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The wind field of civil airport relative to the location of light Typhoon center

The wind field of civil airport relative to the
location of light Typhoon center

TUNG, MAO-SHIANG

ABSTRACT

The hazard of the Typhoons that invaded Taiwan, whose rainstorm and strong wind will cause flood and wind
damage. Both of these facts not only cause the losing property, but also safe threat for us. In additional, it also makes
the ground and air traffic system shutdown. It always makes the passengers inconvenient and loses large transport.

Before 2008, during the typhoon warning period, there are much less ideal and objective wind field data for the
forecasters referencing. Now we usually depend on the forecast wind data from every meteorological unit, digital
modeling value and the experience of the senior forecasters. However, they are not ideal enough.

In view of this, Taipei Aeronautical Meteorological Center (TAMC) finished The wind statistics at the civil
aeronautics airports during typhoon invades Taiwanl research program and incorporated into the routine operating
system in 2008. Then using this wind field search system to predict the maximum wind velocity, maximum gust and
time series change of wind direction during the typhoon warning period. After compared to actual weather report, just
only had a little deviation, confirmed that the system does seem to have a good reference value.

The purpose of this study is provides over 48 hours forecast wind field of civil airport for airline reference during
the typhoon warning period. Make use of the wind field statistics system produced the wind field of civil airport relative
to the location of light typhoon center in Aug. 2014. In Sep. the light typhoon Phoenix just invades Taiwan. As the
typhoon approaches the sea of the Taiwan southern end, based on the future predicted path published by many
country to produce 72hour time series of the forecast wind field. After the center of the typhoon track forecast was not
ideal. But compared the actual wind field to statistics wind fields, found the actual gap is small and in terms of wind
direction changes are available. Make sure that the wind field statistics could be a good reference. Simultaneously

display the correct movements of typhoon track forecast, do take the wind field statistics function.

1. Foreword

During the typhoon hit Taiwan, the entirely and correctly forecasting of civil airport wind field is always been an
important subject of TAMC. In a previous operation mainly rely on forecaster prediction of subjective experience.
Because the Typhoon is not circular and does not take into account the influence of topographical factors, tends to
forecast errors. Therefore, establishing an objective forecast data is essential.

Domestic meteorological operation units had using many years data during typhoon invades Taiwan, carefully
analysis the flow field distribution of typhoon and each observation station, also the relationship with location of
typhoon center to established up a 8 airflow field types. But, if carefully to read its research content, not difficult found
for flow field analysis of scale just a general regional nature of statistics. The regional of range is big enough to cover
whole west half part and small to can up a county city. So for the practical utility of meteorological operations of civil

aviation, although it has the reference value, but it is not precise enough. Various civil airports still does not meet
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expectations for wind field forecast.

For this reason, TAMC know that the original reference research results is not match the civil aviation
meteorological realities, so why not set out to organize on their own during the typhoon invasion. All the situations
affected by the typhoons of airports, in addition to improving weather observer and the cognition of wind
characteristics, can effectively assist weather forecasters prepare typhoon warning with all kinds of aviation
meteorological report. More may also be offered the airline as its operating reference policy.

In 2006 TAMC began gathering data and analyzing, then submitted the TThe wind statistics at the civil
aeronautics airports during typhoon invades Taiwan research projects to CAA in2007 and completed by statistical
analysis in May 2008. Then pass Bolaven (0802), Kameiji (0807) and Phoenix (0808) typhoon test from Jul. to Sep. in
same year. In this period TAMC forecaster use this search systems to forecast the time series of 24hr maximum wind
speeds and maximum gust. The forecasted wind field compared to actual weather report, just only quite difference.
There is confirmed that the search system is a good reference for forecasting the wind field. Finally the study report is
completed at the end of same year.

Then in 2011 TAMC submit another research projects [ The implement and application of neural network wind
analysis system for aviation aerodromes during typhoon invasion] and complete the study at the end of same year.

