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Abstract— Estimation of missing data is essential in the meteorological, climatologically and hydrology analyses. This study employed
the arithmetic mean method,normal ratio method, the modifiednormal ratio method, and correlation coefficient weighting method.
The performance of these methods are then compared using correlation coefficient, the S-index, the root mean squared error and
mean absolute error methods. The objective of this study is to determine the best estimation method for missing data for four
precipitation stations in Makassar city. The results show that the modified usual ratio method is suitable to estimate the missing
precipitation data in Makassar city. This study result could be useful information for climate research to complete the missing
precipitation data, especially for rain gauge stations in Makassar city.
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data is one of the major problems in various hydrological
I. INTRODUCTION researches as it may affect the variable estimation.

Researchers have widely studied issues on climate Changg_rocedures for haqdling mjssing d_ata. can be done by several
One of the essential indicators of climate change is rainfall M€th0ds such as imputation, weighting, and modeling [5].

pattern. Rainfall patterns changes affect the humidity andAvaiIabIe precipitation data from neighboring stations often

aridity events of an area. These can cause problems for thélsed in estimation methods.

survival of humans and other living creatures. The impacts Tﬂed arlthmetrllc mean rrgjgthod M), r:hg nodrmﬁll ratio |
can lead to the declining in agricultural production such as method (NR), the inverse distance method and the Aeria

crop failures, forest fire and decreasing biomass productivity Precipitation Ratio-method (APR) can be applied to estimate

[1]. The other effects are health risks, water availability, and monthly missing _precipitation data at the seven major
decreasing agri-ecotourism [2]. One of the efforts can beC“mat'C_ zones in Sri Lanka [6]. They_ f(_Jund that_ the best
made to anticipate the impact of the rainfall pattern change icestimation method based on the descriptive statistics of error,

through the detecting and monitoring methods for extreme 1€ 100t means squared error, the mean absolute percentage

rainfall events. One of the indices has been developed tc®’ €or (MAPE) and the coefficient correlation (R). The

detect and monitor for extreme rainfall events and to results showed that the inverse distance method is the most

evaluate water supply is Standardized Precipitation Indexsu'table method for all three Low-country zones, while the

(SPI) [3], [4]. However, the SPI needs the completeness of NR method is the_ most suitable for Mid-count_ry and
data Upcountry Intermediate zones. The M method is more

An ideal climatic analysis requires the availability of data suitable for Upcountry Wet ZOne, and the_n for M|Id—coun'§ry
which covers not only sufficient period but also complete Wet zone, the APR Method is most s_u!table. Meanwhl!e,
period. Precipitation data is frequently deficient. These Canan(_)the_r research prop(_)sed the co_eﬁ_lment_ of correlation
arise because of a diversity of reasons such as the failure o e'ght'ng mefchod to estimate the missing ralnfal! \_/alues at
the rain gauge to record a measurement, human error or th O stations in Kentucky, USA [7]. The coefficient of
rain gauge station closed temporarily. Furthermore, missing
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correlation weighting method is superior to the inverse Makassar is the capital of South Sulawesi, Indonesia, and
distance weighting method to the missing rainfall values. located between 5° 8' 6" South and 119° 24' 17" East.
Estimating daily missing rainfall data, research in Makassar is located in the sub-tropical humid region and
Peninsular Malaysia applied the normal ratio, the different covers an area of about 199.26 km2. Makassar’s climate is
remoteness, and the correlation coefficient weighting tropical with an average temperature ranging from 26.2° C to
methods too. The research also modified both the normal29.3° C as well as the annual average of monthly rainfall is
ratio and the inverse distance weighting methods and therabout 256.08 mm [13].
applied both modified methods to estimate the missing In this study, the monthly precipitation amount data (in
rainfall values at several rain gauge stations in the peninsulamm) from four rain gauge stations in Makassar city used.
The methods have been tested using different percentages ofhe data were obtained from Department of Water
missing rainfall data and also within 75 km to 200 km radius.Resources Management of South Sulawesi province and the
The findings indicated that the performance of the modified Meteorological, Climatological, and Geophysical Agency
methods improved the estimation of missing rainfall values (BMKG) Region IV of Makassar from 1985 to 2014. The
at target stations based on the similarity index, meanstations chose not only based on the completeness of data
absolute error and correlation coefficient methods. but also on the period of records available. All of the stations
The performances of the estimation methods evaluated ahave missing data less than 15% (Table 1).
six different percentages of missing data to propose three TABLE |
normal ratio estimation methods to overcome mMiSSING  Tie RaIN GAUGE STATIONS, GEOGRAPHICCOORDINATES AND THE

