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Abstract

Runway surface conditions, particularly in cold and icy environments, pose a significant 
challenge to aircraft operations. To enhance safety and standardisation, the International 
Civil Aviation Organization (ICAO) adopted the Global Reporting Format (GRF) in 2016 
and made it applicable from 4 November 2021, replacing previous assessment methods, 
including SNOWTAM reports and braking action conditions. This study evaluates how the 
implementation of the GRF has been perceived and experienced by two key aviation stake-
holder groups, airport operators and flight crews; it does not measure the technical accuracy 
or the safety performance of the GRF directly. It also includes a comprehensive literature 
review on the evolution of runway condition reporting since 1956. The research combines a 
questionnaire survey of 112 pilots, recruited mainly through Central and Northern Euro-
pean airlines and pilot associations, with written open-ended questionnaires completed by 
nine airport operators in Slovakia and the Czech Republic. While pilots largely appreciate 
the improved clarity and structure of the updated SNOWTAM format, concerns remain over 
the removal of braking action assessments, which previously aided aircraft performance 
calculations and improved the situational awareness. Additionally, the study highlights 
inconsistencies across different airports, particularly in the measurement of runway con-
taminants. Airport operators have expressed concerns about the subjectivity of visual 
assessments, the absence of standardised measurement techniques, and the limitations of 
the Runway Condition Assessment Matrix (RCAM), which does not account for different 
runway surfaces. In the perception of the respondents, the GRF has improved the standard-
isation and clarity of runway condition reporting, whereas its effects on airport workload 
and operational safety are viewed with considerably more reservation. Given the regional 
scope of the samples and the absence of objective braking-performance or safety-outcome 
data, these results represent stakeholder-based evidence and identify potential concerns 
that require further validation. The respondents’ feedback suggests that further refinements 
may be needed to enhance consistency and reliability. The study proposes measures to 
address current limitations, including improved contaminant measurement techniques 
and a reassessment of the methodology to incorporate variations in runway surface prop-
erties. These insights contribute to the ongoing discourse on aviation safety and provide 
recommendations for optimising runway surface condition reporting, particularly in cold
weather environments.

Keywords: Global Reporting Format; airport winter operations; airport safety; braking 
action; runway contamination

Aerospace 2026, 13, 999 https://doi.org/10.3390/aerospace13110999

https://crossmark.crossref.org/dialog?doi=10.3390/aerospace13110999&domain=pdf&date_stamp=2026-10-30
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/aerospace
https://www.mdpi.com
https://doi.org/10.3390/aerospace13110999


Aerospace 2026, 13, 999 2 of 32

1. Introduction
It is evident that a pavement surface covered with ice, snow, slush, or water can become 

dangerously slippery. However, a comprehensive understanding of the physical phenomena 
contributing to slipperiness is essential to accurately determine the extent of the hazard.

The need to investigate the issue of aircraft skidding on wet runways or runways 
contaminated by ice, snow or slush became urgent in the early 1950s with the advent of 
jet-powered aircraft. Jet aircraft not only operated at higher speeds during take-off and 
landing but also had significantly higher take-off and landing weights. These factors made 
them more difficult to control on wet and contaminated runways compared to piston-
engine aircraft [1].

To understand the extent of slipperiness, the number of contributing factors—including 
the pavement surface, vehicle, tyre, operator, and atmospheric or precipitation
conditions—must be studied [2]. Pioneering research in the United States, dating back to 
the 1920s, has laid the foundation for understanding and addressing runway slipperiness. 
Key milestones from the early research on runway traction include the Initial Hydroplaning 
Studies, FAA-NASA Slush Drag Studies [3], the Completion of the landing research runway 
at NASA Wallops Station [2] and the review of runway slipperiness research [4] performed 
in the United States and Europe since 1968. In addition, the Norwegian aerodrome opera-
tor Avinor performed a five-year R&D project [5], called Intelligent Runway Information 
System (IRIS), during which the operator collected landing data (during the winters of 
2008–2009 to 2012–2013) and coupled them with reported runway condition information 
and weather data. A study on the accuracy of warnings for slippery runways based on 
meteorological factors, using flight data from Scandinavian Airlines Services (SAS) at Oslo 
Airport, was explored by the University of Oslo [6].

Slipperiness of the runway is considered a serious safety hazard as it reduces the friction 
force between the aircraft tyres and the runway surface and leads to a risk of hydroplaning 
or skidding. That is why accurate reporting of runway conditions for take-off or landing is 
essential. Pilots require reliable information about runway slipperiness, limited braking 
action, and ground directional control conditions to decide whether to take off, land, or 
consider alternative options.

Several runway condition assessment and reporting techniques have been developed 
and are discussed in this paragraph.

The SNOWTAM report on areas contaminated by snow, ice, standing water, or other 
forms of precipitation was developed and introduced in 1967, arising from a detailed 
proposal from the International Air Transport Association (IATA) in 1963. It went into effect 
on 8 February 1968 as a specific NOTAM report format. However, it has not gained global 
acceptance and has been implemented differently among States resulting in inconsistent 
information being provided to aircraft operators and pilots [7]. The SNOWTAM report 
has not undergone significant revisions since its introduction, and its original structure, 
as recognised for several decades, remained valid until November 2021 [8]. The first 
international standard addressing runway surfaces was published in December 1972 in 
International Civil Aviation Organization (ICAO) Annex 14, which provided a definition 
for “snow on the ground” [9]. Subsequently, the concept of runway braking action was 
formalised in 1976 [10]. These provisions remained in place for 53 years before being 
replaced by the enhanced Global Reporting Format (GRF) for assessing and reporting 
runway surface conditions [11]. The GRF provisions were adopted by the ICAO Council in 
2016 (Amendment 13-B to Annex 14, Volume I, and related amendments to other Annexes 
and PANS) with an original applicability date of 5 November 2020, which was postponed 
to 4 November 2021 because of the COVID-19 pandemic [12]. In the European Union, the 
GRF was implemented from 12 August 2021, the aerodrome provisions being introduced by 
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Regulation (EU) 2020/2148 amending Regulation (EU) No 139/2014 [13]. The GRF system 
is designed for global applicability, accommodating all climatic zones. It is flexible and 
incorporates information about wet runways and standing water. Member States are granted 
full flexibility in integrating the new methodology into their national regulations. This 
approach reflects ICAO’s efforts to promote transparency while simultaneously establishing 
global standardisation [7].

In response to the Southwest Airlines Flight 1248 accident on 8 December 2005 at 
Chicago Midway Airport, Figure 1, caused by the lack of correlation between the braking 
action selected in the in-flight performance computer and the actual contamination of the 
runway, the Federal Aviation Administration (FAA) established the Take-off and Land-
ing Performance Assessment Aviation Rulemaking Committee (TALPA ARC) [14] and 
introduced a new numerical Runway Condition Code (RWYCC) to facilitate the effective 
communication of runway conditions between airport management and flight crews [15].

 

Figure 1. View of the front of Southwest Airlines Flight 1248 at Chicago Midway International Airport. 
Photograph by Gabriel Widyna, 8 December 2005. Source: Wikimedia Commons. Available online: 
https://commons.wikimedia.org/wiki/File:Southwest_Airlines_Flight_1248_-1.jpg (accessed on 25 
October 2026) [16].

The US Air Force introduced the Runway Condition Reading (RCR) system [17], 
and various continuous friction-measuring devices, such as the Mu-meter, Runway Fric-
tion Tester, Skiddometer, Surface Friction Tester, and Grip Tester, were developed and 
certified for measuring friction values on runways covered with compacted snow and/or 
ice [18]. A correlation study compared the Skiddometer technique and RCR system meth-
ods, finding them effective for snow- and ice-covered runways but unreliable on wet or
flooded surfaces [19].

Numerous projects have sought to address the challenge of harmonising the various 
friction measuring devices and linking their outputs to aircraft performance. However, the 
latter objective remains unachieved, primarily due to the complexity of developing a system 
with a universally agreed reference standard for friction measurement devices. Additional 

https://doi.org/10.3390/aerospace13110999

https://commons.wikimedia.org/wiki/File:Southwest_Airlines_Flight_1248_-1.jpg
https://doi.org/10.3390/aerospace13110999


Aerospace 2026, 13, 999 4 of 32

challenges include issues related to the repeatability and reproducibility of results across 
the diverse fleet of friction measuring devices currently in use [7].

The primary aim of this research is to examine how the two stakeholder groups most 
directly affected by the Global Reporting Format (GRF), flight crews and airport operators, 
perceive and experience the new runway surface condition reporting methodology in 
comparison with the previous one. Although the GRF has been applicable since November 
2021 and its technical background has been widely discussed, systematic evidence on 
how it is received by its end users in day-to-day operations remains scarce (see Section 2). 
This is the knowledge gap that the study addresses. It should be emphasised that the 
study evaluates stakeholder perceptions and reported operational experience; it does not 
measure the technical accuracy of the Runway Condition Code (RWYCC), aircraft braking 
performance, or safety outcomes such as runway excursion rates. Where respondents’ views 
relate to accuracy or safety, they are reported as perceptions and discussed as potential 
concerns requiring further validation.

Specifically, the study addresses the following research questions (RQs):
RQ1: How do flight crews perceive the GRF-based SNOWTAM format in comparison 

with the original format in terms of clarity, usability, and usefulness for aircraft performance 
calculation and situational awareness?

RQ2: How have airport operators experienced the changes in runway condition as-
sessment and reporting procedures introduced by the GRF, particularly with regard to 
workload, procedures, equipment, and staff training?

RQ3: To what extent do flight crews and airport operators perceive that the objectives 
declared by ICAO and EASA for the GRF (harmonisation, more efficient reporting, and 
enhanced safety) have been achieved, and which shortcomings do they identify?

RQ1 is addressed by the pilot questionnaire (Sections 4.1, 4.3.1 and 4.3.2), RQ2 by 
the airport operator questionnaire (Sections 4.2 and 4.3.3), and RQ3 by both data sets 
(Sections 4.3.3 and 4.3.4 and Section 5).

The results are intended to inform regulators, airport operators, and the ICAO Friction 
Task Force about issues that, from the users’ perspective, may warrant further technical 
investigation or refinement of the GRF.

