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Abstract  Keywords 

Runway configuration at airports is determined based on the prevailing wind direction 

to ensure the safety of flight operations. In this process, wind direction, crosswind 

component, and wind coverage are of critical importance. In this study, Warsaw 

Chopin Airport, which has intersecting runways, is examined. Using 12 years of 

METAR data for the airport, wind speed, wind direction, and wind coverage were 

analyzed. Finally, monthly wind contour models were generated for the airport, and 

the relationship between wind and runway configuration was evaluated seasonally. 

 

Based on the wind data from Warsaw Chopin Airport, it was found that the prevailing 

wind directions are west, northwest, and east-southeast; the average wind direction is 

250°, while the maximum and minimum wind directions are 270° and 360°, 

respectively. Additionally, the wind coverage was calculated as 99.77% with the 

combined use of the existing intersecting runways, indicating that the current runway 

configurations are operationally highly sufficient. 
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1. INTRODUCTION 
 

Wind direction and speed are critical factors in determining the optimal configuration of airport runways 

to ensure operational safety. Runways should be aligned to provide at least 95% usability without 

exceeding the permissible limits of the crosswind component. If a single runway configuration does not 

meet this criterion, alternative layouts—such as intersecting or crossing-extended runways—are 

considered. Crosswinds, particularly those blowing perpendicular (i.e., at 90°) to the runway, pose 

significant risks during takeoff and landing as they may cause aircraft to drift, skid, or lose control. 

When the crosswind component exceeds operational limits (typically between 10 and 20 knots), 

adjustments in runway configurations may become necessary. In airports with intersecting or crossing-

extended runways, traffic can be directed to a more suitable runway. However, at airports with parallel 

runways, certain runways may need to be temporarily closed. 

 

In addition to crosswinds, headwinds and tailwinds also significantly affect aircraft performance during 

takeoff and landing. Tailwinds—winds blowing in the same direction as the aircraft’s flight path—

increase required takeoff and landing distances, necessitating the use of longer runways and mandatory 

adjustments in performance data. Conversely, headwinds—winds blowing opposite to the direction of 
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flight—enhance lift during takeoff, enabling aircraft to become airborne in shorter distances, and assist 

deceleration during landing by increasing drag [1,2]. 

 

When determining runway configurations, prevailing wind direction, crosswind limits, and wind 

coverage percentages must be considered together. Runways are typically oriented to maximize 

headwind components while minimizing the effects of crosswinds, thereby improving both the safety 

and efficiency of takeoff and landing operations. If crosswind limits are exceeded, runway changes are 

required at airports with multi-directional runways, whereas some runways may need to be deactivated 

at airports with parallel runway configurations. Aircraft may operate under tailwind conditions up to 5–

10 knots; however, higher wind speeds necessitate runway changes [2]. 

 

Numerous studies have been conducted to forecast wind speed and direction. Various methods have 

been developed to predict local wind speed, often relying on stochastic models to accurately represent 

wind behavior [3-7]. Recent developments in the literature include the application of next-generation 

approaches—such as artificial intelligence, neural networks, and hybrid models—aimed at improving 

the accuracy and reliability of wind prediction [8-13]. Furthermore, studies focusing on runway 

orientation optimization have utilized various components such as crosswind effects, numerical 

analyses, machine learning techniques, and integrated airport operations [14-16]. For instance, Chang 

(2015) developed a model for optimizing multiple runway orientations based on crosswind data and 

validated its accuracy by comparing it with previous models [14]. Several studies have proposed 

optimization models to determine runway configurations under stochastic conditions [17-23]. 

Additionally, wind rose diagrams, which graphically illustrate how wind direction and speed are 

distributed over time at a given location, have become a widely used tool for summarizing large datasets 

and optimizing runway operations. Singh and Chopra (2012) developed a Java-based software on the 

NetBeans platform that enables the calculation of runway orientation and coverage ratios through wind 

rose analysis [24]. In another study conducted by Oktavia et al. (2023) at Minangkabau International 

Airport, ten years (2011–2020) of synoptic data obtained from a meteorological station were analyzed. 

The study identified the prevailing wind directions as southwest (203°–248°) with 41.97%, west (248°–

293°) with 27.93%, and south (158°–203°) with 13.81%. The wind speeds were predominantly within 

the range of 4.08–7 knots (54.8%) [25]. The literature demonstrates substantial contributions to the field 

through studies on wind forecasting [3-9, 26-33], runway orientation optimization [14-23, 34-40] and 

wind rose applications [24,25]. 

