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is crucial to achieve precise weather measurements. This research
- aims to implement the Gabella and random forest methods to detect
ground clutter in Padang weather radar data and determine the optimal
method between the two. The implementation of the Gabella method
for detecting ground clutter in Padang weather radar data was
suboptimal. This was due to the most duplicated data at the same point
being only 15.97% of the total data. Meanwhile the random forest
method obtained a kappa value of 92.03%. This indicates that the
random forest model created using 2000 trees as the parameter
performs well. Based on these results, the random forest method
identified as the most optimal approach for detecting ground clutter in
Padang weather radar data.
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INTRODUCTION

Weather radar is an active remote sensing instrument for various hydrological and
meteorological implementations [1]. It serves as a crucial tool for monitoring and analyzing
weather patterns, providing valuable data for hydrological and meteorological applications.
Weather radar has the advantage of detecting rainfall space and times due to its high spatial
resolution (less than 1 km) and temporal resolution (5 - 10 minutes) [2-3]. These capabilities
enable meteorologists and hydrologists to track the evolution of precipitation events with
remarkable detail. A fundamental problem before radar-derived precipitation amounts can be
utilized for hydrological purpose is to ensure that they possess enough accuracy and robustness
[4]. Rainfall estimation on weather radar is extremely complicated due to signal attenuation
effects, ground clutter contamination, and radar calibration errors [5-6]. Ground clutter
contamination presents another challenge, as non-meteorological objects such as terrain
features and man-made structures can generate false echoes on radar screens, obscuring
genuine precipitation signals and affecting the accuracy of rainfall estimates.

Ground clutter is a signal or echo from non-meteorological objects on the earth’s surface that
is stationary in the time domain [7]. When the sensor operates in forward-looking mode, the
signal it transmits travels through the surrounding medium and encounters the resolution
volume, primarily occupied by scatterers on the ground plane. This interaction results in the
creation of ground clutter, which comprises unexpected echo data that interferes with weather
observation tasks. Consequently, the near-ground meteorological signal may be submerged in
strong ground clutter totally [8]. Objects commonly referred to as ground clutter include trees,
mountains, rocks, snow, and other tall building structures [9]. The presence of ground clutter
in weather radar observations results in a decline in the quality of data and can result in
misinterpretation of radar echoes. Detecting and mitigating clutter effects is crucial to achieve
precise weather measurements [10]. Ground clutter mitigation is usually performed at the
lowest elevation angles of the weather radar because ground clutter is usually detected at the
lowest elevation angles [11-12]. By applying filtering techniques and algorithms specifically
designed to identify and remove clutter signals, meteorologists can improve the reliability of
radar observations and enhance the accuracy of weather forecasts. Effective clutter mitigation
contributes to more precise measurements of meteorological phenomena, ultimately leading
to better-informed decision-making in various sectors reliant on weather information, such as
agriculture, aviation, and disaster management.

Many studies have been conducted to detect and remove ground clutter on weather radar data.
Heistermann and Jacobi researched to detect and remove clutter using a texture-based filter
developed [15]. The Gabella method is based on the fact that ground clutter has higher
reflectivity values compared to meteorological objects [15]. In that study, Gabella’s method
was implemented on the image of weather radar observations using adjusted parameters. To
detect ground clutter, the study used the accumulation of several weather radar data for the
past year [13].

Another method that can be used to detect ground clutter is random forest. A major benefit of
using random forest for prediction modeling is the ability to handle datasets with a large
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number of predictor variables; however, often in practice, the number of predictors required
for obtaining outcome predictions should be minimized to improve efficiency [14]. The use
of random forest has been done by Ali et al. to classify echo interference, precipitation echo,
and clear/no echo. The study was conducted on the Tangerang weather radar at the lowest
elevation angle. The testing results of the model in that study yielded a kappa value of 0.9,
indicating that the model can be used for classification [16].

This research aims to implement the Gabella method and random forest to detect ground
clutter in Padang weather radar data. Both methods will be implemented using several
parameter variations. Padang was chosen as a case study because the geographical conditions
in West Sumatra mostly consist of mountains and highlands which are categorized as ground
clutter.

METHOD

The study applied Padang Weather radar data on 21 March 2019. The Gabella method uses
one day of data from 00.05 to 23.55 Western Indonesia Time (WIB) with a time interval of 10
minutes between data. The data is in volumetric format, with reflectivity values as the main
input. The random forest method uses TIFF-formatted data with reflectivity values as input.
The time range for the random forest method was from 00:05 to 00:55 WIB.

Volumetric data is processed using Python to extract radar coordinates, azimuth, elevation,
range, and radar data which are then stored in a variable. This variable is used as input for the
Gabella method. Raster data processing is done using ArcMap 10.8 for data labeling. The
labeling is divided into three classes: ground clutter, precipitation echo, and clear/no echo.
After labeling, the data is imported into Python as input for the random forest method.