In our research we closely co-operated with Finnair, who not only commented on the 
questionnaire for flight crews but also distributed it in the Northern Europe region. To 
obtain data from airports, we contacted the operators of Instrument Flight Rules (IFR) civil 
aerodromes in Slovakia and the Czech Republic. More specifically, we examined how the 
new system is perceived, whether the changes have been effectively implemented, and 
whether airport operators and flight crews share ICAO’s expectations. Additionally, the 
research investigates how the new system has influenced the daily working routine and 
operational procedures of airport operation staff and flight crews. The study therefore has 
a regional focus on Central and Northern Europe, and its findings should be interpreted 
within this context (see the Limitations of the Study). As part of this research, a compre-
hensive literature review was conducted to establish the state of the art concerning runway 
conditions reporting, beginning in 1956 when systematic research on runway conditions 
commenced. This overview provides context for the adoption of changes to runway braking 
action assessment and illustrates how the issue has been investigated over time.

2. Literature Review
We have undertaken a structured narrative literature review in this paper. This ap-

proach helps to establish the technical, regulatory and empirical background to the intro-
duction and implementation of the new GRF. Our review traces the evolution of runway 
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condition reporting and critically examines the available evidence concerning its operational 
application and perceived usefulness to flight crews and aerodrome operators.

The literature was identified through a targeted examination of relevant scientific 
publications, aviation safety research, ICAO regulatory and guidance documents, and 
technical material addressing runway surface conditions, runway condition assessment, 
braking action and aircraft performance on contaminated runways.

Sources were selected for their relevance to the research objectives, their contribution 
to understanding the technical or operational aspects of runway condition reporting, and 
the extent to which they provided empirical evidence or authoritative guidance.

Early studies established the relationship between runway surface conditions and 
aircraft braking performance. Harrin [20] investigated tyre friction on wet surfaces, while 
Horne and Leland [21] examined the effects of tyre tread and runway contamination 
on braking friction. Horne et al. [22] reviewed the causes and mitigation of reduced 
tyre traction on wet runways. These studies provide the physical foundation for runway-
condition assessment but do not address the operational effectiveness of standardised 
runway-condition reporting.

The following studies provide details of how runway-condition assessment has evolved 
towards sensor-based monitoring, surface testing and numerical modelling. Niu et al. [23] 
investigated sensor fusion for friction estimation, while Zhu et al. [24] examined the effects 
of surface deterioration and wetness on skid resistance. Sharov et al. [25] explored satellite 
radar monitoring, Brassard et al. [26] tested skid resistance under GRF winter conditions, 
and Niu et al. [27] investigated numerical friction estimation. These studies advance 
technical assessment but do not directly evaluate how pilots and aerodrome operators 
perceive GRF reporting.

Technological development and safety applications of runway-condition assessment 
technologies are discussed in the following sources. SESAR [28] explored integrated ground- 
and airborne-sensor monitoring, and Travnik and Hansman [29] proposed a data-driven 
approach for assessing runway braking conditions, incorporating forecasting capabilities. 
Sama et al. [30] developed a system to mitigate safety risks associated with runway excur-
sions on wet or flooded surfaces. Using automated devices such as cameras, laser sensors, 
and ultrasonic modules, the system retrieves data remotely, eliminating the need for human 
presence. Although effective in rainy conditions, the system is unsuitable for solid con-
taminants like ice, snow, or slush. Jiao et al. [31] examined friction-based anti-skid control. 
Klein-Paste [32] researched braking performance on snow- and ice-covered runways.

Vorobyeva [33] provides a technological and safety-related foundation for examining 
the operational usefulness of the ICAO GRF from the pilots’ and aerodrome operators’ 
perspectives. Tuncal and Erol [34] also moved from technical evidence to stakeholder 
experience as they examined the implementation of the GRF from the pilot perspective, 
identifying perceived benefits in standardisation and communication as well as concerns 
regarding reporting accuracy, timeliness and report length. Such findings indicate that the 
practical value of a standardised reporting methodology depends not only on its technical 
design but also on how its information is interpreted and used by operational personnel. 
Table 1 offers an overview of the conceptual contributions of the reviewed sources to the 
analysis of the new ICAO Runway Surface Condition Reporting Methodology.
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Table 1. Overview of the reviewed sources.

Authors Country Type of Source Conceptual Contribution of the Reviewed 
Source to Our Study

Harrin (1958) [20] USA Technical note

It provides historical and technical context 
for the continuing challenge of assessing 
and communicating runway surface 
conditions.

Horne & Leland (1962) 
[21] USA Technical note

It provides experimental evidence of how 
runway contamination and tyre 
characteristics affect aircraft braking friction, 
establishing the physical and operational 
challenge that runway condition assessment 
and reporting aim to address.

Horne et al. (1968) [22] USA Technical note

It explains the physical mechanisms 
underlying reduced tyre traction on wet 
runways and establishes why runway 
surface conditions matter for aircraft 
braking performance.

Klein-Paste et al. (2015) 
[32] Norway Research paper

It demonstrates the difficulty of reliably 
estimating aircraft braking performance 
from conventional runway friction 
measurements or runway inspectors’ expert 
judgements.

ICAO (2019) [7] Canada Technical guidance 
document

It supports the implementation of a 
harmonised reporting framework intended 
to provide flight crews with consistent 
information for assessing take-off and 
landing performance.

Niu et al. (2020) [23] China Research paper

It explores how runway friction can be 
estimated more accurately by combining 
information from multiple sensors with 
model-based correlation.

Vorobyeva et al. (2020) 
[33] Slovakia Research paper

It explicitly connects runway-condition 
assessment, the ICAO Global Reporting 
Format (GRF), and runway-excursion 
prevention.

Sharov et al. (2021) 
[25] Austria Conference poster

It contributes to understanding 
runway-condition reporting by exploring 
satellite-based interferometric radar 
(Sentinel-1 SAR) for non-invasive, 
long-term monitoring of runway pavement 
deformation, surface distress and 
contamination.,

Zhu et al. (2021) [24] China Research paper

Provides technical context for the challenge 
of translating complex physical runway 
characteristics into operationally useful 
condition information.

Brassard et al. (2022) 
[26] Canada Research paper

It experimentally examines whether 
laboratory-simulated winter runway 
conditions corresponding to GRF categories 
can be reproduced and assessed using the 
British Pendulum Tester (BPT).
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Table 1. Cont.

Authors Country Type of Source Conceptual Contribution of the Reviewed 
Source to Our Study

Sama et al. (2023) [30] Burkina Faso Research paper

It demonstrates how runway-condition 
assessment under the ICAO Global 
Reporting Format (GRF) could be 
automated, particularly in rainy conditions.

SESAR JU (2023) [28] Belgium Research report

It explains that the RWYCCs supplied by 
Airport Operators during flight tests 
appeared consistent with the deceleration 
experienced by the participating landing 
crews, following their debriefs.

Travnik et al. (2023) 
[29] USA Conference paper

It addresses limitations of conventional 
runway-condition reporting and proposes a 
data-driven alternative.

Niu et al. (2024) [27] China Research paper

It explains how numerical modelling can 
improve the estimation of runway friction, 
providing a technical foundation for more 
objective runway-condition assessment.

Tuncal & Erol
(2024) [34] Turkey Research paper

It directly investigates the pilot perspective 
on the implementation and perceived 
effectiveness of the ICAO Global Reporting 
Format (GRF).

From this literature review, it is apparent that most studies focus on technical solutions 
for improving reporting on contaminated runway operations. However, none of the stud-
ies provides a combined evaluation of pilot responses and airport-operator assessments, 
together with specific comparisons of braking-action information, RWYCC and experience-
related differences. This paper contributes to filling this research gap, presenting field 
research findings on airport personnel and pilots’ experiences with the new SNOWTAM 
format. The research findings highlight shortcomings of the new system as perceived by its 
users and propose measures that may enhance operational safety.

3. Methodology
We employed comparison as the primary research method, specifically examining 

experiences with the current Global Reporting Format (GRF) in contrast to the original 
runway surface condition assessment and SNOWTAM report format, which remained valid 
until 2021.

Comparison plays a pivotal role in concept formation by highlighting salient simi-
larities and contrasts among cases [35]. The comparative methodology is widely utilised 
across various disciplines, including social and political sciences, economics, business, and 
European integration studies [36]. This method facilitates meaningful comparisons across 
distinct cultures or countries. While the comparative approach may offer a less robust 
foundation due to the absence of experimental control [35], it is generally more reliable 
than case studies [37].

Given the inevitable constraints of financial resources, time, and energy, a comparative 
analysis of a limited number of cases may yield more insightful results than a superficial 
statistical evaluation of numerous cases [35]. The comparative method is particularly 
valuable for investigating a small number of cases [38]. This rationale formed the basis of 
our decision to employ the comparative method in this research.
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Research design. The study adopted a cross-sectional, mixed-methods design with a 
comparative component. Closed-ended questionnaire data from flight crews (RQ1, RQ3) 
were complemented by qualitative, open-ended written responses from airport operators 
(RQ2, RQ3). Comparison was made along two axes: (i) between the original and the 
GRF-based runway condition reporting systems and (ii) between the perspectives of the 
two stakeholder groups.

The primary aim of the GRF implementation, from the ICAO perspective, is to en-
hance the safety of runway operations. However, questions remain regarding how the new 
methodology has been understood and perceived by flight crews and airport operators. Our 
research aims to gather observations and experiences of airport operators and flight crews 
with the GRF methodology. Accordingly, the study measures perceptions and self-reported 
operational experience; it does not include objective data on aircraft braking performance, 
runway excursions, or incidents.

The first target group for the research was flight crews. A questionnaire was developed 
using the Google Forms platform to collect data. Valuable advice and expert commentary 
on the questionnaire design were provided by Smartwings and Finnair airlines, which 
also assisted in its distribution among airline pilots. However, the questionnaire was 
disseminated across all pilot groups, with the only prerequisite being a minimum level of 
flying experience, including at least one winter operations experience. The questions were 
primarily targeted at highly experienced air transport pilots.

Questionnaire development and validation. The content of the pilot questionnaire 
was derived from (i) the changes to the SNOWTAM format introduced by Amendment 
39-B to ICAO Annex 15 and the related GRF provisions in ICAO Annex 14, Volume I, 
Doc 9981 (PANS-Aerodromes) and Circular 355 [7,11,39]; (ii) the corresponding EASA 
requirements, in particular the non-publication of braking action measured by devices in 
EASA Member States; and (iii) issues identified in the literature reviewed in Section 2, 
notably the relationship between the reported runway condition and the braking actually 
experienced by aircraft. Each question was linked to one of the changes declared by ICAO 
as relevant to flight crews (plain-language description of contaminants, percentage of 
runway coverage, and replacement of braking action by the RWYCC). Content validity and 
relevance were established through expert review by the flight operations director and 
the chief executive officer of Smartwings Slovakia (both airline captains) and by a Finnair 
senior first officer representing International Federation of Air Line Pilots’ Associations 
(IFALPA) in the ICAO Friction Task Force. The questionnaire was then pre-tested by five 
airline pilots from Smartwings and Qatar Airways; their comments led to changes in text 
format, response options and the wording of individual questions. Because most items were 
single nominal or ordinal items rather than multi-item scales, no psychometric reliability 
coefficients were calculated. The complete questionnaire is provided as Supplementary 
Material S1.