 

In this study, Warsaw Chopin Airport, which features intersecting runways, has been selected as the 

case study. The objective is to examine the seasonal wind characteristics of the airport and evaluate their 

operational implications for runway usage. Meteorological data from the period 2010–2022 were 

analyzed using Python-based wind contour diagrams. The analysis assessed the seasonal frequency, 

adequacy, and efficiency of the existing runway configuration. This study comprehensively examines 

wind coverage based on possible runway configurations and seasonal wind contour diagrams. 

 

2. METHODOLOGY 

 

The International Civil Aviation Organization (ICAO) recommends that runway orientations be 

designed in accordance with prevailing wind directions to ensure the safe takeoff and landing of aircraft. 

Similarly, according to the standards of the Federal Aviation Administration (FAA), runway alignment 

should be planned to allow aircraft operations to be conducted without exceeding crosswind limits at 

least 95% of the time. ICAO and the European Union Aviation Safety Agency (EASA) define the 

Allowable Crosswind Component (ACC) based on the runway length required for takeoff. Accordingly, 

the crosswind limits are set at 10 knots (5.1 m/s) for runways shorter than 1200 meters, 13 knots (6.7 

m/s) for runways shorter than 1500 meters, and 20 knots (10.3 m/s) for runways longer than 1500 meters. 

All these values are defined under dry runway surface conditions [41]. 
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The FAA (2012) also specifies allowable crosswind components based on the Runway Design Code 

(RDC). The RDC consists of a letter and a Roman numeral. The letter represents the aircraft's approach 

speed (with "A" being the lowest and "E" the highest), while the Roman numeral indicates the aircraft's 

wingspan or tail height (with "I" denoting the smallest and "VI" the largest). Although visibility is also 

a factor considered in the RDC, it is not taken into account when determining the crosswind component. 

FAA standards [42] specify the allowable crosswind components corresponding to each RDC category. 

 

The crosswind component limits are also supported by analyses derived from past accident data. For 

instance, van Es et al. (2001), based on statistical evaluations, concluded that a 15-knot crosswind 

threshold (including gusts) cannot be reduced without compromising safety. As such, many studies 

consider the 15-knot (7.7 m/s) value to represent the safe operational limit [1]. 

 

By decomposing the vector into its components, the influence of the wind can be examined by representing 

it in horizontal and vertical coordinates. To decompose wind vectors into directional components, a polar 

graph was utilized (Figure 1). Here, n represents the number of METAR reports, and V₁, V₂, ..., Vₙ denote 

the corresponding wind speeds. The horizontal and vertical vector components were calculated for all 

four trigonometric quadrants using trigonometric functions. These components were then summed along 

each axis to derive two resultant components, which together form the total wind vector. 

 

 
 

Figure 1. Coordinate system of wind vectors 
 

The regions of the wind diagram’s coordinate system are employed in the subsequent calculations, as 

expressed in Equations (1)–(4). 

 

𝑉ℎ = 𝑉 × 𝑠𝑖𝑛𝛼                   𝑉𝑣 = 𝑉 × 𝑐𝑜𝑠𝛼, if 0°≤α≤90°             (1) 

𝑉ℎ = 𝑉 × 𝑠𝑖𝑛(180° − 𝛼) 𝑉𝑣 = −𝑉 × 𝑐𝑜𝑠(180° − 𝛼), if 90°≤α≤180° (2) 

𝑉ℎ = −𝑉 × 𝑠𝑖𝑛(𝛼 − 180°) 𝑉𝑣 = −𝑉 × 𝑐𝑜𝑠(𝛼 − 180°), if 180°≤α≤270° (3) 

𝑉ℎ = −𝑉 × 𝑠𝑖𝑛(360° − 𝛼) 𝑉𝑣 = 𝑉 × 𝑐𝑜𝑠(360° − 𝛼), if 270°≤α≤360° (4) 

 

𝑽𝒉 ; denotes the horizontal component of the wind speed vector (V), 𝑽𝒗; denotes its vertical component, 

and α represents the angle of V amplitude wind.  

 

2.1. The Calculation of Wind Coverage 

 

According to the FAA (2012), runway configurations are required to ensure 95% annual wind coverage. 

