that could be used to conduct more thorough analyses when con-
sidering the type and number of vehicles required to meet snow removal goals and objectives. 
In addition to standard financing costs, other factors that must be considered when specify-
ing equipment include airport geometry, vehicle maneuverability, airfield egress and ingress, 
fueling requirements, warranty periods, life-cycle maintenance costs, and additional required 
maintenance and storage facility space and layout. It is highly recommended that initial and 
ongoing training costs be written into equipment specifications and into subsequent purchase 
agreements.

Source: M-B Companies, Inc.

Source: Oshkosh Corporation
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Coordination with Stakeholders on Equipment Purchases [Large Hub]

Some airports have reached out to ATC and key tenant stakeholders in advance of a major 
equipment purchase to determine expectations for performance and capacity during snow and 
ice events. Airport operators can then better determine the appropriate number and type of 
vehicles needed to perform to customer expectations. Collaboration with air carriers regarding 
financing options has led to positive outcomes at several airports. Lease terms often obligate air 
carriers to finance airport vehicle purchases through rates and charges, so air carriers become 
interested in a proper return on their investment. An effort by airport operators to educate 
air carrier personnel on equipment options and performance factors will enhance air carrier 
support of needed equipment. For instance, when considering the cost of a high-speed, multi-
function snow removal vehicle, cost savings associated with one operator doing the work of two 
operators can be factored into life-cycle costs. The speed of the vehicles will result in less SRE 
runway occupancy time and increased airport capacity. Reduced delays and fewer cancellations 
are obvious cost savings for air carriers.

Performance Requirements for Equipment Purchase [All Airports]

Airport operators should have a predetermined list of performance requirements when evalu-
ating equipment for potential purchase. Vendors should be asked to provide client lists. Equip-
ment owners, including vehicle operators and mechanics, can provide valuable information to 
manufacturers on equipment performance and equipment maintenance. Airports may wish to 
consider a formal engineering evaluation of any new equipment being considered for purchase.

Standardized Fleets [Small, Medium, and Large Hub]

Low-cost air carriers have found success in operating a single type of aircraft. Standardized 
aircraft configuration, crew training, and maintenance procedures have resulted in lower operat-
ing costs. The same principle can be applied to airport snow removal operations. Major equip-
ment manufacturers build different types of vehicles on a standard tractor chassis. With minor 
changes to the functions of operating controls, the same operator cab can drive a plow, sweeper, 
rotary snow blower, or multi-function vehicle. Operator training costs, maintenance costs, and 
parts inventory costs are reduced. Airports with access to cooperative purchasing ventures or 
state or federal contracts may have a greater ability to maintain standardized fleets.

Hooklift Chassis [All Airports]

Airport operators have seen an excellent ROI in the purchase of multi-purpose equipment 
for all-season use. The hooklift chassis concept is an option that allows airport operators to use 
a single vehicle for multiple purposes. Hooklift attachments include dump boxes, solid dispens-
ers, and liquid spreaders. A variety of new skid steer attachments are also available, including 
hydraulic plows that can be configured by a vehicle operator to operate either as a blade plow 
or as a box plow. Preventive maintenance and reconfiguration of equipment procured primar-
ily for winter operations, but used year-round, should be scheduled so as to ensure immediate 
availability for the snow season.

Equipment Procurement at Small Airports  
[General Aviation and Small Hub]

Equipment procurement at smaller airports provides unique funding opportunities not 
always available to large airports. Because larger airports have multiple financing options, fed-
eral and state grants are more frequently targeted for smaller airports. Matching grants may 
also be available. Airport operators should enlist the assistance of government grant officers in 
identifying available funding. State or local legislation may allow for unused operating funds to 
be set-aside for future capital equipment purchases. Capital equipment funds may be earmarked 
for expenditure over periods in excess of a single budget year or calendar year.
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Purchase of Used Equipment  
[General Aviation and Small Hub]

Consider buying used equipment only if you have top qual-
ity mechanics that can ensure the reliability of the older equip-
ment. Operators should discuss this issue with their finance 
department when making decisions on equipment purchases.

Cooperative Purchasing Ventures  
[All Airports]

Governmental agencies have created cooperative purchas-
ing ventures that provide airports with the opportunity to 
procure equipment at a federal or state-contracted price. 
The advantages of participating in these joint ventures 
include the delegation of the formal bid process to a third 
party and the ability to select equipment by category at lower 
prices associated with high-volume sales. Airports should 
investigate the existence of state-to-state reciprocity agree-
ments. Airports may be able to purchase equipment through 
contracts of an adjacent state agency.

Industry Peer Networking [All Airports]

Airport operators should not underestimate the value of networking with industry peers. 
The best method in which to build those networks is attendance and active participation at 
regional and national conferences and seminars. In an era of tight budgets, senior management 
may be reluctant to authorize travel for mid-level managers and equipment operators. However, 
the returns are well worth the investment. Personal relationships facilitate communication and 
cooperation. Testimonials and recommendations result in better decisions when considering 
new equipment purchases. Common problems can be quickly addressed and mitigated, resulting 
in more efficient and effective operations.

Equipment Lease Options [All Airports]

Equipment leasing and lease-to-own are options airport operators may wish to consider for 
financial flexibility, as well as the opportunity to utilize the equipment without a long-term com-
mitment. Some airports establish leases for the sole purpose of field-testing equipment. Leases are 
advantageous for equipment with little or no value at the end of its useful life. Sweeping equipment 
was noted by one airport as a target for leases with a minimal buy-out at the end of the contract.

Options for Equipment Being Replaced [All Airports]

Options exist for equipment being replaced other than trade-in or sale by auction. Several 
airport operators assign used equipment to affiliated reliever airports. Other airports noted suc-
cess in providing right-of-first-refusal to local FBOs when selling used SRE. An FBO’s ability to 
procure used SRE will likely enhance the tenant’s snow removal capability and reduce impacts 
on an airport’s winter operations.

8.6.2 Equipment Maintenance

Broom Wafers, Broom Cassettes, and Plow Blades  
[Small, Medium, and Large Hub]

Airport operators have the choice of specifying broom wafers or broom cassettes when pur-
chasing rotary broom equipment. Airports that selected wafers noted the flexibility in configuring 
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the broom core for specific tasks. Alternating poly and steel 
tines (3:1 ratio) is a popular winter configuration. All steel 
broom cores have winter and non-winter applications. Airports 
that selected the cassette configuration noted the shorter time 
period needed to replace worn components. To address the time 
needed to replace cores of either design, many airports order 
and prepare spare cores for expedited replacement. One airport 
reported they also maintain an inventory of spare plow blades. 
A vehicle can simply switch plows when cutting-edges require 
replacement, resulting in a rapid return to service of a critical 
vehicle.

Computerized Maintenance Management System 
[Small, Medium, and Large Hub]

It is strongly recommended that airport operators utilize a 
CMMS or procure and operate fleet management computer 
software. Computerized systems streamline maintenance activ-
ities on a per-vehicle basis. The use of vehicle mileage or engine 
hours as the primary consideration for vehicle replacement is no longer cost effective. Actual 
maintenance and repair costs provide far better justification when determining whether or not to 
keep or replace a vehicle.

Operator Input for Maintenance Procedures  
[All Airports]

Vehicle operators are often the best people to identify inno-
vative operational procedures or new maintenance procedures. 
Managers are encouraged to allow operators the opportu-
nity to present and/or review proposed procedural changes. 
Many airports will facilitate round-table discussions between 
equipment operators and equipment manufacturers or their 
representatives.

Protection of Windshields from Debris [Large Hub]

Snow removal equipment can be exposed to jet blast blown 
sand and other debris while operating in aircraft movement 
areas. The debris is extremely abrasive to windshields and 
other glass surfaces. Since replacement of heated windshield 
equipment is costly, airports have reported the use of adhe-
sive plastic filament sheets to reduce the frequency of full glass 
replacement.

Inspection of Equipment After Use [All Airports]

It is an important practice to inspect SRE after each use to 
determine if repair or maintenance is required and to maintain 
equipment readiness. Some airports assign commercial vehicle 
log books to each piece of SRE. Other airports prepare post-event 
maintenance checklists for each vehicle type (e.g., verifying that 
contents in liquid and solid chemical spreader equipment are 
emptied if the equipment is not stored in a climate-controlled 
facility). Responsibility for post-event inspection differs from air-
port to airport. Responsibility may rest with the individual who 
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last operated a vehicle, an equipment mechanic, or an equipment superintendent. Management 
must clearly communicate responsibilities and expectations.

Prioritization of Repairs [Small and Medium Hub]

Airport vehicle maintenance at smaller facilities may be conducted at a facility shared with 
other departments of a municipal agency with one team of mechanics working on all vehicles. 
Priority must be established for the repair of SRE during a winter event. If work is accomplished 
on a first-in first-out basis, airport snow removal efficiency may suffer with a significant cost to 
airport tenants.

Disabled Vehicles [All Airports]

To immediately address disabled vehicles, some airports have created chase teams of mechan-
ics that follow runway and taxiway snow removal teams. The teams operate out of specialized 
vehicles equipped with tools to facilitate rapid repair or recovery of disabled vehicles. Tow vehi-
cles should be readily available to address disabled vehicles or vehicles that may become stuck 
in an airfield location. Winter preparation should include a plan on how to tow each vehicle in 
the fleet, including vehicles with sensitive equipment, such as friction testing vehicles. Several 
airports mark vehicles to identify tow points while others have installed tow hooks to facilitate 
rapid recovery.

Efficient Fueling of Multi-Function Equipment [Medium and Large Hub]

Multi-function vehicles are equipped with multiple fuel tanks. Efficiencies could be gained 
if fueling facilities are configured or designed for simultaneous fueling operations. Several air-
ports augment fixed fueling facilities with mobile tankers to reduce multi-function vehicle 
fueling time.

8.6.3 Warranties

Equipment Warranties [All Airports]

Most equipment manufacturers provide warranties over a period of months or years. 
Airports may wish to negotiate warranties based on operating hours instead of the calendar 
format.

8.6.4 Staffing/Shift Management

Scheduling and Shift Management [All Airports]

There is no one-size-fits-all approach to crew scheduling. An in-depth analysis of all options 
should be conducted to evaluate 6-hour, 8-hour, 12-hour, or around-the-clock crew schedul-
ing. Procedures for crew scheduling and call-back to the airport should be outlined in the SICP. 
Pre-event planning includes an analysis of the appropriate level of personnel necessary for effec-
tive snow removal operations. Many airports have multiple call-back levels that are based on the 
forecasted intensity and duration of a storm. When calling personnel back to the airport, consid-
eration must be given to the status of personnel with regard to their regular assigned shifts. The 
majority of airports implement a 12-on and 12-off shift schedule. Several airports noted success 
in creating 12-on and 12-off coverage by adding 4 hours of overtime to routine 8-hour shifts. An 
airport noted high crew performance and high morale associated with a 6-on and 6-off schedule. 
A few large airports call in all personnel at the start of a snow event, but each of those airports 
have facilities to support 24/7 crew operations. General aviation airports tend to operate in the 
“all hands on deck” mode during snow removal. Those airports, however, have fairly well designed 
work and rest schedules.
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Pay for Rest Time [Large Hub]

The choice of whether or not to pay employees during sleep periods is an individual air-
port decision. Airports that keep personnel on the clock during sleep periods report high 
morale, high motivation, and loyalty that results in excellent performance with extremely low 
turnover. Airport operators, air carriers, or airport tenants that question the cost of keep-
ing personnel on the clock may wish to consider a cost-benefit analysis based on enhanced 
performance, increased airport capacity, lower employee turnover, and reduced recruitment 
and training costs.

Allocation of Tasks to Full-Time, Part-Time, and Contracted Employees 
[General Aviation]

Operators of smaller airports must consider airport-specific factors when determining the 
assignment of tasks to full-time, part-time, or contracted employees. Those factors may include 
desired hours of operation, type of flight activity, airport tenant expectations, and available 
personnel.

Staff Specialization [Medium and Large Hub]

Operators of larger airports may wish to consider special-
ization when making equipment assignments. There is usu-
ally adequate depth of crew size to support the assignment 
of an employee to a specific piece of equipment for the dura-
tion of a winter season. Some airports also assign personnel 
to a specific geographical area of the airport. Specialization 
reduces training time and associated costs. Proficiency in a 
single piece of equipment results in more efficient and effec-
tive performance.

Equipment Assignments [Small, Medium,  
and Large Hub]

Efficiencies are gained by assigning equipment by operator 
proficiency. If union contracts mandate equipment assign-
ment and associated pay strictly by seniority, an airport opera-
tor may consider negotiating a single wage for SRE. A single 
wage scale would permit flexibility in equipment assignments. 
Incentives or additional compensation for lead positions may 
result in competition and improved performance.

Tasks for Probationary Employees [Medium and Large Hub]

Probationary employees or those not certified for snow removal operations can be assigned 
other duties, such as equipment fueling duties and support of equipment repair operations.

Coordination with Air Carriers to Determine Staffing Needs  
[Medium and Large Hub]

Airports reported success in coordinating with air carriers on financial assumptions and 
financial modeling in determining appropriate staffing levels for snow and ice control opera-
tions. The identification of airline expectations for capacity and operations during winter 
events is a key factor in determining airport crew complements. A subsequent cost-benefit 
analysis comparing airport staffing costs against airline delay and/or cancellation costs will 
lead to better decision making regarding the optimum crew size necessary to meet customer 
expectations.

Source: Gresham, Smith and Partners
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8.7  Storage of Snow and Ice Control Equipment

Storage of SRE [Medium and Large Hub]

Operability and longevity of SRE is enhanced by storage in 
heated, indoor facilities. Garages need to be designed in a man-
ner to facilitate efficient movements. Modern design includes 
drive-through capability and wide access doors (roll-up or 
folding). The lack of an adequate storage facility was a factor 
noted by some airports in their decision not to pursue the pro-
curement of multi-function vehicles. Although inconvenient, 
multi-function units can be broken down for storage, which 
was observed at several airports, including a general aviation 
airport. Since airport vehicle storage facilities are eligible for 
federal funding, airports have included building costs in vehicle 
procurement financing plans. If repair facilities are included in 
building design, additional amenities, such as extended lubri-
cation pits and overhead cranes, should also be considered, as 
well as an adequate amount of space to accommodate winter 
repair operations in a climate-controlled environment.Source: Gresham, Smith and Partners
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This chapter continues the presentation of best practices related to, and in general accordance 
with the contents of AC 150/5200-30C Chapter 2, “Snow and Ice Control Plan.” Each practice title 
is followed by a description of the airport type(s) in brackets to which the practice may be most 
applicable.

9.1 Safety Requirements

Airport Closure or Suspension of Flight Operations  
for Safety [All Airports]

The goal of maintaining continuous airport operations, regardless of the weather conditions, 
has been replaced at the vast majority of airports with a safety-first culture. An airport closure 
or suspension of flight operations is an acceptable safety measure and does not indicate a failure 
of the snow removal team or the airport’s SICP. Pre-season training at some airports includes a 
simulated airport closure and recovery scenario. Tenants are briefed by airport operators during 
pre-season meetings on the conditions that may lead to an airport closure. Air carriers have shared 
operational guidelines for when aircraft will not fly and for when ground crew activities will be 
suspended. Airports with SMGCS plans are using restrictions triggered by prevailing visibility 
readings as the basis for decision making during a snow or ice event. Most SMGCS plans list a 
visibility at which an airport will suspend aircraft movements and vehicle operations and issue a 
NOTAM indicating airport closure. The “safety-first” message needs to be communicated to all 
airport tenants and stakeholders starting at the first meeting of an airport’s Snow Committee and 
continuing throughout the winter season.

Airport Surveillance Detection Equipment [Medium and Large Hub]

Reduced visibility and obscured lights and pavement markings are hazards to vehicle opera-
tor situational awareness. Airport surveillance detection equipment (ASDE) Model X will detect 
aircraft and track vehicles operating on the movement area. The FAA has deployed ASDE-X at 
35 airports. ASDE-X data can be made available to airport operators through third-party prod-
uct vendors. The FAA has approved the use of ADS-B out-squitter equipment for airport vehicles 
(see AC 150/5220-26). A squitter will broadcast a unique code that is interrogated by the ASDE-X 
system. The benefit of a squitter broadcast is that a vehicle call sign can be tagged to the primary 
target on ASDE-X displays, allowing air traffic controllers to immediately identify the vehicle. 
The equipment is eligible for FAA funding.

Commercial Vehicle Tracking Products [Medium and Large Hub]

Airport operators should consider the use of commercial vehicle tracking products to enhance 
safety during winter operations. Multiple GPS-based products are available that can track vehicle 
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movements. Some of these products have the ability to create “electronic fences” around runways 
or other areas of concern with audible and visual alarms that can alert an operator when a vehicle 
is approaching the “fence-line.” Multi-lateration and triangulation based products are also avail-
able for vehicle tracking on all airport surfaces.

Runway Crossings [All Airports]

Avoid runway crossings whenever possible by using airport service roads, perimeter roads, and 
tunnels. If runway crossings become necessary, standard crossing points should be established 
with ATC and identified in a letter of agreement (LOA). The proper use of radio procedures, as 
presented in airport vehicle driver’s training, is imperative. There should be zero tolerance for 
any deviation to procedures by vehicle operators. A runway crossing is one of the most dangerous 
situations on an airport and should be afforded the commensurate level of attention and care.

Adequate Staffing for Event [All Airports]

Too few personnel available for snow and ice control operations results in a rush to job com-
pletion and the higher probability of an accident or incident. Err on the side of safety when 
determining the number of employees needed for a snow event. The opposite shift or relief 
crews should be available on a timely basis. Airport operators should also consider roadway 
conditions that airport employees will face on the drive to the airport. Congestion and snow or 
ice-contaminated surfaces will require additional travel time.