Sampling and data collection. A non-probability (convenience and snowball) sam-
pling approach was used. The online questionnaire was prepared in English, the working 
language of civil aviation, and was distributed (i) through IFALPA and the Finnish Pilots’ 
Association, which forwarded it to pilots operating mainly in Northern Europe; (ii) through 
the airlines Smartwings, AirExplore and Norwegian, partly via graduates of the The Air 
Transport Department of the University of Žilina; and (iii) to student and trainee pilots of 
the University of Žilina, its Aviation Training and Education Centre, and the Czech Tech-
nical University in Prague. The questionnaire was open for 65 days during the 2022/2023 
winter season (from 19 January to 24 March 2023). Because the link was forwarded through 
organisations and personal networks, the number of pilots who received the invitation 
is unknown and a response rate cannot be calculated. In total, 112 valid responses were 
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received. Respondents represented eight nationalities, predominantly Slovak (39; 34.8%), 
Czech (24; 21.4%) and Finnish (23; 20.5%); four respondents did not state their nationality. 
Eighty-nine respondents (79.5%) were full-time professional pilots, 18 (16.1%) were pilots 
in training and 5 (4.5%) were private pilots. In the five years preceding the survey, 78 
respondents (69.6%) had been based in Eastern Europe, 34 (30.4%) in Northern Europe 
and 13 (11.6%) in Canada (multiple answers possible; regions according to the United 
Nations geoscheme).

Pilots were categorised based on their qualifications and experience (total flight hours), 
enabling a comparative analysis of pilot experiences across different groups. This dual 
classification was chosen to provide deeper insights into the variations in pilot experience 
and perceptions of the GRF methodology.

The second target group comprised airport operators, who offered insights and experi-
ences from a contrasting perspective when compared to flight crews. A form containing five 
open-ended questions was developed for airports and subsequently distributed to operators 
of civil IFR airports in Slovakia and the Czech Republic.

The airports were selected purposively to cover the widest possible range of runway 
pavement types and ages, elevations, climatic conditions and scopes of operation within 
the two States (see Section 4.2); the long-standing cooperation of the University of Žilina 
with these operators made a complete response feasible. The form was sent to the operator 
of each aerodrome and was completed in writing by staff responsible for runway condition 
assessment and winter operations; the completed forms were returned between 11 and 
16 April 2023. All nine operators responded (response rate 100%). The five questions, 
translated from Slovak, were: (1) How do you evaluate the change in runway condition 
assessment procedures, whereby the runway condition is now assessed visually and mea-
surements are no longer performed directly on the runway? Do you consider this step 
appropriate, and has the work of airport operators been simplified? (2) Has the impact on 
airport operations improved? Has the publication of a new SNOWTAM been accelerated, 
particularly under rapidly changing conditions? (3) Do you think that the introduction 
of the GRF methodology has increased safety on airport movement areas? (4) What do 
you consider to be the greatest benefits of the GRF methodology from the perspective of 
airport staff? (5) Please share any further observations or insights on this topic. The form is 
provided as Supplementary Material S2.

The distribution of both questionnaires was designed to capture experiences from the 
second winter season of GRF use.

The selected airports exhibit significant differences in runway pavement construc-
tion, pavement age, surface quality, runway length, airport altitude, climatic conditions, 
and scope of operations. The questionnaire was designed to focus on several key aspects, 
including changes in the method of runway condition assessment, the adoption of stan-
dardised procedures, and perceptions regarding the workload involved in assessing and 
reporting runway conditions. It also aimed to evaluate whether these changes simplified 
the responsibilities of operational personnel.

However, the principal criterion in formulating the questions was the impact of the new 
methodology on flight safety, ensuring the research centred on the broader implications of 
the GRF system for operational safety.

Data analysis. Closed-ended pilot responses were first summarised as frequencies 
and percentages; for the key proportions, 95% confidence intervals (CIs) were calculated 
using the Wilson score method. Because the Likert-type ratings are ordinal, non-parametric 
tests were applied at a significance level of α = 0.05. Differences between pilot groups were 
examined for three characteristics: flight experience (grouped as <250 h, n = 22; 250–6000 h, 
n = 45; >6000 h, n = 45, to avoid sparse cells), winter-operation experience (≤4 seasons, 
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n = 33; 5–7 seasons, n = 25; >8 seasons, n = 54) and base region in the preceding five 
years (Northern Europe, n = 34; other regions, n = 78). Ratings were compared using the 
Kruskal–Wallis test (effect size ε2 ) or the Mann–Whitney U test (rank-biserial correlation). 
Categorical items were compared using the χ2  test with Cramér’s V as the effect size; because 
some expected cell counts were below five, the p-values for three-group tables were obtained 
by a Monte Carlo permutation test (20,000 permutations), and Fisher’s exact test was used 
for 2 × 2 tables. As 18 group comparisons of categorical items were performed, Holm’s 
correction for multiple testing was also applied, and these comparisons are interpreted as 
exploratory. The analyses were performed in Python 3.15.2 using the SciPy 1.18.1 library [40]. 
Answers to the open-ended questions were coded into categories. Because 16 respondents 
had no experience with the original SNOWTAM format, the original format was evaluated by 
96 pilots and the new format by all 112 pilots; the two evaluations therefore do not constitute 
a fully paired comparison. Accordingly, the comparison of the two formats was treated as a 
within-subject (paired) comparison restricted to the 96 respondents who rated both formats, 
using the Wilcoxon signed-rank test with the matched-pairs rank-biserial correlation as the 
effect size and a bootstrap 95% CI (10,000 resamples) for the mean difference in ratings. 
The 16 respondents who rated only the new format form an independent group; their 
ratings were compared with those of the other 96 respondents (Mann–Whitney U test) as a 
sensitivity check, and they are included only in the descriptive results for the new format. 
The written answers of the airport operators were analysed thematically: statements were 
grouped according to the question to which they related and coded into recurring themes 
(e.g., subjectivity of visual assessment, contaminant-depth measurement, staff training, use 
of friction-measuring equipment, time required for assessment and reporting, and safety). 
The results are reported as the number of operators expressing each view. The coding of 
the airport responses proceeded in four steps. (1) The original written responses (in Slovak 
or Czech) were read in full, and each statement was assigned to the question it answered.
(2) A codebook was developed that combined deductive codes derived from the five 
questions (change in the assessment procedure, SNOWTAM issuance, safety effect and 
benefits) with inductive codes that emerged from the responses (e.g., lack of evidence 
in the event of an incident, contaminant-depth measurement, regulatory inconsistency).
(3) Each operator was coded for the presence or absence of each theme; the unit of analysis 
was the operator, not the individual statement, so that an operator could contribute to 
several themes but only once to each. The answers to questions 2 and 3 were additionally 
classified into mutually exclusive categories (e.g., safety increased, unchanged or possibly 
decreased). (4) Related codes were merged into the themes, which also gives representative 
excerpts, translated by the authors, to show how each theme is grounded in the original 
responses. The coding was carried out by Marek Drábek and checked against the original 
forms by Antonín Kazda; disagreements were resolved by discussion. For this revision, the 
coding was repeated on the original forms, which led to the correction of several counts 
reported in Sections 4.3.3 and 4.3.4.

4. Results
The Global Reporting Format (GRF) methodology came into effect in 2021. At the time 

of this research, it had been implemented for two winter seasons: 2021/2022 and 2022/2023. 
During this period, flight crews have had the opportunity to familiarise themselves with 
the system, identify potential shortcomings, or, conversely, highlight aspects that have 
simplified the reporting of runway conditions.
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4.1. Flight Crews Research
Flight crews utilise runway surface condition information not only to calculate aircraft 

performance but also to enhance situational awareness. It is therefore essential that this 
information is conveyed in a clear, comprehensible, and easily interpretable format.

To gather feedback on the new SNOWTAM, flight crews answered a questionnaire 
with 28 questions. Of these, 25 were closed-ended, while 3 were open-ended, allowing 
respondents to provide additional comments on preceding questions. The final question in 
the questionnaire was open-ended and optional, offering participants an opportunity to 
share general feedback.

The questions in the questionnaire were divided into four sections. The first section 
focused on the pilot’s position and their experience with winter operations. Pilots were 
categorised based on their qualifications and their professional experience (total flight 
hours), enabling a comparison of their experience levels.

The second section addressed the original SNOWTAM report format. The question-
naire was designed to accommodate pilots who lacked winter operations experience prior 
to 2021 and, therefore, had not used the original SNOWTAM format in practice. In such 
cases, respondents were automatically directed to skip this section.

The third section concentrated on the GRF SNOWTAM format to understand how 
pilots perceived the changes, particularly the inclusion of new data on runway percentage 
coverage with contaminants and the introduction of the Runway Condition Code (RWYCC). 
This section also explored pilots’ views on the absence of braking action information and 
its replacement by the RWYCC in the new format. Additional questions examined whether 
the updated SNOWTAM format is clearer and more user-friendly.

The fourth and final section of the questionnaire captured the respondent’s demo-
graphic profile, including gender, nationality, and age.

Prior to distributing the questionnaire, we conducted a pilot survey and invited pi-
lots from two airlines to provide feedback on the questionnaire. Their observations were 
incorporated into the final version to ensure clarity and relevance.

We sought assistance from the International Federation of Air Line Pilots’ Associations 
(IFALPA) in distributing the questionnaire. IFALPA facilitated contact with the Finnish 
Pilots’ Association (FPA), which represents IFALPA in the ICAO Friction Task Force. This 
collaboration was instrumental in distributing the questionnaire across Northern Europe.

A total of 112 responses were received. The sample included 99 males (88.4%), 9 fe-
males (8%), and 4 respondents (3.6%) who chose not to disclose their gender. The gender 
distribution within the sample aligns closely with the global share of female pilots in civil 
aviation, which was 5.8% in 2021 [41].

The age distribution of respondents was well balanced. There were 24 respondents 
(21.4%) in the 18–25 age group, 33 respondents (29.5%) in the 26–35 age group, 28 respon-
dents (25.0%) in the 36–45 age group, and 23 respondents (20.5%) in the 46+ age group. 
Four respondents (3.6%) did not specify their age group.