For the continuation of former research, TAMC use nonlinear regression characteristics of neural network and join
the timeline input and interpolation functions in this research project, to establish a neural network wind analysis
system for aviation aerodromes during typhoon invasion which can authenticate with typhoon wind field inquiry system
and suits for meteorological practical use in operation. Many complicated calculations and input are simplified and
automated, are hoping to help forecasters making effective and stable job during the typhoon approaching.

Followed in 2012 and 2013 during the typhoon hit Taiwan, forecasters used two complementary wind forecasting
methods, the release correctly forecast the wind farm to provide the control, terminal and airlines reference received.

TAMC based on the service specifications for routine operations. Just they are issued a typhoon alert phase, will
be available 48 hours of wind field forecast for airlines reference. But sometimes it is informed by the airline for more
than 72 hours or more of wind field forecast demand. Although the forecast period has been far beyond the job
specification, but in order to strengthen the aviation weather services, forecasters are still busy trying to meet the
needs of airlines. Therefore, to enhance the efficiency and accuracy of provision of advance, to establish
corresponding to typhoons wind field in the Centre of civil aviation airports, for long period forecast of reference.
Therefore, in order to improve efficiency and provide forecasting accuracy, plans to establish the civil airports wind field

correspond to the position of typhoon center and be a reference for a longer period of forecast.

2. Research methods

This paper calculated the average wind field is to “The wind statistics at the civil aeronautics airports during
typhoon invades Taiwan” to extend the use of research results. Therefore need to mention the two perspectives of the
study (For more information on this study, please refer to the 2008 CAA report ), in order to understand the meaning of
this article on behalf of the average wind field, as well as restrictions due to the raw data, there is no cause why those
regions corresponding to the wind data from.

(1) Data processing

Uses two types of data: first one is 10 aeronautical meteorological observation station belongs year fixed timing
METAR, the other one is from National Taiwan University Corporation for Atmospheric Research Database obtained in
invading Taiwan typhoon data each year. Although during the invasion of Taiwan typhoon information is from 1958 to

2007 a total of 50 years, but because 10 aviation meteorological station was set up at different time, so when
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comparing data for the individual, the late establishment of the observatory since the year compared with the covers
short. We can imagine the number of data is bound to comply with its relatively small, but it may affect their statistical
results.

Data processing is shown in Fig 1.

During a typhoon approaching, airport’ wind field search and display layout shown in Fig 2.

Fig 1: data processing
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(2) The search and display layout for wind field
Fig 2 ¢ Typhoon to search for and display layout
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(3). Research steps :

A. Planning the density of input data for analysis and how to displayed the results

i Data sources of average wind: Database used in calculated average wind field as use of [ The wind statistics at
the civil aeronautics airports during typhoon invades Taiwanl research programs, from 1958 to 2007 a total of 238
typhoon information and typhoon wind field Search and display layout to display statistics.

ii Display a chart of the average wind field: For easy to read and display the representative wind field is set to the
display format of Fig. 0.1 degrees of latitude and longitude of each grid point. If latitude and longitude are Integer, the
grid lines as a solid line, 0.5 degrees as broken line and the remaining dots only.

iii Range of displays chart: Taking into account the scope of the database because of the restrictions
meteorological center storage, and can meet the needs of more than 72 hours forecast, showing the range of the chart
set at between longitude 27.5° N~20.5°N, latitude at 117.5°E~124.5° E.

iv Spacing of grid point: After each test, about 0.5 degree of latitude and longitude grid spacing is ideal. Grid
spacing is too small not too time-consuming, and there is missing data are not included in the calculation. Grid spacing
is too large, resulting in the phenomenon of information over double counting occurs. Around the grid covers the range
of 0.25 degrees pitch enough to cover not only the data and not repeat the calculation time can be saved.

v Designates only the light typhoon first: Because the analysis process need to enter large amounts of data and
statistical value judgments every point, it is a time-consuming job, another important point, | do not know whether its
benefits can achieve the desired effect, so only first investigate the case of mild typhoon. After depending on user
feedback, re-assess the need to extend to moderate typhoon.