Non-Punitive Reporting Procedures [All Airports]

Accident and incident investigations are enhanced by instituting non-punitive reporting proce-
dures. Future accidents are often prevented by forthright and honest reporting of circumstances 
leading up to an incident. Multiple airport operators discouraged immediate termination of an 
employee for a runway incursion or for a vehicle accident, except in the case of willful misconduct 
or prior history. Airports noted the significant investment in operator training and the loss of a 
valuable resource associated with unnecessarily rigid disciplinary action.

9.2 Topics for Pre- and Post-Season SICC Meetings

Post-Season Evaluation to Kick Off Pre-Season Planning [All Airports]

A post-season meeting of the SICC with airport stakeholders is likely the most important 
meeting of the winter season. Many airports consider the post-season meeting as the start of the 
planning process for the following winter season. The last post-event meeting and/or critique 
should not be confused with the post-season review meeting. It is important to have access to 
minutes from all post-event meetings from the snow season for the post-season review. Pro-
cedural changes are often dictated by lessons learned during individual snow or ice events.  
A comprehensive post-season review of procedures becomes the basis for revisions to the SICP 
and updates of related procedural documents. Changes are incorporated into the appropriate 
documents with publication scheduled for late summer or early fall, as appropriate, to support 
annual, recurrent winter operations training.

Post-Event Snow Committee and Stakeholder Meeting [All Airports]

There is general agreement that a post-event meeting of the Snow Committee and airport 
partners and stakeholders is of vital importance to successful winter operations. These meetings, 
which may also be referred to as event critiques or hot washes, are usually scheduled one to three 
business days after a snow or ice event. Although all stakeholders are invited, it is important to 
have a knowledgeable representative from key stakeholders (ATC, air carriers, FBOs, pilot safety 
groups, and deicing service providers) present at the meeting. Individual event performance is 
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evaluated by identifying the good and not-so-good in an open, respectful forum. Any significant 
disagreements are identified and discussed at a separate meeting involving only the affected par-
ties. Meeting minutes are kept by the secretary of the Snow Committee or by a representative of 
the airport, not only for post-meeting dissemination, but also for review at the end of the winter 
season. Lessons learned and potential changes to snow and ice control procedures are identified 
and considered for implementation. Minor procedural changes may be implemented prior to the 
next snow or ice event. It should be made clear to partners and stakeholders that major changes 
or any proposed changes to the airport’s SICP require FAA review and approval.

9.3 Outlining an SICP

Winter Operations Plan [All Airports]

An FAA-approved airport SICP addresses regulatory requirements listed under FAR 139.313, 
“Snow and Ice Control.” Similar to more detailed internal documents that support the Airport 
Certification Manual (ACM), a detailed Winter Operations Plan, including procedures and 
checklists, should be prepared to augment the SICP. The Winter Operations Plan is airport-
specific and should clearly define the roles and responsibilities of key airport positions, air-
port departments, airport contractors, and stakeholders. It should outline airside and landside 
snow removal procedures and protocols. The internal document should be the basis for winter 
operations training for all airport personnel assigned to winter operations duties. The docu-
ment should be readily available for reference during a snow or ice event. Some airports prepare 
separate procedural documents for contracted employees. Documents and procedures should 
be reviewed annually upon completion of the snow season. Revisions of the internal documents 
are often the impetus for a revised FAA SICP.

Weather Conditions Triggering Procedures [All Airports]

The SICP or Winter Operations Plan should identify the weather conditions that will initi-
ate the execution of SICP procedures. Snow removal crew response is a factor of the forecasted 
type of precipitation, the forecasted rate of accumulation, total amount expected, and timing of 
the event. Snow removal personnel can become familiar with SICP triggers and, therefore, can 
recognize forecasted conditions in which they can expect to be called to the airport for snow and 
ice control duties.

SICP Contributors [All Airports]

Participation in original preparation and subsequent revision of the SICP should not be lim-
ited to operations or planning personnel. Any internal airport department or external agency 
that will be assigned tasks within the SICP should be afforded the opportunity to provide input 
and suggestions on plan content. The individuals conducting the work often have the best per-
spective as to the most effective and efficient means in which to complete their assigned tasks. 
With ownership comes accountability; with accountability comes performance.

SICP for a General Aviation Airport [General Aviation]

An FAA-approved SICP is not required at non-certificated airports. Nevertheless, many gen-
eral aviation airports have established a goal to maintain FAR Part 139 standards during winter 
operations and have created snow plans in support of that goal. The dissemination of an SICP 
provides tenants and airport users with written expectations for airport operability during a 
snow or ice event. Established standards and procedures provide clear guidelines for airport 
operations and maintenance personnel. The general aviation airports with snow plans noted 
staff willingness not only to meet FAR Part 139 standards but to exceed those standards and, 
therefore, exceed tenant and user expectations.
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Impacts from New Construction [All Airports]

Airport construction routinely requires revisions to an airport’s SICP. Consideration must be 
made for new or altered pavements and new or expanded structures. Operations staff partici-
pation in construction planning processes as well as the availability of construction plans and 
documents means that the identification of potential impacts to snow removal operations may 
begin prior to actual construction. Post-construction airport layout drawings should be made 
available as soon as is practical for incorporation into winter documents and for use in pre-
season planning and training. Snow Committee membership should include a representative of 
the airport’s engineering, planning, and development department.

9.4  Topics for Writing Instructions and Procedures  
for Winter Operations and Notification

Pre-Event Meetings in Response to Weather Forecasts [All Airports]

An airport operator’s SICP and/or internal procedural documents should clearly define pro-
cedures for reviewing and analyzing forecasted weather conditions in advance of a snow or ice 
event. Most airports concur that a meeting or teleconference with critical airport stakeholders 12 
to 24 hours in advance of an event is key to a successful response to the event. A pre-event meet-
ing or teleconference agenda should include a detailed weather forecast review and the expected 
impact of the weather on airport capacity. Airports commonly provide their best estimate as to 
the frequency and type of runway treatment expected during the event, which helps facilitate a 
discussion of event-specific, predictable airport arrival rates and departure rates. At a minimum, 
participants should include airport operations, airport maintenance, ATC, air carriers, and key air-
craft operators serving the airport. Larger airports convene a full meeting of their Snow Committee 
and/or IROPS Committee. Detailed notes of the meeting should be prepared for dissemination to 
all airport tenants, in addition to those who attended the meeting.

Response Levels for Forecasted Weather Conditions [All Airports]

An airport’s SICP and/or internal procedural documents should clearly define procedures for 
response to forecasted weather conditions. Many of these plans are structured or tiered, based on 
forecasted weather conditions, and define response times and the number of personnel required 
to report to the airport depending on the level of the event. Too often, response plans are based 
on forecasted snowfall alone. However, snow type, snowfall rate, and event duration should also 
be considered in determining response levels. Response checklists are of particular value for 
airports with infrequent snow or ice events.

Snow Removal Procedures to Avoid  
Aircraft-Vehicle Conflicts [All Airports]

The runway environment should be protected at all times to 
avoid aircraft-vehicle conflicts. Airports strongly recommend 
the establishment of formal procedures to outline runway snow 
removal operations. Those procedures should be listed in the 
SICP and in an LOA with the appropriate ATC facility. Another 
strong recommendation is the closing of the runway to facili-
tate snow and ice control operations. Airports that conduct 
snow removal between flight operations on an open runway 
need to pay particular attention to established safety protocols. 
Conducting snow removal on an open runway when the local 
ATCT is closed is not recommended. Remote approach control 
facilities or enroute ATC centers will not be as familiar with 
established procedures.Source: Epoke North America, Inc.
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TSA Security Procedures for Stranded Passengers  
[Small, Medium, and Large Hub]

Outside of normal TSA operating hours, consider establishing procedures to allow for the 
escorting of screened passengers into non-sterile areas to meet immediate needs and then 
returning to the sterile area without additional screening.

9.5  Runway Incursion Mitigation and Operations  
During Non-Towered ATC Periods

Use of Supplemental ATC Frequencies for Communications  
[General Aviation and Small Hub]

Most airports utilize internal company radio frequencies to facilitate communications dur-
ing snow or ice control events. Airport operators at smaller facilities have reported success in 
utilizing a supplemental ATC frequency for snow and ice control communications. The process 
allows ATC personnel to monitor transmissions, track the movement of snow removal teams, 
and immediately participate in transmissions to coordinate surface closures. The volume of rou-
tine air traffic transmissions should be considered before pursuing the use of an available ATC 
frequency for snow removal communications, as well as the possibility that such transmissions 
may distract controllers from their primary tasks. Approval to use an ATC frequency and detailed 
procedures should be codified in a LOA.

Snow Removal Coordination When Local ATCT Is Closed  
[General Aviation, Small, and Medium Hub]

Airports that do not have a high demand for runway capacity may benefit by preparing for 
runway assessments or by scheduling runway snow and ice control closures when reported  
braking action deteriorates to medium (fair) from good braking. Communication protocols 
between the airport operator and ATC should be defined in an LOA, including procedures for 
when the local ATCT is closed. Many airports report conditions to the next available ATC facility, 
either a TRACON or an Enroute Traffic (Center) facility, as appropriate. When a local ATCT is 
closed, it is a best practice for airport snow removal crews to be monitoring the local common 
traffic frequency (CTF). Some airports will report conditions on the CTF upon request from an 
inbound flight crew when the ATCT is closed.

9.6 Staff Training and Recordkeeping

Summer Training [All Airports]

Snow removal skills training and operational briefings 
should not be limited to immediately prior to the winter sea-
son. Vehicle operators will benefit from off-season table-top 
exercises, operational briefings, and “dry-run” snow removal 
vehicle training sessions. The off-season timeframe will allow 
managers and operators the opportunity to experiment with 
new or revised strategies and tactics, including procedures or 
vehicle movement options. Summer training sessions may also 
provide an opportunity for key partners and stakeholders to 
ride along for the purposes of becoming more familiar with 
airport snow removal operations.

Pre-Season Dry-Run Training [All Airports]

Most airports conduct dry-run winter operations training 
in advance of the winter season. A simulated runway snow Source: Oshkosh Corporation
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removal operation is coordinated with ATC, providing each agency with an opportunity for  
refresher training and refamiliarization of winter operations. A dry run provides the opportunity 
for air traffic controllers, airline personnel, and airport administrative staff to ride along with 
snow removal operators. The chance to ride in a snow removal vehicle on the airfield is appreci-
ated and valued. Some airports take the dry-run concept one step further by conducting a “snow 
rodeo,” where operators are put through a series of driving tests and obstacle courses. Certain 
airports score performance and present awards, often at a social event that immediately follows 
the rodeo.

Formalized Annual Training [Large Hub]

Larger airports with available training resources have formalized annual, recurrent winter 
operations training for all appropriate internal employees. This level of training exceeds FAR 
Part 139 requirements, as not all participants have tasks identified in the ACM. Topics include 
SICP review, SMGCS plan review, incident command or Snow Desk training, communications 
training, and other pertinent operational topics.

Training for Contracted Personnel [All Airports]

An intense training program is required for contracted personnel assigned to airside snow 
removal tasks. In addition to basic airport vehicle driver’s training and the education of personnel 
on expectations and desired snow removal methodology, contracted personnel need to be edu-
cated on the unique nature of the airport environment. Hazards exist that are not encountered at 
a normal job site, especially hazards associated with working in and around aircraft.

Outside Stakeholder Involvement in Training  
[Small, Medium, and Large Hub]

Airports may wish to provide familiarization training to ATC, airline, FBO, and other ten-
ant personnel to outline basic snow removal tactics and to identify equipment and its use. 
The effort will likely enhance inter-agency coordination and cooperation, as well as provide 
the opportunity to define snow removal goals and objectives. Airport personnel would also 
benefit from any reciprocal training and/or familiarization programs made available by key 
airport partners.

Stakeholder Ride-Alongs [Medium and Large Hub]

Some airports provide stakeholders with the opportunity to ride along with snow removal 
teams. It was suggested that the experience not be a quick orientation, but a full 2 to 3 hour shift 
on the airfield. The experience will educate stakeholder personnel on the difficulty and hazards 
experienced by the snow removal team. This may facilitate an understanding of and an apprecia-
tion for the snow team’s efforts that will pay off with more cooperative interaction between the 
airport and its tenants. Additionally, stakeholders may enjoy and benefit from the opportunity 
to participate in “dry-run” snow removal training sessions.

Sleep Disorder Training [All Airports]

Airports should provide snow removal crews with sleep disorder training and circadian 
rhythm training. Online training and printed materials are readily available. This training will 
allow employees to recognize the symptoms of fatigue and the pre-event personal activities that 
could lead to fatigue on the job.

Training on Human Performance Factors  
and Situational Awareness [All Airports]

Airport operators should provide snow removal personnel with training and presentations 
on human performance factors and situational awareness. Training leads to safer outcomes. 
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An overwhelming number of aircraft accidents and airport incidents have been attributed to 
the loss of situational awareness. Vehicle operators need to be reminded to slow down and add 
following distance when operating on contaminated surfaces and when operating in reduced 
visibility. Operators should be trained to avoid vehicle operation when fatigued and to imme-
diately report the condition to a supervisor or manager. Data has shown the majority of snow 
removal related vehicle accidents occur during clean-up operations when less stressful condi-
tions may lull a driver into a false sense of security. Airport operators should maximize crew 
rest periods by scheduling clean-up operations based on the next forecasted snow event and 
not be in any rush to complete that work as soon as possible. Airports with a safety or risk 
management function may wish to consider inviting a representative of that department to 
act as a safety officer during weather events, observing operations from a supervisory or lead 
vehicle.

Radio Communications Procedures [All Airports]

It is imperative to train vehicle operators on proper radio communications procedures. 
Operators should be proficient in operating the type of radios installed in their vehicles. 
Proper radio communication protocols should be included in a vehicle driver’s training pro-
gram. Assigned channels or frequencies need to be clearly delineated with requirement that 
vehicle operators must monitor assigned frequencies. A radio’s scan function leads to dis-
tractions and, therefore, its use should be prohibited. Radio transmissions should be strictly 
limited to safety- or business-related calls only; idle chatter should be prohibited. Airport 
operators may wish to consider the recording of critical radio channels for incident review 
and future training.

Radio Frequencies [All Airports]

Vehicle operators should be trained to have working knowledge of all ATC frequencies used 
on the airport. At minimum, a list of air traffic positions and assigned radio frequencies should 
be available in all vehicles. ATC assigns frequencies by type of surface (runway or taxiway), by 
geographical area, and by task (e.g., metering or clearance delivery). Persons assigned to commu-
nicate with ATC must know the correct radio frequency associated with the specific movement-
area surface. It is highly recommended that communications associated with runway operations 
be conducted on the appropriate local control or tower frequency. Communications related to 
taxiway operations should be broadcast on the appropriate ground control frequency. Proce-
dures should be identified in the LOA with ATC, including the identification of an emergency 
telephone number in the event of radio communication failure.

Vehicle-Specific Training [All Airports]

Develop a comprehensive and practical training program for 
each vehicle in the fleet. Ensure that personnel have adequate 
training on each piece of equipment they are expected to oper-
ate. An appropriate amount of behind-the-book and behind-
the-wheel training is necessary in order for safe operation. 
Almost every piece of SRE is equipped with dual-operator cab 
seats, which facilitate training with an experienced operator on 
board. Simulator training may be of benefit for airport driver’s 
training and airport familiarization, but an operator will need 
to learn the handling characteristics of a particular vehicle. For 
instance, most airports operating multi-function vehicles noted 
the need for extended training periods due to the size, weight, 
and unique design of the equipment. The training program 
should identify standards that must be met before an employee Source: Oshkosh Corporation
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is allowed to operate a vehicle on his or her own. Completion of training is documented in writing 
by management. An airport’s vehicle training program should include annual, recurrent training 
with an associated competency evaluation for each piece of equipment an employee is expected 
to operate. Airports that implemented a formal vehicle certification program reported reduced 
accident rates.

FAA TMU Training [Medium and Large Hub]

The FAA ATC Command Center provides TMU training courses for internal staff on a routine 
basis. The FAA has made seats available at these courses to airport representatives for the purpose 
of education and familiarization with FAA traffic management and flow control procedures. 
Participation is on a space-available basis. Interested airports should make inquiries with the 
TMU office at the ARTCC with jurisdiction over local airspace.

Web-Based Training Services [All Airports]

Airports with a high demand for winter operations training utilize web-based training services 
and, at a few airports, are utilizing a vehicle training simulator. Each option can generate an on-
demand winter environment for training purposes. Airports that operate a simulator reported a 
number of employees experienced motion sickness while training in a full-environment simulator. 
Video game consoles were deployed to offset this problem and to train employees who were unable 
to participate in simulator training.

Field Maintenance Personnel Training [Medium and Large Hub]

FAR Part 139.303 requires airport personnel with ACM compliance duties to complete annual, 
recurrent training. Due to assigned ACM compliance duties, operations personnel experience a 
higher volume of training than maintenance personnel. In an effort to increase proficiency and 
awareness of ACM compliance duties, airports have offered field maintenance personnel the 
opportunity to take training classes above the level required of their job duties.

Snow Desk Training [Small, Medium, and Large Hub]

Airports that establish an ICP or operate a Snow Desk during a winter event should conduct 
annual, recurrent training for airport staff and tenant representatives who are routinely assigned 
to those facilities. Off-season table-top exercises offer excellent training opportunities. Individuals 
assigned to an ICP or Snow Desk may benefit from NIMS training, especially if NIMS procedures 
are used in snow removal operations. Various online courses are available from the Department 
of Homeland Security or Federal Emergency Management Agency: http://training.fema.gov/IS/
NIMS.aspx.