data[9]. Forty years daily rainfall data from four PERCENTAGE OFMISSING DATA

meteorology stations considered. For the analysis purpose,Name of Stations | Latitude Longitude Missing
Johor Bahru station selected as the target station. The (South) (East) (%)
findings revealed that all estimation methods that| Maritime D5 06'49.5" | 112257115" | 9.4

implemented using proposed approach provided the most Meteorological of
accurate estimation results for all percentages of missing Paotere (MMP) _ _
data. Biring Romang of | 0510°32.7" | 11928'455" | 13.9
Meanwhile, a generalized linear model with gamma and| _Panaikang BRP) | _
Fourier series was utilized to estimate the missing values if ﬁ/B('\l/lalélc\;/lEg?m 0500°56.0" | 11900°08.0" | 13.3
daily rainfall data [10]. In this analysis, forty years daily - T T
rainfall data for the period from 1975 to 2014 for seven Eﬂl;,r;g Pandang oe1zlen 119253907 | 128
stations at Kelantan region selected. The results showed the
imputation could afford new precise assessment valuesB. Estimation Methods
derived from the smallest amount mean absolute error, root geyeral methods used to estimate the missing
mean squared error, and coefficient of variation root meanpecipitation data, among others, the arithmetic mean
squared. _ _ _ method (M), the normal ratio method (NR), the modified
Nine single imputation techniques were employed 10 ormal ratio method (MNR), and the coefficient of
determine the best technique for estimating missing values;qrelation weighting method (CCW). The M method
when fitting Weibull distributions [11]. Simulation technique ¢ ,pstitutes the missing value with arithmetic mean value of

used to attain random variables for this distributions. yqjacent stations where the parallel data are available.
Samples of sizes 30, 50, 200 and 300 were used to simulate The arithmetic mean method is expressed by

the Weibull distribution. Presentation of the best attribution 1N

technique based on four error measures including the P, :—Z Pj (1)

normalized absolute error, root mean square error, index of N =

agreement and root mean square error. wherePx is the estimated value of the missing data for the
In this paper, the arithmetic mean method, the normal .

ratio method, the modified normal ratio method, and the station®, PJ is precipitation data of thish adjacent station.

coefficient of correlation weighting method will be used to Further, the NR method is recommended to estimate the

estimate missing data at four rain gauge stations in Makassamissing data from the mean ratio between station with

city. The performances of these methods evaluated bymissing value and other stations where corresponding data

calculating the correlation coefficient (R), the similarity are available [14], [15]. The missing value is calculated by

index (S-index), the root mean squared error (RMSE) and |

the mean absolute error (MAE) values, respectively. p = 1 Z[,UX}P @)

Bl ,uj’

X
[I. MATERIAL AND METHOD N
A. Sudy Area and Data whe_ref} is t_he esti.m_ate.d value of thg mis_sing data for the
Indonesia climates are influenced by tropical monsoons stationx, 7 is precipitation data of th,alfh-ad].acent station,
In general, the dry season occurs from May to Septembe.rMJr ?nd'“j are the me_an annua! preC|p|tat|_on value c_>f the
and the rainy season extends about six months, i.e., fronptationz and thgrth adjace_nt station respectively, whiltis
November to April. The annual precipitation of Indonesia is & Number of adjacent stations.

2000 mm, which is more than 80% occur in rainy season The modifie(_j normal ratio _method is a modification_of
[12]. the normal ratio method which involves the correlation
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coefficient between the station with missing data angtithe  The formula of the indicators is given by
adjacent station ([16], [8]). The equation for this method is

n

given as - - Z(Pxi _ﬁx)(Poi _ﬁo)
R=—Z ()
NI -2ri@-ri)™ \/ P, -P)*> (P, -P)?
PX :z N( j ) ]x( JX) PJ (3) ;( ) ;( )
I Z(mj _z)rji(l_ rji)_l n
_}:l( i Z::,(Pxi - Poi)2 (6)
S—index=1- =
. Fiis the estimated value of the missing data for the naex n — —
station. z (lPxi - Px |_ |Poi - Po |)