B. layout definition of the input data:

i Central pressure: Maximum wind of light typhoon is between 34KT~64KT, take the middle value 50KT, and

relative central pressure of about 985hPa

ii The maximum wind speed: 50KT

iii Direction of movement: 360°

iv Latitude/longitude range: Longitude and latitude are spaced 0.25°

v Maximum wind speed range:+ 10KT

vi Pressure range:+ 10hPa

vii Angle range:360°

C. Analysis the statistic wind field

Wind statistical results (see Figure 2) after entering data in typhoon wind field of search and display layout, the
figure on the left to display all the information on the disk appear Wind Point, on the right are the average wind speed
distribution, each average wind speed range and angle distribution of various the average wind speed range with
maximum air distribution. To meet the needs of the average distribution, analyzing rules are as follows: Figure 2 of the
cases. The typhoon center moved to 20.5 degrees of latitude and 121.5 of longitude, the number appears in the SS
Airport wind direction are between t060° ~ 110°.But the wind is a vector, take the average is meaningless, select the
highest frequency of 070° as a representative. Relative wind speed at 110KT ~ 20KT room, while the maximum gust
up to 40KT. Therefore, the latitude and longitude of the wind field is marked as 070 / 20G40.

3. Statistical analysis of the results of wind field display (Figure
3 to 13)
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The wind field of civil airport relative to the location of light Typhoon center The maximum wind speed range of
moderate typhoon: 34T~63KT

Definition : the maximum wind speed: 50KT ( + 10KT) Central pressure: 985hPa (+ 10hPa)
Area of statistics is around 0.25 degrees of longitude and latitude
RCSS Airport
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3.The statistics from 1958 to 2007 a total of 238 typhoons

The wind field of civil airport relative to the location of light Typhoon center The maximum wind speed range of
moderate typhoon: 34T ~ 63KT

Definition : the maximum wind speed: 50KT (£ 10KT) Central pressure: 985hPa (+ 10hPa)
Area of statistics is around 0.25 degrees of longitude and latitude
RCTP Airport
[ e e 1 [ | Fig 4: Wind field of RCTP airport corresponds to the
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3.The statistics from 1958 to 2007 a total of 238 typhoons
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The wind field of civil airport relative to the location of light Typhoon center The maximum wind speed range of
moderate typhoon: 34T ~ 63KT

Definition : the maximum wind speed: 50KT ( + 10KT) Central pressure: 985hPa (+ 10hPa)
Area of statistics is around 0.25 degrees of longitude and latitude
RCKH Airport
1 T T T T T Fig 5: Wind field of RCKH airport corresponds to the
A i E location of light typhoon center.
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1.Nil expressed in this point of East and West longitude and latitude by 0.25 range (blue no discipline recorded information, no
typhoon by green data)

2.Select the grid point data the highest average wind speed and maximum gust Take wind direction frequency of a higher value

3.The statistics from 1958 to 2007 a total of 238 typhoons

The wind field of civil airport relative to the location of light Typhoon center The maximum wind speed range of
moderate typhoon: 34T ~ 63KT

Definition : the maximum wind speed: 50KT ( + 10KT) Central pressure: 985hPa (+ 10hPa)
Area of statistics is around 0.25 degrees of longitude and latitude
RCFN A|rport
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1.Nil expressed in this point of East and West longitude and latitude by 0.25 range (blue no discipline recorded information, no
typhoon by green data)

2.Select the grid point data the highest average wind speed and maximum gust Take wind direction frequency of a higher value

3.The statistics from 1958 to 2007 a total of 238 typhoons
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The wind field of civil airport relative to the location of light Typhoon center The maximum wind speed range of
moderate typhoon: 34T ~ 63KT