9.7 Other Related Items

9.7.1 Lease Agreements

Maintenance Responsibility Matrix [General Aviation,  
Small, Medium, and Large Hub]

Airport operations and maintenance personnel should have a clear understanding of snow 
removal requirements as defined in airport lease agreements. Many airports prepare a maintenance 
responsibility matrix that is an attachment to an airport lease. The matrix identifies where the 
tenant is responsible for snow removal or other general maintenance items and is a valuable field 
reference for snow removal supervisors. Areas of responsibility can be depicted visually on a lease-
hold diagram or listed in a database format. A map depicting all airport leasehold areas and related 
responsibilities is an excellent resource for on-field snow removal managers and supervisors.
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9.7.2 Contracted Snow Removal

Third-Party Contractors for Aircraft Parking Gate and Cargo Ramp  
Snow Removal [Small, Medium, and Large Hub]

Safety and efficiency considerations may necessitate the assignment of aircraft parking gate 
and cargo ramp snow removal to third-party contractors. When working with a limited number 
of full-time vehicle operators, airports will likely assign those individuals to snow removal duties 
on movement-area surfaces and other critical areas. It is common for air carriers and cargo 
operators to be responsible for snow removal from within their leasehold areas. In some cases, 
airport operators enter into contracts for snow removal from aircraft parking gates and cargo 
aprons. Cost recovery methodology is routinely noted in tenant leases.

9.7.3 IROPS and Tarmac Delays

Tarmac Delay Contingency Planning [Small, Medium, and Large Hub]

Snow and ice events can and will likely lead to IROPS conditions. Recently enacted federal leg-
islation requires airports to submit to the U.S.DOT a Tarmac Delay Contingency Plan. Airport 
operators should ensure that the SICP is in concert with Tarmac Delay Plans or other related 
IROPS procedures. The requirement for the airport to work with air carriers to provide passen-
ger accommodations during periods of excessive tarmac delays is a major component of the fed-
eral legislation. Airport operators are required to facilitate communication with airlines, ground 
handlers, and FBOs who may have the facilities or the necessary equipment 
to safely deplane passengers on behalf of airlines that have incurred excessive 
tarmac delays. The Tarmac Delay Plan must also identify procedures to share 
aircraft parking gates and facilities. However, terminal parking gates may not 
always be immediately available, resulting in the need for remote aircraft park-
ing facilities.

It is in the best interest of airport operators to have a pre-determined 
remote aircraft parking plan and to determine the number of aircraft that 
can be accommodated under the plan. Communication of that capacity in 
advance to partners, stakeholders, and ATC may very well reduce the probabil-
ity of un tenable and unmanageable IROPS events. It should be noted that the 
U.S.DOT documents use the term “safe” deplanement of passengers. Condi-
tions during snow and ice events may prevent the safe deplanement of pas-
sengers from remote airport locations. Airport operators may wish to include 
procedures in the SICP that would address access to remotely parked aircraft 
for the purpose of deplaning passengers as well as for emergency medical 
response, food and beverage delivery, or the transportation of personnel for 
general aircraft services.

For additional information on IROPS planning, see ACRP Report 65: Guide-
book for Airport IROPS Contingency Planning.

Coordination with Customs and Border Protection for International 
Flight Diversions [Small, Medium, and Large Hub]

Tarmac Delay Contingency Plans and IROPS Plans should address procedures for accom-
modating diverted aircraft, with special attention necessary for international diversions 
requiring close coordination with air carriers and Customs and Border Protection (CBP). 
Airports without an on-airport CBP facility should have procedures to address special circum-
stances associated with international flights. It would be of great benefit to coordinate with 
CBP and local law enforcement on a plan to deplane and hold passengers in a secure facility. 
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Prior authorization from CBP is required for deplanement of passengers without the immedi-
ate presence of CBP officials. Operational departments should include PR in any notification 
process associated with an international diversion.

Gate Sharing [All Airports]

If not specifically referenced in an existing plan, develop formal agreements with tenants for 
the sharing of leased gates during irregular aircraft operations. Establish plans for off-gate or 
hard-stand deplanement procedures to include ground service equipment personnel access to 
remotely parked aircraft and passenger/crew transportation to terminal facilities. Consideration 
must be given for the movement of handicapped or special-needs passengers. Airports should 
identify and communicate to air carriers and ATC the number of aircraft that can be parked on 
airport surfaces. That number should be further refined to identify the number of aircraft that 
can be processed for passenger deplanement within the domestic three-hour and international 
four-hour tarmac delay requirements.

Airport Closure Planning [All Airports]

Pre-season planning should include discussions regarding airport closure during a severe 
snow or ice event. Parameters and conditions most likely to cause a suspension of operations 
should be identified and communicated to all tenants and stakeholders. Many airports refer 
to operating restrictions or suspension of operations triggered by specific visibility readings 
as identified in an airport’s SMGCS plan. Post-airport closure recovery plans and procedures 
should also be addressed. One airport noted success in conducting a mock airport closure and 
recovery table-top exercise to drill airport tenants on procedures and expectations during a 
severe weather event.

Remote Aircraft Parking Planning [Small, Medium, and Large Hub]

Airports with limited deicing capacity would benefit from a well-defined remote aircraft park-
ing plan, including the identification of queue line space and taxi routes to and from designated 
deicing locations. Remote parking locations may already be identified through IROPS planning; 
however, consideration must be made for winter conditions. Designated deice areas are often 
also identified for IROPS-related remote aircraft parking. The use of those pavements for deicing 
operations will affect remote parking capacity. Airports may wish to consider separate remote 
aircraft parking plans for winter and non-winter conditions.

Notification of Regional Airport Operators Receiving  
Diverted Aircraft [Large Hub]

Excess aircraft volume, sudden and unpredicted changes to the intensity of a snow event, an 
unscheduled runway closure, or a disabled aircraft are situational examples of what may create 
aircraft diversions from a hub airport to regional alternate airports. Past incidents indicate there 
has been little or no notification to regional airport operators that they will be receiving diverted 
aircraft. Hub airports in several areas of the country have formed regional networks to facilitate 
relationship building and to enhance communications among the hub airport, regional airports, 
and the air carriers that may utilize those airports. Hub airports have compiled and disseminated 
24/7 telephone or email contact lists for use by all parties to the network. Those parties include 
governmental agencies, airline operations control or systems control centers, airport managers, 
FBOs, and local public safety agencies. The contact information becomes the data source for 
pre-loaded email or telephone notification lists that can be used to inform regional airports of 
potential or imminent diverted aircraft. The advanced notification assists regional airports in 
providing a coordinated response to an IROPS event, including possible implementation of the 
airport’s Tarmac Delay Contingency Plan.
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9.7.4 Passenger Assistance

Stranded Passenger Plan [Small, Medium, and Large Hub]

Maintain a Stranded Passenger Plan as part of the IROPS plan. The plan should include ways 
to address passengers’ five basic needs during an event: information (airport, airlines, govern-
ment agencies), overnight accommodations (local lodging and airport amenities), food and 
water (concessions), facilities (life, safety, and security considerations, clean restrooms), and 
special services (ground transportation, services for special-needs passengers).

Accommodations for Passengers with Disabilities [All Airports]

In coordination with airline tenants, develop a plan for assisting them with providing special- 
needs passengers support as required by 14 CFR Part 382, Nondiscrimination on the Basis 
of Disability in Air Travel. This plan would include procedures for responding to passenger 
medical needs and for the care and feeding of service animals and animals in transit. It is rec-
ommended that all airport employees undergo customer service training in order to be better 
able to assist the public during winter weather operations. This should include CPR and first 
aid training in case of medical emergencies within the terminal.

Concessionaire Involvement in Winter Operations  
[Medium and Large Hub]

Airport operators should actively engage concessionaires during winter events. Participation 
by food/beverage and retail tenants is critical to the successful implementation of IROPS plans. 
Agreements should be in place to extend operating hours later into the evening and earlier the 
following morning, as necessary to accommodate stranded passengers. Key concessionaires 
should be included in airport information dissemination networks, as it will be a challenge to 
make staffing arrangements on short notice.

Additional Support Staff for Passenger Assistance [All Airports]

Utilize appropriate and available non-operational staff to support terminal operations dur-
ing periods of mass disruption. Consider third-party contractors who can provide support to 
passengers on short notice and train this group prior to winter weather operations. Equip staff 
in terminals with mobile devices, including laptops and tablets, to help provide relevant airport, 
flight, and hotel information to passengers. The devices help staff offer a more personal service 
via a multilingual translation application that enables assistance to non-English speaking cus-
tomers. Airport operators need to make it readily obvious how such services can be found.

Passenger Support Literature [All Airports]

Many airports have produced pamphlets and other printed materials to assist passengers 
affected by IROPS conditions. Materials publicize available airport amenities including available 
retail and food/beverage concessions, special-needs items, medical and pharmaceutical supplies, 
onsite or nearby overnight accommodations, transportation options, security requirements, air-
line contact information, and emergency contact information. IROPS planning includes steps to 
make terminal spaces more amenable for overnight accommodations. Additionally, the customer 
experience and PR are enhanced by the continuous presence and availability of airline and/or 
airport representatives during IROPS events.

Hotel Hopper Buses [All Airports]

Consider mobilizing free “hotel hopper” buses to transport passengers around the airport 
during adverse weather conditions and consider contracting with a specific provider for this 
purpose. Airports should also ensure that people who are using airport parking facilities are not 
charged for overstays in the event of major disruption.
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Passenger Communications [Medium and Large Hub]

During a winter event, communication with the traveling public involves two groups: the 
internal audience (passengers already at the airport) and the external audience (passengers on 
their way to the airport). For the internal audience the airport should use Flight Information 
Display System monitors and public address systems to notify passengers of winter weather 
related information. For external audiences the airport should use news media, the airport web-
site, and social media to release winter weather information. Additionally, the FAA will provide 
delay information at major airports on the www.fly.faa.gov website. Air carriers provide real-
time flight information on their websites.

9.7.5 Winter Event Public and Media Relations

Crisis Communication Plan [All Airports]

Prepare a Crisis Communication Plan (CCP) to provide a communications protocol for all 
airport employees in any emergency event. The CCP strategy is to provide as much information 
as possible as soon as the airport is aware of a crisis situation. The plan should include protocol 
for airport employees in an emergency event, identification of a media relations plan, strategy 
for social media engagement, and direction for stakeholder outreach and management. The 
CCP should identify how to conduct media relations and social media engagement. It should 
provide direction for stakeholder outreach and management, including international, domes-
tic, and community relations. If an airport reports to a board or an authority, the communica-
tion plan can give directions to expedite approvals that are needed from cities, municipalities, 
and boards.

An airport PR representative should handle communications with city or county officials and 
the media. Airports should provide professional media training for any airport spokesperson 
and assign a PR representative to the AOC during severe events to stay abreast of events as they 
unfold and to release information to the public in a timely manner.

Media Protocol Guide [All Airports]

Develop a Media Protocol Guide that details a plan for communicating information regard-
ing a crisis or event within the first hour. A Media Protocol Guide is a companion piece to the 
CCP and its purpose is to detail how to deal with print and electronic media in times of crisis, 
including operation during extraordinary winter events. Utilize the Media Protocol Guide for 
communication workshops and table-top drills so that communication transpires smoothly 
during an actual event or crisis. The goal for media relations during a crisis is to release a state-
ment within the first 60 minutes that communicates what the airport knows about the crisis 
at that point in time and what the intended actions are. The benefit of having a formalized 
Media Protocol Guide is that it details an existing plan that can be implemented. It provides 
a format for communication workshops and table-top drills, and ensures a smoother flow of 
communications.

The written plan should include a mission statement, general information, access restrictions, 
inquiry response, weather and airline contact information, and protocols for coverage of emer-
gency events. This written plan should be evaluated annually after the winter weather season to 
review what worked and what did not.

24/7 Point-of-Contact for Media [Medium and Large Hub]

PR departments should maintain separate 24/7 point-of-contact for media outlets. Many 
airports utilize websites as the primary means of communicating with the general public dur-
ing a winter operations event. If it is the airport’s goal to provide an attended phone number, 
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personnel should be made available through the PR department and not operational depart-
ments. If PR personnel are not represented at an ICP or at a Snow Desk, regularly scheduled 
airport status updates should be provided to a PR representative by the operations group.

Links to Air Carrier Websites for Flight Status  
[Small, Medium, and Large Hub]

An “airport is open” media notification or website posting during a snow and ice event may be 
interpreted by the public that the airport is operating with little or no effect to published flight 
schedules. It is good practice to include a “check with your air carrier” disclaimer to encourage 
passengers to verify flight status with their airline. Links to air carrier websites are a convenient 
and widely used function on airport websites. Airport operators may also wish to conduct annual 
briefings to educate the media on airport operations during inclement weather. The media tends 
to take a black and white, airport open or airport closed point of view. The media may not know 
that even though reduced visibility may prohibit aircraft from landing, conditions may permit 
departures. A proactive educational program will likely result in more accurate media reports on 
airport status during ice and snow events.

Regular Updates to Airport Website [All Airports]

The airport website should regularly be updated with information about current conditions or 
situations at the airport (e.g., construction closures, weather conditions, delays, weather condi-
tions affecting parking). Websites are critical tools for customer outreach. When winter weather 
notifications are necessary they should be linked to the airport website as well as all social net-
works that are active for the airport. Websites should be used for passengers to access flight 
information as well as airline contact information. During winter weather operations, websites 
should be updated as soon as new information about the changing event is available. Alerts and/
or crawls should be added to websites to alert passengers to winter weather advisories or changes 
to air traffic due to the weather. In addition, other tools directly connected to websites and social 
media can be used to connect with passengers who are signed up to receive alert notifications.

9.7.6 Passenger Outreach Through Social Media

Social Media Program [Medium and Large Hub]

To have a responsive, successful social media program at a large airport, social media must 
be monitored approximately 18 hours per day. Large airports with more staff members in the 
communications department are able to monitor multiple social networks, especially through 
the use of mobile devices. The PR staff ’s sole focus, during winter events, should be to respond 
to social media inquiries and post information when they are not connected to a multi-platform 
network operation.

Social Media Outreach [All Airports]

In order for an airport’s intended audience to receive posted messages they need to know that 
their local airport participates in social media forums. There are several ways an airport can 
attract their audience, or followers, and let them know they partake in social media outreach. 
A couple of ideas include a signage campaign at an airport, or a news story on local television 
about friending or following their airport on the appropriate social media site. Consider reach-
ing out to other airports that engage in social media for tips and tricks on how to most effectively 
use these tools. Press releases/events announcing the use of social media are necessary prior to 
launching social media. This will help the airport gain followers or fans. Icons for social media 
used should also be displayed on the front page of a website and link directly to the airport’s 
social media sites.
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Smart Phone Applications (Apps) [Medium and Large Hub]

It is anticipated that, beyond 2015, apps and website services will be the top two methods of 
customer service contact. Airports should consider investment in an app to guide customers 
to concession offerings in the terminal complex, particularly during extended winter event-
induced delays. The apps should provide easy access to the airport’s website and winter weather 
notifications. Wireless Internet should also be easily accessible for passengers to log on to web-
sites and social media networks with their laptop computers or smart phones.

Few airports currently have apps, but many commercial airports are considering or are in 
the process of developing them. Some airports justify the expense of creation and mainte-
nance of an app because they believe it will drive more customers to their revenue-producing 
points. For example, it can aid passengers with airport parking information, remind a passen-
ger where they parked, provide information about concessions, and give passengers discounts 
on concessions. Even though this information may be on the airport’s website, an app provides 
more flexibility.

Facebook® [Large Hub]

Facebook is social networking’s largest communication tool. It is highly interactive and allows 
people to set up individual profiles and exchange messages. However, it is seldom used by air-
ports’ communications departments because it can require a constant dialog, which airport staff 
members have difficulty participating in because of time and staff constraints. Maintaining a 
Facebook page as part of an airport’s digital strategy is very time consuming to do correctly. It 
operates continuously, and posts may accumulate quickly. Few small airports have the budget 
necessary to designate an employee strictly for maintaining a page.

Facebook should primarily be used as a promotional tool for airports. However, it can also be 
used for passenger concerns and responses. It can make a significant impact on the passenger 
experience. Prior to the winter season, airports should promote the tools and plans that they have 
in place for winter weather events or emergencies. Facebook can also be used to remind passen-
gers about potential winter weather threats, where to locate additional information on the air-
port website, or to direct passengers to airline websites. For smaller airports, where staffing is an 
issue, Facebook should be used as a communication tool to keep relationships with passengers at 
a more personal level. Although it has limited value for timely communication during an event, 
it has great potential as an outreach tool for connecting with the public in general and directing 
them to more viable information links. Facebook is most effective when one person is assigned 
to all airport social media. If it is not regularly updated, passengers can become frustrated at the 
lack of a timely response, which reflects poorly on airport management. Small airports may not 
have adequate staff to utilize Facebook effectively.

Twitter® [Small, Medium, and Large Hub]

Another valuable promotional tool that allows an airport communication team to quickly 
distribute information about an upcoming winter event is Twitter. It allows the airport commu-
nication team to be proactive with weather advisories for passengers and facilitate the airport’s 
advance planning. Twitter is a faster method to announce a news release than print or other 
electronic media. The account should be linked to the airport’s website and Facebook page so 
messages are consistent. Twitter also provides airport customers a venue to voice their concerns 
and obtain a speedy response. While limited in message length, it can deliver helpful information 
in near real time. Airport experience indicates that a Tweet needs to be responded to within one 
to two hours to be beneficial. Short messages can be instantly delivered to airport followers. With 
relevant and identified hash tags, users can also find previous messages related to the topic. Only 
one or two people should have access at any time to the Twitter account during winter weather 
operations in order to keep messages consistent and not repetitive.
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YouTube® [Large Hub]

YouTube allows airports to display informational videos online for educational or entertain-
ment value. For example, one airport has a large audience that views how the airport handles 
snow removal. It highlights the equipment utilized in the process, maintenance, actual removal, 
and deicing. These videos provide the general public with a better understanding of certain 
airport operations. With this knowledge, passengers may be more accepting of delays or other 
perceived inconveniences associated with winter events.

