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Abstract— A numerical simulation of the 15 knots tailwind triggering the go-around 
maneuver of 8 flights at the Soekarno-Hatta International Airport was explored. The 
Advancer Weather Research an Forecasting (WRF-ARW) numerical weather prediction 
model was used to simulate the events. The results showed that WRF-ARW with temporal 
and spatial resolutions of 2 minutes and 1 km could simulate the tailwind events. The 
tailwind was triggered by the background wind from the Indian Ocean and by cloud 
initiation near the final approach path (FAP), then the tailwind speed was reduced by the 
wind gust south of the FAP at 11:00 UTC, on November 3, 2021. These findings cannot be 
resolved by analyzing in-situ, weather satellite, and radar data with limited coverage and 
sensing the wind out of the cloud. It suggests that high-resolution numerical simulation can 
be used in the operation of aviation weather investigation. Assimilating observation data to 
the model is essential to be investigated for further study to understand the tailwind 
mechanism more accurately. 
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1. Introduction 

Airplane accidents related to weather primarily stem from dynamic factors, with 
wind being a significant contributor (Gultepe et al., 2019). Wind is defined as the 
movement of air in any direction (Ahrens and Henson, 2014; Stull, 2020), and its 
assessment necessitates the utilization of both on-site and remote sensing 
technologies to provide quantitative measurements at surface and upper air levels 
(WMO, 2021; Arta Kusuma et al., 2022). Data from these sources enables 
meteorologists to evaluate wind conditions for aviation safety accurately. The wind 
generation is attributed to a combination of forces, including the pressure gradient 
force, gravity, Coriolis force, centrifugal force, and friction (Oliver, 2005). 

A flight's approach and landing phases account for more than half of all fatal 
accidents (Boeing, 2021). To address this, the go-around maneuver is employed, 
which involves discontinuing the approach or landing, and instead, initiating 
another attempt or diverting to alternate airports. The implementation of this 
procedure has proven to be effective in preventing 54% of potential accidents. 
Additionally, permissible crosswind components, as the Federal Aviation 
Administration (FAA) and the International Civil Aviation Organization (ICAO) 
stipulated, range from 10 to 20 knots (19 to 37 kilometers per hour), depending 
on runway dimensions and the airport reference code (Chang, 2015). Tailwinds 
can lead to accidents when they exceed speeds of 10 knots (Blajev, 2017). 
Depending on the aircraft type, the minimum tailwind value for a go-around is 
generally set at 10 knots (Es and Karwal, 2001). A tailwind is a wind blowing in 
the same direction as an airplane's flight path. Tailwinds are calculated based on 
the projection of wind direction onto the direction of the runway in use (Rais et 
al., 2020), providing additional thrust during the landing phase. 

On November 3, 2021, the pilots executed a go-around maneuver for eight 
aircrafts in the process of approaching the runway at the Soekarno-Hatta 
International Airport. The pilots reported encountering a 15-knot tailwind near 
runways 07 right (07R) and 07 left (07L) within a brief timeframe from 09:58 to 
10:12 UTC. The presence of this tailwind can have an impact on aircraft 
operations at the Soekarno-Hatta International Airport. Given the extensive 
volume of over two million domestic flights and aircraft movements in 2018, the 
potential risks associated with such winds should not be underestimated 
(PUSTIKOM, 2019). 

Numerical weather prediction (NWP) has proven to be a valuable instrument 
in investigating aviation incidents, allowing researchers to probe meteorological 
factors in regions and altitudes devoid of direct observations. In a study by Regmi 
et al. (2020), 13 plane accidents in Nepal attributed to near-surface turbulence 
were researched utilizing NWP. Verayanti and Kusuma (2021) and Andari et al. 
(2022) used NWP simulations to identify turbulence in the vicinity of clouds, 
which contributed to the turbulent flight paths of aircraft ID6890 on October 24, 
2017, and EY474 on May 4, 2016. Chan (2014) also focused on forecasting 
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tailwinds resulting from wind interaction with terrain via NWP simulations. Tse 
et al. (2014) showcased NWP's capability to predict tailwinds associated with 
thunderstorms. Meanwhile, Sardjono et al. (2021) simulated tailwinds with the 
weather research and forecasting (WRF) model that closely matched observations. 

The analysis of tailwinds during the approach phase at various altitudes using 
NWP has been a relatively underexplored area of research. Chan (2014) and Tse et 
al. (2014) conducted some of these limited studies. Most of the existing research 
primarily relies on surface wind data (Fadholi, 2013; Perdana and Putra, 2017; 
Nanda et al., 2020; Sardjono et al., 2021), sometimes in combination with satellite 
imagery and 1000 feet (305 meters) wind data to investigate the atmospheric 
dynamics during tailwinds (Rais et al., 2020). To further delve into this phenomenon, 
we intend to employ the Weather Research and Forecasting (WRF) model to 
comprehensively analyze the mechanisms that induce tailwinds and enhance our 
comprehension of the underlying atmospheric processes. 