x F; is precipitation data of thigh adjacent station.
1 n
. Tixis the correlation coefficient of monthly time series RMSE = ﬁz(Pxi -P,)? (7)
1

data between statich with the missing data and t!ff'éh -

adjacent station. 1<

I . . MAE:*Z(' Pxi _Poi I) (8)
. 7is the length of data series that are used to compute ni=

the coefficient of correlation,. whereP, andF; represent the estimated value and the actual
. N s the number of adjacent stations. value of the observation respectivefy,andF, are the mean

of F. and F, respectively, andt is the number of

Another method is the coefficient of correlation Observations. o _
weighting method. When estimating the missing data, this The performances of four indicators are used to find out
method takes into account the correlation coefficient the best estimation methods for each station. The correlation

between the station with the missing data and jthe  COefficient represents the relationship between the estimated
adjacent station [8]. The equation of this method given asVvalués with the actual values. The R-value ranges from -1 to
follows 1. The best estimation method gives the highest R-value.
Meanwhile, the S-index represents the percentage of
agreement between the estimation values with the observed

N|op2 values. It takes on values between 0 and 1 with values closer
P, :z S X P (4) to 0 implying complete disagreement, whereas value 1 for
j=1 zr_z perfect agreement [8], [17]. Furthermore, the RMSE and
7 = X MAE indicators measure the average error between the
L estimated and the observed value. The lowest RMSE and

whereF, is the estimated value of the missing data for the MAE values considered as a better model.
stationx, P is the precipitation data of thith adjacent

station, #, is the correlation coefficient of monthly time IIl. RESULTS ANDDISCUSSION

series data between the statiowith the missing data and Table 2 and Fig. 1 show that for 5% missing precipitation

the jth adjacent station, whild/ is the number of adjacent values at the MMP station, the M, MNR, and CCW methods

stations have the highest R-value in which these methods have the
) o same values. For 10% missing values, the M, NR, and CCW

C. Comparison of Estimation Methods methods have the highest R-value. For 5% and 15% missing

The steps to compare the estimation methods for missingvalues, all methods give the same S-index values and the
data begun by step one by the selection of one station tsame R values, respectively. Likewise, the CCW method
represent station with the missing value. Step two compriseggives the lowest RMSE value, respectively, for 5% and 15%.
a pace to remove 5% of data from selected stations. StefMeanwhile, the lowest MAE values are given by the MNR
three used the remaining data and data from neighboringmethod for all percentages of missing values, and also for
stations to estimate the missing values using M method, NR10%, the highest S-index value and the lowest RMSE value
method, MNR method, and CCW method followed. Step respectively.
four was the performances of each estimation method are For BRP station, all methods have the same R-value for
compared using the correlation coefficient (R), the similarity all percentages of missing values tested, moreover also have
index (S-index), the root mean squared error (RMSE) andthe same S-index for 5% missing value. The MNR method
mean absolute error (MAE). Finally, step two and four provides the highest S-index value for 10% and 15% missing
repeated for 10% and 15% missing values. values, and also the lowest RMSE and MAE values for all

percentages of missing values (Table 2 and Fig. 2). In
BBMKG station, for all percentages of the missing values
that tested, the highest R and S-index values and the lowest
RMSE and MAE values which presented in Table 2 and Fig.
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three achieved through the MNR method, except for 15%,RMSE and MAE values for all percentages of missing
the M, MNR and CCW methods have the same R-value. values.

Table 2 and Fig. 4 also displays that for 5% at UP station, Based on Table 2 and Fig.1 — Fig.4, briefly, Table 3
the M, MNR, and CCW methods give the same R-value. displays performance of the best estimation methods for
Meanwhile, the MNR method gives the highest R-value for each station based on the four indicators with various
10% and 15%. For 10%, the highest S-index was given bypercentages of missing values. This table shows that in
the M, MNR, and CCW methods, while MNR method for general, the modified normal ratio method is suitable for

15%.

Meantime, the MNR method also has the lowest estimating missing data in Makassar city.