Regarding flight experience, pilots with extensive flight hours constituted the most 
significant group. A total of 45 respondents (40.2%) reported having accumulated more 
than 6000 flight hours, while 34 respondents (30.4%) fell into the 1500 to 6000 flight hours 
category. In addition, there were 11 respondents (9.8%) in the 250 to 1500 flight hour group, 
16 respondents (14.3%) in the 80 to 250 flight hour group, and 6 respondents (5.4%) in the 
under 80 flight hour group, as seen in Figure 2. This distribution was crucial for comparing 
the perspectives of highly experienced pilots with those of less experienced pilots.
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less than 80
total flight hours

5% 80–250
total flight hours

14%
250–1500

total flight hours

10%

1500–6000
total flight hours

31%

more than 6000
total flight hours

40%

Figure 2. Pilots/respondents categorised by experience—total flight hours. Note: 16 out of 112 
respondents have not experienced the original SNOWTAM format; therefore, the number of respon-
dents evaluating the original SNOWTAM format is 96, compared to 112 pilots evaluating the new 
SNOWTAM format.

Winter-operation experience was substantial: 54 respondents (48.2%) had flown more 
than eight winter seasons, 25 (22.3%) five to seven seasons and 23 (20.5%) two to four 
seasons, while 10 (8.9%) were in their first winter season (2022/2023). Respondents could 
indicate all regions in which they had been based in the preceding five years: Eastern 
Europe (78; 69.6%), Northern Europe (34; 30.4%), Canada (13; 11.6%), Western Europe 
(9; 8.0%), the Middle East (9; 8.0%), Southern Europe (6; 5.4%), the USA (3; 2.7%), Africa 
(3; 2.7%) and Asia (1; 0.9%). Thus, although the cooperation with Finnair, IFALPA and 
the Finnish Pilots’ Association secured the participation of pilots operating in demanding 
Nordic winter conditions, the sample is dominated by pilots of Central and Eastern Euro-
pean operators, which reflects the distribution channels in Slovakia and the Czech Republic. 
Airline affiliation was not recorded to preserve anonymity; clustering of respondents within 
a few operators, with their specific procedures and performance tools, therefore cannot be 
excluded. Because the questionnaire was distributed by convenience and snowball sampling, 
pilots with a particular interest in winter operations may also be over-represented. Differ-
ences between pilots based in Northern Europe and those based elsewhere are examined
in Section 4.3.2.

4.2. Airport Operators Research
The airport operator is responsible for maintaining the movement areas in operational 

condition, particularly during winter, and for monitoring and reporting runway status 
conditions. With the introduction of the new GRF methodology, the requirements for 
runway condition assessment and reporting have undergone significant changes. Airport 
operators were required to implement a movement area monitoring programme tailored 
to the expected traffic. One of the objectives of this research is to collect data from airport 
operators and assess how their workload has been affected by the introduction of the new 
methodology. A questionnaire comprising five open-ended questions was developed, ad-
dressing changes identified by ICAO as important for streamlining operations or enhancing 
safety. The questions focused on various aspects of airport operational procedures related 
to runway condition assessment. These included the impact on airport operations and the 
dispatch of SNOWTAM publications; the implications for the safety of operations on airport 
movement areas; and the perceived benefits of the GRF methodology from the perspective 
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of airport operational personnel. To capture a wide range of runway physical characteristics 
and operational conditions, we engaged five airport operators in Slovakia, Figure 3, and 
four in the Czech Republic, Figure 4. Owing to our long-standing cooperation, responses 
were received from all surveyed airports.

 

Figure 3. Participating airports from Slovakia (Source: own representation with background from 
d-maps.com).

 

Figure 4. Participating airports from the Czech Republic (Source: own representation with back-
ground from d-maps.com).

This sample of airports offers a diverse representation of climate conditions, operational 
scopes, surface types, runway lengths, and pavement ages. The highest airport in the sample 
is Poprad-Tatry Airport (LZTT), situated at an altitude of 718 metres, while the lowest is 
Bratislava Airport (LZIB), at 133 metres. Notably, the reference temperature differences 
exceed 5 °C: the warmest airport is Piešťany (LZPP), with a reference temperature of 28.3 °C 
in July, while the coldest is LZTT, at 23 °C in the same month [42].

The runway pavement surface types vary across the surveyed airports. Five airports 
have cement concrete pavements, while four utilise asphalt surfaces. The difference in 
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pavement ages is also significant, ranging from the oldest runway at Poprad-Tatry (LZTT), 
commissioned in 1970, to the newest at Prague-Ruzyně airport (LKPR), constructed in 
2013—a 43-year difference (see Table 2) [42,43].

Table 2. Researched airports’ key data.

Aerodrome Name/
Indicator Elevation (m) Reference

Temperature Main RWY
RWY

Dimensions 
(m)

RWY
Surface

Year of
Construction

Bratislava/LZIB 133 28.1 °C (July) 13/31 3190 × 45 Concrete 1983
Košice/LZKZ 230 27.6 °C (July) 01/19 3100 × 45 Asphalt 1994

Piešťany/LZPP 166 29.4 °C 
(August) 01/19 2000 × 30 Asphalt 1979

Poprad-
Tatry/LZTT 718 25.2 °C 

(August) 09/27 2600 × 45 Concrete 1970

Žilina/LZZI 311 25.6 °C (July) 06/24 1150 × 30 Asphalt 1976

Brno/Tuřany/LKTB 237 27.0 °C 
(August) 09/27 2650 × 60 Concrete 1992

Karlovy 
Vary/LKKV 606 23.8 °C 

(August) 29/11 2150 × 30 Asphalt 2006

Os-
trava/Mošnov/LKMT 257 26.4 °C 

(August) 04/22 3511 × 63 Concrete 1984

Praha/Ruzyně/LKPR 376 25.8 °C 
(August) 06/24 3715 × 45 Concrete 2013

Source: Aeronautical Information Services of the Slovak Republic; Aeronautical Information Publica-
tion of the Czech Republic; and airports [42,43].

The operational scope of the surveyed airports varies significantly. The sample includes 
the small general aviation airport Žilina (LZZI), the charter airport Piešťany (LZPP), and 
several regional airports, including Košice (LZKZ), Poprad-Tatry (LZTT), Brno-Tuřany 
(LKTB), Ostrava-Mošnov (LKMT), and Karlovy Vary (LKKV). Additionally, the study 
encompasses Bratislava (LZIB), a principal airport, as well as Prague-Ruzyně (LKPR), the 
largest airport in the sample, which handled 16.4 million passengers in 2024 [44].

4.3. Findings and Observations
The GRF methodology and the new SNOWTAM format establish a uniform framework 

for reporting runway status. These tools are encountered daily by flight crews worldwide. 
This section highlights differences in how flight crews perceive the original runway condition 
assessment system compared to the new GRF methodology.

4.3.1. The Original RWY Assessment System
The original RWY Assessment system was evaluated by 96 (out of 112) pilots who 

experienced winter operations under the original SNOWTAM format before November 
2021. A further 10 respondents (10.4%) had not registered any changes to the original 
runway assessment system, although two of them were informed of the updates by their 
employers. Only one of these ten pilots had been based (partly) in Northern Europe in the 
past five years. This suggests that these pilots rarely encountered SNOWTAM reports, and 
the change was likely not operationally significant for them.

To evaluate pilots’ opinions on the clarity of the original SNOWTAM report, a five-point 
Likert scale was used due to its accuracy and ease of use. Most respondents reported that 
the original SNOWTAM format was not particularly intuitive. A total of 39 pilots (40.6%), 
out of which 19 pilots have experienced more than eight winter seasons, strongly agreed or 
agreed that the original format lacked intuitiveness (Figure 5). Despite having used the 
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original format over multiple seasons, these experienced pilots consistently reported that it 
was not sufficiently intuitive.

Figure 5. Clarity/intuitiveness of the original and the new GRF SNOWTAM format.

The original format, unlike the new one, employed numeric codes (ranging from 1 to 
9) to describe types of runway contamination. Pilots often memorised these codes or used 
decoders to interpret them.

During the winter season, a total of 68 respondents (70.8%) were regularly using 
decoders to decode the original SNOWTAM message format. In addition, there were as 
many as 88 pilots (91.7%) who used the decoder at least once in each winter season. Pilots 
based in northern European countries encounter SNOWTAM messages more often than 
pilots flying in southern Europe. Even though the original format had been in force for a 
long period of time, pilots kept using decoders to decipher the message.

Pilots also reported frequently relying on mobile applications or compact electronic 
devices to decode SNOWTAM messages, which certainly led to additional workload. A 
total of 20.8% of respondents reported having to reference individual numeric codes before 
decoding each SNOWTAM message. Only five pilots (4.5%) reported being able to memorise 
the contaminant codes early in their first winter season. One respondent, based in northern 
Europe, who used to use the decoder at least once at the beginning of each winter season, 
reported, “I prefer the old format to the new GRF because I am used to it. For many years, I 
used the same format which made it easier to get an idea of the RWY status.”

The original SNOWTAM format included information on runway (RWY) braking 
action, which pilots could use in aircraft performance calculations and to support their 
situational awareness of runway conditions. In the survey, 76 pilots (79.2%) identified 
braking action as a significant component of the original SNOWTAM report. Among the 
most experienced respondents, defined as those with more than 6000 flight hours, 38 out of 
45 considered braking action an essential element of the original format. Although these 
findings reflect respondents’ reported assessments of the importance of braking action; 
they do not objectively establish its impact on aircraft performance calculations or pilots’ 
situational awareness. Fifteen out of twenty pilots, who did not consider braking action 
information particularly important, still relied on it for calculating aircraft performance using 
the Onboard Performance Tool (OPT), version 4.62 —an application designed to perform 
mass and balance calculations, as well as evaluate take-off and landing performance. Access 
to the OPT is typically provided through the Electronic Flight Bag (EFB), a specialised tablet 
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that contains essential operational resources. These resources include maps, documentation, 
permits, certificates, and a variety of applications for calculations, conversions, and other 
critical functions.

One respondent described braking action data as a useful starting point for assessing 
overall runway conditions, while noting that he did not fully trust the information. Nev-
ertheless, he acknowledged the value of its basis in actual measurements conducted on 
contaminated runways.

4.3.2. The Global Reporting Format (GRF)
The new GRF may influence aircraft performance calculation procedures, with pilots 

reporting varying perceptions of its clarity and intuitiveness. Similarly to the research 
conducted on the original runway assessment system, this study explores how pilots per-
ceive the clarity and intuitiveness of the new format. The new GRF format was evaluated 
by the complete sample of 112 pilots, as all of them have been using the format since
November 2021.

