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Introduction: When the forecasted typhoon track differs from the numerical
model’s prediction, the estimated precipitation andwind from themodelmay not
be reliable. Typically, forecasters receive numerical model forecasts with a delay
of 4 h or more in calculation time. However, a more timely reference of
precipitation and wind forecasts is required in an emergency with an
approaching typhoon. Analyses of the observational data of typhoon-related
characteristics, such as heavy rainfall and strong winds, from 1997 to
2021 revealed that their distribution areas are considerably affected by
typhoon tracks. In this study, we developed a precipitation and wind
prediction system based on the observational data of the typhoons that
affected the Korean Peninsula.

Methods: Typhoon tracks were categorized into west-coast landfalls, southeast
landfalls, and those passing the Korea Strait. Each category affects the Korean
Peninsula differently in terms of rainfall and wind. We devised a system that
predicts these patterns based on incoming typhoon tracks. We can make
forecasts by comparing the approaching typhoons to previous instances and
analyzing their center, movement direction, and size. Observations from these
past typhoons were averaged to produce a forecast grid for each new typhoon.

Results: Our system, validated from 2019 to 2022, showed a wind speed root-
mean-square error of 3.37 m/s and a precipitation accuracy index of 0.72. For
comparison, traditional numerical models yielded 5.04 m/s and 0.75,
respectively. This indicates that our system is comparably efficient and
computationally less demanding.

Discussion: Our system’s strength is its ability to offer real-time typhoon
forecasts, often faster than numerical models. However, its dependence on
historical data limits its predictive power for atypical weather scenarios. It is
essential to consider integrating ensemble models with these observations for
enhanced accuracy. Since 2022, this system has been operational at the Korea
Meteorological Administration, showing consistent reliability in forecasting.
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1 Introduction

The Korea Meteorological Administration (KMA) issues a
typhoon advisory when the center of a typhoon or its strong
wind radius enters the emergency zone (north of 28°N, west of
132°E) and is expected to impact the land or sea of Korea. Detailed
additional information on hazards, including heavy rain, wind gusts,
and strong winds caused by typhoons, is provided to support
decision-making and is classified as typhoon impact (National
Typhoon Center, 2011). Among the various forecast elements,
typhoon tracks have garnered notable social interest and a strong
demand for accurate forecasts (Yamaguchi et al., 2017). The
typhoon track largely determines the effects of other forecast
elements, including precipitation, wind, and wave height (Kim
et al., 2020; Wei and Chang, 2021; Bakker et al., 2022; Wang
et al., 2023). The numerical models have continued to improve
their predictions regarding precipitation and winds during typhoons
(Demaria et al., 2013; Lin et al., 2015; Wu et al., 2018). Forecasting
relies on numerical models to predict precipitation and winds
during typhoon impacts. The typhoon track of the numerical
model has a forecast error of approximately 200 km for a 3-day
prediction and approximately 400 km for a 5-day prediction
(Numerical Modeling Center, 2023). In case of an incorrect
prediction of the typhoon track by the numerical model, a
discrepancy occurs between the predicted track by the model and
the forecasted track. This discrepancy poses a challenge in accurately
predicting the distribution of the precipitation and wind that aligns
with the typhoon forecast. Therefore, it is important to improve the
prediction accuracy to achieve consistency between typhoon-track
forecasts and precipitation and wind forecasts.