Gabella method will use the threshold parameter tr,,,- which is in the interval (3 dBZ < t1;,,,
<9 dBZ). The number of pixels n,, surrounding the tested pixel will be within the interval (6
<mn, < 10) and the window size will be 5x5 pixels. The selection of tr,,, and n,, affects the
process of clutter detection, but if both parameters are set at the interval, the results will not
show drastic differences. The random forest parameter used is the number of trees. The
number of trees used is 2000, 2500, and 3000. Varying the number of trees is done to observe
the performance of the created random forest model.

The output of the Gabella method produces Boolean values, namely True and False. The
output will be true if a specific pixel is indicated to be contaminated by ground clutter, and
False if it is not indicated. Then, the True values are extracted using Python and saved in an
Excel file. This step is repeated for one day of data with a distance of 10 minutes between
data. Then calculate how much ground clutter is duplicated at the same point from the total
amount of data used. This is because one of the properties of ground clutter is stationary in the
time domain, meaning that ground clutter will remain in a fixed position at a certain point. The
performance of the Gabella method can be evaluated using parameters that have been studied
by Scovell et al. In that study, a point can be indicated as ground clutter if the count of
occurrences at a particular point is 60% of the total accumulated data used [17]. In this study
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for the Gabella method, the data used totaled 144 data. So that a point can be categorized as
ground clutter if it is duplicated 86 times.

The random forest method uses raster data and predefined parameters as input for
classification. The classification is based on the three class labels: ground clutter, precipitation
echo, and clear/no echo. The performance of the random forest method is evaluated using the
kappa value. If the kappa value is less than 0.75 then the number of trees will be increased to
increase the kappa value. The kappa value is obtained as follows.
Pr(a)-Pr (e)

ke = 1-Pr (e)

1)

Pr(a) is percentage of total consistent measurements among raters, Pr (e) is percentage of
total measurement changes among raters. Both methods will be compared in detecting ground
clutter. The output from the Gabella method will focus on the top 10 duplicated data at the
same point to see if those 10 data points account for more than 60% of the overall data. The
random forest method will evaluate the model that has been made, if the kappa value produced
is above 0.75 then the model can be made for classification.

PDG Cluttermap Elevation 0.5 : PDG Cluttermap Elevation 1.4

o

(@) (b)

FIGURE 1. Clutter maps (a) and (b), Topographic Map (c)

The technique used is spatial analysis technique to analyze the most optimal method. The
spatial analysis involves the calculation and logical evaluation to discover geographic
relationships within digital data [18]. Spatial analysis in this research is done by overlaying.
The overlay method is an information system in graphical form formed by combining various
individual maps [19]. The overlay method is implemented to analyze specific areas
categorized as ground clutter by overlaying the output results of the random forest and Gabella
methods onto the actual map. Both methods will be focused on points classified as ground
clutter which are adjusted to the research conducted.

RESULT AND DISCUSSION

The parameter variations of Gabella method were implemented on 144 data from 00.05 to
23.55 WIB to find which parameter combination could identify ground clutter duplicated at
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the same point as much as 60% of the total data. Based on the results of Gabella parameter
variations that have been carried out, it is found that there is no significant difference in the
amount of duplicated data at the same point as shown in the table below.

TABLE 1. Duplicated data at the same point for tr,,,,. of 4 dBZ with Gabella method

tryqr = 4 dBZ
n,=6 n,=8 n, =10

Lat Long Dup Lat Long Dup Lat Long Dup
1 0.769422 100.3057 15 0.770564 100.3057 19 0.766281 100.3057 23
2 0.718167 100.3175 15 0.766281 100.3057 18 0.767621 100.3057 21
3 0.786584 100.305 14 0.791757 100.3054 18 0.766607 100.3057 21
4 0.766281 100.3057 14 0.786584 100.305 17 0.780478 100.3047 20
5 0.813225 100.305 14 0.849573 100.3128 17 0.885576 100.3053 20
6 0.783753 100.3048 14 0.749082 100.3014 17 0.770564 100.3057 20
7 0.791757 100.3054 14 0.761938 100.3038 17 0.802044 100.3043 20
8 0.783594 100.3048 14 0.718167 100.3175 17 0.811602 100.3045 20
9 0.765961 100.3057 14 0.811602 100.3045 16 0.749982 100.3014 20
10 0.701846 100.2998 14 0.793769 100.3041 16 0.849573 100.3128 20

TABLE 2. Duplicated data at the same point for tr,,,. of 6 dBZ with Gabella method

try,q- = 6 dBZ
n,=6 n,=8 n, =10

Lat Long Dup Lat Long Dup Lat Long Dup
1 0.8028 100.3043 13 0.770564 100.3057 16 0.849573 100.3128 20
2 0.766281 100.3057 13 0.850688 100.3128 16 0.770564 100.3057 20
3 0.761549 100.3068 13 0.766281 100.3057 16 0.791757 100.3054 19
4 0.769422 100.3057 13 0.793769 100.3041 16 0.766281 100.3057 19
5 0.765961 100.3057 13 0.849573 100.3128 16 0766607 100.3057 19
6 0.762887 100.3033 12 0.800251 100.3033 15 0.813238 100.305 18
7 0.793874 100.3064 12 0.775522 100.3045 15 0.811602 100.3045 18
8 0.813225 100.305 12 0.813238 100.305 15 0.765961 100.3057 18
9 0.764253 100.3033 12 0.770178 100.3057 15 0.850688 100.3128 18
10 0.781406 100.3048 12 0.791757 100.3054 15 0.757631 100.3062 17