Using the same five-point Likert scale, most pilots—59 out of 112 (52.7%)—rated 
the new SNOWTAM format as intuitive (4 points), while 33 pilots (29.5%) rated it as 
very intuitive (5 points), as seen in Figure 5. These findings represent a stark contrast 
to the results of research on the original report format, as 82.1% (95% CI 74.0–88.1%) of 
respondents rated the new format 4 or 5, compared with 26.0% (95% CI 18.3–35.6%) for the 
original format, i.e., a more than threefold higher share.

As the two formats were rated by partially different groups of respondents, changes 
in perceived clarity were analysed using a paired comparison of the 96 respondents who 
evaluated both formats. Their median rating increased from 3 (IQR 2–4) for the original 
format to 4 (IQR 4–5) for the new format (mean 2.80 vs. 4.12; mean difference 1.32, 95% 
bootstrap CI 1.07–1.57). Seventy-seven of these respondents (80.2%, 95% CI 71.1–86.9%) 
rated the new format higher, 13 gave the same rating and 6 rated it lower. The Wilcoxon 
signed-rank test confirmed the difference (z = 6.96, p < 0.001) with a large effect size 
(matched-pairs rank-biserial r = 0.86). The 16 respondents who had not used the original 
format rated the new format similarly to the other 96 respondents (median 4 in both groups; 
Mann–Whitney U = 906, p = 0.21), so their inclusion does not affect the descriptive results 
for the new format. The ratings of the original format were, however, given retrospectively 
and may be influenced by recall bias.

Furthermore, the new SNOWTAM format includes additional information pre-
sented in plain language, making it more user-friendly, clearer, and easier to understand
and remember.

One notable feature of the new format is the inclusion of data indicating the per-
centage of the runway covered by contaminants. Respondents perceived this feature as 
enhancing pilots’ situational awareness by complementing the information provided on 
runway surface conditions. A total of 90 out of 112 pilots (80.4%) identified this feature as 
an essential component of the report, perceiving it as a beneficial addition that supports 
aircraft performance calculations and enhances situational awareness. However, pilots also 
reported discrepancies between theoretical calculations and actual operational conditions. 
As one respondent noted: “In practice, there is a big difference if the runway is covered 
by contaminant 100% or 50%, although the calculations don’t show the difference.” An-
other respondent similarly noted: “I think this information is important. Pilots can quickly 
take a mental picture of the expected runway conditions and adequately set the aircraft
braking power.”

Pilots also reported that the data could support decision-making during braking 
manoeuvres, particularly when the full runway length is not utilised. For example, they need 

https://doi.org/10.3390/aerospace13110999

https://doi.org/10.3390/aerospace13110999


Aerospace 2026, 13, 999 17 of 32

not consider contaminant levels present in the final third of the runway when determining 
braking requirements.

Conversely, experienced pilots reported concerns about the usefulness of the new 
format for aircraft performance calculations, citing the absence of braking action infor-
mation, which they considered a key component of the original SNOWTAM report. One 
respondent noted: “Aircraft performance calculations with the new SNOWTAM are much 
more complicated than calculations with the old reports. There are a lot of places where 
you can make mistakes in the calculation. In my opinion, braking actions were the
most important…”.

Braking action is optional in the new SNOWTAM report and is included only by 
States that have an established programme for runway braking action measurement using 
approved measuring devices. States adhering to EASA regulations are prohibited from 
incorporating this data into reports [12]. Nonetheless, airports continue to utilise specialised 
measuring equipment to verify visual assessments of runway contaminants when preparing 
SNOWTAM reports.

The new GRF methodology introduced the Runway Condition Code (RWYCC), de-
signed to provide a more detailed assessment of runway surface conditions for each of the 
three runway thirds. Pilots were asked whether they considered replacing braking action 
information with the RWYCC an appropriate change. The majority of respondents (75 
out of 112; 67%) preferred the RWYCC to the braking action data and considered it an 
adequate replacement. In contrast, 30 respondents (26.8%) reported missing the braking 
action information in the new format. One pilot expressed uncertainty about the change, 
remarking, “It’s hard to judge because I was using the old format for over 30 years.” These 
figures relate to two different questions and are therefore not contradictory: A total of 
75 respondents (67.0%, 95% CI: 57.8–75.0%) considered the RWYCC more appropriate 
than braking action information. In a separate question, 82 respondents (73.2%, 95% CI: 
64.3–80.5%) considered the information provided by other elements of the new report 
sufficient to compensate for the absence of braking action data, whereas 30 respondents 
(26.8%) reported that this information was missing. When asked to select a single item for 
quickly assessing runway conditions, 65 respondents (58.0%) chose the RWYCC, while 39 
(34.8%) preferred braking action information.

Differences between pilot groups
To examine whether perceptions differed according to flight experience, winter-

operation experience or base region, the ratings and the main categorical items were com-
pared across these groups (Table 3). The ratings of the original and the new format, as well 
as the paired change between them, did not differ significantly between flight-experience 
groups or winter-experience groups (all p > 0.30; ε2 ≤ 0.004), nor between pilots based 
in Northern Europe and elsewhere (p = 0.60 and p = 0.28, respectively). Similarly, the 
importance attributed to braking action in the original format, the perception that brak-
ing action is missing in the new format and the preference for the RWYCC did not differ 
significantly between the groups. Two items showed statistically significant differences. 
The most experienced pilots (>6000 flight hours) more frequently considered information 
on percentage coverage important (93% vs. 76% and 64%; p = 0.009, V = 0.29), but less 
frequently rated the new format as clearer than the original one (76% vs. 100% and 95%; 
p < 0.001, V = 0.37). A similar pattern was observed when respondents were grouped 
according to their winter-operation experience. Pilots based in Northern Europe chose the 
RWYCC as the single most useful item less often than the other respondents (38% vs. 67%; 
Fisher’s exact p = 0.007, V = 0.26). After Holm correction, only the difference in perceived 
clarity by flight experience remained significant (adjusted p = 0.001); the other differences 
should therefore be regarded as exploratory indications.
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Table 3. Pilot responses by flight experience and by winter-operation experience.

Item <250 h 
(n = 22)

250–6000 
h (n = 45)

>6000 h 
(n = 45) p

≤4 
Seasons 
(n = 33)

5–7 
Seasons 
(n = 25)

>8 
Seasons 
(n = 54)

p

Clarity of original 
format, mean (1–5) a 2.64 2.67 2.96 0.461 2.67 2.62 2.93 0.460

Clarity of new format, 
mean (1–5) 3.91 4.11 4.11 0.536 3.91 4.16 4.13 0.753

Change new − original, 
mean a 1.36 1.50 1.16 0.312 1.33 1.58 1.20 0.369

Braking action 
important in original 

format, % a 
64 78 84 0.299 67 83 81 0.354

Braking action missing 
in new format, % 41 24 22 0.284 30 24 26 0.890

RWYCC more 
appropriate than 
braking action, %

73 64 67 0.838 70 68 65 0.900

RWYCC chosen as the 
single most useful 

item, %
55 64 53 0.577 64 60 54 0.638

Percentage coverage 
important, % 64 76 93 0.009 64 84 89 0.012

New format clearer 
than original, % 95 100 76 <0.001 * 97 100 80 0.006

a  Respondents who had used the original format only (n = 11, 40 and 45 by flight experience; 
n = 18, 24 and 54 by winter seasons). Means of 1–5 ratings compared using the Kruskal–Wallis test; 
percentages compared using the χ2  test with Monte Carlo permutation p-values (20,000 permutations). 
* Significant after Holm correction for 18 categorical comparisons. Source: own analysis of the 
questionnaire data.

Overall, the group comparisons suggest that the positive assessment of the new SNOW-
TAM format is shared across experience levels, whereas the most experienced pilots, who 
had used the original format for the longest time, are somewhat less convinced of its im-
proved clarity, and pilots operating in Nordic winter conditions attach relatively more 
weight to braking action information. Given the small subgroups and the exploratory 
nature of these comparisons, the differences should be confirmed with larger samples.

4.3.3. Views of Airport Operators
The condition of airport movement areas is now assessed uniformly worldwide follow-

ing the introduction of the GRF system. Assessment of these areas is conducted visually, 
which is essential for the publication of the Runway Condition Report (RCR). The RCR 
serves as the basis for the SNOWTAM report provided to flight crews. However, airport 
operators may also utilise specialised equipment to measure the longitudinal friction char-
acteristics of pavements for verification purposes.

In the following section, we analyse airport operators’ views on the impact of the new 
GRF system on the simplification of operational procedures, airport operations, runway 
safety, and the potential benefits the new methodology offers to airports, if any. The 
themes identified in operators’ written responses, the number of operators whose responses 
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reflected each theme, and representative excerpts are summarised in Table 4. The counts 
presented below are based on this thematic coding.

Table 4. Themes identified in the written responses of the airport operators (n = 9), with
representative excerpts.

Theme n Operators Representative Excerpt (Translated)

Overall assessment 
predominantly negative 5 LKPR, LKTB, LZIB, LZKZ, 

LZPP

“It is a step back. The work has not 
been simplified at all; it is much more 
complicated than the original system 
of assessing the surface condition of 
movement areas.” (LZPP)

Overall assessment neutral 
or positive 4 LKKV, LKMT, LZTT, LZZI

“In practice, determining the RWYCC 
using the RCAM has proved to be a 
very elegant and fast tool for assessing 
braking action, and also more 
predictable.” (LKMT)

Faster or simpler runway 
assessment; no runway 

occupation for measurement
5 LKKV, LKMT, LZKZ, LZTT, 

LZZI

“The most significant benefit … is the 
shortening of the time needed to 
occupy the runway for measurement. 
However, this will show mainly at 
busier airports.” (LZZI)

SNOWTAM issuance: 
faster/unchanged/slower or 

more error-prone
2/4/3

LKMT, LZTT/LKKV, LZIB, 
LZKZ, LZZI/LKPR, LKTB, 

LZPP

“Visual assessment and subsequent 
coding into the SNOWTAM message 
prolong the process and offer many 
points where an error can be 
inadvertently introduced, especially in 
a rapidly changing situation.” (LKTB)

Visual assessment subjective; 
measured friction more 

objective or precise
5 LKKV, LKPR, LKTB, LZKZ, 

LZPP

“The Runway Friction Tester gives 
continuous and documentable data on 
the runway condition and is more 
accurate than a mere estimate by even 
the most experienced worker.” 
(LKKV)

No specified method for 
measuring contaminant 

depth
2 LKPR, LZPP

“There is no explicit methodology for 
obtaining its average value in each 
third … some estimate it from the car, 
some stop and spot-measure the layer, 
but the choice of the spot is again 
subjective.” (LKPR)

Continued use of 
friction-measuring 

equipment (verification, 
downgrade, evidence)

5 LKKV, LKPR, LKTB, LZIB, 
LZTT

“We use unfavourable results of 
friction measurement to 
DOWNGRADE the code originally 
derived from the matrix.” (LKPR)

Lack of documentary 
evidence in the event of an 

incident
3 LKPR, LKTB, LZKZ

“After the assessment, the staff are left 
with practically no evidence for 
possible future documentation in the 
event of an incident, which is a huge 
disadvantage of the whole change.” 
(LKTB)
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Table 4. Cont.