Coordinated Social Media Use [Small, Medium, and Large Hub]

Coordinate use of social media tools to send a consistent message (e.g., provide links to the 
Twitter account on the website for updated information). Airports can effectively post the 
same message on multiple social media sites with the use of a social media dashboard (e.g.,  
Hootsuite™, HubSpot™).
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This chapter continues the presentation of best practices related to, and in general accordance 
with the contents of AC 150/5200-30C, Chapter 3, “Snow Clearing Operations and Preventive 
Measures,” and Chapter 4, “Snow Clearing Operations and Ice Prevention.” Each practice title is 
followed by a description of the airport type(s) in brackets to which the practice may be most 
applicable.

10.1 Weather Forecasting

Weather Observation and Terminology [All Airports]

A basic understanding of the fundamentals of weather observation and weather terminology 
is of benefit to airport operations personnel. Basic meteorology courses are available at technical 
schools, colleges, and universities across the country. Many airports train operational personnel 
as NWS-qualified Certified Weather Observers. In fact, the NWS has recently reached out to 
airports seeking to bolster the number of certified observers available at airport locations. The 
training guide for surface weather observations is available via the following link to the NWS 
website: http://www.weather.gov/om/forms/resources/SFCTraining.pdf.

Relationship with Weather Forecast Service Provider [All Airports]

Timely and accurate weather forecasts are of vital importance during winter operations. Air-
port operators who invest in a full-time, year-round relationship with a specific weather forecast 
service provider are more likely to receive enhanced weather forecasting services during the winter 
season. Some airport operators experience the benefit of an on-airport weather service, be it an 
office of the NWS or a private service provider. Those airports have reported success in schedul-
ing regular or seasonal meetings between the respective agencies, including invitations for staff to 
spend time in the other agency’s work environment. Face-to-face meetings facilitate the opportu-
nity for weather service providers to explain their procedures, processes, workload, and time con-
straints on a season-by-season basis. Likewise, airport operators have the opportunity to discuss 
their needs and expectations in an informal, casual setting. In other cases, the physical location of 
respective offices and operations may not be conducive to face-to-face meetings. However, com-
munication technologies are available to address limitations associated with disparate physical 
locations. Regardless of the methodology, the investment in personal relationships pays dividends 
during weather events when there is a need for information during periods of heavy workloads.

Site-Specific Weather Forecasting [Medium and Large Hub]

Weather forecasts prepared by public agencies or by broadcast media outlets historically 
encompass broad geographical areas. Due to the nature of winter weather events, conditions 
may vary within that area. Airport operators have become dependent on detailed, site-specific 
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weather forecasting, albeit at a cost. Contracted services are usually required for site-specific 
weather forecasting, although there are a limited number of airports that have retained an  
in-house meteorologist. Operational cost savings may justify salary or contract expenses. Timely 
and accurate forecasts can lead to reduced costs in the following areas: personnel costs associated 
with timely and appropriate scheduling of full-time and contracted employees, personnel costs 
associated with the appropriate number of employees scheduled or called back to the airport 
commensurate with the level of the snow or ice event, airline delay costs associated with timely 
snow removal runway closures, and chemical costs associated with the proper application based 
on atmospheric conditions. A key advantage of most every weather forecasting contract is the 
ability to conduct on-demand consultation with a weather forecaster.

Web-Based Weather Forecasting Tools [All Airports]

A significant number of weather forecasting and weather reporting tools are available via the 
Internet. Airport operators should build a list of web addresses for ready access during a snow 
or ice event. Each local NWS office maintains a website that provides a wide range of historical, 
real-time, and predictive weather information. In partnership with the FAA, the National Center 
for Atmospheric Research provides winter weather forecasting and monitoring tools, which can 
be researched at: http://www.rap.ucar.edu/projects/deicing/.

10.2 Forecasting Runway Surface Conditions

Atmospheric Condition Information [All Airports]

Accurate atmospheric condition information and surface condition data are critical compo-
nents of the winter operations decision-making process. Most large- and medium-hub airports 
have installed remote surface and atmospheric condition reporting equipment that transmits 
real-time data to airfield operations centers or Snow Desks. Data provided include air tempera-
ture, sub-surface temperature, surface temperature, freezing point and/or chemical factor, and 
presence of surface contaminant (moisture, frost, snow, ice). System alarms can be established 
to warn airport operators of deteriorating or critical conditions.

Automated systems such as the Weather Support to Deicing Decision Making System analyze 
and forecast short-term winter weather conditions in the vicinity of an airport. Multiple data 
sources enable software algorithms to produce graphical and text depiction of current weather 
conditions along with one-hour weather forecasts. Data can be 
archived for future reference. A thorough knowledge of system 
operation, the ability to interpolate reported metrics, and the 
proper application of data could lead to significant cost savings 
with regard to runway closures and chemical applications.

Manufacturers provide deicer and anti-icer use and applica-
tion criteria often based on surface temperatures and not ambi-
ent temperatures. Airport operators should avoid relying on air 
temperature as an indicator of the effect of atmospheric con-
ditions on paved surfaces. During daylight hours, convective 
heating will raise surface temperatures above the air tempera-
ture even when skies are overcast. A bituminous surface will 
retain more heat and will usually be warmer than adjacent con-
crete surfaces. At sunset, surface temperatures will lag behind 
the decrease in air temperature. It may be well into the eve-
ning before the surface temperature equals the relative air tem-
perature. Access to surface temperature and surface condition Source: Marcel Boschung AG
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information will provide valuable input when determining the proper course of action to address 
surface conditions. Warm pavements will likely delay the accumulation of light or moderate wet 
snow. Knowing those conditions, airport operators can limit activities to monitoring surface con-
ditions, perhaps even delaying the call-back of personnel to the airport.

10.3 Snow Clearing Principles

10.3.1 LOA

Agreement with ATCT for Airport Vehicles Operations on Taxiways  
[Medium and Large Hub]

Agreements between airport operators and the local ATCT allowing airport vehicle opera-
tions on taxiways without positive ATC clearances have significantly improved overall airport 
operations during a snow or ice event. Such a procedure is of particular importance at large- and 
medium-hub airports. Procedures should be outlined in an appropriate LOA. Factors to con-
sider when seeking such an agreement include air traffic controller workload, ground control 
frequency congestion, airport geometry, availability or operation of ASDE radar, vehicle move-
ments, vehicle operator status (full time, part time, or contracted) and vehicle operator training 
and experience. The level of training required to safely operate a vehicle on the movement area 
usually limits taxiway access to full-time airport employees. Vehicle operators must be trained 
that aircraft always have the right of way. Air traffic controllers should be trained to expect flight 
crews to question the presence or intentions of a snow removal vehicle operating on a taxiway. 
Air terminal information service message content should include information regarding SRE 
operating on taxiway surfaces.

Communication of Runway Treatment Procedures to ATCT [All Airports]

The LOA between the airport and ATC should list standard operational procedures for con-
ducting runway snow and ice control operations, including a list of surfaces to be treated during 
a runway closure. If the full width of a runway is not included in an operation, standard post-
closure dimensions should be identified. A listing of connecting taxiways to be treated should 
also be identified. Procedures should be supported with maps and attachments.

Use of Supplemental ATC Frequencies for Communications  
[General Aviation and Small Hub]

Most airports utilize internal company radio frequencies to facilitate communications dur-
ing snow or ice control events. Airport operators at smaller facilities have reported success in 
utilizing a supplemental ATC frequency for snow and ice control communications. The process 
allows ATC personnel to monitor transmissions, track the movement of snow removal teams, 
and immediately participate in transmissions to coordinate surface closures. The volume of rou-
tine air traffic transmissions should be considered before pursuing the use of an available ATC 
frequency for snow removal communications, as well as the possibility that such transmissions 
may distract controllers from their primary tasks. Approval to use an ATC frequency and detailed 
procedures should be codified in an LOA.

10.3.2 Damage Prevention and Repair

Snow Removal Around Edge Lights and Signs  
[Small, Medium, and Large Hub]

Due to the frangibility requirements of edge lights and guidance signs, snow removal from 
the immediate area around these fixtures is usually accomplished by manual shoveling by a large 
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contingent of employees. Equipment specifically designed to 
remove snow from lights and signs is available on the mar-
ket. Equipment cost can be justified by calculating the labor 
hours saved by implementing mechanical snow removal in lieu 
of manual snow removal. When investigating potential edge 
light SRE, consideration should be given to the environment 
in which the equipment will operate. Whether or not lights and 
signs are in paved or unpaved areas may dictate the use or type 
of equipment to be considered. Some equipment operates over 
the top of the fixtures, while other equipment is offset from the 
drive vehicle.

Although in-pavement lighting is beneficial in maintain-
ing capacity during snow events and periods of low visibil-
ity, airports should compare the cost-benefit of in-pavement 
lighting against associated expenses to protect the fixtures. 
Airports with in-pavement lighting have switched from steel 
plow blade cutting edges to polyurethane cutting edges. Steel 
cutting edges are more effective in removing snow but have a higher probability of damag-
ing in-pavement light fixtures. In-pavement lights invite snow and compacted snow and 
ice. Rotary runway brooms are more effective at removing snow from in-pavement lighting 
fixtures than plow blades. Chemicals may be required to remove compacted snow from in-
pavement light fixtures. However, extensive chemical use may damage in-pavement light fix-
tures and underground electrical components resulting in additional electrical maintenance 
requirements and costs.

Polyurethane Cutting Edges on Field Plows  
[Medium and Large Hub]

With the increased installation of in-pavement lighting, most 
airport operators are using polyurethane cutting edges on field 
plows. Poly cutting edges are, obviously, less damaging to pave-
ment and equipment than steel cutting edges. Many airports 
are specifying caster equipment on plow blades. The casters 
allow the plow blade to be set slightly above ground level to pro-
tect light fixtures and to protect vehicle operators from uneven 
pavement joints and edges. It has become standard operating 
procedure to follow a plow with a rotary broom to increase sur-
face friction. The design of high-speed, multi-function SRE was 
based on that premise.

Design Considerations for Snow Removal Around 
Lights and Signs [Medium and Large Hub]

The movement of snow removal vehicles around edge lights 
and guidance signs should be considered in airport design and 
construction. Paved shoulders will reduce the likelihood of 
vehicle operations on unpaved areas, thus reducing the prob-
ability of ruts and depressions that violate FAR Part 139 safety area standards. Design engineers 
should consider pavement on both sides of the edge lights. Paved shoulders 35 feet in width have 
become the standard at most airports that operate large pieces of SRE. That width allows space 
for vehicle operations on the back side of the edge lights. That design standard is also beneficial 
in reducing erosion associated with engine jet blast.

Source: Fortbrand Services, Inc. 

Source: Gresham, Smith and Partners
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Use of Reflective Tape on Lights and Signs [All Airports]

The application of reflective tape to light standards and to the sides of guidance signs will aid 
SRE operators in identifying the fixtures and will reduce the likelihood of lights and signs being 
damaged or destroyed.

Pre-Event Inspections [All Airports]

A thorough pre-event inspection of airfield surfaces to identify foreign object debris  
contaminant and other hazards may prevent injuries to vehicle operators and may prevent 
damage to SRE.

Electrician Support Vehicle [Large Hub]

To immediately address lighting and signage damage, some airports allow electricians to 
accompany the snow team. Repairs are made during the time interval between the snow removal 
team passing and the completion of the post-clearing pavement friction measurement.

10.3.3 Snow Clearing Operations

Snow Removal Team Lead Vehicle [Medium and Large Hub]

The majority of airports employ the use of a vehicle to lead the snow removal team. Usually 
driven by an airport operations representative or by an airfield maintenance supervisor, the lead 
vehicle allows maintenance personnel to focus solely on equipment operation. If a lead vehicle is 
not feasible, at some airports a second person is assigned to the lead plow to handle all coordination 
and communication with the Snow Desk or with a manager or supervisor.

Just-in-Time Runway Treatments [General Aviation and Small Hub]

Runway snow removal operations can often be delayed until immediately prior to a known 
aircraft operation, however, snow removal crews need to account for the accumulation of 
additional contaminant. Corresponding adjustments to normal snow removal timeframes will 
likely be required. Just-in-time runway treatments reduce demand on both snow removal 
operators and SRE. Although the procedure is generally associated with smaller facilities, 
larger airports may wish to consider just-in-time operations during overnight hours, thereby 
affording the opportunity to address other areas or to provide additional rest for snow removal 
personnel.

Safety Area Snow Removal During Standard Snow Removal Operations 
[General Aviation, Small, and Medium Hub]

Airports have gained efficiencies by including safety area snow removal in standard snow 
removal operations as opposed to waiting to conduct safety area operations during post-event 
or clean-up time periods. If time and adequate snow storage space are not limiting factors, safety 
margins would be increased by immediately removing snow to distances that exceed AC standards 
for the most critical aircraft operating at the airport.

10.3.4 Managing Human Factors

Provisions for Breaks and Food [All Airports]

Airport operators need to pay special attention to human performance factors in preparing for 
winter operations. A large volume of subject matter material is available for review and reference. 
Training is available. Airport operators need to provide for basic human needs to support snow 
removal operations. The provision of food, beverages, and comfortable rest/break facilities has 
a positive effect on crew morale and crew performance. It is important to keep crews rested and 
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alert during extended storms. Crews need to be given routine breaks or be empowered to take 
breaks as conditions allow. Some airports establish a maximum amount of time an operator 
can be at the controls of a vehicle. Studies have proven the advantages of short, 10 to 15 minute 
naps. Crews should be encouraged to take advantage of available breaks and take a quick nap in 
a vehicle while parked in a safe location. Personnel cannot be expected to maintain continuous 
operations. The onset of fatigue leads to complacency, errors, and accidents. Personnel should 
be trained to immediately report to a supervisor or manager when fatigue begins to affect their 
performance.

Advance Scheduling and Overnight Accommodations [All Airports]

Manage human performance factors by scheduling employees for snow removal duty as far 
in advance as possible, by providing food and beverages, and by providing accommodations 
for rest or sleep. Locker rooms, shower facilities, and kitchen facilities are necessary to sup-
port on-airport sleeping quarters. Airports may wish to consider agreements with local hotels 
to provide staff with sleeping facilities during extended snow events. Sleeping quarters and 
nearby sleeping arrangements may be of value even when operating rotating shifts. Difficult 
travel conditions may prevent crew members from returning to the airport for their next 
shift. Keeping personnel nearby during work breaks ensures maximum crew availability. The 
availability of onsite or nearby sleeping facilities enhances safety by being able to immediately 
address crew fatigue.

Distractions [All Airports]

Vehicle operators need an environment free of distractions in order to more safely operate 
under stressful and difficult conditions. Most airport operators will follow applicable state laws 
regarding the use of personal electronic devices (e.g., cell phones, MP3 players) while oper-
ating a vehicle. However, due to the dangers inherent with operating a vehicle in the airport 
environment, most airport operators impose additional restrictions. The use of personal elec-
tronic devices while conducting snow removal operations is usually either prohibited or severely 
restricted. Some airport operators have an “anytime and anywhere” restriction while a vehicle is 
in motion, while other airports prohibit the devices only while conducting snow removal opera-
tions on aircraft movement area surfaces or in aircraft parking areas. Cell phone use is usually 
permitted in a stationary vehicle. Airport operators can counter an employee claim of the need 
to be available for family emergency calls by publishing a 24/7 emergency contact telephone 
number and requiring its use instead of personal cell phones. Multiple radio frequencies can 
also be a distraction. The majority of airport operators restrict radio use to two frequencies—an 
internal company frequency and an appropriate ATC ground control frequency. The use of AM/
FM radios is usually prohibited.

10.3.5 Tracking and Reviewing Performance

Benchmarking to Industry Peers [All Airports]

Although it has proven difficult to identify common numerical benchmark metrics between 
airports, it is of value to establish and maintain relationships with industry peers in order to be 
able, at any time, to discuss performance factors and to identify and remedy common problems. 
Reasons for incompatible metric comparison between airports include unique airport geometry, 
disparate traffic levels, disparate weather patterns, disparate deployment of staff, different equip-
ment fleets, different methodologies, varying internal measurements, and differing manage-
ment principles. Airports have found some success in identifying airports of similar size when 
comparing performance metrics. International airports should not be ruled out when seeking 
compatible facilities. Runway occupancy time during snow removal operations is one of the few 
performance metrics tracked by airports. The value in comparing runway occupancy time may 
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be in determining the type and number of vehicles to be assigned to runway teams, identify-
ing the methodology utilized, and establishing the ROI for the number of assets deployed. ROI 
analysis is critical during discussions with users, specifically air carriers, to determine acceptable 
costs associated with snow and ice control.

Airports noted the importance of benchmarking when seeking solutions to identified prob-
lems. The ability to contact an industry peer to seek mitigation options or resolution of a prob-
lem is invaluable. Airports specifically identified the importance of attendance and participation 
at key industry seminars and conferences. Trade shows and conferences present the opportunity 
to meet and network with industry peers. Personal relationships established at those events facil-
itate future communication networks whereby an issue can be discussed with peers at any time.

Standard Metrics [All Airports]

Consider the use of standard metrics as developed by internationally recognized organiza-
tions, such as the International Organization for Standardization, the Society of Automotive 
Engineers, and the International Facility Management Association. Metrics and measures estab-
lished by these organizations are widely recognized by industry professionals.

Log of Winter Event Activities [All Airports]

Certificated airports are required to maintain a daily log of airport activities. Even with the 
additional work load created by a snow or ice event, it is of vital importance to maintain a 
detailed and accurate log of activities during a storm. General aviation airports also benefit 
from a detailed record of snow removal activities. A storm summary is often attached to the 
daily log to summarize important data related to the storm, including the amount and type of 
snow received, snow removal methodology applied, amount of chemicals used, frequency of 
runway closures, airport capacity, deicing performance, and notable events. An internal storm-
to-storm comparison is likely the best benchmarking opportunity available to airport operators. 
The daily log becomes a short-term and long-term data source for performance review. A daily 
log becomes a quick reference guide when responding to tenant questions during winter event 
performance review meetings and can be researched when planning a response to a forecasted 
snow or ice event. References to decisions and performance during previous events of a similar 
nature may streamline the planning process for the forthcoming event. Daily log information 
and event summaries are excellent end-of-season resources for SICC review when considering 
possible revisions to the SICP.