2. Materials and method 

We analyzed go-around reports from four aircrafts over runway 07L, namely 
JT023, GA221, QG251, and QG331, and four aircrafts over runway 07R, namely 
JT291, ID6871, GA113, and JT335. These reports highlight go-around actions 
due to 15-knot tailwinds during approaches at the Soekarno-Hatta International 
Airport on November 3, 2021. These reports were sourced from the air navigation 
services provider AirNav Indonesia, and we cross-referenced them with aircraft 
trajectories obtained from flightradar24 for confirmation. The details of these go-
around incidents are provided in Table 1. 

 
Table 1. AirNav Reports of the Go-around 

Aircraft Go-around Landing 
JT023 09:58UTC  

RWY 07L 
10:28 UTC 
RWY 25R 

JT291 10:05UTC  
RWY 07R 

10:30 UTC 
RWY 25L 

GA221 10:06UTC  
RWY 07L 

10:30 UTC 
RWY 25R 

ID6871 10:07UTC  
RWY 07R 

10:33 UTC 
RWY 25L 

QG251 10:08UTC  
RWY 07L 

10:40 UTC 
RWY 25R 

GA113 10:09UTC  
RWY 07R 

10:36 UTC 
RWY 25L 

QG331 10:12UTC  
RWY 07L 

10:35 UTC 
RWY 25R 

JT355 10:11UTC  
RWY 07R 

10:39 UTC 
RWY 25L 
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We employed the Advanced Research Weather Research and Forecasting 
(ARW-WRF) version 4.1 numerical weather prediction model (Skamarock et al., 
2019). The WRF-ARW model is widely used in aviation meteorological analysis. 
Chan (2014), Tse et al. (2014), Regmi et al.(2020), Verayanti and Kusuma (2021), 
Sardjono et al. (2021), and Andari et al. (2022) use the WRF-ARW in their 
research. For the initial conditions, we utilized data from the NCEP GDAS/FNL 
(Global Data Assimilation System/Final Analysis of the National Centers for 
Environmental Prediction, USA) with a horizontal grid resolution of 0.25° and a 
temporal resolution of 6 hours, covering the period from November 2, 2021, 18 
UTC to November 3, 2021, 12 UTC. The WRF-ARW configuration is detailed in 
Table 2. To validate the cloud top temperature of the WRF-ARW model, we used 
satellite observation data of the Himawari 8 geostationary meteorological satellite 
operated by the Japan Meteorological Agency and computed the correlation 
coefficient between 09:50 and 11:00 UTC. Further information regarding the 
model configuration can be found in Table 2. Fig. 1 presents the three models 
domains (D1, D2, and D3) used for simulations by the WRF-ARW model. 
 

Table 2. WRF-ARW configuration for domain 1 (D1), domain 2 (D2), and domain 3 (D3) 

 
 
 
 
 
 
 
 
 
 

We employed tropical-specific physical parameterizations, which included 
the WRF single moment 6 class (WSM6) scheme for microphysics, the newer 
Tiedtke scheme for cumulus convection, the rapid radiation transfer model for 
global circulation models (RRTMG) scheme for shortwave and longwave 
radiations, and the Yonsei University scheme for the boundary layer. Notably, the 
WSM6 scheme encompasses graupel production within the microphysical 
processes (Song-You Hong and Jeong-Ock Jade Lim, 2006), a feature that 
distinguishes it from WSM5 (Lim and Hong 2005). The newer Tiedtke scheme 
calculates mixing ratios for cloud and ice, momentum tendencies, and shallow 
convection (Skamarock et al., 2019). This scheme has demonstrated the ability to 
capture the fundamental characteristics of the marine boundary layer structure and 
low clouds (Zhang et al., 2011), as well as to offer improved diurnal precipitation 
simulation (Sun and Bi, 2019). Additionally, the RRTMG scheme delivers 
radiative forcing results that exhibit closer agreement with high-resolution 
calculations (Iacono et al., 2008). 

 D1 D2 D3 

Resolution 9 km 3 km 1 km 
Temporal interval 3 hours 1 hour 2 minutes 
Vertical Layer 34 34 34 

Parameterization Tropical Tropical, 
Cu=0 

Tropical, 
Cu=0 

Topography GMTED GMTED SRTM 1s 
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Fig. 1. WRF-ARW domain 1 (D1), domain 2 (D2), and domain 3 (D3). 