Herein, we investigated the different typhoon-related
characteristics regarding the distribution of precipitation and
winds across the Korean Peninsula based on the tracks of past
typhoons that have affected the Korean Peninsula. Additionally, we
developed a prediction system based on the analyzed typhoon tracks
to support precipitation and wind forecasting in case the typhoon
followed a similar track. To develop the prediction system, typhoons
with similar characteristics were selected and used as predictive
factors. Fang and Kuo (2013) conducted a study to forecast typhoon
precipitation using outputs form an ensemble numerical model. In
the present study, we adopted their method but with the reselection
of similar members every 1 h. While previous research, such as that
conducted by Kim et al. (2019) and Wang et al. (2023), has
forecasted cumulative precipitation by selecting typhoons with
analogous intensity and trajectories, there is potential for
inaccuracies in the predictions as they used all the data from the
entire duration of the selected typhoon. Following this, in this study,
we further improved the accuracy of our forecasts by selecting past
typhoon cases for each hourly forecasting time interval. Recently,
typhoon-induced localized heavy rainfalls have caused landfall-
related damages, prioritizing the need to improve the prediction
accuracy of typhoon-induced precipitation. The typhoon
HINNAMNOR occurred on 28 August 2022, and reached a
super-strong stage with a central pressure of 915 hPa on
30 August 2022. On 6 September 2022, it passed over the
Gyeongnam coast of the Korean Peninsula, causing heavy rainfall
mainly in the Jeju and southern regions. A daily rainfall of 703 mm
was recorded at Hallasan Mountain on Jeju Island, and 342.4 mm at

Pohang, located in the southeastern peninsular region. The heavy
rainfall in Pohang caused rivers to overflow, resulting in numerous
casualties and notable property damage. The forecasting system
developed in this study can generate precipitation and wind
forecasts that align with the expected track of a typhoon when
provided with the typhoon information. Unlike the time-taking
global numerical models, this system can provide fast and accurate
precipitation and wind predictions during typhoons, which can help
reduce the loss of property and human life during a disaster.

2 Characterization of typhoon impacts

Usually, forecasts of strong winds and the distribution of
precipitation areas rely on the results of the numerical models.
However, when forecasters announce typhoon information, in
addition to the numerical models, they also refer to various data
sources, including satellites, observations, and forecast error trends
of the numerical models. If the forecasted typhoon track aligns with
the numerical model’s, the wind and precipitation predicted by the
numerical model can serve as a good reference. However, if the
predicted typhoon track differs from that forecasted typhoon track,
the precipitation and wind predictions of the numerical model
become unsuitable for forecasting.

In this study, past observations of the precipitation and wind
patterns were analyzed to improve the accuracy of precipitation and
wind predictions and make them consistent with the predicted
typhoon track. The prediction method involved selecting past
typhoon cases similar to the forecasted location of a developing
typhoon and using those case-related observations to predict the
incoming precipitation and wind. This method assumes that
typhoons at similar locations and progression tracks will have

FIGURE 1
Boundary region for classifying typhoons used in the analysis
(blue line) and tracks of classified typhoons (red to yellow
colored lines).
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similar precipitation and wind patterns. To apply this concept, it was
necessary to conduct a detailed investigation regarding the effects of
the typhoon track on the distribution of precipitation and wind
across the Korean Peninsula. By analyzing the variations in the
typhoon-track-specific precipitation and wind distributions, it
might be possible to develop more accurate methods for
predicting precipitation and wind patterns.

The past typhoon cases (627 cases) from 1997 to 2022 were selected
and investigated for their intensity and distribution of wind and

FIGURE 2
Tracks of three typhoons categorized into (A) typhoons entering
the west coast (average track is blue line), (B) typhoonsmaking landfall
on the south coast (average track is purple line), and (C) typhoons
crossing the Korea Strait between South Korea and Japan
(average track is green line).

FIGURE 3
(A) Average wind speed distribution of typhoons along the west
coast, (B) Average wind speed distribution of typhoons along the
south coast, and (C) Average wind speed distribution of typhoons
between Korea and Japan.
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precipitation along the typhoon track (Figure 1). Adequate wind and
precipitation observational data for the analysis have been available
since 1997. Of the 627 typhoons that occurred in the northwest Pacific
Ocean, 79 typhoonswere active for>6 h in a specified area (from32.6°N
to 39°N and from 124°E to 132°E). The area categorization was
determined based on the impact of the typhoon on the Korean
Peninsula. The criterion of being in the specified area for >6 h
implied that the typhoon’s center was in that area more than once.
Although the actual typhoon remained in the area for >6 h, the track
data were excluded if it did not exist in the area for >two points.