Definition : the maximum wind speed: 50KT ( = 10KT) Central pressure: 985hPa (+ 10hPa)
Area of statistics is around 0.25 degrees of longitude and latitude
RCBS Airport

Fig 7: Wind field of RCBS airport corresponds to the
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1.Nil expressed in this point of East and West longitude and latitude by 0.25 range (blue no discipline recorded information, no
typhoon by green data)

2.Select the grid point data the highest average wind speed and maximum gust Take wind direction frequency of a higher value

3.The statistics from 1958 to 2007 a total of 238 typhoons

The wind field of civil airport relative to the location of light Typhoon center The maximum wind speed range of
moderate typhoon: 34T ~ 63KT

Definition : the maximum wind speed: 50KT (£ 10KT) Central pressure: 985hPa (+ 10hPa)
Area of statistics is around 0.25 degrees of longitude and latitude
RCMT Airport

Fig 8: Wind field of RCMT airport corresponds to the location
of light typhoon center.
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1.Nil expressed in this point of East and West longitude and latitude by 0.25 range (blue no discipline recorded information, no
typhoon by green data)

2.Select the grid point data the highest average wind speed and maximum gust Take wind direction frequency of a higher value

3.The statistics from 1958 to 2007 a total of 238 typhoons
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RCLY Airport
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The wind field of civil airport relative to the location of light Typhoon center The maximum wind speed range of
moderate typhoon: 34T ~ 63KT
Definition : the maximum wind speed: 50KT ( + 10KT)

Area of statistics is around 0.25 degrees of longitude and latitude

Central pressure: 985hPa (+ 10hPa)

Fig 9: Wind field of RCLY airport corresponds to the location

of light typhoon center.

Weather data for statistical including:

07L ~ 17L: Hourly and special observation data (half

hour don’t operation)

(18L~06L don’t operation)

1. westerly system (180° ~ 360°) in red font.

2, Easterly system (010° ~ 170°) in black font.

3. Gust 50KT ~ 69KT yellow shaded representation.

4. Gusts> 70KT light red shaded representation.
When light typhoon approaching RCLY Airport and
landing in the eastern part of the Taiwan, RCLY
Airport appears 75KT ~ 80KT strong gusts; In
addition, landing the south part of Taiwan, RCLY
Airport has appeared more strong gusts (70KT ~
90KT). Such as typhoon center moved to the
northern part of the Taiwan Strait, RCLY Airport will
also have strong gusts 50KT ~ 65KT.

1.Nil expressed in this point of East and West longitude and latitude by 0.25 range (blue no discipline recorded information, no

2.Select the grid point data the highest average wind speed and maximum gust Take wind direction frequency of a higher value
3.The statistics from 1958 to 2007 a total of 238 typhoons
The wind field of civil airport relative to the location of light Typhoon center The maximum wind speed range of
moderate typhoon: 34T ~ 63KT
Definition : the maximum wind speed: 50KT ( = 10KT)

Area of statistics is around 0.25 degrees of longitude and latitude

Central pressure: 985hPa (+ 10hPa)

Fig 10: Wind field of RCGI airport corresponds to the location

of light typhoon center.

Weather data for statistical including:

07L ~ 17L: Hourly and special observation data (half

hour don’t operation)

(18L~06L don’t operation)

1. westerly system (180°~ 360°) in red font.

2. Easterly system (010°~ 170°) in black font.

3. Gust 50KT ~ 69KT yellow shaded representation.

4. Gusts> 70KT light red shaded representation.
When light typhoon center near the RCGI airport
and landing at the southern part of Taiwan, RCGI
Airport appear 75KT ~ 80KT strong gusts; In
addition, the typhoon center at north part of Taiwan
and at the west of the Strait, RCGI Airport appear
70KT ~ 90KT strong gusts. As the typhoon moved
within a vast area off the coast north of Taiwan,
RCGI Airport appear 50KT ~ 65KT strong gusts.