Snow Removal Performance Reviews [All Airports]

Many airports conduct snow removal performance reviews at the department or unit level 
to identify discussion points or procedural matters specific to their area of responsibility. The 
departmental reviews often lead to internal snow critiques. These forums allow airport opera-
tors to identify and mitigate internal issues prior to discussion with the tenants or the SICC at a 
post-event review.

Participation in Regional Snow Removal Conferences [All Airports]

Most state governments have departments or agencies that support the development of 
commercial and general aviation. Those agencies host conferences and workshops throughout 
the year. Airports are encouraged to be active participants in regional snow removal confer-
ences. Networking with regional airports offers airport operators the opportunity to review 
plans, procedures, and performance with airports that likely experience similar weather con-
ditions and share common problems. Participation in regional events is of benefit to smaller 
airports that may not have the resources or budgetary support to attend national conferences 
and trade shows.
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10.4 Snow Disposal

10.4.1 Snow Piles

Reference Marks for Snow Piles  
[Medium and Large Hub]

Use of reference marks assists in the measurement of snow 
piles when verifying compliance with AC guidelines. Install 
pavement markings prior to the winter season to indicate snow 
pile limits in storage areas. Install frangible markers or snow 
sticks in safety areas at set distances from pavement edges, run-
way centerlines, and taxiway centerlines. These multiple points 
of reference can be installed to indicate the need for aircraft 
size restrictions or surface closures. Airports reported the use 
of a surveyor’s laser to more accurately measure and mark 
snow piles. Caution is advised when using any laser-based tool. 
Laser use is usually restricted to overnight hours or at times 
with no flight operations. Air traffic control should be advised 
of the use of lasers on the airport.

Coordination of Snow Handling Near Aircraft Parking Positions  
[Medium and Large Hub]

Airports that must stockpile snow in or near aircraft parking positions should schedule haul-
ing operations at time periods that do not conflict with aircraft movements. Haul routes should 
be clearly marked and controlled to prevent vehicle deviations along the route. Trucks with 
large-capacity dump boxes should be considered to maximize per-vehicle loads and to reduce 
the number of vehicle movements needed to clear an area. Airports that utilize portable snow 
melting equipment should locate stockpiles in close proximity to storm drains. The movement 
of loading equipment must also be considered when determining stockpile locations, whether 
in support of snow hauling or snow melting operations.

Snow Compaction [General Aviation and Small Hub]

Snow compaction is an alternate method in which to control snow pile heights at the edges 
of movement area surfaces and in safety areas. “Snow cat” equipment used to groom ski slopes 
and ski trails can be used to level snow piles. The equipment 
can also be used to provide a level surface within localizer and 
glide slope critical areas.

10.4.2 Snowmelters

Snow Melting [Large Hub]

The use of portable snowmelters eliminates the need to 
haul snow and reduces potential conflicts between aircraft 
and the vehicles used in hauling or trucking operations. 
Snow melting can be accomplished in numerous areas with 
relatively small footprints. Very few vehicles are required 
to support melting operations, resulting in reduced fuel 
use and reduced emissions, even when considering fuel use 
associated with the melting equipment. Airport and envi-
ronmental planners can assist in the development of snow 
melting site plans, utilizing available drainage systems and 

Source: Gresham, Smith and Partners

Source: Trecan Combustion Limited 
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other airport infrastructure to support more efficient operations. Many airports print and 
disseminate graphical snow melting plans for use by contractors, tenants, and other inter-
ested parties.

Landside Snow Melting [Medium and Large Hub]

Snow melting is a viable, cost-effective option for landside snow removal. Portable snow-
melters and snowmelters engineered and built into the top levels of parking garages eliminate 
the stockpiling of snow and the hauling operation that requires the use of height-restricted, low-
capacity vehicles. The loss of revenue-generating parking spots is an obvious result of stockpil-

ing, and parking structure weight-bearing load factors must 
also be considered when stockpiling heavy, wet snow. The 
restricted size of vehicles used for both loading and hauling  
results in the need for multiple trips between parking garages and 
snow dump areas. The movement of snow directly to a snow-
melter significantly reduces vehicle movements, which increases 
safety and reduces fuel use and vehicle emissions. Airports that 
utilize parking garage snowmelters report a rapid return on 
capital investment and significant cost reduction over time. The 
use of portable snowmelters at the ground level provides similar 
benefits. Parking spaces are quickly returned to service and haul-
ing costs are eliminated. Not having to consider glycol-impacted 
snow provides flexibility in the ability to discharge melt water at 
most storm drains, and the operation is mobile and easily moved 
from point to point. Airport operators did, however, note the 
higher frequency of debris being introduced into snowmelters 
during landside melting operations versus airside.

10.5  Methods for Ice Control and Removal

10.5.1 Chemical Application

Effective Chemical Application [All Airports]

The proper use and application of pavement anti-icing and deicing chemicals are critical 
in maintaining a safe airfield environment during winter operations. Airport operators should 

be trained on proper use and application, and should have a 
clear understanding of the difference between anti-icing and 
deicing chemicals. Use parameters, application, and product 
performance differ. Improper chemical application can result 
in unnecessary expense and can worsen pavement surface con-
ditions. Chemical use training should be included as a required 
service in contract specifications and/or purchase agreements.

The timing and scope of chemical application should be 
determined by pavement temperature. Pre-treatment of 
pavement surfaces with anti-icer to prevent frozen contami-
nants from bonding to the surface is a conventional preven-
tive measure best suited for when pavement temperature is 
at or below freezing and when high moisture content pre-
cipitation is expected. Liquid anti-icer application should 
be avoided prior to a forecast for dry snow conditions. The 
pre-application of anti-icer onto surfaces that are above the 

Source: Trecan Combustion Limited 

Source: Batts, Inc.
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freezing point should be determined by the presence of sur-
face moisture or the forecasted moisture content of frozen 
precipitation. Pre-application onto pavement surfaces that 
are above freezing and that have low surface moisture can 
be operationally beneficial and cost-effective. However, pre-
application of liquid anti-icers during or immediately prior 
to rainfall will likely be ineffective and costly, as the product 
will quickly dilute and be rendered ineffective. Eventually, 
frozen precipitation falling onto warm pavement surfaces 
will melt and create moisture that will dilute applied chemi-
cals. Until surface monitoring equipment begins to indicate 
ineffective chemical concentrations, reapplication onto sur-
faces that are maintaining accumulated moisture above the 
freezing point is unnecessary.

Pavement anti-icers should not be used in lieu of deicers. 
The application of an anti-icer on top of a thick, frozen, con-
taminant layer will likely be ineffective. However, deicer application preceding liquid anti-icer 
application can create a pathway to the pavement surface for the anti-icer, allowing it to break 
the bond of the frozen contaminant. This may facilitate more efficient break-up and removal of 
the contaminant.

Many pavement deicing chemicals are ineffective when surface temperatures fall below spe-
cific thresholds identified by chemical manufacturers. Chemical applications under such condi-
tions tend to be excessive with minimum effectiveness and the potential to detrimentally impact 
stormwater runoff. Maintaining an acute awareness of surface temperatures will result in reduced 
costs and more efficient operations during snow and ice events. Remote runway surface condi-
tion reporting systems may be cost prohibitive for installation at smaller facilities, but a variety 
of less expensive handheld temperature sensing equipment is also available and can provide the 
desired temperature data.

10.5.2 Chemical Storage

Liquid Pavement Deicer and Anti-Icer Storage  
Container Spill Containment and Inspection  
[All Airports]

Airport operators and tenants should store liquid pavement 
deicers and anti-icers in bulk storage containers compatible 
with the chemical constituents, and in conformance with 
applicable bulk liquid chemical storage regulations. For bulk 
storage containers not subject to regulation, secondary con-
tainment for the container contents should be provided in a 
manner that will prevent a leak, spill, or catastrophic failure 
of the entire container from causing environmental harm 
by entering nearby stormwater catch basins or surface water 
bodies. Additionally, airport operators and tenants should 
develop and implement a bulk storage containers inspec-
tion checklist to visually inspect the exterior condition and 
function of containers, appurtenances, and secondary con-
tainment infrastructure on a periodic basis (e.g., monthly). 
Bulk storage container inspection and integrity testing by a 

Source: Gresham, Smith and Partners

Source: Gresham, Smith and Partners
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contracted service provider should also be considered, particularly when secondary contain-
ment is not provided. Scheduled professional inspection and integrity testing is especially 
important for plastic tanks susceptible to ultraviolet degradation when stored outdoors.

Location of Liquid Pavement Deicer and Anti-Icer Storage  
[Medium and Large Hub]

Locate liquid pavement deicing and anti-icing chemical storage facilities in a manner to facili-
tate landside product delivery. A landside port to airside storage eliminates the need for a security 
escort during what is often a time-consuming operation.

10.6 Approved Chemicals

Next-Generation Pavement Chemicals [Large and Medium Hub]

Some pavement chemicals have been found to be incompatible with aircraft braking compo-
nents and external electrical wiring systems. Next-generation chemicals are being advertised as 
having a lesser effect on aircraft components. Airports should coordinate with local air carriers 
on the cost-benefits of using the more expensive next-generation pavement chemicals.

10.7 Sand

Use of Sand on Airside Surfaces [All Airports]

Airport operators should consider operational and environmental implications and the costs 
associated with airside sand applications. Many airports are reassessing sand application fre-
quency and application rates. Sand is susceptible to aircraft engine ingestion and damage, despite 
the use of AC-specified sand gradients. It can also obstruct in-pavement light fixtures and accu-
mulate in snowmelter melting pits and stormwater catch basins. In addition to procurement 
costs, airport operators must also consider ancillary and residual costs: storage building mainte-
nance and building environmental controls, liquid anti-icer chemical use as a pre-wetting agent, 
sand recovery, safety area restoration, and snowmelter and stormwater catch basin maintenance. 
Several airport operators favor the use of chemicals in lieu of sand. The above-noted costs should 
be considered when conducting cost-benefit analyses to evaluate sand versus chemical use.
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This chapter continues the presentation of best practices related to, and in general accordance 
with the contents of AC 150/5200-30C, Chapter 5, “Runway Surface Assessment and Reporting.” 
Each practice title is followed by a description of the airport type(s) in brackets to which the 
practice may be most applicable.

11.1 Runway Condition Reporting

Pilot Braking Action Reports [General Aviation and Small Hub]

Airport operators should be familiar with the primary users of the facility and should con-
sider those parties when determining the method in which to report surface conditions. Since 
general aviation airport users are more familiar with pilot braking action reports, operators of 
that category of airport may wish to augment mechanically-generated friction reports with pilot 
braking action reports. Aircraft type and time reported should always accompany a pilot brak-
ing action report. FAA AC guidance prohibits the conversion of µ values to subjective braking 
reports of good, fair (medium), poor, or nil.

Runway Location References for Pilot Braking Reports [All Airports]

Pilot braking action reports most often do not encompass the entire length of the runway, but 
airport operators must monitor conditions on the unused portion of the surface. Therefore, air-
port users, especially air carrier operators, often question airport operators on the need to close 
a runway when pilot braking action reports are trending in the medium (fair) category or better. 
Because conditions at the end of the runway, for example, may warrant treatment, it is good prac-
tice to have air traffic controllers include a runway location reference when forwarding pilot brak-
ing reports. Air traffic control can also provide trending information as to where aircraft are exiting 
the runway. Airport users should be briefed during pre-season winter operations planning meet-
ings on all factors that go into determining the timing of runway closures for snow and ice control, 
with emphasis that pilot braking reports alone do not determine the need for a runway assessment.

Protocols for ATC Reporting of Pilot Braking Reports [All Airports]

Expectations for ATC reporting of pilot braking reports to the airport operator should be 
clearly stated in an LOA. Terminology, reporting triggers, and reporting frequency should be 
defined, including ATC reporting of improving braking conditions. Some airport operators also 
request that ATC forward the location of the report, i.e., mid-point, roll-out, or abeam a spe-
cific exit taxiway. Reporting is especially critical if the airport is utilizing two consecutive poor 
braking procedures for initiating runway assessments. Defined actions for nil braking reports 
should be included in the LOA, since AC guidance requires the closure of the surface prior to the 
next flight operation. Air traffic managers have been reluctant to accept the term “closure” in their 
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LOA-defined areas of responsibility, claiming that only the airport operator has the authority to 
close an airport surface. Instead, the term “suspend” or “suspension of flight operations” has been 
used to define ATC requirements upon receipt of a nil braking action report. It is also worthwhile 
to note that in the event of a nil braking report, location may mean the difference between closing 
a runway or an exit taxiway, as the nil condition may not be on the runway proper. Airports with 
a well-coordinated communication plan report that, upon agreement, controllers will automati-
cally query a pilot upon receipt of a nil braking report in order to ascertain whether or not the nil 
condition was on the runway proper or on an exit taxiway. The latter will allow continued runway 
operations while limiting a surface closure to the exit taxiway.

Commercial Systems for Dissemination of Information  
[Small, Medium, and Large Hub]

Commercial systems are available that facilitate real-time dissemination of surface conditions 
and friction values. Such systems emphasize the importance of providing timely and accurate 
information to cockpit crews and other airport users. The Canadian government has sanctioned 
such systems for use at all commercial Canadian airports.

11.2 Runway Friction Surveys

Friction Measurement Prior to Snow Removal [Medium and Large Hub]

Airport operators have found benefit in taking friction 
measurements immediately prior to conducting runway snow 
and ice control operations. The results of these measure-
ments can be used to determine optimum intervals between 
scheduled runway closures. Friction readings higher than 
targeted minimum values would support continued opera-
tions on that airfield surface that might, otherwise, have been 
scheduled for closure and treatment. Conversely, readings 
lower than targeted minimum values would indicate the sur-
face should have been closed at an earlier time. Measurement 
results would also facilitate friction trending analysis. Inter-
vals between runway closures and changing weather condi-
tions must be considered when conducting trend analyses. It 
is important to note that surface contaminant may prohibit 
friction testing; measurements must be conducted within 
parameters identified by the equipment manufacturer and by 
FAA AC guidance.

Friction Testing Frequency [Medium and Large Hub]

The airport SICP should identify when runway friction tests are conducted, including param-
eters for post-event friction tests. Only those persons properly trained and qualified should con-
duct friction tests. Airport operators at large-hub and medium-hub airports have found value 
in placing airfield inspection personnel in ride-along status in friction measuring equipment 
during active snow and ice events. While conducting routine airfield inspections, the friction 
measuring equipment is staged on the airfield and readily available to conduct runway fric-
tion tests. This assignment is of particular value at airports that employ continuous monitoring 
procedures in lieu of conducting runway assessments after two consecutive poor pilot braking 
action reports. Regular runway friction tests are acceptable to the FAA under continuous moni-
toring procedures.

Source: Metropolitan Airports Commission 

A Guidebook for Airport Winter Operations

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22221


Runway Surface Assessment and Reporting Best Practices  99   

11.3 Friction Assessment Reporting

Reporting Continuous Friction Measuring Equipment  
and Decelerometer Measurements [All Airports]

FAA AC 150/5200-30C states that there is no objective type of measurement of runway surface 
condition that has been shown to consistently correlate with airplane performance in a usable 
manner to the satisfaction of the FAA. Based on that position, the FAA no longer recommends 
that airports provide friction measurements to pilots. However, as pilots and dispatchers still 
see value in receiving such data to track the trend of changing runway conditions, the indus-
try encourages airport operators to have available continuous friction measuring equipment 
(CFME) or decelerometers to measure surface friction and to report those values. Airport opera-
tors are not challenging the FAA’s position on friction measurement versus aircraft performance. 
However, airport operators expressed confidence in the ability of CFME and decelerometers to 
provide an objective measurement of surface friction for use in winter operations planning and 
decision making. Airport operators noted concerns with perceived subjectivity of pilot braking 
action reports due to varying types of aircraft, varying aircraft performance on contaminated 
surfaces, pilot familiarity when operating in winter conditions, and pilot skill level in assessing 
aircraft braking performance. Mechanically-derived friction values may also be subjective in 
nature, as assessments may vary from device to device. Therefore, if airports choose to dis-
seminate friction data, the SICP should clearly state when friction measurement values will be 
reported, to whom, and by what means of transmission.

Standardized Reporting Systems [All Airports]

Multiple surface condition reporting systems and formats 
are used by airports world-wide. Debate continues regard-
ing the establishment of a globally-accepted, standardized 
condition reporting system. The FAA is reviewing industry 
recommendations made through the Takeoff and Landing 
Performance Assessment Aviation Rulemaking Committee  
that would replace the multiple reporting methods with a 
numerical code representative of surface conditions. FAA 
recommends that airports no longer provide mechanically-
derived friction measurement values to pilots. However, pilot 
groups and flight operations departments encourage airport 
operators to report friction measurements and braking action 
report information in any available format. Airport users value 
the information to identify trends in braking action. Several 
airports continue to report µ values to ATC immediately upon 
reopening a runway after a snow/ice control operation, with 
the dissemination of µ values restricted by LOA to the first 
aircraft to land following a snow or ice control operation. Pilot 
braking reports are then disseminated to subsequent arrivals. Airports include friction value 
information in NOTAMs and field condition reports, noting with emphasis that the reports 
must be time stamped, as reports quickly become invalid during periods of active precipita-
tion. Airports noted the importance of verbiage in airport and ATC LOAs specifically requiring 
controllers to include the time of a braking report or friction measurement when reporting 
such information to cockpit crews. LOA language can also outline the frequency with which 
ATC should report pilot braking reports to the airport operator. To align field operations with 
current AC guidance, an LOA should outline the requirement for ATC to report to the airport 
operator when it receives a nil braking action report or two consecutive poor pilot braking 
action reports.