Therefore, the crosswind component must remain within acceptable limits at least 95% of the time. If 

wind data analysis reveals that a single runway does not meet the 95% coverage criterion, the 

construction of a second runway in a different orientation (e.g., perpendicular) may be necessary to 

achieve the required total coverage. Similarly, EASA (2011) mandates that the runway number and 
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configuration must guarantee more than 95% usability for the aircraft in question. In this study, as in 

previous works [1], the allowable crosswind limit is assumed to be 15 knots. 

 

Wind coverage refers to the period during which wind conditions fall within the defined crosswind and 

tailwind threshold values for a given runway. Excessive crosswinds may complicate aircraft 

maneuverability, while tailwinds can increase landing distances. Insufficient wind coverage can lead to 

flight cancellations and delays. To maximize wind coverage, airports optimize runway orientation or, if 

necessary, construct additional runways to improve coverage. 

 

In tailwind and crosswind measurements, positive or negative values indicate wind direction. A positive 

tailwind value indicates wind pushing the aircraft from behind, while a negative tailwind (i.e., headwind) 

indicates wind coming from the front. A positive crosswind value means the wind is blowing from the 

right to the left, whereas a negative value indicates wind from the left to the right [43,44]. Tailwind (or 

headwind) and crosswind components can be calculated using Equations (5) and (6), respectively. 

 

𝑊𝑇/𝐻 = 𝑉 × 𝑐𝑜𝑠(𝜃)     (5) 

𝑊𝐶 = 𝑉 × 𝑠𝑖𝑛(𝜃)      (6) 

 

where 𝑾𝑻/𝑯 is the tail/head winds and 𝑾𝑪 is the crosswind components, V is the speed of wind and θ 

represents the angular disparity between the runway orientation and the wind direction. Wind coverage 

calculation is given (7). 

 

𝑾𝑪 = (𝟏 −
𝑻𝑼

𝑻𝑻𝑶𝑻𝑨𝑳
) × 𝟏𝟎𝟎     (7) 

 

where 𝑾𝑪 signifies the wind coverage in percent, 𝑻𝑼 is the runway unavailability time, and the 𝑻𝑻𝑶𝑻𝑨𝑳 

is the total time [45]. 

 

3. RESULTS 

 

Warsaw Chopin Airport, which has two intersecting runways—Runway 11/29 (2800 meters) and 

Runway 15/33 (3690 meters) (Figure 2)—is a major airport that experienced a significant increase in 

traffic in 2023. According to statistics from May 2025, the airport handles approximately 600 aircraft 

movements per day. This airport was selected for analysis due to its unique feature of having only two 

intersecting runways with a 40-degree difference in orientation. 

 

The configuration of intersecting runways at airports is typically determined based on crosswind 

components, and it is generally observed that these configurations are arranged with an angular 

difference of 60° or more. For instance, Amsterdam Schiphol Airport has intersecting runways 36/18 

and 09/27; Brussels Airport has 07/25 and 01/19; and Zurich Airport features 10/28 and 16/34. Although 

there is no strict rule regarding the angle between runways, a 60° difference is commonly seen. However, 

in cases of high crosswind intensity, alternative configurations with different intersecting angles are 

certainly possible. 
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Figure 2. Runway configuration diagram for Warsaw Chopin Airport [46] 

 

For this airport, a total of 241,284 METAR-coded wind data records from the years 2010 to 2022 were 

processed. Among these, 2,410 entries were identified as missing data, representing approximately 1% 

of the entire dataset. Additionally, 18,023 records reported wind speeds below 1 knot and were excluded 

from the analysis, as such cases were considered calm wind conditions. In total, 238,874 data entries 

were analyzed. 

 

Based on the cumulative frequency distribution over the 12-year period, it was observed that the wind 

predominantly blew from directions between 260°–310° and 100°–140° (Figure 3). The average wind 

direction was found to be 250°, with the most frequently occurring wind direction (mode) being 270°, 

and the minimum observed direction being 360° (Figure 4). 

 

 
 
Figure 3. Total wind frequency in directions  Figure 4. Average, minimum and maximum wind direction in total 
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In this study, to evaluate the usability of the existing runways, wind coverage was first analyzed—i.e., 

whether the current runway configuration allows for more than 95% operational usability under the 

defined crosswind and tailwind threshold conditions. When runway 15/33 was evaluated individually, 

the wind coverage was calculated as 97.92%. For runway 11/29, the wind coverage was found to be 

99.26%. When both runways were considered for joint use, wind coverage increased to 99.77%. 