Theme n Operators Representative Excerpt (Translated)

Training, manuals and 
staffing burden 4 LKPR, LKTB, LZPP, LZTT

“The old procedure … was described 
on about 30 pages; the new GRF 
procedure according to EASA takes 
more than 60 pages.” (LZPP)

RCAM does not reflect 
runway surface 

characteristics or 
contaminant depth beyond 

thresholds

2 LKPR, LZKZ

“With different runway surfaces but 
the same contaminants, depth and 
percentage coverage, the matrix gives 
the same code on different surfaces.” 
(LZKZ)

Sharp 3 mm/4 mm 
threshold; mechanical 
removal preferred to 
chemical treatment

2 LKPR, LZPP

“Because of the sharp changes of the 
code at 3 mm/4 mm, we are forced to 
remove contamination mechanically 
more often instead of leaving the 
chemical treatment to act.” (LKPR)

Harmonisation of 
terminology and assessment 

as a benefit
2 LKPR, LZIB “Unification of terms.” (LZIB)

Improved cooperation 
between ground staff and 

flight crews
2 LKTB, LZIB

“The fundamental advantage is the 
intended close cooperation between 
airport staff ‘on the ground’ and crews 
‘in the air’.” (LKTB)

Inconsistent ICAO, EASA 
and national requirements 2 LKTB, LZPP

“The number of regulations governing 
this issue (ICAO vs. EASA vs. local) 
leaves a wide range of interpretation of 
the requirements.” (LKTB)

Perceived effect on safety: in-
creased/unchanged/possibly 

decreased
1/5/3

LZTT/LKKV, LKTB, LZIB, 
LZPP, LZZI/LKMT, LKPR, 

LZKZ

“If we applied the GRF methodology 
strictly, without common sense, the 
level of safety could even decrease 
dramatically.” (LKPR)

Counts refer to the number of operators, with each operator potentially contributing to multiple 
themes. Excerpts were translated from Slovak or Czech by the authors; ellipses indicate omitted text. 
Source: authors’ own coding of the written responses.

Simplification of Operational Procedures
The responses from the nine airport operators surveyed do not present a unanimous 

perspective regarding the changes introduced by the GRF methodology. Five operators 
reported that they mainly perceived disadvantages of the new system. Chief among these 
concerns were the subjective nature of runway condition assessments, the complexity and 
cost associated with staff training, and the absence of standardised processes for measuring 
contaminant parameters during runway condition evaluations.

Runway conditions can deteriorate due to factors such as snow rutting caused by 
aircraft operations or fluctuations in ambient air temperature. These changes can have 
a direct impact on aircraft braking performance. To monitor the dynamic variations in 
runway conditions, several operators recommended the use of measuring devices such 
as Continuous Friction Measuring Equipment (CFME), which is certified by both ICAO 
and EASA. CFME is among the few tools capable of recording results of runway condition 
measurements, thereby providing valuable evidence in the event of an incident or accident. 
However, the results obtained from such equipment cannot currently be utilised, as the 
outcomes of visual inspections are prioritised in the evaluation of runway conditions.
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Five airport operators observed that the original method of measuring runway surface 
friction was more objective and precise when compared to the new method. Despite the 
increased workload it entails, some airport operators continue to utilise the original method 
alongside the new GRF methodology.

Some respondents expressed the view that the introduction of the new GRF methodol-
ogy neither simplifies airport operators’ work nor reduces their workload. Prague Airport 
described the existing practice as follows: “At some airports, there are three employees 
in an inspection vehicle. They regularly stop and take spot measurements of the amount 
of contaminant on the runway, from which they calculate an average at the end.” One 
potential limitation of this approach is the subjectivity involved in selecting measurement 
locations, which may affect the accuracy and representativeness of the results. This practice 
has arisen as a response to the inadequate specification of methods for measuring runway 
contamination under the new guidelines. A similar concern was raised by Piešťany Airport 
(LZPP), which reported the lack of legislative clarity regarding how contaminant height 
measurements should be conducted.

A practical example, provided by airport operators from Piešťany (LZPP) and Prague 
(LKPR), pertains to water film depth (WFD) measurements. According to the Runway 
Condition Assessment Matrix (RCAM), when the thickness of the water layer on the runway 
does not exceed 3 mm, the runway is assigned a Runway Condition Code (RWYCC) of 5. 
In the RCAM, this code corresponds to an assumed (not measured) good braking action 
and normal directional control. However, when the water depth exceeds 3 mm (e.g., when 
4 mm is measured), the condition is categorised as standing water, and the RWYCC is 
downgraded to 2. In the RCAM, this lower code corresponds to an assumed braking action 
of medium to poor.

It should be emphasised that this abrupt change is a property of the categorical struc-
ture of the RCAM; it does not represent a demonstrated abrupt change in aircraft braking 
performance. Physically, the loss of tyre–pavement friction with increasing water depth is a 
gradual process that depends on aircraft speed, tyre inflation pressure and tread condition, 
and pavement macrotexture, and the onset of dynamic hydroplaning is governed by the 
combination of these factors rather than by a single water depth [21,22]. The 3 mm value is 
a regulatory threshold that separates a wet runway from a runway contaminated by stand-
ing water, and the step from RWYCC 5 to RWYCC 2 reflects a conservative categorisation 
adopted for operational simplicity. In addition, the GRF allows the assessed code to be 
downgraded based on all available information, including air reports of braking action [39]. 
The present study did not measure aircraft braking performance and therefore cannot quan-
tify how braking performance changes between 3 mm and 4 mm of water. The operational 
relevance of the example lies in the reporting process: a difference of only 1 mm, which is 
difficult to determine reliably with the manual spot measurements described above, decides 
whether the runway is reported with RWYCC 5 or RWYCC 2, and thus which performance 
assumptions are applied by flight crews. The reported code is therefore highly sensitive to 
measurement accuracy close to the threshold, which underlines the importance of accurate 
and standardised contaminant-depth measurement methods. Similar threshold effects are 
present for other contaminant types in the RCAM structure.

To mitigate such risks, airports often opt to remove contaminants mechanically, de-
spite the potential benefits of chemical treatment in reducing runway closure times while 
maintaining safe operations at contamination levels up to 4 mm (e.g., slush). However, 
the lack of data to substantiate and support this approach remains a significant challenge. 
Moreover, airports are prohibited from publishing braking action data obtained through 
onsite measurements, further complicating efforts to validate alternative methods.
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One operator raised concerns about the underlying structure of the RCAM for runway 
condition assessment, describing it as fundamentally flawed. The operator noted that 
current guidelines require airports to assign the same RWYCC to runway conditions with 
identical contaminant types, depths, and coverage percentages, irrespective of the runway 
surface characteristics. The issue lies in the fact that this requirement fails to account for 
variations in runway surface properties, as depicted by Figure 6.

 

Figure 6. Grooved runway at the Kristiansand Airport, Kjevik. The condition of the runway surface, 
such as whether it is grooved with good macrotexture or an older, polished surface, significantly 
affects its friction characteristics. Author: A. Kazda, 2014.

Although this observation reflects the opinion of only one airport operator, studies 
investigating the Runway Condition Assessment Matrix (RCAM) and the broader ICAO 
Global Reporting Format (GRF) frequently highlight a core operational challenge: RCAM 
relies heavily on visual observations of contaminant type, depth and temperature rather 
than on continuous, real-time measurements of runway surface microtexture, macrotex-
ture and localised friction variability.

While RCAM provides a standardised, deterministic method for airport operators to 
assign Runway Condition Codes (RWYCC) [45], studies and regulatory safety reviews note 
that it does not dynamically account for fine-grained differences in pavement character-
istics, such as grooved versus ungrooved surfaces, porous friction courses (PFC), rubber 
contamination or suboptimal drainage, unless the operator manually applies a downgrade 
or relies on specialised friction testing [26].

Key Findings on RCAM Limitations and Surface Characteristics
Reliance on Categorical Visuals: RCAM categorises conditions based on broad con-

taminant thresholds (e.g., standing water > 3 mm). However, two runways with identical 
contaminant depths can yield vastly different aircraft braking performances depending on 
whether the surface is grooved, textured concrete, or smooth, worn asphalt [21,22,46].
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Microtexture and Macrotexture Gaps: Pavement drainage capacity and microtexture 
dictate fluid evacuation under tyres. Standard RCAM lookup tables do not factor in how 
quickly specific pavement designs mitigate dynamic aquaplaning, making supplemental 
friction monitoring or pilot reports (PIREPs) necessary to capture actual surface behaviour.

The “Slippery-Wet” Runway Challenge: Under wet or thin contaminant conditions, 
a runway with degraded inherent friction characteristics can perform significantly worse 
than the standard RCAM predicts for a typical wet runway, often requiring separate admin-
istrative NOTAMs or manual downgrades.

Published evidence supports this stakeholder concern. Early NASA studies demon-
strated that, under the same wetness conditions, tyre–pavement friction depends strongly 
on pavement macrotexture and grooving, which can largely alleviate traction loss on wet 
runways [21,22]; surface texture is accordingly an explicit input of the Engineering Sciences 
Data Unit (ESDU) method for estimating aircraft braking force [47]. Certification rules 
likewise recognise surface-dependent wet-runway braking: 14 CFR 25.109 allows a higher 
wet-runway braking coefficient, up to 70% of the dry-runway value, for runways that are 
grooved or treated with a porous friction course [48]. More recently, a review of flight-test 
activities and wet-runway overruns by the Netherlands Aerospace Centre reported that 
in several overruns the wheel-braking friction was significantly lower than predicted by 
industry models, although the runways were wet but not classified as slippery wet, and 
identified deficient runway microtexture as the likely cause [46].