The K-means clustering algorithm was used to classify the
selected typhoon tracks that impacted the Korean Peninsula. The
best tracks from the Regional Specialized Meteorological Center
(RMSC), Tokyo were used to classify the typhoon tracks. To classify
typhoon tracks using the k-means algorithm, it was necessary to
determine the appropriate number of classifications. The results of
comparing two to five typhoon track classifications were analyzed.
In the case of >four classification categories, the data resulted in
duplicate classifications of typhoon tracks; thus, it was deemed
unsuitable as classification standards. The optimal typhoon track
classification results were obtained when the k-means algorithm was
applied to the three categories. The typhoon tracks were classified
into the following three classification categories, with the smallest
error values: those that caused landfall on the west coast (Figure 2A),
those that caused landfall on the south coast (Figure 2B), and those
that passed between Korea and Japan (Figure 2C).

The distribution characteristics of wind and precipitation along
the typhoon tracks of the three categories were analyzed using past
observations. The past data used 10-min average wind speed values
and 60-min cumulative precipitation values obtained from the
Automatic Weather Station (AWS). The average maximum wind
speed and cumulative precipitation during the typhoon impact
period were calculated, which was defined as the period when the
center of the typhoon was within the area of 124°E to 132°E and
32.6°N to 39°N. These calculations were performed for each track
and averaged for the three classification categories. The maximum
wind speed and cumulative precipitation values were calculated at
each observation point. The results showed that each track’s
distribution areas with strong winds were similar. Typhoons that
caused landfall on the west coast showed an L-shaped distribution of
average winds (Figure 3A). Typhoons that caused landfall on the
southern coast showed a U-shaped distribution of average winds
(Figure 3B). The typhoons between Korea and Japan showed a
J-shaped distribution of average winds (Figure 3C).

Strong winds tended to have different distributions along the
categorized typhoon tracks. Similarly, the distribution of cumulative
precipitation during the typhoon impact period varied along the
track. For the typhoons that caused landfall, heavy precipitation
zones appeared on the southwest coast (Figure 4A). For typhoons
that caused landfall on the southern coast, heavy precipitation was
observed in the central region of the southern coast and along the
eastern coast (Figure 4B). The precipitation zones appeared on the
southeastern coast of the Korean Peninsula for typhoons passing
through the Korea Strait between South Korea and
Japan (Figure 4C).

The average wind and precipitation distributions were similar
when categorized into similar typhoon tracks. However, in each
category, there were cases in which the wind and precipitation
distributions differed even with similar typhoon tracks. This was
probably because even if the typhoon track within the impact area
were similar, the track it takes before causing landfall, the moving
speed, intensity, and size of the typhoon could have varied. However,
the average wind and precipitation distributions were similar along
the typhoon track. Therefore, this prediction system for forecasting
typhoon precipitation and wind for the Korean Peninsula was
developed by considering the typhoon size and direction of
movement as additional selection criteria.

FIGURE 4
(A) Mean cumulative precipitation distribution for typhoons
passing over the West Coast, (B) Mean cumulative precipitation
distribution for typhoons passing over the South Coast, and (C) Mean
cumulative precipitation distribution for typhoons passing
between Korea and Japan.
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3 Data and forecasting methods

The typhoon tracks affecting the Korean Peninsula were
classified into three patterns using historical observations. The
average distribution of wind and precipitation for each category
differed based on the classification of the typhoon track during this
period. We developed a method for predicting wind and
precipitation during the typhoon impact period using these
typhoon-induced precipitation and distribution characteristics. By
selecting past typhoon cases with centers that were most similar to
the expected location of the typhoon, precipitation (or wind)
intensity and distribution data were generated by averaging the
precipitation (or maximum wind speed) at the observation point at
that time. To select similar past typhoon cases, 1-hourly data for
typhoons affecting the Korean Peninsula from 1997 to 2021 were
used. By linearly extrapolating the 6-hourly data (best track of
RSMC Tokyo) to 1-hourly intervals, the calculated 1-hourly
typhoon center location and intensity were used for forecasting.