 

These results indicate that the combined use of both runways significantly enhances wind coverage. The 

current runway configuration is highly sufficient, allowing for safe flight operations in 99.77% of wind 

conditions, thereby meeting both FAA and EASA requirements. Therefore, it can be concluded that the 

existing runway system at this airport is adequate and there is no need for the construction of an 

additional runway (Table 1). Table 1 discusses wind coverage based on possible cross-runway 

configurations of row and column intersections. 

 
Table 1. The wind coverage for all runway configurations 

 

3.1. Winter Season 

 

During the winter season, prevailing wind directions for December, January, and February were 

observed to be around 270° (Figure 5). It can be stated that wind speeds increased in January and 

February, reaching up to 25 knots. In December, the dominant wind direction remained at 270°, with 

additional wind activity from 90° to 140° reaching a maximum of 18 knots. However, in January and 
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Runway Configuration 

 

36/18 01/1

9 

02/20 03/21 04/22 05/23 06/24 07/25 08/26 09/27 10/28 11/29 12/30 13/31 14/32 15/33 16/34 17/35 

36/18 %95.

82                  

01/19 %96.
31 

%95.
44                 

02/20 %96.

68 

%96.

14 

%95.

48                
03/21 %97.

28 

%96.

74 

%96.

32 

%95.7

7               

04/22 %98.

02 

%97.

48 

%97.

06 

%96.7

7 

%96.3

6              

05/23 %98.

77 

%98.

23 

%97.

81 

%97.5

1 

%97.3

1 

%97.0

2             
06/24 %99.

17 

%98.

95 

%98.

53 

%98.2

3 

%98.0

3 

%97.8

9 

%97.6

5            

07/25 %99.
50 

%99.
28 

%99.
14 

%98.8
5 

%98.6
4 

%98.5
0 

%98.3
9 

%98.2
0           

08/26 %99.

72 

%99.

58 

%99.

45 

%99.3

5 

%99.1

5 

%99.0

1 

%98.9

0 

%98.8

1 

%98.6

7          
09/27 %99.

92 

%99.

78 

%99.

71 

%99.6

1 

%99.5

5 

%99.4

1 

%99.3

0 

%99.2

1 

%99.1

3 

%98.9

8         

10/28 %99.
95 
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94 

%99.
87 

%99.8
3 
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7 
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3 
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2 
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3 
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5 
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5 
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0        
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92 

%99.

94 
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0 

%99.8

8 

%99.8

4 

%99.8

1 

%99.7

3 

%99.6

5 

%99.5

4 

%99.4

4 

%99.2

6       
12/30 %99.
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%99.

81 

%99.

84 

%99.9

0 

%99.8

7 

%99.9

1 

%99.8

8 

%99.8

6 

%99.7

8 

%99.6

8 

%99.5

8 

%99.4

4 

%99.1

6      

13/31 %99.

51 

%99.

55 

%99.

61 

%99.6

7 

%99.8

3 

%99.8

7 

%99.9

4 

%99.9

2 

%99.9

0 

%99.7

9 

%99.6

9 

%99.5

6 

%99.3

5 

%98.9

4     

14/32 %99.
00 

%99.
16 

%99.
23 

%99.3
7 

%99.5
3 

%99.8
3 

%99.9
0 

%99.9
6 
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3 
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5 

%99.1
1 
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29 

%98.
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5 
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9 
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2   

16/34 %97.
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%99.4

5 
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%99.9
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%99.9

3 

%99.9

6 

%99.8

9 

%99.7
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%99.4

0 

%98.8

9 

%98.1

8 

%97.4

0 

%96.4

1 
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February, in addition to the dominant westerly winds, stronger easterly and southeasterly winds were 

also recorded, with speeds reaching approximately 20–25 knots. Given the runway configuration of 

11/29 and 15/33, it is clearly observed that runway 11/29 is the most frequently used configuration 

during the winter season. 