Source: Oshkosh Corporation 
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The unpredictability of winter events and their potential to impact airport operations will at 
times challenge even the best winter operations plans. As a result, recurring evaluation of the 
operational procedures, strategies, and tactics outlined within the plans will facilitate adapt-
ing to changing conditions and finding opportunities for improvement. Chapter 6 identified 
the need for measuring performance of airport winter operations. Performance evaluations are 
important means to engage SICC representatives and other stakeholders. They can facilitate a 
common understanding of current problem areas, performance limitations, opportunities for 
improvement, and planned operational changes among all stakeholders. In short, regular perfor-
mance evaluations enable effective expectations management. This chapter presents a structured 
and systematic winter operations performance evaluation process that relies upon documented 
performance measurement data. It will enable factually supported decision making on winter 
operations strategies, tactics, and procedures: those that are meeting established performance 
targets and those that are falling short.

12.1 Conduct Performance Evaluations

Integrate performance evaluations as part of regular SICC meetings (e.g., after each event, 
weekly, etc.). The evaluation process is similar whether it follows a significant winter event or 
occurs at the conclusion of a winter season. However, post-season evaluations offer the addi-
tional opportunity to evaluate performance trends and the effectiveness of operational changes 
implemented prior to and during the season. Performance evaluations can include a qualitative 
and quantitative component. Both components can be merged into a single effort, but the need 
for supporting data may limit the value of a quantitative evaluation if relevant event data are 
not compiled and available. Similarly, quantitative evaluations conducted early in the season to 
identify seasonal performance trends may not offer the desired insight. These limitations should 
be considered when scheduling performance evaluation meetings.

12.1.1 Qualitative Evaluation

A qualitative evaluation of winter operations performance should cover the preceding winter 
event(s) that occurred since the last SICC meeting. During a post-event evaluation conducted 
with the SICC, elicit the committee’s opinions and perspectives on the recent performance. This 
qualitative assessment will enable a quick overview of the winter event and should identify if any 
airport departments or stakeholders were negatively impacted and, if so, in which operational 
areas. Example questions that can be asked as part of a qualitative evaluation include:

•	 What worked well?
•	 What did not work?
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•	 Did the event exceed target winter-event threshold conditions?
•	 Where can we improve?
•	 Who needs to be involved?

Conduct a follow-on, data-supported, quantitative evaluation 
as part of an end-of-season review, or, if an event raises perfor-
mance concerns.

12.1.2 Quantitative Evaluation

A quantitative performance evaluation differs from a qualita-
tive evaluation in that documented performance measurements 
are reviewed and compared to performance targets to validate 
specific performance shortfalls, quantify their magnitude, and 
fully understand their impact. A performance shortfall is the dif-
ference between a performance target and an actual performance 
measurement (provided the actual value did not exceed the target 
value), as illustrated in Figure 12-1. If no concerns were raised 
during a qualitative evaluation, there may be little need for the full 
SICC to review event performance in greater detail. However, the 
airport should still review available data for trends that indicate 
the potential for future performance shortfalls. Example ques-
tions that can be asked as part of a quantitative evaluation include:

•	 Were measures and APIs sufficiently documented?
•	 How do APIs compare to established performance targets?
•	 How do APIs compare to data from the current and past seasons?
•	 Were there any problematic performance areas despite existing performance targets being met?
•	 Are performance targets still appropriate?
•	 Were there performance shortfalls that require further investigation?

12.2 Examine Significant Performance Shortfalls

Upon completing a post-event or end-of-season performance evaluation, potentially signifi-
cant performance shortfalls may warrant further investigation. To understand when an investi-
gation is necessary, establish significance criteria giving consideration to the actual or potential 
impact of the shortfall (e.g., near miss, incident, airport closure, etc.); similar prior shortfalls, 
if any; likelihood of recurrence; and the effort and resources required to conduct an investiga-
tion. Consider conducting an investigation when there is a recurring winter operations perfor-
mance shortfall, or when a significant procedural, mechanical, or human factor-related failure 
occurs. Example incidents that may justify investigation include an aircraft go-around caused 
by a missed runway reopening time, an equipment runway incursion, or a snowbank with the 
potential to damage a taxiing aircraft. Investigating insignificant issues, while well-intentioned, 
may tie up staff resources, impede progress on understanding incidents with far greater potential 

BEST PRACTICE—Post-Season Evaluation  
to Kick Off Pre-Season Planning

A post-season meeting of the SICC with airport 
stakeholders is likely the most important meeting 
of the winter season. Many airports consider the 
post-season meeting as the start of the planning 
process for the following winter season. The last 
post-event meeting and/or critique should not be 
confused with the post-season review meeting. It is 
important to have access to minutes from all post-
event meetings from the snow season for the post- 
season review. Procedural changes are often dic-
tated by lessons learned during individual snow or 
ice events. A comprehensive post-season review of 
procedures becomes the basis for revisions to the 
SICP and updates of related procedural documents. 
Changes are incorporated into the appropriate 
documents with publication scheduled for late 
summer or early fall, as appropriate, to support  
annual, recurrent winter operations training.

Figure 12-1.  Illustration of a performance 
shortfall.
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to impact the winter operations, and potentially drive investigation teams to cut short the inves-
tigation process.

The overarching reason to investigate performance shortfalls is to seek out the root cause(s) 
and implement a permanent fix or a series of permanent fixes (rather than short-term, quick 
fixes that only address symptoms and not the root cause) for shortfalls where the risk and con-
sequences of recurrence are unacceptable. For this to occur, personnel assigned to investigate a 
performance shortfall must fully understand the nature of the concern prior to initiating the 
investigation. Failure to fully understand the shortfall may result in an ineffective response and 
continued recurrence.

12.2.1 Performance Shortfall Investigation

A performance shortfall investigation is the process of identifying, collecting, and assembling 
those facts and circumstances that contributed to the shortfall. This step must occur before a root 
cause(s) is determined. To investigate a specific incident, designate an investigation team leader 
with the authority to make assignments and having the backing of airport management. The 
team should consist of representatives of each stakeholder group directly affected by or involved 
with the problem. The team should investigate organizational areas and functions, as summa-
rized in Table 12-1. For investigations of complex issues, a written summary of the investigation 
and relevant facts should be prepared.

Considerations for conducting an investigation include the following:

•	 Align the time and effort to be spent on the investigation with the severity or consequences 
of the shortfall.

•	 Perform the investigation in collaboration with staff who are subject matter experts. This will 
prevent an investigator’s lack of expertise from limiting the investigation or leading to incom-
plete or faulty conclusions.

•	 Encourage differing perspectives to avoid “group think,” preconceived outcomes, and unex-
plored contributing factors.

•	 Gather facts rather than opinions, judgments, or interpretations of facts.
•	 Seek to identify acts of omission or commission by personnel, equipment, or processes that 

led to the shortfall.

Areas Functions 

Management responsibility 
Organization or person who determines the course of action for a 
process, who owns the process, and who is accountable for the 
quality of the process.

Procedures Documented or prescribed methods of accomplishing processes.

Controls 
Checks or restraints that are designed into a process to ensure that a 
desired result is achieved.

Process management 
Measures or information assessments to identify, analyze, and 
document potential problems with a process.

Interfaces Interactions between independent processes.

Source: DOT/FAA/Aviation Regulation-03/70 – Continuing Analysis and Surveillance System 
Description and Models (19, p. 9).

Table 12-1.  Organizational areas and functions for consideration  
in a performance shortfall investigation.
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•	 Seek out potential hidden or latent contributing factors rather than focusing on just the most 
apparent factor(s).

•	 Ask the following straightforward questions to begin the collection of facts:
 – What happened?
 – When did it happen?
 – What was the sequence of events?
 – What was affected?
 – What should have or not have happened?
 – What conditions led to the problem?
 – What actions could have prevented the event?
 – Were there unusual circumstances?
 – What records are available?
 – What policies and procedures were applicable?

•	 Seek relevant data sources including operating logs, observations, photos, staff interviews, 
and other records.

•	 For safety issues or issues that developed over an extended period of time, classify facts along 
a timeline leading up to the occurrence and identification of the shortfall.

12.2.2 Root Cause Determination

The process for determining a root cause begins after the facts about the circumstances that 
led to a performance shortfall have been assembled. A root cause can be defined as “the most 
basic cause (or causes) that can reasonably be identified that management has control to fix 
and, when fixed, will prevent (or significantly reduce the likelihood of) the recurrence of an 
issue” (20). There are numerous methods for determining root cause, each of varying complex-
ity and effectiveness. Select a method that best meets organizational needs and limitations. It is 
important that the process lead to reasonably identifiable causes of an incident that are specific, 
controllable, and correctable so that effective corrective measures can be identified and put into 
place (21). It is also important to emphasize that for most incidents the root cause is likely a series 
of causal events collectively contributing to the incident, not a singular cause. Considerations for 
determining root causes include the following:

•	 With the investigation facts compiled, ask the following questions to begin identifying poten-
tial root causes:

 – Why did this happen?
 – What are the causes?
 – How do the causes relate to the shortfall?
 – How were these causes identified?
 – What data or evidence points to these causes?

•	 Avoid determining an event as a root cause (e.g., “the friction tester got stuck in a snow drift” 
is an event, not a root cause).

•	 Avoid confusing symptoms with root causes (e.g., “failure to follow the procedure” is a symp-
tom of something else, not a root cause).

•	 Avoid assigning individual blame or identifying human error as a root cause. Root cause will 
likely involve systems or process failures, in addition to human factors.

•	 Consider individual factors when evaluating human factors, such as:
 – Lack of knowledge,
 – Lack of skill, and
 – Existing distractions.

•	 Consider influencing factors when evaluating human factors, such as:
 – Consecutive hours worked,
 – Time constraints,
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 – Change in procedures,
 – Management of change,
 – Lack of training materials, and
 – Competing priorities.

•	 Separate root causes from those secondary causal factors which, alone, would not have caused 
the shortfall.

•	 Focus on the fewest number of and most impactful root causes that, if corrected, will prevent 
or significantly reduce the likelihood of shortfall recurrence.

•	 Define each root cause in a clear and concise problem statement, without extraneous 
information.

•	 Review facts uncovered during the investigation that did not directly contribute to the short-
fall but are still relevant. They may indicate a previously unknown problem or potential prob-
lem requiring a separate corrective action.

12.2.3 Corrective Action Identification

Corrective actions are the reactive steps necessary to 
quickly mitigate an identified shortfall. They may not, how-
ever, prevent it from recurring. Corrective action consider-
ations include the following: 

•	 Define new or additional steps that can correct the 
shortfall.

•	 Ask the following questions to evaluate proposed correc-
tive actions:

 – Will the corrective action resolve the shortfall?
 – What staff and resources are required to implement the 
corrective action?

 – How quickly can the corrective action be implemented?
•	 If the shortfall investigation reveals that it is not an isolated 

incident, or is systemic (i.e., department-wide), identify 
corrective actions that will correct the shortfall(s) for all 
affected areas.

•	 Define each corrective action in a clear, concise, and 
assignable statement of action(s).

12.2.4 Preventive Action Identification

Preventive actions are proactive steps intended to prevent a shortfall from recurring. While 
some corrective actions can also be preventive actions, preventive actions typically differ 
in that they focus on addressing root causes. Preventive action considerations include the 
following:

•	 Determine if a preventive action is required for the shortfall. A preventive action may not be 
required for every shortfall.

•	 Emphasize preventive actions for recurring shortfalls.
•	 Associate each preventive action with a specific root cause.
•	 Ask the following questions to evaluate proposed preventive actions:

 – How does the preventive action relate to the root cause?
 – If this preventive action had been in place, would the shortfall have occurred?
 – Does the preventive action address identified human factors?
 – What staff and resources are required to implement the preventive action?
 – How quickly can the preventive action be implemented?

BEST PRACTICE—Non-punitive  
Reporting Procedures

Accident and incident investigations are enhanced 
by instituting non-punitive reporting procedures. 
Future accidents are often prevented by forthright 
and honest reporting of circumstances leading up to 
an incident. Multiple airport operators discouraged 
immediate termination of an employee for a run-
way incursion or for a vehicle accident, except in the 
case of willful misconduct or prior history. Airports 
noted the significant investment in operator train-
ing and the loss of a valuable resource associated 
with unnecessarily rigid disciplinary action.
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•	 If the shortfall investigation reveals that the shortfall is not an isolated incident, or is systemic 
(i.e., department-wide), identify preventive actions that will prevent the root cause(s) for all 
affected areas.

•	 Define each preventive action in a clear and concise statement of action(s).

12.3 Identify Performance Improvement Opportunities

Performance evaluations, significant performance shortfall investigations, and observations 
from airport personnel or SICC members may reveal a broad range of opportunities to improve 
a winter operation program. An improvement opportunity is simply another way to look at a 
performance shortfall, as illustrated in Figure 12-2. This is where the true value of performance 
management becomes evident. The collaboration with stakeholders that led to the creation of 
performance goals, objectives, and associated performance targets will facilitate consistency of 
performance expectations. If those expectations are not met due to a performance shortfall, the 
opportunity for improvement will be evident and should be supported by the airport and its 
stakeholders. A lack of viable improvement alternatives may require revision of the performance 
target to a preferred and achievable level. When resource constraints prevent the complete elimi-
nation of a shortfall, seek improvement through phased implementation of a series of actions as 
resources allow. Interim performance targets should be set to align with the expected outcome 
of each action (see Chapter 7). This clarity offered through performance management enables 
optimal investment in winter operations. Investment can occur at the strategic, tactical, or pro-
cedural level, as described below.

12.3.1 Strategy Opportunities

Opportunities to improve winter operations strategies can represent larger scale shifts in the 
execution of a winter operations program. Therefore, it is anticipated that this level of change 
will occur infrequently. Example strategy changes may include planning the incorporation of a 
performance measurement system, the incorporation of circuit routes for SRE, and the transi-
tion to dedicated runway and taxiway snow teams. The need for strategy change may occur when 
the associated goal is changed or a new goal is established (see Chapter 6). A strategy change may 
also be necessary when the performance limitations of an existing strategy are reached and all 
feasible opportunities to further performance improvement are exhausted. Strategy changes will, 
inevitably, result in new or cascading changes to tactics and supporting procedures.

12.3.2 Tactic Opportunities

The most frequent opportunities for winter operations program improvement are expected 
to occur at the tactical and procedural level. During a winter event, winter operations person-
nel must be equipped with an array of tactics to employ as conditions dictate. Because tactics 
represent the “tools” in an airport’s winter operations toolbox, more and better tools will better 
enable effective implementation of specific strategies, achievement associated objectives, and 
attainment of overall goals. There are numerous potential opportunities to alter or improve 

Figure 12-2.  Illustration of an 
improvement opportunity.
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tactics. The reader is directed back to Chapters 8 through 11 for further consideration of alterna-
tive winter operations practices in use within the industry.

12.3.3 Procedure Opportunities

As the strategies and tactics that make up a winter operations program change or evolve, 
maintain written procedures that clearly describe how to effectively execute them. Procedures 
facilitate consistency in the execution of an activity under a fixed set of conditions so that the 
outputs and outcomes remain predictable. Procedure revisions may also be required when the 
root cause of a performance shortfall was determined to be an unanticipated set of circum-
stances not considered or addressed in the procedure. Depending upon the activities covered by 
a procedure, experienced personnel assigned responsibility for implementing revised and new 
procedures should review and provide input on the new content. These personnel represent the 
subject matter experts. All personnel assigned responsibility for implementing revised and new 
procedures must be made aware of and be trained on the final revisions and new procedures. Sig-
nificant changes in operations should be rolled out as part of pre-season planning to maximize 
opportunities to get personnel familiar and comfortable with new requirements. If personnel 
are provided access to written procedures in hardcopy format, careful consideration should be 
given to implementing a document control system so that outdated versions of procedures can 
be replaced and are not inadvertently used.
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The results of performance evaluations described in Chapter 12 may indicate a need to invest 
in new or additional equipment to reduce SRE runway occupancy time. SRE runway occupancy 
time, or the time a runway is closed for snow and ice removal operations and subsequent pavement 
friction testing, is a commonly used measure of SRE performance. Runway occupancy time as an 
API can be associated with SRE operational effectiveness, operational efficiency, and aircraft flight 
delay. SRE clearance times for other pavement surfaces may contribute to delays, but the delays are 
more difficult to measure and attribute to SRE performance. Unless air carriers proactively reduce 
flight operations in anticipation of severe winter storm conditions, delays are likely to occur regard-
less of SRE efficiency and effectiveness, winter operations tactics employed, or resultant runway 
occupancy times. However, reducing runway occupancy times should result in a reduction in flight 
delays, particularly at medium- and large-hub airports with more frequent arrivals and departures.

SRE investment options should be thoroughly evaluated to justify the resources and capital 
investment to the decision makers and stakeholders involved in winter operations. This supporting 
information may be critically important to acquiring funding, particularly if it is to come directly  
or indirectly from the stakeholders (e.g., through rates and charges). This situation may occur if FAA 
and state agencies will not authorize equipment purchases through Airport Improvement Program 
grants, passenger facility charges, or state grants. The challenge for most airports needing to invest 
in SRE is the lack of industry guidance on how to determine an optimal level of investment.