The factors that can be used to select similar typhoon cases are
the typhoon’s center, direction of movement, size, intensity, and
speed. The typhoon’s center, size, and intensity were linearly
interpolated at 1-h intervals, and its direction of movement and
speed were calculated using the hourly center location information.
Precipitation and wind observations for selected periods of similar
typhoon cases in the historical past were obtained from the
observations of the KMA AWS. These data include 10-min
average wind speed values and 1-h cumulative precipitation
values stored between 1997 and 2021. In total, 761 automatic

weather stations on the Korean Peninsula were used, with some
showing no observations between 1997 and 2021.

To determine the results of producingwind forecasts through data
synthesis using past similar typhoon cases, the developed technique
was used for the impact period of Typhoon BAVI at 13:00 UTC on
26 August 2020. At that time, the typhoon was centered in the West
Sea of the Korean Peninsula. The direction of the typhoon’s
movement indicated a northward track (Figure 5). Among the
typhoons from 1997 to 2021, 24 cases with similar centers were
selected (Figure 5A). The 24 selected cases included the same typhoon
but with different time centers interpolated at 1-h intervals. The same
typhoon event, but with different precipitation data at different 1-h
intervals from the typhoon center, represented different data. The
selected typhoon cases with similar centers also included cases in
which the typhoon moved in different directions. The average wind
speeds of the 24 selected typhoons were higher along the western and
southern coasts of the Korean Peninsula (Figure 5B). The average
wind speed of a typhoon is calculated by averaging the 1-h maximum
wind speed observations from selected similar cases. Nine cases had
similar movement directions among the selected typhoons with
similar centers (Figure 5C). The average wind speeds for these
nine typhoons were relatively weak inland, whereas there were
strong wind areas along the southwest coast and Jeju Island
(Figure 5D). From the selected nine cases, typhoons with similar
radii were reselected and seven similar typhoons were derived.
Compared to the simple average of the 24 cases, the distribution
of average wind speeds considering all three conditions (distance,
direction, and size) revealed an expanded area of strong winds along

FIGURE 5
The yellow line is the track of Typhoon BAVI. (A) Tracks (gray lines) and centroids (red circles) of 24 typhoons classified by distance similarity. (B)
represents the average wind speed distribution of the 24 classified tracks. (C) represents the tracks (gray lines) and centers (blue circles) of the nine similar
cases, which are classified by distance and direction of movement. (D) is the average wind speed distribution of the nine classified cases. (E), the tracks
(gray lines) and centers (green circles) of the seven best-case typhoons classified by distance, direction of movement, and typhoon size. (F) Average
wind speed distribution of the 7 classified cases.
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the southwest coast. Individual cases selected as similar (yellow boxes)
or excluded (red and blue boxes) cases for each condition are shown in
Figure 6. Most cases that were excluded as similar cases, owing to
differences in the direction of movement, exhibited either excessively
strong or weak wind speeds. Typhoons that were excluded due to their

size showed stronger wind fields on the southwest coast and were
appropriately removed (Figure 6). We found that the forecast
accurately predicted wind strength and distribution by comparing
the wind forecasts produced with the observed wind speed values in
the AWS at 13:00 UTC on 26 August 2020 (Figure 7).

FIGURE 6
Sample of the forecast production process with 24 wind speed observations selected as similar cases. Red and blue lines show excluded cases with
added classification conditions. The final selected similar cases are colored yellow.

Frontiers in Earth Science frontiersin.org06

Kim et al. 10.3389/feart.2024.1327170

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2024.1327170


This study extracts similar typhoon cases and uses the maximum
observed wind speed and cumulative precipitation data from those
instances. Observation points may be added or removed, resulting in
periods without data. Additionally, partial data loss may occur due
to issues with observation equipment. Predictions of maximum
wind speed and cumulative precipitation derived from
observations require validation from all observation points. The
Multiquadric interpolation method (MQI) (Hardy, 1971) was used
to interpolate forecasts at arbitrary points or convert them to
gridded data. Eq. 1 shows H(X) as the spatially varying
background field, Q as the relationship between observation
point Xi and X, and αi as the weighting factor.