 
 

The following equation was used to calculate the tailwind based on vector 
projection to the runway in use (Belo-Pereira, 2015; Maruhashi et al., 2019; Rais 
et al., 2020) : 
  
 𝑇𝑤 ൌ െ𝑓 cosሺ𝑑 െ 𝑟ሻ, (1) 

 
where Tw is the tailwind (kt), f is the wind speed (kt), d is the wind direction (°), 
and r is the direction of the runway in use (°). 

3. Results and discussion 

3.1. Track analysis 

Fig. 2 shows that aircraft destined for runway 07L follow a relatively shorter final 
approach path (FAP), denoted as A-B compared to the trajectories leading to 
runway 07R, marked as C-D. A-B and C-D measure 9.15 nautical miles 
(approximately 16.94 kilometers) and 15 nautical miles (roughly 
27.78 kilometers), respectively. It is worth noting that the maximum allowable 
FAP length, as per ICAO standards (ICAO, 2018), is 15 nautical miles. Aircraft 
flying over segment A transitioned from an altitude of 2175 feet to 2875 feet, 
while those over segment C experienced altitude changes from 4150 feet to 
4225 feet. Moreover, runway 07 is more susceptible to tailwinds due to a higher 
incidence of wind blowing from the direction of runway 07 than runway 25, as 
indicated by windrose analysis (Sardjono et al., 2021). 
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Fig. 2. Flights tracking to runway 07L (red line), runway 07R (cyan line), ARENA (small box), 
and FAP (small box + big box). 

 
 
 
 
 

In sections A-B (Fig. 3), four flights, namely JT023, GA221, QG251, and 
Q331 traverse the A-B segment within specific time windows: 09:56 to 10:00, 
10:04 to 10:08, 10:06 to 10:08, and 10:08 to 10:12, respectively. Among these 
aircraft JT023, GA221, and QG251 approach altitudes of 700 feet (213 meters), 
500 feet (152 meters), and 450 feet (137 meters) above the surface, respectively, 
before executing a go-around maneuver and subsequently taking off again. These 
planes performed the go-around near the ARENA area, located at 3 nautical miles 
(5556 meters) from the runway, as indicated by Chan and Hon (2016). 

Conversely, the QG331 aircraft maintains an approach altitude of only up to 
1675 feet (510 meters). Notably, all aircraft experienced a consistent tailwind of 
approximately 15 knots (8 meters per second) at altitudes of up to 1500 feet 
(457 meters). This specific altitude represents the low-level wind shear region, 
where atmospheric dynamics significantly influence aircraft take-off and landing 
procedures, in accordance with ICAO guidelines (ICAO, 2005). 
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Fig. 3. Tailwind/Headwind (kt) in the A-B section overlayed by vertical flight track to runway 
07L in every 2 minutes. The red box is ARENA, and the black line at the bottom right is the 
runway.  

 
Fig. 4. Tailwind/Headwind (kt) in the C-D section  overlayed by vertical flight track to runway 
07L in every 2 minutes. The red box is ARENA, and the black line at the bottom right is the 
runway. 
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Within the C-D segment (Fig. 4), flights JT291, ID6871, GA113, and JT355 
traverse the C-D portion during specific intervals: 10:00 to 10:04, 10:02 to 10:06, 
10:06 to 10:10, and 10:08 to 10:12 UTC, respectively. The altitudes at which these 
aircrafts operate at the lowest points are 250 feet (76 meters) for JT291, 1100 feet 
(335 meters) for ID6871, 1600 feet (487 meters) for GA113, and 3050 feet 
(929 meters) for JT355. Of these, JT291 is in closest proximity to the runway. 

As observed in the A-B sections, tailwinds persist at lower altitudes along 
the C-D route. These tailwinds, measured at 15 knots (8 m/s), surpass the 
minimum limit for B737 aircraft (10 knots or 5 m/s) and reach the tailwind limit 
for A320 aircraft, set at 15 knots or 8 m/s, as reported by Es and Karwal (2001). 
It is worth noting that the final approach path (FAP) to runway 07L experiences 
lower tailwind speeds than the FAP for runway 07R. Further exploration of this 
aspect will be undertaken in the Numerical Weather Prediction analysis section. 

3.2. NWP analysis 

This outcome validates the cloud top temperature of the WRF-ARW model, 
indicating a correlation coefficient of 0.6286 compared to the cloud top 
temperature of Himawari 8. This value closely resembles the correlation found in 
the study of Chae and Sharewood at an altitude of 14 km (Chae and Sherwood, 
2010). 