C H A P T E R  1 3

Investment to Reduce SRE Runway 
Occupancy Time

BEST PRACTICE—Coordination with Stakeholders on Equipment Purchases

Some airports have reached out to ATC and key stakeholders in advance of a major 
equipment purchase to determine expectations for performance and capacity dur-
ing snow and ice events. Airport operators can then better determine the appro-
priate number and type of vehicles needed to perform to customer expectations. 
Collaboration with air carriers regarding financing options has led to positive out-
comes at several airports. Lease terms often obligate air carriers to finance airport 
vehicle purchases through rates and charges, so air carriers become interested in 
a proper return on their investment. An effort by airport operators to educate air 
carrier personnel on equipment options and performance factors will enhance air 
carrier support of needed equipment. For instance, when considering the cost of 
high-speed, multi-function SRE, cost savings associated with one operator doing 
the work of two operators can be factored into life-cycle costs. The speed of the 
vehicles will result in less runway occupancy time and increased airport capacity. 
Reduced delays and fewer cancellations are obvious cost savings for air carriers.
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13.1 FAA Guidance on SRE Procurement

Advisory Circular 150/5220-20, Airport Snow and Ice Control Equipment, represents FAA’s 
current guidance for procuring the minimum SRE for commercial service and non-commercial 
service airports, as well as for procuring snow and ice removal equipment to meet the snow clear-
ance time requirements of AC 150/5200-30, Airport Winter Safety and Operations, presented in 
Table 13-1. Spreadsheet tools based on both ACs are available from FAA regional offices and state 
agencies, and are accessible through the Internet. These tools facilitate estimating the number 
and size of displacement plows, rotary plows (i.e., snow blowers), and brooms to clear designated 
priority pavement surfaces within applicable clearance times and under the conditions noted in 
Table 13-1. However, the utility of AC 150/5200-30, AC 150/5220-20, and the related spreadsheet 
tools is limited for an airport operator attempting to estimate the amount of additional equip-
ment required to reduce a runway occupancy time performance target shortfall.

13.2  Variables Affecting SRE Runway Occupancy Time

Reducing SRE runway occupancy time by investing in new or additional equipment requires 
an assessment of the variables that affect this performance measure. Figure 13-1 depicts the key 
variables. Viewing Figure 13-1 as a mathematical equation, accumulated snowfall depth and den-
sity would be in the numerator and represent the primary environmental variables that can increase 
runway occupancy time as they increase. There are other environmental variables that can increase 
this time, such as visibility and wind (e.g., drifting), but they cannot be mitigated by adding equip-
ment as described below, and thus were not included. To decrease runway occupancy time, the 
denominator in the equation, shown as snow removal capacity in tons per hour, must increase.

Increasing snow removal capacity can be accomplished by adding additional similar equip-
ment to the runway clearing operation, or replacing the slowest equipment with versions having 
a faster operating speed. Additional equipment can reduce runway occupancy time by reducing 
the total travel distance of the runway team. For example, if a team of two displacement plows 
travels the length of a runway four times to clear it from edge to edge, then adding a third plow 
may enable the team to complete the clearing process in three or fewer trips down the runway. 

Annual Airplane Operations 
(including cargo operations)

Clearance Times for
Commercial Service Airports*

(hours)

Clearance Times for
Non-commercial Service 

Airports* 
(hours)

40,000 or more 0.5 2 
10,000 but less than 40,000 1 3 
6,000 but less than 10,000 1.5 4 

Less than 6,000 2 6 

* These airports should have sufficient equipment to clear 1 inch of falling snow weighing up to 
25 lbs/ft3 from priority 1 areas within the recommended clearance times.

Source: FAA (2) 

Table 13-1.  FAA AC 150/5200-30 recommended clearance times.

Figure 13-1.  SRE runway occupancy time as determined by 
snow clearing capacity.
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Faster equipment can reduce runway occupancy time by increasing the operating speed of the 
slowest piece(s) of equipment in the runway team. This is commonly the rotary plow (i.e., snow 
blower), when one or more are included on the team. Faster speed typically requires a greater 
snow removal capacity. These concepts are illustrated in Figure 13-2, which shows that increasing 
the denominator, decreasing the numerator, or doing both can reduce runway occupancy time.

13.3 Identify Runway Snow Removal Capacity Shortfall

To begin the process for determining the SRE needed to achieve a runway occupancy time 
performance target, first estimate the equipment snow removal capacity shortfall based on the 
current actual performance and the desired performance target. Advisory Circular 150/5220-20 
presents graphical and mathematical methods that can be used to accomplish this task. The AC 
also addresses specific considerations for snow blowers, displacement plows, snowsweepers 
(i.e., brooms), and material spreaders. Figure 13-3 identifies a process for estimating equip-
ment snow removal capacity shortfall. An identified shortfall is unique to the composition 
of the deployed snow team fleet and the operating procedures in use at the time the shortfall 
occurred.

Figure 13-2.  SRE runway 
occupancy time determined by 
maximum operating speed.

Figure 13-3.  Example process for 
estimating snow removal capacity 
shortfall by comparing current and 
target runway occupancy times under 
defined winter event conditions.
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13.4  Estimate SRE Needs to Reduce Snow Removal 
Capacity Shortfall

Once the runway snow clearing capacity shortfall is identified, AC 150/5220-20 can be used to 
assist with estimating additional equipment required to provide increased snow clearing capacity. 
It should be noted that the equations presented in the AC discount the capacities of SRE through 
the inclusion of an efficiency factor. The term “efficiency” is not defined in the AC. It appears to 
account for differences between equipment “design capacity” established through controlled per-
formance testing and operations during winter operations events. These differences, or “inefficien-
cies,” are associated with overlapping travel paths, equipment turnaround, spillage, and residual 
snow. While no specific direction is given in the AC as to what efficiency factor is appropriate to use 
in the calculations, the following values are included as stated assumptions in equipment selection 
charts and tables in AC 150/5220-20:

•	 Rotary plow efficiency: 70%,
•	 Displacement plow efficiency: 70%, and
•	 Snowsweeper: 80%.

Additional noteworthy assumptions included in the AC 150/5220-20 graphs and equations 
address snow depth, snow density, plow cutting angle, and broom angle. The guidance assumes 
a consistent 1-inch snow depth (presented in feet) and snow density of 25 lbs/ft3. As described for 
Figures 13-1 and 13-2, increasing snow depths and densities may increase runway occupancy time, 
and an airport may set performance targets for conditions exceeding this depth and density. It is also 
important to consider plow blade and broom angles because the effective blade and broom width at 
an angle (e.g., 30 degrees) is shorter than the nominal width and, therefore, moves less snow.

Figure 13-4 continues the scenario presented in Figure 13-3 and presents a process for estimat-
ing additional equipment to eliminate a shortfall in snow removal capacity. The equations in AC 
150/5220-20 can assist with translating snow removal capacity shortfall into equipment capacity. 
This process assumes that the same composition of equipment within a deployed snow team fleet 
will be maintained (e.g., plows and blowers), but with more equipment of similar capacity added 
to address the shortfall. However, estimating equipment needs in this manner is not a precise 

Figure 13-4.  Example process for estimating additional blower 
capacity and plow blade length to address snow removal 
capacity shortfall for defined winter event conditions.
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process and may not account for other factors that can affect runway occupancy time (e.g., pave-
ment geometry and equipment turning radii). The estimated values for additional blower capacity 
and plow length may need to be attained through the acquisition of multiple pieces of equipment.

Addressing the option of changing SRE runway team composition by replacing existing SRE 
with new equipment having faster operating speeds and higher snow removal capacities requires 
airport-specific data on the current runway team and data on the 
individual SRE snow removal capacities. For example, an airport 
operator currently using three plows and three brooms to clear its 
runway may be interested in replacing the six vehicles with three 
high-speed multi-function vehicles, such as plow-broom-blower 
combination units. If a target runway clearing rate is estimated to 
be 6,680 tons per hour to achieve a runway occupancy time per-
formance target of 20 minutes, as illustrated in Figure 13-3, the 
snow removal capacity of the three multi-function vehicles would 
need to also equal 6,680 tons per hour. Equipment vendors are 
the best source for product-specific information on capacities and 
operating speeds to confirm that a performance target can be met. 
However, evaluate equipment based on the midpoint of its design 
capacity rather than on the maximum design capacity. Maximum 
design capacities are measured under controlled, ideal conditions 
that may not be representative of actual storm event conditions.

13.5 Estimate Benefits of New or Additional SRE

Chapter 7 identified that the primary impacts of a longer runway occupancy time are increased 
aircraft flight delays and associated delay costs to air carriers and passengers. It logically follows 
that the primary benefits of adding SRE to an existing fleet in order to shorten runway occu-
pancy time are reduced aircraft delays and the associated savings. The approach to estimating 
these potential benefits is best suited for hub airports and airports with substantial cargo traffic 
that may experience the benefits of aircraft arrival and departure delay savings for passenger and 
cargo air carriers. The approach is less applicable to small-hub and non-hub airports with fewer 
flight operations. Similarly, airports without scheduled com-
mercial service and general aviation airports may find the 
approach of limited value because of the limited opportu-
nity for delay cost savings. This does not suggest that smaller 
facilities or their tenants will receive no benefit from reduced 
runway occupancy times, but rather that these benefits (e.g., 
safety, customer service, etc.) are less predictable, more indi-
vidualized, and difficult to quantify monetarily.

Compare delay and cost baseline data described in Chap-
ter 7 to projected delay and delay cost data after the addi-
tional SRE are in operation to estimate the benefits of adding 
SRE to reduce runway occupancy time. If an aircraft delay 
simulation model was used to generate the delay baseline 
data, then the same model can be used to simulate delays with 
a new, shorter runway occupancy time performance target. 
However, if another method was used to generate delay data 
(e.g., airport operations log or RITA TranStats data), then use 
the delay data and a set of operational assumptions to project 

Source: Oshkosh Corporation

BEST PRACTICE—Coordination with Air Carriers 
to Determine Staffing Needs

Airports reported success in coordinating with 
air carriers on financial assumptions and financial 
modeling in determining appropriate staffing  
levels for snow and ice control operations. The 
identification of airline expectations for capacity  
and operations during winter events is a key factor 
in determining airport crew complements. A sub-
sequent cost-benefit analysis comparing airport 
staffing costs against airline delay and/or cancel-
lation costs will lead to better decision making 
regarding the optimum crew size necessary to meet 
customer expectations.
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new delay data and delay cost savings. This approach offers potentially less accurate estimations 
than modeling, but the rough analysis may be sufficient to support an investment decision.

This rough approach uses the spreadsheet summary of past winter season runway closures, esti-
mated aircraft delays per runway closure, and associated aircraft delay costs shown in Table 13-2 
(originally presented as Table 7-7 in Chapter 7). By replacing the estimated average event ATC run-
way closure duration values in the second column of the table with an ATC runway closure duration 
performance target (assuming the runway closure duration does not include significant additional 
time for ATC runway reopening) and maintaining all other data, new delay costs can be calculated, 
as seen in Table 13-3. This table shows that consistent, shorter ATC runway closure durations can 
result in significant delay cost savings.

The estimated delay costs savings, as summarized in Table 13-4, can be compared to the antici-
pated cost of the additional or faster SRE needed to achieve the runway occupancy time performance 
target. This comparison will assist in the alternatives selection process described in Chapter 14. The 
delay cost savings should also be evaluated against the meteorological data recurrence intervals. 
This evaluation will further the understanding among the airport operator and its stakeholders of 
the percent chance that the event conditions will occur and subsequent delay cost savings realized.

13.5.1 Additional Benefits of Multi-Function Equipment

High-speed, multi-function equipment offers benefits in addition to reducing runway occu-
pancy time. As aging SRE reaches the end of its useful life, multi-function equipment provides 

Winter 
Event Date 

Average Event ATC 
Runway Closure 
Duration (min)

Number of Event 
ATC Runway 

Closures 

Estimated Aircraft 
Delayed / ATC 

Runway Closure 

Weighted Average
Aircraft Block Time

Cost / Minute

Total Delay 
Cost / Aircraft 

Total Event Delay 
Cost / ATC 

Runway Closure 

Total Event 
Delay Cost 

3/3/2011 71 17 12 $74.39 $5,282 $62,500 $1,062,500 

1/23/2011 44 16 7 $74.39 $3,273 $24,003 $384,051

1/17/2011 34 12 6 $74.39 $2,529 $14,332 $171,990

12/11/2010 28 6 5 $74.39 $2,083 $9,720 $58,322 

2/14/2011 23 3 4 $74.39 $1,711 $6,559 $19,676 

12/22/2011 24 2 4 $74.39 $1,785 $7,141 $14,283 

Table 13-2.  Example summary of ATC runway closure duration, estimated aircraft delay per 
runway closure, and associated aircraft delay cost data.

Winter Event 
Date 

Average Event
ATC Runway 

Closure 
Duration (min)

Number of 
Event ATC 

Runway 
Closures 

Estimated Aircraft 
Delayed / ATC 

Runway Closure 

Weighted
Average Aircraft 

Block Time Cost / 
Minute 

Total Delay 
Cost / Aircraft 

Total Event 
Delay Cost / 
ATC Runway 

Closure 

Total Event 
Delay Cost

3/3/2011 20 17 3 $74.39 $1,488 $4,959 $84,309 

1/23/2011 20 16 3 $74.39 $1,488 $4,959 $79,349 

1/17/2011 20 12 3 $74.39 $1,488 $4,959 $59,512 

12/11/2010 20 6 3 $74.39 $1,488 $4,959 $29,756 

2/14/2011 20 3 3 $74.39 $1,488 $4,959 $14,878 

12/22/2011 20 2 3 $74.39 $1,488 $4,959 $9,919 

Table 13-3.  Example summary of runway closures, estimated aircraft delays, and associated 
aircraft delay costs based on an assumed 20-minute ATC runway closure duration with 
increased SRE capacity.
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an opportunity to switch out two pieces of equipment for one (e.g., one plow and one broom for 
one combination plow-broom-blower). It also offers potential savings on operator labor, as only 
one operator is required. If the acquisition of each piece of multi-function equipment results in 
needing one fewer full-time operator, the savings in salary and benefits can be compared to the 
annualized capital cost of each piece of equipment. An example of this comparison is provided 
in Figure 13-5.

Winter Event 
Date 

Total Event 
Delay Cost

Delay Cost Savings with 
Increased SRE Capacity 

Event Duration Total Event Snowfall Average Event
Intensity 

 C
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3/3/2011 $1,062,500 $84,309 $978,191 14 4.0 Wet 9.9 10 0.71 7.0

1/23/2011 $384,051 $79,349 $304,701 13 1.3 Dry 5.1 3.4 0.39 1.0

1/17/2011 $171,990 $59,512 $112,478 11 1.1 Dry 4.2 2.7 0.38 0.9

12/11/2010 $58,322 $29,756 $28,566 4 0.8 Wet 1.3 1.1 0.33 0.7

2/14/2011 $19,676 $14,878 $4,798 2 0.6 Dry 0.9 0.8 0.45 1.3

12/22/2011 $14,283 $9,919 $4,364 3 0.7 Dry 0.7 0.7 0.23 0.6

Total $1,710,821 $277,723 $1,433,099 

Table 13-4.  Example summary of aircraft delay costs, delay cost savings, and meteorological 
data for multiple winter storm events sorted by total event snowfall recurrence interval.

Figure 13-5.  Example comparison of the 
annualized cost of a multi-function vehicle 
purchased to replace an aging plow and broom, 
and the resulting employee cost savings.
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Opportunities to improve winter operations performance will require changes to current 
strategies, tactics, or procedures. There may be multiple alternatives that can effectively reduce 
or eliminate performance shortfalls. However, the diversity of airports, winter operations pro-
grams, and operating environment prevents a one-size-fits-all alternatives selection process that 
can apply to every airport and improvement opportunity. The necessary level of evaluation as 
part of the selection process must be determined by individual airports, but will likely be influ-
enced by the following:

•	 Importance of the investment to the airport and/or its stakeholders,
•	 Size of the investment relative to the size of the airport,
•	 Number of alternatives being considered, and
•	 Consequences of an incorrect decision.

No matter the scale of the improvement opportunity, improving performance requires 
thoughtful, purposeful, and planned change. This chapter presents high-level considerations for 
implementing an alternatives selection process.

14.1 Establish Evaluation Criteria

Evaluation criteria assist in the application of an evaluation process by ensuring that alterna-
tives are evaluated consistently and against measures of strategic importance to the airport and 
its stakeholders. Evaluation criteria can be identified prior to or after improvement alternatives 
are identified. Identifying criteria in advance may help ensure that necessary information about 
each alternative is collected before starting the evaluation. Criteria for consideration in evaluat-
ing winter operations improvement alternatives are summarized in Table 14-1 and categorized 
as implementation, safety, and financial.

14.2 Develop Alternatives

To facilitate effective application of the evaluation process, alternatives must be adequately 
developed. Seek out relevant information from product vendors or other airports utilizing similar 
equipment or practices. If evaluation criteria were established in advance, ensure that data are col-
lected that align with that criteria. Document the scope of alternatives, as well as key assumptions.

14.2.1 Scope

Defining the scope of alternatives for improving winter operations performance will facilitate 
consistency in understanding for all involved in the process. It will also mitigate the potential for 
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critical components of a proposed alternative from being inadvertently excluded from evalu-
ation. Identify how the proposed alternative will meet new or existing performance goals and 
supporting objectives, and address the root cause of a significant performance shortfall, if 
applicable. Example components required to fully imple-
ment a proposed alternative may include:

•	 Equipment (e.g., mobile, fixed, electronic, etc.);
•	 Infrastructure (e.g., modifications to existing or con-

struction of new);
•	 Staffing (e.g., equipment operators, mechanics, 

supervisors);
•	 Training;
•	 Tactical changes; and
•	 Procedural changes.

14.2.2 Key Assumptions

Define and document key assumptions upon which the 
subsequent evaluation will be based. This will facilitate 
consistency and further shared understanding through-
out the evaluation. The level of confidence in key assump-
tions should be considered when evaluating risk posed by 
improvement alternatives. Example assumptions related to 
a proposed investment may address:

•	 Traffic forecasts,
•	 Air service changes,
•	 Aircraft flight schedule,
•	 Aircraft fleet mix,
•	 Airfield improvements,

Category Criteria Description 

Implementation 

Ease
Anticipated effort required to implement an alternative (e.g., high, medium, or 
low) 

Demonstrated
Equipment or procedures have been proven effective and reliable at a similar 
airport under similar conditions 

Effectiveness
Anticipated percentage of performance shortfall eliminated through the 
implementation of an alternative

Potential Disruption 
Potential risk of disruption to airport operations if alternative is ineffective (e.g., 
high, medium, or low) 

Compatibility Compatibility with current and planned future systems or infrastructure 

Safety 
New Hazard

Alternative introduces a new potential safety hazard requiring a risk 
assessment and risk mitigation, if determined necessary by the airport 

Hazard Mitigation 
Alternative mitigates the risk of a known safety hazard by reducing its 
likelihood of occurrence or potential consequences 

Financial 

Life-cycle Cost Estimated total cost including total capital, operating, maintenance 

Equivalent Annual Cost Annualized capital, operating, and maintenance costs (excluding labor) 

Labor 
Net change in staff required for implementation, operation, and maintenance 
(may be negative, zero, or positive) 

Impact Impact on airport fees, rates, and charges 

Table 14-1.  Example evaluation criteria.