H X( ) � ∑N

i�1αiQ X − Xi( ) (1)

The MQI method models the relationship between observations
as a hyperbolic function (Eq. 2), with c as an arbitrary, typically
small constant.

Q X − Xi( ) � X − Xi| |2
c2

+ 1.0( )1/2

(2)

The study employs a two-dimensional hyperbolic function, as
shown in Eq. 3.

Qi x, y( ) � x − xi| |2+ y − yi

∣∣∣∣ ∣∣∣∣2
c2

+ 1.0⎛⎝ ⎞⎠1/2

(3)

For each observation point (xj, yj), H is expressed by Eq. 4, and Q
by Eq. 5.

H xj, yj( ) � ∑N

i�1αiQi xj, yj( ) (4)

Qi xj, yj( ) � xj − xi

∣∣∣∣ ∣∣∣∣2+ yj − yi

∣∣∣∣ ∣∣∣∣2
c2

+ 1.0⎛⎝ ⎞⎠1/2

(5)

The predicted values, H (xj, yj), correspond to a set of
approximately 700, which is the number of materials produced,

and ai is also of the same number. This is represented in matrix form
as Eq. 6. Solving Eq. 6 for ai corresponds to Eq. 7.

Hi � Qijαi (6)
Q−1

ij Hj � αi (7)

To calculate the value for the point (xg, yg), which is denoted
as Hg, multiply ai by the calculated Qgi (defined by Eq. 9) as
shown in Eq. 8.

Hg � QgiQ
−1
ij Hj (8)

Qgi xj, yj( ) � xg − xi

∣∣∣∣ ∣∣∣∣2 + yg − yi

∣∣∣∣ ∣∣∣∣2
c2

+ 1.0⎛⎝ ⎞⎠1/2

(9)

4 Sensitivity experiment

Sensitivity experiments were performed to determine the
optimal objective criteria for selecting historical typhoon
scenarios. For the objective selection of similar typhoon cases
and improvement of prediction accuracy, the factors used to
select similar cases included the distance between typhoon
centers, the direction of typhoon movement, and the wind radius
of the typhoon. Other factors, such as typhoon intensity (maximum
wind speed and central pressure) and movement speed, were
excluded from the analysis because they tend to significantly
reduce the number of cases during the classification process.
Sensitivity experiments were performed to determine the
variables and threshold values for selecting similar typhoons.
Experiments were performed separately for precipitation and
wind forecasting. In the sensitivity experiment, the precipitation
and wind forecast data for the typhoon period were compared with
the observed data (AWS), and the root-mean-square error (RMSE)
value was calculated to determine forecast performance. To reduce
the excessive calculation time, the procedure used was to determine

FIGURE 7
Distribution of observed wind speeds during Typhoon BAVI (A) and predicted wind speeds by averaging over similar cases (B).
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the value of one variable and then determine the next variable
sequentially. The variables used in the calculation were the distance
from the typhoon center, the direction of the typhoon movement,
and the typhoon size. First, a sensitivity experiment was performed
to predict the wind by changing the threshold for the distance from
the typhoon center from 30 to 130 km in increments of 10 km
(Figure 8). The results indicated that the best prediction accuracy
was obtained by averaging the selected cases with the distance
between typhoons within 50 km. We maintained the typhoon
center distance criterion in the next experiment at 50 km. We
incrementally increased the criterion for the difference in
typhoon movement direction from 10° to 80° at an interval of
10°. If past typhoon cases are consistent with the current
typhoon, there will be no difference in the direction of
movement, which will be 0°. In this experiment, the highest

accuracy was achieved by selecting similar typhoons when the
angle between the direction of movement of the current forecast
typhoon and that of past typhoons was within 40°. Sensitivity
experiments related to typhoon size were performed by selecting
typhoons within 50 km of each other and had angular differences in
their directions of movement within 40°. The results showed that the
best performance was achieved by excluding historical typhoons
whose wind radius was less than 50% of the forecasted typhoon.
There was no effect when historical cases with wind radii larger than
those of the forecasted typhoon were excluded. Sensitivity
experiments were performed for precipitation forecasts using the
same methodology as the selection process for wind forecasts in the
historical typhoon cases (Figure 9). The results showed that
precipitation forecasts were most accurate when the distance

