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Abstract. Rainfall is one of the frequent data used in weather-related studies. Sometimes the
data have missing information that needs the treatment to make sure the data can be useful,
complete and reliable. There are many methods in treating missing data suggested by previous
studies. The best selected method to estimate missing rainfall data in different regions may vary
depending on the rainfall pattern and spatial distribution. Therefore, this paper discussed and
compared 3 different methods in missing data treatment. The selected methods are Expectation
Maximization (EM), Inverse Distance Weighted (IDW) and Multiple Imputation (MI). After
analysis, the best method is IDW based on root mean square error (RMSE), mean absolute error
(MAE), correlation coefficient (r) and percentage of error (% of error) values. The IDW method
has RMSE, MAE values and the lowest % of error values. In addition, the r value of IDW method
is highest compared to EM and MI method. MI method recorded the highest values of RMSE,
MAE and % of error with the lowest r value that proved MI method is the least accurate method
to use in missing data treatment. After all methods were implemented, it proved that the IDW
method is the best way to treat missing data because the analysis shows monthly rainfall
distribution for 4 treatment stations in line to 3 missing data stations compared to EM and MI
methods.

1. Introduction

The observational datasets are very useful to estimate the return periods of extreme events. Rainfall is
one of the components in the hydrological cycle that is frequently used in weather-related studies. Rain
gauges are provided in several places to record and monitor rainfall data but some problems may arise
and contribute to loss of rainfall data such as gauge damage, human error, extreme weather and
measurement errors. The lacks of information in periodic climate data limit its use [1].

All missing data must be treated first before running any test to ensure that data is complete,
homogeneous and reliable. Various methods can be used to treat missing data but the selection is based
on suitability and accuracy. According to [2] and [3], the critical issue and most important stage in
meteorological data analysis are filling the gaps in daily weather data before the data can be used in
further analysis. Analysis of precipitation is complicated because it deals with space and time. The
accurate estimation in missing data analysis is a difficult task when dealing with long time series and
rain gauge distribution [4]. This situation can be critical when involving a huge amount of data records
with low quality.
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There are many methods in treating missing data suggested by previous researchers. Some of the
first approaches are to remove records and to replace it with mean or mode. Removing records with lost
value as the rest of the records leads to skew in data. The best selected method to estimate missing
rainfall data in different regions may vary depending on the rainfall pattern and spatial distribution.
Treating missing data is very important for high-risk areas such as dams and areas that are exposed to
extreme weather. Rainfall data is very important to identify rainfall distribution especially heavy rainfall
event to prevent floods, spillovers and the worst is the dam structures failure.

2. Study Area

Terengganu experiences northeast monsoon between November to January every year and received
heavy rainfall during this period. Kenyir Lake is located in the district of Hulu Terengganu in
Terengganu state. The reservoir catchment area is 2600km?. Figure 1 shows the study area. Thirty years
(1988-2017) daily rainfall records from 7 stations used in Statistical Downscaling Model (SDSM) but
only 3 of the stations have the complete data while other 4 stations got the missing values. All 7 stations
scattered in Kenyir Lake area observed and measured by Electricity Power Provider.
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Figure 1. Kenyir Lake.

3. Methodology

The flow chart of the methodology is shown in Figure 2. To run SDSM, all the rainfall stations must
have full data but 4 out of 7 stations got missing values. This study compared 3 selected methods which
are EM, IDW and MI. One control station is picked to test the performance of 3 selected methods. Ten
full data nearby stations used to run all the methods. Every method has its own features and speciality.
The values of statistical tests determine the accuracy of each method in treating the missing data at the
study area. The selected statistical tests are RMSE, MAE, r and % of error. The best method from the
results of statistical tests will be applied in treating missing data in 4 stations mentioned earlier. Then,
the data distribution after missing treatment will be compared with 3 full data stations to make sure that
the results of the treated stations are in line with the observed data.
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Figure 2. Flow chart of the methodology.

3.1. Expectation Maximization (EM)

EM is a suitable technique which frequently applied for analyzing data in handling lost data because of
huge amount of datasets. In EM algorithm, the amount of the most probable variable value is depending
on other variables [5]. EM involves missing values observation in E-step created in multiple entries
while the regression model is built in M-step. The method provides an unbiased estimation of the
missing values [6] and the formula as in equation (1).
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where xi and xx+1 are scalar estimates, N is scalar measurements.

3.2. Inverse Distance Weighted (IDW)

IDW is the missing data treatment method that is related to the nearest station where the smoothing of
the rainfall distribution is reducing as distance increasing [7]. IDW is among the simplest method
available and most commonly used. The assumption is depending on the values of closest stations
(typically 10 to 30). Equation (2) is the formula for IDW method which uses the observed values at
nearest stations in estimating the missing values.

Y (vi/D)

— 5 L L 2
Vo L, (1/D) 2)
where V, is the assessed value of the missing data, Vi is the value of same parameter at ;" nearest station,
D is the distance between the station with missing data and the i nearest station [8].

3.3. Multiple Imputation (MI)

MI is a robust method that measures the uncertainty associated with the estimation [6]. It is a filling
method that affords valid statistical interpretations. This method using the standard procedures of
regression, then combine imputing results to obtain final result [9]. The missing data at the target station
is the average value of imputed data [10]. According to previous researchers, 3 to 5 imputed data sets
are sufficient [8] and estimated using equation (3).

k 1. .
Px — Zi:lllk(Px,Pl) (3)

where Py is missing data and P;is imputations data.