The GRF partly addresses degraded surfaces: a wet runway whose surface friction 
characteristics have been determined to be degraded is reported as “slippery wet” with 
RWYCC 3 [11,39]. This designation, however, captures only runways below the friction 
maintenance threshold; differences among runways above it are not reflected in the RWYCC. 
Evidence on how reliably descriptive, contaminant-based assessments represent the braking 
actually experienced by aircraft is also limited. Klein-Paste et al. found that runway inspec-
tors’ assessments were within the ±1 braking-action category of the braking experienced 
by aircraft in 77% of landings [32], and in a survey of Polish aerodrome duty officers after 
the first GRF winter, 52% of respondents indicated that the RCAM needed improvement; 
contaminant identification and depth measurement were rated as its most problematic 
elements, and 60% of those still using friction-measuring devices reported that the mea-
sured values often differed from crew reports [45]. Taken together, these sources indicate 
that runway surface characteristics can modify the braking performance associated with 
a given contaminant condition. Quantifying this effect for the RCAM categories would, 
however, require correlating the published RWYCC with aircraft deceleration data, which 
was beyond the scope of this study.

Previously, measurements conducted using calibrated Continuous Friction Measuring 
Equipment (CFME) inherently accounted for differences in runway surface properties. The 
equipment directly derived friction coefficients from physical tests performed on the runway. 
However, the new methodology does not incorporate such surface-specific variations, 
potentially leading to the publication of inaccurate RWYCC values. According to this 
operator, runway conditions consequently often need to be re-evaluated, with RWYCC and 
SNOWTAM reports frequently updated.

One operator also reported discrepancies between the published RWYCC and braking 
action feedback received from flight crews. This discrepancy was echoed by some pilots 
during the research. Nevertheless, despite this limitation, most pilots expressed a preference 
for the RWYCC over the previously reported braking action data.

Four airport operators expressed neutral or positive views of the new methodology. Al-
though the system places less emphasis on precise measurements, these operators reported 
that, in practice, determining the RWYCC using the RCAM provides a straightforward and 
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efficient means of assessing runway conditions and associated braking performance. They 
also acknowledged the continued value of measurement equipment for verifying visual 
assessments of the runway surface. One operator estimated that measuring contaminant 
depth and conducting a runway condition assessment under the new system typically takes 
between 2 and 4 min. According to one airport operator, the new system has streamlined the 
runway condition assessment process, with the benefits being particularly apparent at busier 
airports. Previously, it was challenging to interrupt operations and close runways to carry 
out braking action measurements. The new system eliminates this need, as assessments 
are now conducted visually. While there has been an initial investment in staff training, 
airports anticipate potential long-term cost savings on measuring equipment, which is no 
longer mandated by regulations.

Although visual assessments are inherently subjective, five operators reported that the 
time required to evaluate runway conditions has decreased, whereas two operators (LKTB, 
LZPP) stated that the overall process of assessment, coding and reporting has become 
longer. However, they also noted that the verification of assessments and the issuance of 
SNOWTAM reports remain time-intensive, particularly at airports with high traffic volumes.

A significant question remains as to whether all airport operators will eventually 
adapt to the new visual assessment methods to the extent that they completely discontinue 
braking action measurements using specialised equipment. At present, such equipment is 
used exclusively for verifying visual assessments and providing evidence in the event of
an incident.

4.3.4. Benefits of the GRF Methodology
Five airport operators (LKKV, LKMT, LZKZ, LZTT, and LZZI) identified a faster or 

simpler runway condition assessment process as the main advantage of the new GRF 
methodology. These operators also reported that working with the new system has become 
simpler and more efficient, as the updated assessment methods do not require prolonged 
runway closures. Two operators reported that issuing a SNOWTAM report has become 
faster and more efficient, particularly under rapidly changing conditions. However, four 
operators observed no change in the speed of issuance, noting that the time required 
remains comparable to that of the previous method, and three operators (LKPR, LKTB, 
LZPP) reported that, particularly under rapidly changing conditions, the process has 
become slower or more prone to errors. Another operator highlighted the greater clarity 
and simplicity of the new SNOWTAM report format as a key benefit of this methodology. 
These observations align with feedback provided by flight crews and outlined in Figure 5.

Two operators emphasised the importance of globally harmonising terminology and 
methods for runway surface condition assessment. They regarded this standardisation as 
an important step towards improving the safety of aircraft operations worldwide. Improved 
collaboration between flight crews, Air Traffic Control (ATC), and airport operators was 
also perceived by respondents as a key positive aspect of the new system. Under the 
GRF methodology, flight crews can report actual braking conditions on contaminated 
runways directly to ATC. Based on these reports, airport operators can adjust the RWYCC 
coding and update the SNOWTAM report accordingly. This collaboration fosters improved 
communication between airport personnel and flight crews, potentially contributing to 
enhanced safety on airport movement areas.

Operational Safety Enhancements
The primary and long-term objective of ICAO is to enhance safety at airports on a 

global scale. However, only one out of nine airport operators expressed confidence that the 
introduction of the new methodology would result in improved operational safety.

https://doi.org/10.3390/aerospace13110999

https://doi.org/10.3390/aerospace13110999


Aerospace 2026, 13, 999 25 of 32

Eight operators did not perceive the new system as having improved safety on airport 
movement areas: five perceived the level of safety unchanged (LKKV, LKTB, LZIB, LZPP, 
LZZI), and three perceived that it might even decrease (LKMT, LKPR, LZKZ). Several of 
these operators argued that the previous system, which relied on specialised equipment for 
measuring longitudinal friction and braking action, provided a more precise evaluation of 
runway conditions. In contrast, the new system relies on visual assessments, introducing 
an element of subjectivity and increasing the potential for human error. Furthermore, these 
operators criticised the complexity of the new system, identifying multiple points where 
errors could occur.

Two operators identified the RCAM structure as a potential safety concern, citing its 
inability to account for differences in runway surface characteristics and its lack of reliance 
on measurements from specialised equipment, particularly under conditions of heavy 
runway contamination.

Only one operator perceived the new system as potentially improving safety. However, 
this assessment was made in the context of limited operational experience, as the system 
had been in use for only two winter seasons.

This operator (LZTT) supported its view by the absence of incidents or accidents 
related to runway contamination during more than 10,000 movements in 2022 and by the 
year-round reporting obligation.

5. Discussion
Every change in aviation standards or procedures has an impact on safety and is 

inherently associated with increased risk. That is why the changes must be thoroughly 
assessed before they are introduced, particularly when they affect multiple stakeholders. 
This is the case with the Global Reporting Format (GRF), which directly influences air-
port operators, cockpit crews, airline operators, and air navigation service providers. The 
changes are not only confined to Annex 14—Aerodromes, Volume I; they are also reflected 
in and have implications for provisions within four other Annexes and five additional
ICAO documents.

When standards and recommended practices are revised, it is not always possible to 
fully meet the requirements of all stakeholders. The resulting revision often represents a 
compromise. Further adjustments and detailed refinements become possible only after 
operational experience is acquired and operational feedback collected.

The responses indicate that the new system is generally well received by the surveyed 
flight crews. The inclusion of new information on the percentage of runway contaminant cov-
erage is largely considered important and beneficial by pilots (as documented by Figure 5). 
The respondents perceive the updated report format as clearer, more user-friendly, and 
easier to understand. Consequently, pilots generally perceive the changes to the Runway 
Condition Assessment Matrix (RCAM) as appropriate.

According to four pilots operating primarily in Northern Europe, the GRF system 
is intuitive and user-friendly during landing operations. However, it presents challenges 
during take-off performance calculations, particularly when multiple types of contami-
nants are present on the runway. In such cases, only one contaminant can be selected for
the calculations.

Three pilots have expressed their concerns about the need to use conversion tables to 
determine braking action for performance calculations. At the time of our research, this 
concern stemmed from the fact that the Onboard Performance Tools (OPT) software of 
certain airlines had not yet been updated and therefore was not aligned with the new GRF 
requirements. Nevertheless, it is evident that this is a temporary issue that airlines will be 
able to resolve over time.
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One highly experienced pilot, with over 6000 flight hours, favouring reporting of 
braking action over the new RWYCC structure, raised a concern about the new structure: “I 
don’t understand why the same order of RWYCC must be applied for both ends of the RWY. 
RWY 01-2/3/3, and for RWY 19, you must read it backwards. In my opinion, the better way 
would be 01 2/3/3 and 19 3/3/2.”

The airport operators’ responses reveal an apparent tension between the efficiency 
expected from GRF standardisation and the increased workload reported by some operators. 
To analyse this more systematically, Table 5 compares the previous and the current systems 
according to assessment time, runway closure, equipment requirements, staff training, 
reporting workload, and safety assurance.

Table 5. Comparison of the previous and the GRF-based runway condition assessment and reporting, 
as reported by the nine surveyed airport operators.

Factor
Previous System 

(Measured Braking 
Action)

GRF (RCAM/RWYCC) Experience Reported by 
Airport Operators

Assessment time

Measurement runs along 
the runway with 

friction-measuring 
equipment

Primarily visual 
assessment supported by 

spot measurements of 
contaminant depth

Five operators named faster or 
simpler assessment as the main 
benefit; two reported a longer 
overall process; one estimated 

2–4 min per assessment

Runway closure
Runway closed for 
measurement runs; 

difficult at busy airports

No measurement runs 
required for reporting

Reported as a benefit, 
particularly at busier airports

Equipment 
requirements

Friction-measuring 
equipment was the basis of 
the reported braking action

Not required for reporting; 
may be used only to verify 

the visual assessment; 
measured braking action 
not published in EASA 

States

Five operators explicitly 
reported continued use of 
equipment for verification, 
downgrading or evidence; 

several would welcome a greater 
role of CFME; one anticipates 

long-term savings on equipment

Staff training
Established procedures; 

training focused on 
equipment operation

Training in visual 
assessment, RCAM 

application and RCR 
compilation

Complexity and cost of training 
named among the main 

disadvantages; additional 
investment in training and 

aerodrome manuals reported

Reporting workload 
(RCR/SNOWTAM)

Measured values 
transcribed into a coded 

SNOWTAM

RCR with RWYCC per 
runway third, coverage, 

depth and plain-language 
description

Two operators reported faster 
issuance, four no change and 

three a slower or more 
error-prone process; verification 

and issuance remain 
time-intensive, especially at 
high-traffic airports; several 

points where errors can occur

Objectivity and safety 
assurance

Measured and recorded 
friction values; 

documentary evidence 
available

Subjective visual 
assessment; no published 

measured data

Five operators considered the 
previous method more objective 
and precise; lack of documented 
evidence in case of an incident; 
only one operator expected a 

safety improvement
Source: own elaboration based on the airport operators’ written responses (n = 9); the entries are 
operator-reported assessments, not measured values.
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Table 5 suggests that the efficiency gain of the GRF is concentrated in the assessment 
itself (shorter assessment time and no runway closures for measurement runs), whereas part 
of the workload has shifted to staff training, contaminant-depth measurement, verification 
with friction-measuring equipment, and the preparation of the RCR and SNOWTAM. 
Whether the GRF has simplified the overall process therefore depends largely on local 
practice: at airports that continue parallel verification measurements, the net workload may 
not have decreased. These conclusions rest on operator-reported assessments; time-and-
motion data were not collected and would be needed to quantify the net effect.