BEST PRACTICE—SRE Procurement Analysis

Close coordination is required between maintenance 
staff and airport finance staff in the procurement of 
SRE and in the development of an equipment  
replacement program. The lowest priced vehicle may 
not be the most cost-effective vehicle. Maintenance 
can assist finance by providing guidance, equipment 
performance reliability, actual maintenance costs, 
and other data (e.g., airline delay costs) that could be 
used to conduct more thorough analyses when con-
sidering the type and number of vehicles required to 
meet snow removal goals and objectives. In addition 
to standard financing costs, other factors that must 
be considered when specifying equipment include 
airport geometry, vehicle maneuverability, airfield 
egress and ingress, fueling requirements, warranty 
periods, life-cycle maintenance costs, and additional 
required maintenance and storage facility space and 
layout. It is highly recommended that initial and on-
going training costs be written into equipment speci-
fications and into subsequent purchase agreements.
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•	 Target winter event,
•	 Climate change,
•	 Technology advancements,
•	 Fuel and material costs, and
•	 Labor costs.

14.3 Evaluate Alternatives

Each set of alternatives should be evaluated independently. The evaluation process using 
defined evaluation criteria should result in the identification and elimination of non-viable 
alternatives and ultimately the selection of a preferred alternative. However, many potential 
improvement alternatives incorporate tactics or procedures that present an obvious low opera-
tional risk and cost of implementation. These alternatives can be defined, planned, and imple-
mented without extensive evaluation on a trial and error basis because they do not present 
serious ramifications should they fail to achieve a desired outcome. Additionally, they may 
require the reallocation of existing resources rather than a significant new investment. Avoid 
overanalyzing these alternatives since it may unnecessarily tie up staff resources and offer little 
benefit in return.

14.3.1 Comparative Analysis of Alternatives

Some alternatives require a more rigorous evaluation due to their potential 
implementation, safety, or financial implications. The comparative analyses 
presented in this section will apply criteria described earlier to a range of alter-
natives. The analyses can facilitate alternative comparison by enabling ranking 
or numerically rating of each alternative. Figure 14-1 presents methods for 
comparing alternatives originally presented in ACRP Report 99: Guidance for 
Treatment of Airport Stormwater Containing Deicers.

Comparative analysis methods are intended to assist in the evaluation of 
multi ple alternatives and the selection of the preferred alternative. If the imple-
mentation, safety, and financial criteria categories are used in comparative analy-
ses, it is suggested that the analyses be conducted in the following sequence:

1. Implementation—Eliminate alternatives that are technically infeasible or 
unacceptable,

2. Safety—Eliminate alternatives that present an unacceptable safety hazard 
that cannot reasonably be mitigated, and

3. Financial—Eliminate alternatives that present unacceptable costs.

14.4 Plan Alternative Implementation

Once an alternative is selected, the planning process begins. The amount and duration of 
planning required for implementation of an alternative is dependent on the nature and scale 
of the alternative. Equipment procurement may take a year or more depending upon funding 
available, while other changes in operation may take days, weeks, or months. As part of the 
planning process, revisit winter operations goals, objectives, and performance measures and 
make any necessary adjustments to accommodate the changing winter operations program 
(see Chapter 6). Additionally, update winter operations documentation to reflect the changes.
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Figure 14-1.  Methods for comparative analysis of alternatives (8, pp. 59–60).
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AAR Aircraft Arrival Rate
AC Advisory Circular
ACM Airport Certification Manual
ADP Airline Data Project
ADS-B Automatic Dependent Surveillance Broadcast
AHP Analytic Hierarchy Process
AOC Airport Operations Center
API Airport Performance Indicator
Apps Applications
ARTCC Air Route Traffic Control Center
ASDE Airport Surveillance Detection Equipment
ATCSCC Air Traffic Control System Command Center
ATC Air Traffic Control
ATCT Air Traffic Control Tower
AWOS Automated Weather Observing Systems
BMP Best Management Practice
BOD Biochemical Oxygen Demand
BOD5 5-day Biochemical Oxygen Demand
CBP Customs and Border Protection
CCP Crisis Communication Plan
CDM Collaborative Decision-Making
CFME Continuous Friction Measuring Equipment
CFR Code of Federal Regulations
COD Chemical Oxygen Demand
CMMS Computerized Maintenance Management System
CTF Common Traffic Frequency
CWA Clean Water Act
EG Ethylene Glycol
ELG Effluent Limitations Guideline
EMAS Engineered Materials Arresting Systems
EPA U.S. Environmental Protection Agency
FAR Federal Aviation Regulations
FBO Fixed-Base Operator
FY  Fiscal Year
ICP Incident Command Post
IP&A FAA Office of Investment Planning and Analysis
IROPS Irregular Operations
ISD Integrated Surface Database, Hourly, Global
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LHR London Heathrow Airport
LOA Letter of Agreement
mg/L Milligram per Liter
MIT Massachusetts Institute of Technology
MS4 Municipal Separate Storm Sewer System
NCDC National Climatic Data Center
NIMS National Incident Management System
NWS National Weather Service
NOAA National Oceanic and Atmospheric Administration
NOTAM Notice to Airmen
NPDES National Pollutant Discharge Elimination System
NSPS New Source Performance Standards
OCC Operations Control Centers
PG Propylene Glycol
PIO Public Information Officer
POTW Publicly Owned Treatment Works
PR  Public Relations
RITA  U.S. Department of Transportation, Research and Innovative Technology  

 Administration
RIWS Runway Incursion Warning Systems
ROI Return on Investment
SCC Snow Control Center
SICC Snow and Ice Control Committee
SICP Snow and Ice Control Plan
SMART Specific, Measurable, Assignable, Realistic, Time-based
SMGCS Surface Movement Guidance and Control System
SOC Systems Operations Centers
SRE Snow Removal Equipment
SWPPP Storm Water Pollution Prevention Plan
TDS Total Dissolved Solids
TMU Traffic Management Unit
TOC Total Organic Carbon
TRACON Terminal Radar Approach Control
TSA Transportation Security Administration
TSS Total Suspended Solids
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Meteorological data is widely available for most geographic regions across the United States. 
Because many airports are designated NWS monitoring stations, airport-specific data may be 
available. The NOAA NCDC provides access to digital historical weather and climate data for 
numerous monitoring stations through its website at: http://www.ncdc.noaa.gov/data-access/
quick-links.

Of the accessible databases offered by NOAA, the following two databases provide hourly 
meteorological data:

•	 ISD, hourly, global database.
•	 Hourly Precipitation Data Publication/Database.

A.1  Accessing Meteorological Data through the ISD, 
Hourly, Global Database

To illustrate how to navigate and request data from NOAA’s ISD database, the following steps 
were required as of the writing of this guidebook:

1. Upon selecting the ISD database within the NOAA quick links site, the database interface will 
provide an option to select an embedded link to “ISD/CDO.”

2. Upon selecting “ISD/CDO,” the “WMO Resolution 40 NOAA Policy” and terms of use must be 
agreed to before being directed to the “NCDC Climate Data Online” page.

3. At this point, a “Simplified” or “Advanced” option, with descriptions available of each, can 
be selected.

4. Assuming the “Simplified” option was selected, select “United States” in the “Retrieve data for: 
Country” field and then select “Continue.”

5. In the available “Select a State/Province” dropdown list select the state of interest, select 
“Retrieve for Selected Stations in the State,” and select “Continue.”

6. Select the desired airport monitoring station or closest station to airport. Check the data 
period of record and, if acceptable, select “Continue.”

7. Enter the desired date range, check the “Inventory Review” box, enter an email address and 
select “Submit Request.”

8. Access the data through the link in the NCDC email.
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A.2  Accessing Precipitation Data through Hourly 
Precipitation Data Publication/Database

Similar to requesting data from NOAA’s ISD, navigating and requesting data from the Hourly 
Precipitation Data Publication/Database includes the following steps:

1. Upon selecting the Hourly Precipitation Data Publication/Database within the NOAA quick 
links site, the database interface will provide an option to select an embedded link to “Hourly 
Precipitation.”

2. Upon selecting “Hourly Precipitation,” within the “Select Weather Observation Type/Dataset” 
dropdown list, select “Precipitation Hourly.” Within the “Select Date Range” calendars, enter the 
desired starting and ending years, months and days. Within the “Enter a Search Term” dropdown 
list, enter the desired airport code designation or city name. When completed, select “Search.”

3. On the “Search Results: Precipitation Hourly” page, select the desired station and select “Add.” 
Note that the available period of record is indicated beneath the Station ID.

4. Select the “Cart (Free Data)” icon and then select “View All Items.”
5. On the “Cart: Precipitation Hourly” page, confirm the desired date range under “Select the 

Date and Time Range,” and make a selection under “Select the Output Format.”
6. On the “Custom Options” page, under “Station Detail & Data Flag Options,” select the “Include 

Data Flags” and “Date Filter” checkboxes; under the “Date Filter” and with the keyboard shift 
key held down, highlight all of the years, months, and days of interest; select the “Precipitation” 
checkbox under “Select Data Types for Custom Output”; then select “Continue.”

7. Enter an email address and select “Submit Order.”
8. Access the data through the link in the NCDC email.
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B.1 Snow and Ice Removal

•	 Snow Removal Equipment Runway Occupancy Time—The duration that a runway is closed 
to aircraft while occupied by SRE and friction testing equipment (22, p. 24).

•	 Runway Closure Duration—The duration a runway is closed due to winter weather-related 
surface conditions and snow removal operations.

•	 Follow-up Friction Measurement Value—The results of a friction test after snow and/or ice 
removal and/or chemical and/or sand application operations, and an indicator of snow and/
or ice removal and chemical application effectiveness.

•	 Time to Complete Airside Priority 1 Pavement—The time it takes to complete clearing the 
specified areas that are defined within an airport’s SICP as priority 1 areas. Similar to runway 
occupancy time, but extends beyond the performance of clearing the runway.

•	 Hours Runway is Available—The total number of hours that the runway is available during a 
specified period (e.g., winter event). Opposite of Runway Closure Duration.

•	 Missed Runway Reopening Time—Occurs when the coordinated runway reopening time between 
the airport and ATC is not met due to a longer than anticipated runway occupancy time by SRE.

•	 Signage/Lighting/Infrastructure Damage—A measure of airport documented damage of key 
infrastructure caused by SRE. Indicates the level of equipment operator situational awareness 
and training, as well as equipment effectiveness.

•	 Fuel Usage—The volume of fuel used for winter event operations over a specified period. 
Indicates the efficiency of SRE operation and area cleared.

•	 Airport Entrance to Terminal Passenger Travel Time—The average time it takes for a passen-
ger to travel from the main airport entrance to the terminal. Indicates the condition of landside 
roadways and the effectiveness of landside winter operations.

•	 Time to Complete Airside Non-priority 1 Pavement—The time it takes to clear airside areas 
that are not identified as priority 1 surfaces.

•	 Time to Complete Landside Pavement—The time it takes to complete clearing the specified 
areas of the airport that are not part of the aircraft operating area, including terminal buildings, 
roadways, parking lots, and garage decks.

B.2 Chemical and Sand Application

•	 Unit Volume/Mass Applied per Unit Area Treated—The unit volume or mass of material 
and/or chemical applied per the unit surface area treated.

B.3 Equipment

•	 Snow Removal Equipment Maintenance Down Time—The total time a piece of SRE is not 
in operation due to maintenance requirements.

A P P E N D I X  B
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•	 Snow Removal Equipment Operation and Maintenance Cost—The operation and mainte-
nance cost for the SRE fleet over a specified time period (22, p. 168).

•	 Snow Removal Equipment Average Age—The average age of airport SRE based on type. This 
can be an age assessment by year manufactured, miles driven, or hours of operation.

•	 Snow Removal Equipment Age—The age of airport SRE based on type. This can be an age 
assessment by year manufactured, miles driven, or hours of operation (22, p. 162).

•	 Snow Removal Equipment Maintenance Labor Cost—The total cost of labor directly 
associated with maintaining SRE over a specified period.

•	 Snow Removal Equipment Airside Operator Labor Cost—The total cost of part-time and 
full-time airport labor employed to operate airside SRE during the winter season.

•	 Snow Removal Equipment Landside Operator Labor Cost—The total cost of part-time and 
full-time airport labor employed to operate landside SRE during the winter season.

•	 Snow Removal Equipment Fleet Operating Speed—The average travel speed of the SRE fleet 
while in operation. Speeds may be identified for varying groups assigned different functions 
(e.g., runway teams, taxiway teams, etc.).

B.4 Safety

•	 Aircraft Excursions—The number of times an aircraft goes off dedicated pavement surfaces 
due to surface conditions during a winter season.

•	 Snow Removal Equipment Incursions—The number of times that there is an incorrect presence 
of a snow removal vehicle or operator on a runway that is open for aircraft operations (22, p. 215).

•	 “NIL” Pilot Braking Action Report—The number of occurrences when braking action con-
ditions indicating that the degree of braking is zero on the airport movement area is reported 
by pilots within a pilot report.

•	 Aircraft Snow Damage Incident—The number of incidents over a specified time period for 
which an aircraft is damaged due to the results of pavement snow removal operations, such as 
snow piles scraping the tips of an aircraft wing, or landing gear damaged by windrows (22, p. 226).

•	 Snow Removal Equipment Damage Incident—The number of incidents where a piece of 
SRE is damaged while in operation over a specified time period (22, p. 226).

•	 Snow Removal Equipment Operator Windshield Time—The total amount of time a snow 
removal operator spends operating equipment during an event.

•	 Annual Snow Removal Equipment Operator Training Hours—The total training hours 
received per operator over a calendar year or winter season.

B.5 Stakeholder Coordination

•	 Time between Runway Reopening and First Aircraft Operation—The amount of time after 
all snow removal and friction testing equipment has left a runway cleared to be reopened and 
the first aircraft operation.

•	 Missed Approach/Go Around—The number of occurrences when a pilot is directed by ATC to 
abandon his/her approach to landing due to a longer than anticipated runway occupancy time 
by SRE.

•	 Missed Holdover Times/Repeat Deicing—The number of occurrences when an aircraft 
exceeds its deicing holdover time and must repeat deicing because of taxiway or runway 
unavailability caused by snow/ice accumulation or active snow removal operations.

•	 Taxi-Out Time—The average time to taxi from gate to runway end (22, p. 25).
•	 Taxi-In Time—The average time to taxi from runway end to gate.
•	 Percent Arrival Flights Delayed—The percent of arriving flights delayed by 15 or more min-

utes due to airport winter operations (22, p. 233).
•	 Percent Departure Flights Delayed—The percent of departing flights delayed by 15 or more 

minutes due to airport winter operations (22, p. 235).
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B.6 Financial

•	 Cost/Unit Depth of Snow—The sum of applied runway chemical and material costs, labor 
costs (including regular and premium pay), contractor costs for both equipment and labor, 
cost of fuel used by the equipment, and costs associated with the snow melting operation 
(excluding operating or amortized capital cost of equipment) incurred during a snow event, 
divided by the unit depth of snow per event.

•	 Cost/Unit Area Cleared—The sum of applied runway chemical and material costs, labor costs 
(including regular and premium pay), contractor costs for both equipment and labor, cost of 
fuel used by the equipment, and costs associated with the snow melting operation (excluding 
operating or amortized capital cost of equipment) incurred during a snow event, divided by 
the surface area cleared during the event.

•	 Contract Labor Cost—The total cost of contractor labor for winter operations services during 
a winter event or over the winter season.

B.7 Environmental Compliance

•	 Permit Violations—The number of exceedances of permitted numeric limits for environmental 
protection, such as in a NPDES permit.
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Abbreviations and acronyms used without definitions in TRB publications:

A4A Airlines for America
AAAE American Association of Airport Executives
AASHO American Association of State Highway Officials
AASHTO American Association of State Highway and Transportation Officials
ACI–NA Airports Council International–North America
ACRP Airport Cooperative Research Program
ADA Americans with Disabilities Act
APTA American Public Transportation Association
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
ATA American Trucking Associations
CTAA Community Transportation Association of America
CTBSSP Commercial Truck and Bus Safety Synthesis Program
DHS Department of Homeland Security
DOE Department of Energy
EPA Environmental Protection Agency
FAA Federal Aviation Administration
FHWA Federal Highway Administration
FMCSA Federal Motor Carrier Safety Administration
FRA Federal Railroad Administration
FTA Federal Transit Administration
HMCRP Hazardous Materials Cooperative Research Program
IEEE Institute of Electrical and Electronics Engineers
ISTEA Intermodal Surface Transportation Efficiency Act of 1991
ITE Institute of Transportation Engineers
MAP-21 Moving Ahead for Progress in the 21st Century Act (2012)
NASA National Aeronautics and Space Administration
NASAO National Association of State Aviation Officials
NCFRP National Cooperative Freight Research Program
NCHRP National Cooperative Highway Research Program
NHTSA National Highway Traffic Safety Administration
NTSB National Transportation Safety Board
PHMSA Pipeline and Hazardous Materials Safety Administration
RITA Research and Innovative Technology Administration
SAE Society of Automotive Engineers
SAFETEA-LU Safe, Accountable, Flexible, Efficient Transportation Equity Act: 
 A Legacy for Users (2005)
TCRP Transit Cooperative Research Program
TEA-21 Transportation Equity Act for the 21st Century (1998)
TRB Transportation Research Board
TSA Transportation Security Administration
U.S.DOT United States Department of Transportation
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