3.4. Statistical Analysis
The statistical tests used to compare the effectiveness the performance of the selected methods are

RMSE, MAE, r and % of error. r, RMSE and MAE are the most commonly used and accepted in many
statistical analysis [11-12]. The equations are stated as follow:

_ nZxy)-(2x)(£y) 4)
JInEx2-(Ex)2[nzy?-(2y)?]

Z?:l(xi_yi)z

RMSE = [#=1° 5)
MAE = 2=kl ©)
% of error =2~ x 100 7

where x is the observed value, y represents the computed value and n denotes the number of data
observations.

4. Results and Analysis

Table 1 shows the list of rainfall stations in the study where 3 of the stations are full while another 4
have missing data. The minimum missing days is 28 days (7.7%) for Missing 1 station and maximum
missing days are 79 days (21.6%) for Missing 3 and Missing 4 stations.
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Table 1. List of rainfall stations in the study.

Station Name Code % of missing
Full 1 Fl1 0
Full 2 F2 0
Full 3 F3 0
Missing 1 Ml 7.7 (28 days)
Missing 2 M2 16.9 (62 days)
Missing 3 M3 21.6 (79 days)
Missing 4 M4 21.6 (79 days)

Ten selected rainfall stations used in those 3 missing data treatment methods are listed in Table 2 and
shown in Figure 3. The values of RMSE, MAE, r and % of error are used to compare 3 selected methods
and determine the best method to treat the missing data. All the statistical values are listed in Table 3.
The data were analyzed according to the number of missing days which are 28, 62 and 79 days.

Table 2. Locations of the selected rainfall stations used in missing data treatment methods.

Station Name Code Latitude  Longitude
Full 1 F1 - -
Full 2 F2 - -
Full 3 F3 - -
Full 4 F4 5.057 102.932
Full 5 F5 4.968 102.970
Full 6 F6 5.143 102.844
Full 7 F7 4.940 103.057
Full 8 F8 4.636 102.953
Full 9 F9 4.835 103.194
Full 10 F10 5.306 102.856
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Figure 3. Locations of all rainfall stations in the study.
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Table 3. Statistical values of every method.

Method Missing days RMSE  MAE r % of error

28 6.46 452  0.60 50.14
EM 62 15.85 830  0.00 8.04
79 5.38 298  0.63 94.64
28 6.56 348  0.53 17.41
IDW 62 10.01 4.61 0.74 48.47
79 4.25 1.43 0.73 3.33
28 11.66 9.16 0.25 92.52
MI 62 17.05 11.81  0.12 64.67
79 14.13 10.56 0.31 147.67

Based on Figure 4, the IDW method has the lowest RMSE, MAE and % of error values. IDW method
has the smallest RMSE and MAE values compared to EM and MI methods. The smaller the RMSE and
MAE, the more accurate the formula are [13]. The lower % of error between observed data on the ground
and predicted data using missing treatment methods proved that IDW is the most suitable method in
treating the missing data. The graph clearly shows that the r-value of IDW method is the highest
compared to EM and MI methods. The larger value of r shows the higher correlation between the data
set of observed data and predicted data after the missing data treatment. The results for 79 missing days
are the best to prove that IDW is the best method among others. The RMSE value is 4.25 and MAE is
1.43 which are the lowest compared to EM and MI methods. Meanwhile, the r value is 0.73, among the
highest value. In terms of % of error, 3.33% is the lowest and best value. MI method recorded the highest
values of RMSE, MAE and % of error with the lowest r value that proved MI method is the least accurate
method to use in missing data treatment.
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Figure 4. Graph of statistical values of every method used in missing data treatment.
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According to the values of RMSE, MAE, r and % of error, the IDW method is the best method to
treat missing data in this study. The comparison of average values between observed data and after
treatment methods shown in Figure 5. The mean values after the IDW method for 28 and 79 missing
days are very close to observed ground data. There is a gap between the mean value of ground data and
after the IDW method for 62 missing days but still acceptable when compared to EM and MI method.
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Figure 5. Comparison of average values between observed data and after treatment methods.

IDW method was used to treat the missing data for 4 stations which are Missing 1, Missing 2,
Missing 3 and Missing 4. Figure 6(a) clearly shows the monthly rainfall for all 4 treated stations are
identical with another 3 full data stations. The graph proved that IDW method is the best method to treat
missing data because the monthly distribution of rainfall for 4 treated stations are in line with 3 non-
missing data stations compared to EM and MI methods. Figure 6(b) and (c) shows that values of treated
data using EM and MI methods have a gap between months especially in November and December.

Monthly Rainfall after IDW
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Figure 6. The monthly rainfall after IDW method for four missing stations.
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Figure 6. The monthly rainfall after IDW method for four missing stations(Cont...)

5. Conclusions

Three selected methods, EM, IDW and MI were used to treat four missing daily rainfall stations in
Kenyir Lake. The minimum missing days is 28 days (7.7%) while the maximum missing days is 79 days
(21.6%). After analysis, the best method is IDW based on RMSE, MAE, r values and percentage error
values. The IDW method has RMSE, MAE values and the lowest percentage error values. Besides, the
r value of IDW method is highest compared to EM and MI method. After the IDW method was
implemented, it proved that the IDW method is the best way to treat missing data because the analysis
shows monthly rainfall distribution for 4 treatment stations in line to 3 missing data stations compared
to EM and MI methods. The results are in line with the statement of the DID staff stating that the method
used by the DID to treat missing data is IDW. However, the DID does not treat missing data to maintain
the reliability of existing data.
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