In preparing procedures for airport operators, the absence of a uniform methodol-
ogy for determining the height of contaminants remains a significant issue. As a result, 
under identical conditions, evaluations may vary between airports, potentially leading to 
discrepancies in aircraft behaviour during take-off or landing. Such inconsistencies could 
potentially affect safety; however, this concern is based on the operators’ statements and was 
not tested against operational data in this study. The absence of braking action information 
in the GRF, which is closely related to the quality of the runway surface, can be considered 
a systemic problem. Although airports are equipped with facilities for measuring braking 
action and longitudinal friction coefficients, these measurements can only be utilised in-
ternally. It should be noted that no specific tests are required on contaminated runways to 
evaluate behaviour of aircraft braking system or aircraft performance. Current regulations 
prevent airport operators from publishing such data which very much limits the potential 
of the data to enhance operational safety.

In accordance with Annex 14, Volume I [11], airport operators are required to period-
ically measure runway surface friction characteristics for maintenance purposes using a 
continuous friction measuring device equipped with self-wetting features. This process 
is essential for determining the trend of surface friction characteristics over time. Con-
sequently, aerodromes must either maintain access to such equipment or outsource the 
measurements from external providers.

Another operational problem is that measurement methods, used by various certified 
devices for measuring braking action and surface friction characteristics, are not harmonised 
and outcomes of these measurements are not correlated with aircraft braking performance. 
Despite numerous attempts, no verification has conclusively linked the results obtained 
from these devices to actual aircraft performance on a similarly contaminated runway. 
While the behaviour of measurement vehicles and/or devices on contaminated runways 
is well understood, there remains significant uncertainty regarding whether aircraft will 
behave in the same manner.

It is a common misconception that the friction characteristics at the tyre-to-pavement 
surface contact area, as represented by a coefficient of friction, solely reflect the properties 
of the pavement surface. Instead, the coefficient of friction is the result of a complex 
interaction involving multiple factors, including the pavement surface characteristics, the 
aircraft tyre properties, the type and extent of contamination present, and the prevailing
meteorological conditions.

For pilots’ situational awareness, it would certainly be feasible to include additional 
information regarding the quality of the runway surface, such as depth of runway surface 
texture or modifications of runway surface like grooved surfaces or Porous Friction Course 
(PFC) runways [47]. However, these parameters are highly technical and would provide 
limited practical value to flight crews.

From this perspective, it is logical to focus reporting solely on the extent and type 
of runway contamination. However, the omission of information about the quality of 
the runway surface—a critical factor influencing aircraft performance during take-off and 
landing—represents a significant gap in the current reporting system. In the past, for exam-
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ple, harmonisation has been achieved between the results of the Runway Surface Unevenness 
Assessment, using the Dual Mass Method, and aircraft performance characteristics [49].

Limitations of the Study
The findings should be interpreted in the light of several limitations. First, the pilot 

sample was obtained through convenience and snowball sampling via airlines, pilot as-
sociations and university networks, and it is geographically concentrated: Slovak, Czech 
and Finnish nationals accounted for 76.8% of respondents, and most respondents had been 
based in Eastern or Northern Europe. Pilots operating in regions with different climatic 
conditions, regulatory frameworks (e.g., non-EASA States, where braking action may still 
be published) or SNOWTAM practices may perceive the GRF differently, and the response 
rate could not be determined. Self-selection of pilots with a particular interest in winter 
operations is also possible, and airline affiliation was not recorded. Second, the airport 
sample comprised only nine operators of civil IFR aerodromes in Slovakia and the Czech 
Republic, all operating under the EASA regulatory framework. Although these airports 
differ considerably in pavement type and age, elevation and traffic, they cannot be regarded 
as representative of airports worldwide, and the numbers of operators expressing particular 
views should not be interpreted as prevalence estimates.

Third, the data were collected after only two winter seasons of GRF application 
(2021/2022 and 2022/2023), when some airlines’ performance tools and some airports’ 
procedures had not yet been fully adapted; perceptions may have changed since. Fourth, 
all data are self-reported; the evaluation of the original SNOWTAM format relied on recall 
and may be affected by familiarity or recall bias, and the original and the new formats were 
evaluated by partly different groups of respondents (96 and 112).

Fifth, the statistical comparisons between pilot groups are exploratory: the sub-
groups are small, and several comparisons were performed. The airport data consist 
of short written answers that could not be validated by follow-up interviews. Finally, 
and most importantly, the study did not include objective data on aircraft braking perfor-
mance, runway excursions, incidents or accidents. The findings therefore describe how 
the GRF is perceived and experienced by its users within the investigated regional context; 
they do not demonstrate its actual technical accuracy or its effect on safety. The safety-
related issues identified should be regarded as potential concerns requiring validation by
further research.

6. Conclusions
The issue of runway surface slipperiness and runway conditions reporting is complex, 

encompassing not only numerous technical challenges but also managerial considerations 
involving multiple stakeholders.

The following conclusions are based on the perceptions and operational experience 
of 112 pilots, mainly from Central and Northern Europe, and of nine airport operators in 
Slovakia and the Czech Republic. They should be interpreted within this scope and do not 
represent direct measurements of the technical or safety performance of the GRF.

Contamination and icing phenomena on movement areas and runways can lead to 
reduced safety, as well as incidents and accidents. Provision of accurate information to 
flight crews and proper assessment of runway conditions are crucial measures to prevent 
such events from happening. In 2016, the International Civil Aviation Organization (ICAO) 
adopted, with applicability from 4 November 2021, a new Global Reporting Format (GRF) 
methodology, which revised the procedures for runway condition inspections. Under this 
system, runway conditions are assessed primarily through visual observations. Conse-
quently, a new runway condition code (RWYCC) was introduced to replace braking action 
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assessments in the SNOWTAM report. Equipment previously used for measuring braking 
action is now utilised for verification purposes only.

The primary objective of ICAO in implementing the GRF was the unification of proce-
dures and standards. However, certain issues remain unresolved at the international level. 
Member States retain the option to adapt international standards and report any differences 
to ICAO. The European Union Aviation Safety Agency (EASA) has amended specific aspects 
of the GRF methodology, mandating their implementation by EASA Member States.

Pilots generally perceive the changes introduced by the new Global Reporting Format 
(GRF) methodology positively. In general, cockpit crews perceive the updated SNOWTAM 
report format as forming a key part of the GRF methodology, as well-designed, clearer, 
and more user-friendly. Almost three-quarters of respondents (82 out of 112 pilots) in-
dicated that they do not miss the inclusion of braking action in the new format, as this 
information is sufficiently replaced by alternative data. The improvement in perceived 
clarity was confirmed by a paired analysis of the respondents who had used both formats 
and was consistent across flight-experience and winter-experience groups, although the 
most experienced pilots were less unanimous in considering the new format clearer.

However, pilots raised concerns about the absence of braking action data, making 
calculations of aircraft performance more time-consuming and very complex. In some cases, 
crews are required to use conversion tables to translate the information from the new format 
into the previous one before they can put it into the Onboard Performance Tool (OPT) for 
performance calculations. This additional step increases pilot workload and diverts pilots’ 
attention from their primary task of flying an aircraft.

A French captain remarked: “Comfort in using either the old or new format is simply 
a matter of training. Regardless of the coding system in use, the key is having the right 
tools to interpret it.” In other words, if airline companies have well-established training 
programmes and appropriate tools, they can effectively work with any format, irrespective 
of the system.

The feedback from pilots suggests that flight crews are in favour of the new methodol-
ogy and the updated SNOWTAM report format, mainly because the information it contains 
is more comprehensive and it is presented in plain language. However, the problem is that 
the data included in SNOWTAM reports vary across the world regions, which reduces their 
consistency and usability.

From airport operators’ point of view, the primary issues are associated with the 
missing legislative specification of the method for measuring the height of the contaminant 
on the runway. Furthermore, uncertainties exist about the Runway Condition Assessment 
Matrix (RCAM) structure, where operators independently assign a Runway Condition 
Code (RWYCC) for each third of the runway. The revised runway condition assessment 
framework does not account for variations in runway surface types. Consequently, identical 
RWYCCs can be published for equally contaminated runways, even though different surface 
characteristics may result in varying braking performance.

Five of the nine airports consulted during this research explicitly indicated that they 
continue utilising equipment for measuring braking action on runways. However, these 
measurements are not mandated, and their results cannot be published and serve solely as 
supplementary or control data to corroborate visual assessments. In the event of an incident 
or accident caused by runway contamination, airports lack documented evidence to justify 
the specific runway condition codes they have reported.

According to ICAO, the new GRF system is intended to enhance safety. However, 
airport operators have reported that runway condition assessments, under this system, 
are time-consuming, and the subsequent verification using measuring equipment further 
prolongs the process. They argue that this could negatively impact operational safety.
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As the study did not include accident, incident or braking-performance data, it cannot 
determine whether the GRF has actually improved or reduced operational safety; these 
safety-related findings represent stakeholder perceptions and potential concerns that require 
validation with objective data.

This research serves as a timely response to the changes introduced by the GRF method-
ology and provides stakeholder-based evidence that may support future refinements of 
the GRF and, ultimately, aviation safety. It does not aspire to replace outcomes of the 
activities conducted at an international level, such as those of the ICAO Friction Task Force, 
which may ultimately lead to updates of the GRF methodology. These updates, however, 
would require significant time to be properly implemented due to the complex communi-
cation mechanisms among various professional bodies, international organisations, and
Member States.

In our further research, we aim to investigate the progress made by airports in de-
veloping and implementing procedures for measuring contaminants on runways. Future 
research should also extend the survey to other regions and regulatory environments and 
validate the concerns identified here against objective data, for example by comparing the 
published RWYCC with aircraft deceleration recorded by flight data monitoring and with 
pilot braking action reports.
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