1.Nil expressed in this point of East and West longitude and latitude by 0.25 range (blue no discipline recorded information, no

2.Select the grid point data the highest average wind speed and maximum gust Take wind direction frequency of a higher value
3.The statistics from 1958 to 2007 a total of 238 typhoons
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The wind field of civil airport relative to the location of light Typhoon center The maximum wind speed range of
moderate typhoon: 34T ~ 63KT

Definition : the maximum wind speed: 50KT ( = 10KT) Central pressure: 985hPa (+ 10hPa)
Area of statistics is around 0.25 degrees of longitude and latitude
RCKW Airport
T T T T T T Fig 11: Wind field of RCKW airport corresponds to the
e I S e o I Ll . - i, B, | location of light typhoon center.
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1.Nil expressed in this point of East and West longitude and latitude by 0.25 range (blue no discipline recorded information, no
typhoon by green data)

2.Select the grid point data the highest average wind speed and maximum gust Take wind direction frequency of a higher value

3.The statistics from 1958 to 2007 a total of 238 typhoons

The wind field of civil airport relative to the location of light Typhoon center The maximum wind speed range of
moderate typhoon: 34T ~ 63KT

Definition : the maximum wind speed: 50KT (£ 10KT) Central pressure: 985hPa (+ 10hPa)
Area of statistics is around 0.25 degrees of longitude and latitude

RCSS Airport

T T T T ¥ T T T Fig 12: Same with Fig 3 is the wind field of RCSS Airport
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information, and ineffective, and therefore does
not apply to all airports.
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1.Nil expressed in this point of East and West longitude and latitude by 0.25 range (blue no discipline recorded information, no
typhoon by green data)

2.Select the grid point data the highest average wind speed and maximum gust Take wind direction frequency of a higher value

3.The statistics from 1958 to 2007 a total of 238 typhoons
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The wind field of civil airport relative to the location of light Typhoon center The maximum wind speed range of

moderate typhoon: 34T ~ 63KT

Definition : the maximum wind speed: 50KT ( + 10KT) Central pressure: 985hPa (+ 10hPa)
Area of statistics is around 0.25 degrees of longitude and latitude
RCMT Airport
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ol 2e7.
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v T i Fig 13: Same with Fig 8 is the wind field of RCMT Airport
": e L e e b - "‘““El corresponding to the position the center of the light
Sy typhoon. But statistical data add the data form
0.25°grid point.
Additional information is displayed in a small font.
1. No information NIL area without help themselves.
2. The statistics help resolve little wind.
3.The need to spend a lot of time fee processing
information, and ineffective, and therefore does
not apply to all airports.
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1.Nil expressed in this point of East and West longitude and latitude by 0.25 range (blue no discipline recorded information, no

typhoon by green data)
2.Select the grid point data the highest average wind speed and maximum gust Take wind direction frequency of a higher value

3.The statistics from 1958 to 2007 a total of 238 typhoons
14 : Increasing grid points and the calculation range

118.25 1185 118.75 119 119.25 119.5 119.75

25.75

’ 25.5

25.25

25

24.75

24.5

24.25

(A)Solid red dot grid points used for the calculation of Fig 3 to Fig 11, a grid is displayed on the latitude and
longitude in degrees of 0.0 or 0.5 degrees. The average wind speed of airport on the grid points is within the

range of 0.25 degrees average (fill different color regions).
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(B)Solid yellow dot on Fig 12 and Fig 13 are the increased computing grid, which is located on grid points 0.75°r
0.25° latitude and longitude. The average wind speed of airport on the grid points is within the range of 0.25
degrees average (yellow lines enclosed area).