FIGURE 8
Results of sensitivity experiments for wind speed prediction
during typhoons. Comparison of prediction accuracy as a function of
the distance between typhoon centers (A), typhoon direction of
movement (B), and typhoon size (C).

FIGURE 9
Results of sensitivity experiments for precipitation prediction
during typhoons (larger ACC values lead to more accurate
predictions). Accuracy as a function of the distance between typhoon
centers (A), the direction of typhoonmovement (B), and typhoon
size (C).
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between typhoons was within 70 km and the angle between their
directions of movement was within 10°. The best results for
predicting typhoon size were obtained when historical typhoons
less than 70% of the predicted typhoon radii were excluded.

5 Evaluation of forecast performance

Strong wind predictions for typhoons that passed through the
region–124–132°E, 32.6–39°N were performed from 2019 to 2022.
The data used for the forecast were the official typhoon forecast track
of KMA, which was generated by assuming real-time forecasting. In
selecting historical typhoon cases and combining observational data,
typhoon cases or observations from later periods were excluded
based on the forecast production time. Some differences were found
between the real-time typhoon track of KMA and the best track.
Based on this difference, we also verified the accuracy of the wind
forecast during a typhoon, assuming that the forecast for the
typhoon track was accurate. The wind forecasts were validated
using three quantitative metrics: bias, RMSE, and correlation
coefficient Eqs 10–12. These metrics were used to evaluate the
accuracy and reliability of the forecasts.

bias � 1
N

∑N

i�1 Fi − Oi( ) (10)

RMSE �
��������������
1
N

∑N

i�1 Fi − Oi( )2
√

(11)

r � ∑ F − �F( ) O − �O( )���������∑ F − �F( )2√ ���������∑ O − �O( )2√ (12)

In this study, wind forecasts based on the typhoon forecast track of
KMA were validated for 13 typhoons that passed through a specified
area. From the distribution of the predicted and observed values shown
in Figure 10A, the deviation was calculated as −1.12, the RMSE was
3.72, and the correlation coefficient was 0.62. A best-track wind
prediction experiment was performed for 12 typhoons, and the
number of typhoons differed from the case using the typhoon
forecast track of KMA. This is due to the difference in typhoons’
duration and center location between the forecast track and the best
track. Because the typhoon cases for the experiment were selected based
onwhether the typhoonmoved into the specified area, if the track of the
reanalyzed typhoon was different, it may not have entered the area.
Therefore, validating the results using the real-time forecast track and
the Best Track cannot be compared for the same case. However, the
overall average validation result indicates that the Best Track forecast
has better accuracy. Figure 10B shows the distribution of the predicted
and observed values for the forecast using the Best Track, with a
deviation of −0.36, RMSE of 3.07, and a correlation coefficient of 0.71.
When comparing the wind prediction results for each typhoon, the best
track experiments showed smaller errors for most typhoons, except for
a few cases (Tables 1, 2). This suggested that the more accurate the
forecast track of a typhoon, the more accurate the wind
prediction results.

A categorical verification method was used for the forecasts of
typhoon precipitation. This method verifies the accuracy by

FIGURE 10
(A) Scatterplot of wind speed predictions produced using the
typhoon track forecasted by the Korea Meteorological Administration
and compared to AWS observations simultaneously. (B) Scatterplot of
wind speed forecast results using Best track compared to AWS
observations simultaneously.
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identifying the occurrences of precipitation based on a specific
threshold. It uses a division table to differentiate between the
observed and predicted values and evaluates performance using
various forecast evaluation indices. The division table consists of
“Hit” “Miss” “False alarm” and “Correct negative” (Table 3). A “Hit”
occurs when an event is predicted and happens. A “Miss” occurs
when an event is predicted not to happen, but it happens. A “false
alarm” occurs when an event is predicted but does not happen.