In Fig. 5, it is evident that a 15-knot (8 m/s) wind is present over the Indian 
Ocean, located to the south of Java, from 09:58 UTC to 10:12 UTC, at an altitude 
of 1500 feet (457 meters), and it shifts towards the final approach path (FAP). 
According to Kurniawan et al. (2011), wind speeds in this region, specifically the 
Indian Ocean, can reach up to 20 knots or 10 m/s during November. These strong 
winds result from the still-active Australian winter monsoon (Alifdini, 2021). 

In area A, the wind entering the FAP is not obstructed by any terrain features, 
as indicated by the absence of white contours. As a result, the wind within the 
FAP region maintains a speed of 15 knots (8 m/s). Furthermore, the air mass 
located over the FAP is drawn into an area of wind convergence, denoted as area 
B. Wind convergence describes the phenomenon, where wind vectors converge 
towards a common point (Stull, 2020). This convergence of winds is closely 
associated with cloud formation, as Banacos et al. (2005) outlined.  
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Fig. 5. Composite wind 1500 ft (457 m) over D3 from 09:58 to 10:12 UTC. The red box is the 
FAP. Box A and Box B are the areas of interest in the analysis. 

 

 

 
The tailwind speed over the A-B segment is comparatively lower than the  

C-D segment (Figs. 3 and 4). This disparity is because the wind from the Indian 
Ocean initially reaches the C-D segment before progressing to A-B. As 
mentioned, C-D represents a longer trajectory than A-B, resulting in a broader 
wind coverage. 

Fig. 6 shows a notable presence of vertical wind in area B, extending to an 
altitude of 20,000 meters (approximately 65,616 feet). This upward vertical 
movement of air masses at lower levels is significant. As Shinozaki et al. (2019) 
discussed, cloud analysis can be conducted based on cloud fraction. A higher 
cloud fraction indicates a greater cloud density. It is worth noting that at 09:59 
UTC, convective clouds were still forming, reaching an altitude of 10,000 meters 
(around 32,808 feet). The convection in this area draws air masses from the Indian 
Ocean, causing a 15-knot wind to enter the FAP in a parallel direction. 
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Fig. 6. A vertical section of wind in area B (Fig. 5) is overlayed with cloud fraction. 

 
 

At 11 UTC (Fig. 7), a cloud with a cold top (around -80 °C), is observed 
south of the FAP. A cold top indicates a high cloud altitude. In area A, there is a 
presence of wind divergence. This divergence causes the wind, which previously 
flowed in the same direction as the FAP, to veer towards the north. This, in turn, 
influences the d-r component in Eq.(1), causing it to expand and reduce  the cosine 
value. As a result, the tailwind magnitude becomes smaller. 
 
 

 
Fig. 7. Wind at 1500 ft (457 m) over D3 at 11:00 UTC. The red box is the FAP. Box A is the 
area of interest in the analysis. 
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Fig. 8 shows that high-altitude clouds with tops reaching 20,000 meters 
(65,616 feet) are present in area A. Concurrently, there is noticeable downdraft 
activity blown from this mature cloud at lower altitudes. This downdraft generates 
divergence at a height of 1500 feet, similar to the findings in Yoshino's study 
(Yoshino, 2019). It is worth noting that compared to the research conducted by 
Auly et al. (2018), the wind gust observed in this case is not a result of the 
downdraft itself. Instead, it is initiated by the background wind originating from 
the Indian Ocean, which experiences a reduction due to the downdraft's influence, 
particularly in a direction perpendicular to the wind gust. 
 

 
Fig. 8. A vertical section of wind over area A in Fig. 7 is overlayed with cloud fraction. 

 

 

4. Conclusions 

We conducted weather simulations related to eight aircraft go-arounds to 
understand wind dynamics better. These simulations were performed using the 
WRF-ARW model with a spatial and temporal resolution of 1 km and 2 minutes, 
verified against Himawari 8 cloud top temperatures. Eight flights executed go-
around maneuvers triggered by tailwinds, as depicted in Figs. 3 and 4, and these 
could be accurately simulated using WRF-ARW. In Figs. 5 and 6, we analyze that 
wind from the Indian Ocean, in conjunction with the cloud formation process, 
generated tailwinds over the FAP. Meanwhile, at 11:00 UTC, as evident in  
Figs. 7 and 8, we documented a reduction in wind speed due to gusts originating 
from downdrafts southward near the FAP. 
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This study has revealed the significant impact of background winds on 
tailwinds, a factor not explicitly addressed in previous researches. By expanding 
our analysis beyond the airport's observation points and utilizing the WRF-ARW 
model, this research provides valuable insights into how background winds can 
influence the occurrence of tailwinds. This knowledge holds the potential to 
enhance aviation safety and operational efficiency. Future research must 
assimilate observation data into the NWP for more precise investigations. 

Funding: The research was performed without external funding. 
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