 

 
 

Figure 5. Wind contour diagrams for December, January, February 
 

3.2. Spring Season 

 

In the spring season, it was observed that the wind continued to blow predominantly from the prevailing 

direction; however, in April and May, it intensified and shifted towards the north (Figure 6). In March, 

wind speeds reached up to 25 knots between 270° and 310°, and similar wind speeds were recorded 

between 270° and 360° in April. Under these conditions, the most frequently used runway headings are 

expected to be 29 and 31. Additionally, winds reaching up to 25 knots were also observed between 90° 
and 125°. Consequently, runway headings 11 and 15 would also be actively utilized due to experiencing 

approximately 20–25 knots of headwind. In May, winds of 25 knots were again recorded from 270°–
310°, and the easterly winds observed in April continued to exert their influence. Overall, strong 

northwesterly and southeasterly winds were dominant during the spring season. 

 

 
 

Figure 6. Wind contour diagrams for March, April, May 
 

3.3. Summer Season 

 

In June and July, winds blowing from 270ᵒ–360ᵒ exhibited a reduced intensity compared to spring and 

winter seasons, with speeds ranging between 18–20 knots (Figure 7). Although southeast winds of 

approximately 20 knots were observed in June, the influence of winds from this direction was not 
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significant in July and August. In the case of 20-knot winds from 100ᵒ–120ᵒ in June, runway 11 would 

be the preferred runway heading. Runway 15, however, would not be preferred due to exposure to 

approximately 16 knots of crosswind. For winds blowing from 270°–310° at 20 knots, runways 33 and 

29 are expected to be utilized, as they provide approximately 20 knots of headwind. In the case of 20-

knot winds from 320°–360°, runway 33 would be actively used. Winds from this direction would result 

in crosswinds of approximately 18 knots on runways 11 and 29, exceeding the operational limit, 

rendering these runways unusable. 

 

 
 

Figure 7. Wind contour diagrams for June, July, August 
 

3.4. Autumn Season 
 

In autumn, the prevailing wind directions, namely west, northwest (270ᵒ–360ᵒ), and east-southeast (90ᵒ–

120ᵒ), were observed to maintain an intensity of approximately 20 knots (Figure 8). During this season, 

all available runways at the airport were actively utilized based on wind direction and speed. For 

northwest winds, runway headings 29 and 33 were actively employed. Notably, in November, winds 

from 90ᵒ–120ᵒ were observed to be more dominant. In the case of 20-knot winds from 90ᵒ–120ᵒ, runway 

11 was actively used. For easterly winds, the runway 15/33 configuration was exposed to full crosswinds 

(17 knots) and tailwinds (10 knots), rendering it unusable. 

 

 
 

Figure 8. Wind contour diagrams for September, October, November 
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4. CONCLUSION 

 

This study aims to analyze the relationship between runway configuration and seasonal wind 

characteristics at Warsaw Chopin Airport using 12 years of METAR data (2010–2022). The results 

indicate that the combined use of the existing 11/29 and 15/33 runway configurations achieves a wind 

coverage rate of 99.77%, significantly exceeding the minimum 95% coverage requirement set by ICAO 

and FAA. This demonstrates that the airport’s current runway infrastructure is operationally sufficient 

across all seasons. 

 

Analyses reveal distinct variations in wind direction and intensity across different seasons. In winter, 

westerly winds around 270° intensify, reaching up to 25 knots, particularly in January and February. 

Under these conditions, the 11/29 runway is predominantly utilized. In spring and autumn, wind 

directions fluctuate between northwest and southeast, while in summer, wind intensity decreases and 

exhibits a more variable directional distribution. This variability allows flexibility in runway selection; 

however, during periods of intensified easterly winds, the 15/33 runway approaches or exceeds 

operational limits. 

 

The data also indicate no significant wind impact from northeast or southwest directions, suggesting no 

need for runway configurations aligned with these directions. This finding confirms that the current 

runway configurations are optimized for prevailing wind directions, ensuring operational efficiency. 

 

The study’s findings highlight the high adaptability of intersecting runway configurations to seasonal 

wind variability. Similar studies in the literature also note that multiple runway configurations 

effectively enhance wind coverage [14,24]. At Warsaw Chopin Airport, intersecting runway 

configurations increase operational flexibility and support the sustainability of safe flight operations. 

 

In conclusion, the intersecting runway structure at Warsaw Chopin Airport demonstrates high 

adaptability to seasonal wind variability, enhancing operational flexibility and supporting flight safety 

and efficiency. Future studies incorporating additional environmental variables affecting runway 

usability (e.g., fog, precipitation, runway surface conditions) could provide a more comprehensive 

evaluation. Such studies can also contribute significantly to sustainable airport operations and 

infrastructure planning tailored to meteorological conditions. 
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