Lastly, a “Correct negative” occurs when an event is predicted not to
happen, and it indeed does not happen.

The forecast evaluation index is verified using accuracy, bias
score, and the critical success index (CSI). Accuracy is an index that
indicates the average level of agreement between the individual
forecasts and observations. It is measured on a scale of 0–1, with a
perfect forecast having a value of 1 (Eq. 13). Bias is an index
measuring the agreement level between the average and the
average forecasts. It ranges from zero to infinity, with a perfect
forecast having a value of one (Eq. 14). The success threshold index
is calculated by dividing the number of events by the sum of the total
number of events associated with the occurrence of an event,
whether forecasted or observed (Eq. 15). The value ranges from
zero to one, with one representing a perfect forecast.

accuracy � H + C

H +M + F + C
(13)

Bias score � H + F

H +M
(14)

CSI � H

H +M + F
(15)

For each typhoon, the precipitation forecasts using the best track
were generally better than those using the forecasted track, except
for Typhoon DANAS (Category 5, 2019) and Typhoon BAVI

TABLE 1 Validation results of maximum wind speed prediction using the
typhoon track forecasted by the Korea Meteorological Administration and
the observations of the automatic weather station at the same time (BIAS:
mean deviation, RMSE: root mean square error, CORR: correlation
coefficient).

BIAS [m/s] RMSE [m/s] CORR.

1905 DANAS −1.05 2.52 0.79

1908 FRANCISCO 2.85 4.26 0.52

1910 KROSA −1.25 1.98 0.69

1913 LINGLING −3.79 5.26 0.67

1917 TAPAH −2.23 3.32 0.80

1918 MITAG −1.36 2.50 0.82

2005 JANGMI 2.26 3.57 0.78

2008 BAVI −0.27 3.01 0.78

2009 MAYSAK −4.02 5.12 0.82

2010 HAISHEN −2.63 4.24 0.65

2109 LUPIT 1.54 3.08 0.40

2112 OMAIS 1.17 2.76 0.72

2114 CHANTHU −0.06 2.09 0.80

TABLE 2 Validation results of maximumwind speed using the best track and
the automatic weather station observations simultaneously (BIAS: mean
deviation, RMSE: root mean square error, CORR: correlation coefficient).

BIAS [m/s] RMSE [m/s] CORR.

1905 DANAS −0.43 2.39 0.75

1908 FRANCISCO 1.80 2.86 0.66

1913 LINGLING −1.62 3.86 0.72

1917 TAPAH −2.06 3.50 0.70

1918 MITAG −0.53 2.36 0.78

2004 HAGUPIT −0.08 2.02 0.78

2005 JANGMI 2.61 3.81 0.78

2008 BAVI −0.17 2.65 0.83

2009 MAYSAK −3.01 4.29 0.83

2010 HAISHEN −1.40 3.08 0.76

2112 OMAIS 0.17 2.48 0.73

2114 CHANTHU −0.43 2.54 0.72

TABLE 3 Validation methods used to compare forecast accuracy (H: Hit, M:
Miss, F: False alarm, C: Correct negative).

Forecast

Yes No Total

Observed Yes H M H + M

No F C F + C

Total H + F M + C H + M + F + C

TABLE 4 Prediction of 1-h average precipitation using the typhoon track
forecasted by the Korea Meteorological Administration and verification of
results using the observations of the automatic weather station from the
same period (Acc: accuracy, Bias: bias score, CSI: critical success index).