4. Times of typhoon center appear in the range that for wind
field statistics

During statistical analysis found that the occurrences number of the typhoon center seems in some regions
particularly, will fill the number of typhoons appear on the same grid points and draw the equivalent area, shown in
Figure 15. Representing the value and meaning of different color regions on this Fig as follows:

(1) From The upper number of grid points around the latitude and longitude of each grid point is within 0.25
degrees area, find the center of the typhoon had appeared in the total number of METAR in the region. But
every typhoon moving direction and speed are different, so the total number of more areas appear cannot
absolutely say that the number of typhoon path through the region more than other region. But in fact, after
careful analysis of the typhoon path data and found that the typhoon path through the region the opportunity
to do a lot larger.

(2) The definition of the lower number of grid points is same as the upper number and only one difference is the
sum of METAR and SPECI. Therefore, the lower number will be greater than or equal to the upper number.
But the weather can cause dramatic changes in weather airport released a large number of special times, so
the correlation with the typhoon path through the region the number is low.

(3) The amount of upper grid are represented by different colors, from 0 to 5 times as black, orange 6 to 9, 10 to
19 as red and more than 20 times as bold orange.

(4) Lattice lower number of weather plus totals are the total of the number of special weather for blue.

(5) The color of all lower number is blue.

(6) The block around each grid point by 0.25 degrees of latitude and longitude, fill the red block is more than 10
times, 5-9 times as light green, 1 to 4 times compared with blocks of color are not filled. In addition, O times
block as yellow blocks is all representatives of the database does not meet the condition, blue blocks is not
meet the conditions or database unrecorded block, whether it is the regional center of the typhoon had not

appeared to be confirmed.
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5. Conclusion

To be able to meet the airline needs during the typhoon hit Taiwan, providing civilian airport 72 hours or longer
wind forecasts, intends to establish a wind field of civilian airport corresponding to the position of typhoon center. But it
will cost a lot of time and its effectiveness remains to be tested, so decided only to explore light typhoon first, to
achieve results is as follows:

(1) This study was, completed in August 2014, just encountered mild typhoon Phoenix invasion station in
September. Use the method of this study to made 72 hour forecast wind field of civil airports, then compared
to actual to wind field. The results can really reflect the changes wind field.

(2) Although the results of this research be sure, but only once the verification is still insufficient, the need to
accept more. Then evaluate whether it is worth extension to moderate typhoon.

(3) During this study found between the times of typhoon center appears in the statistical range of 0.5 grid point
and move path of typhoon seems to have some relevance, whether it can be used as a reference forecast
typhoon worth to be explored.

(4) Database used in the study since 1958 to 2007, now has more than 6 years. Although the number of typhoons
hit Taiwan in 6 years is not much, although the average wind speed for little effect. However, the moving path
of each typhoon is different, so to the area that typhoon center never been past should be able to provide an
effective reference. Therefore, continued to increase the database of typhoon is necessary.

(5) In the area east and westerly conversion, statistical results will be two different wind values, the paper shows
only the higher frequency wind. Forecasters will consider the actual situation when the job is selected and
marked a reasonable wind.

(6) Grid points as in the central mountains, the actual wind farm will be more complicated so for reference
purposes only.

(7) The number of occurrences within the statistical range of 0 times, the area surrounded by yellow blocks as the
representative of the repository without qualifying information that has not appeared in the typhoon center;
surrounded by a light blue block you may not qualify for such information, data library unrecorded block or
weaken as Td.

(8) Increased by 0.25 degrees of latitude and longitude statistics grid point, we expect to have more output
information is available. After comparison and found an increase in the area of information Nil limited and
valuable statistics to enhance wind farm is very limited.

(9) When light typhoon center through RCMT airport and landing the mainland, after moved to northwest area of
RCMT airport (119° E~118° E), RCMT airport appear 45KT average wind speed and 95KT gusts. At the
moment, most of typhoons are weaken, even weakened into a tropical cyclone, but still appear strong gusts

90KT or more, mainly caused by common factors associated with effects of terrain and northeast wind.
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