TABLE 3. Duplicated data at the same point for tr,,,. of 8 dBZ with Gabella method

tryer = 8 dBZ
n,=6 n,=8 n, =10

Lat Long Dup Lat Long Dup Lat Long Dup
1 0.769422 100.3057 12 0.766281 100.3057 15 0.849573 100.3128 18
2 0.813242 100.305 11 0.769422 100.3057 14 0.765961 100.3057 17
3 0.813225 100.305 11 0.749082 100.3014 14 0.791757 100.3054 17
4 0.761549 100.3068 11 0.850688 100.3128 14 0.766281 100.3057 17
5 0.764253 100.3033 11 0.781406 100.3048 14 0.813238 100.305 17
6 0.765961 100.3057 10 0.793769 100.3041 14 0.818327 100.306 16
7 0.799179 100.3034 10 0.76984 100.3031 14 0.770564 100.3057 16
8 0.227728 100.0683 10 0.8028 100.3043 13 0.767278 100.3057 16
9 0.786584 100.305 10 0.770564 100.3057 13 0.800251 100.3033 16
10 0.541589 100.4557 10 0.803923 100.3051 13 0.793769 100.3041 16

Lat is latitude, long is longitude, and dup is the number of duplicates. Based on all the tables
above, it can be observed that the value of n,, increases, the number of data points duplicated
at the same location also increases, while decreasing the threshold value tr,,, leads to a higher
number of duplicated data points at the same location. Based on the results of Gabella
parameter variations that have been carried out, it is found that there is no significant difference
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in the amount of duplicated data at the same point. This is consistent with Gabella’s statement
that the selection of tr,,,, and n,, values affects the clutter detection process, but if the values

are still in the interval (3 dBZ < t1,4 <9 dBZ) and the interval (6 < n,, < 10) then the results
will not show drastic differences.

Based on the results of this study, the parameter configuration of tr,,,. = 4 dBZand n, = 10
that can produce the most number of duplicated data at the same point. which is 23 times at
the point latitude 0.766281 longitude 100.3057 or only 15.97%. This result is significantly
different from what was stated [14], where a point can be categorized as ground clutter if its
occurrence count at a specific point accounts for 60% of the total accumulated data used. So
the Gabella method with parameter variations used in this study cannot properly detect ground
clutter at a certain point.

The random forest model that has been made is evaluated using kappa values calculated from
EQUATION 1. For each variation of the number of trees parameter 2000, 2500, and 3000, a
kappa value of 92.03% was obtained from the model that has been made. Based on these
results, the random forest model can be used to classify ground clutter.

RF Classification
029
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Precipitation Echo
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FIGURE 2. Ground Clutter Classification Result from Random Forest Method

The results of the classification showed that ground clutter marked with red color spread along
the coast while rain clouds or precipitation echo spread across the sea. Based on FIGURE 1c,
the ground clutter is present in the coastal area, as the region’s topography is predominantly
mountainous and highland. The ground clutter pattern obtained from the random forest model
created exhibits a similar pattern to FIGURE 1a, where the ground clutter tends to dominate
the mountainous regions with hilly topography in the northern, northeast, and southeastern
parts. The results of the implementation of the random forest method obtained are still not
perfect because some points are still wrongly classified as ground clutter. These points are
indicated by red dots outside the coastline, meaning that the presence of red dots to the left of
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the coastline is a classification error. This occurs because the predicted classification results
for some pixels do not match the actual pixels, resulting in misclassifications.

Based on the results of both methods used in this research, the random forest method is the
most optimal method for detecting ground clutter in Padang weather radar data. This is due to
the result of the random forest model that has been made to get a kappa value of 92.03%
meaning the model already has a good performance, while the Gabella method for the variation
of parameters that have been made only gets the amount of data duplicated at the same point
of 15.97%. The spatial analysis of the random forest method’s results, as shown in FIGURE
2, was performed using overlay techniques, referencing the study conducted. It can be
observed that the distribution pattern of ground clutter obtained using the random forest
method resembles the pattern in FIGURE 1a. Hence, the random forest method is considered
the most optimal approach for detecting ground clutter in Padang weather radar data.

CONCLUSION

The implementation results of the Gabella method for detecting ground clutter in Padang
weather radar data are suboptimal. This is because, after exploring different parameter settings,
the maximum data duplication at the same point is only 15.97%. Meanwhile the random forest
method obtained a kappa score of 92.03%. This means that the random forest model that has
been made using the parameters of a number of trees of 2000 has a good performance. This is
evidenced by the results showing a ground clutter distribution pattern consistent with previous
research findings which is ground clutter tends to dominate the mountainous regions with hilly
topography in the northern, northeast, and southeastern parts. Therefore, the random forest
method is the most optimal approach for detecting ground clutter in Padang weather radar
data.
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