Acc Bias CSI

1905 DANAS 0.72 1.48 0.63

1908 FRANCISCO 0.42 2.91 0.26

1913 LINGLING 0.54 3.20 0.29

1917 TAPAH 0.72 1.33 0.58

1918 MITAG 0.83 0.98 0.78

2005 JANGMI 0.67 1.41 0.67

2008 BAVI 0.69 1.89 0.47

2009 MAYSAK 0.93 0.93 0.93

2010 HAISHEN 0.46 0.47 0.43

2112 OMAIS 0.63 1.56 0.59

2114 CHANTHU 0.65 2.36 0.35
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(Category 8, 2020) (Tables 4, 5). This suggested that if typhoon
forecast tracks become more accurate, it will be possible to achieve
more accurate precipitation forecasts during typhoons, similar to the
validation of wind forecasts.

6 Summary and conclusion

When a typhoon enters an emergency zone and is expected to
affect the Korean Peninsula, the KMA enhances its response by
issuing a special typhoon advisory and releasing additional detailed
forecast information. These forecasts include information on the
typhoon’s track, upcoming winds, and precipitation. However, for
operational forecasters, wind and precipitation forecasts during
typhoons highly depend on the NWPs. Particularly, difficulties
occur in forecasting the distribution of wind and precipitation
when there is a discrepancy between the track predicted by the
NWP and that determined by the forecaster. In this study, we
proposed a new methodology for predicting typhoon winds and
precipitation to address these issues.

Typhoons that have affected the Korean Peninsula have
exhibited various precipitation and wind distribution
characteristics along their tracks. Under the assumption that a
better understanding and use of these characteristics can lead to
more accurate predictions of precipitation and wind distributions
during typhoon events in the Korean Peninsula, we used the
k-means clustering algorithm to classify historical typhoon data.
Based on this, a system was developed to predict typhoon-induced
precipitation and strong winds to forecast the duration of the impact
of a typhoon on the Korean Peninsula. The prediction system
generates data based on historical data, including the observed
movement tracks of typhoons, their radii, wind speeds, and
cumulative precipitation.

In this study, a method was developed to objectively select
typhoon-similar cases and improve forecast accuracy. The
variables used to select analogous cases and perform sensitivity

experiments were also used to derive specific criteria. Through
sensitivity experiments, we found that wind forecasts were most
accurate when selecting similar cases with a distance of 50 km from
the typhoon center, movement direction within 40°, and a typhoon
size of at least 50%. For accurately forecasting precipitation, the best
results were achieved when the distance from the typhoon’s center
was 70 km and the direction of movement was within 10°. The
forecast accuracy was improved by selecting similar cases with 70%
or more typhoon sizes. Employing an accuracy reference value
enhances the prediction performance compared to solely relying
on existing empirical values (which are limited to 50 km for distance
only). The accuracy of precipitation and wind forecasts increased by
2.94% and 22.69%, respectively. Such characteristics prove valuable
for real-time typhoon forecasting. The research findings have been
integrated into a real-time system to aid in practical forecasts. When
a typhoon approaches the Korean Peninsula, the system
automatically generates precipitation and wind forecast data
based on the typhoon’s track. Although the accuracy of this
approach might not surpass that of numerical model results, it
boasts the benefit of minimal computational costs. Nonetheless, its
reliance on historical observation data can constrain its predictive
power for exceptionally strong or weak events. Efforts are underway
to address these shortcomings by leveraging predictions from
various ensemble models.
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TABLE 5 Prediction of 1-h average precipitation using Best track and
verification of results using the observations by the automatic weather
station simultaneously (Acc: accuracy, Bias: bias score, CSI: critical success
index).

Acc Bias CSI

1905 DANAS 0.50 1.62 0.48

1908 FRANCISCO 0.65 2.16 0.38

1913 LINGLING 0.67 2.44 0.41

1917 TAPAH 0.89 0.79 0.69

1918 MITAG 0.86 0.93 0.83

2005 JANGMI 0.69 1.41 0.69

2008 BAVI 0.60 2.19 0.42

2009 MAYSAK 0.97 0.98 0.97

2010 HAISHEN 0.76 0.80 0.76

2112 OMAIS 0.77 1.20 0.68

2114 CHANTHU 0.79 1.48 0.42
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