TABLE Il
PERFORMANCEINDICATORS OF THEFOUR METHODS WITHV ARIOUS PERCENTAGES OAMISSING VALUES FOR EACHSTATION
Stations Methods Indicators
R S-index RMSE MAE
5% 10% 15% 5% 10% 15% | 5% 10% 15% 5% 10% 15%
MMP M 0.97 | 0.98 0.97 0.98 0.98 0.99 | 66.40 | 88.56 70.59 48.33 5750 52.31
NR 0.96 | 0.98 0.97 0.98| 0.97 0.97 | 68.13| 119.71 98.86 49.51 82.85 67.18
MNR 0.97 | 0.97 0.97 0.98| 0.99 0.99 67.40 | 82.83 70.10 45.60 48.60| 49.08
CCW 0.97 | 0.98 0.97 0.99 0.98 0.99 | 65.67| 87.03 69.87 47.39 55.33| 51.38
BRP M 0.99 | 0.98 0.97 0.99 0.98 0.97 | 44.44| 84.25 99.63 34.00 60.29 75.14
NR 0.99 | 0.98 0.97 0.99 0.98 0.96| 47.16| 88.87 122.383  32.57 63.02 9281
MNR 0.99 | 0.98 0.97 0.99 0.99 098 4293 71.76 94.12 30159 5p.44  6D.65
CCW 0.99 | 0.98 0.97 0.99 0.98 0.97 | 43.03| 82.25 98.18 32.94 58.63 72.85
BBMKG M 0.95 | 0.98 0.96 0.97 | 0.98 0.97| 79.92 55.50 80.63 54.42 43(36 51{47
NR 0.93 | 0.98 0.95 0.96 0.98 0.96 88.27 63.39 95.19 56.98 48.00 6[7.58
MNR 0.99 | 0.99 0.96 0.99 0.99 098 40.17 42.38 74.75 30.34 36.56 4p.50
CCW 0.95| 0.98 | 0.96 0.97 | 0.98 0.97| 75.37 53.23 79.32 51.46 42151 49)82
UP M 0.99 | 0.98 0.97 0.99 | 0.99 0.98 | 45.56| 65.70 80.17 37.24 47.07 51.10
NR 0.98 | 0.98 0.96 | 0.99 | 0.98 0.95| 54.28| 75.56 109.80 45.4p 54014 743
MNR 0.99 | 0.99 0.98 0.99 0.99 090 37.16 49.8D 61.52 28.94 36.90 4[1.71
CCW 0.99 | 0.98 0.97 0.99 | 0.99 0.98 | 43.58| 62.66 77.18 34.24 45.33 49.20

The bold indicates the highest R and S-index values and the lowest RMSE and MAE values
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2171



0.995 0.995

0.990 0990

0.985 g -8
P = 0.980
2 0.980 = 0.975
E £ 0.970
= 097 £ 965

0.970 2 0.960

0.965 0.955 I

0.960 0.950

5% 10% 15% 5% 10% 15%
The percentages of missing values The percentages of missing values
=M mNR sNRM mCCW | "M ENR ENRM ECCW |

140 100

120
" 80
2 100 §
T 80 3 60
2 60 g 40
5 40

0 0
5% 10% 15% 5% 10% 15%
The percentages of missing values The percentages of missing values
‘ aM mNR mNRM mCCW ‘ M mNR sNRM mCCW

Fig. 2 Comparison of each indicator for various percentages of missing values by the four estimation methods for BRP station

1.000 1.000
e . 0.990
o
0.960 =
g S 0.980
= 0.940 %
b < 0.970
0.920 5
B “ 0.960 I I
0.880 0.950
5% 10% 15% 5% 10% 15%
The percentages of missing values The percentages of missing values
M ENR ENRM ECCW | =M =NR =NRM mcCW |
100 80
20 70
o ,, 60
E Z 50
S 60 3
= = 40
'é” 40 g 30
20 20
10
0 0
5% 10% 15% 5% 10% 15%
The percentages of missing values The percentages of missing values
EM ENR mNRM mCCW mM ENR ENRM mCCW

Fig. 3 Comparison of each indicator for various percentages of missing values by the four estimation methods for BBKMG station

2172




1.000 1.000
0.990 i u 0.990
2 0.980 i~ : - 2 0.980
2 g
_E 0.970 - i . % 0.970
% 0.960 i | | £ 0.960
73]
0.950 . | I - 0.950
0.940 . — 0.940
5% 10% 15% 5% 10% 15%
The percentages of missing values The percentages of missing values
=M ®ENR =NRM mCCW | =M ENR ®NRM BCCW |
120 80
100 2
w ,, 60
2 80 5]
[ £ %0
5 60 > 40
E m
% 40 3 %0
20
20 10
0 0
5% 10% 15% 5% 10% 15%
The percentages of missing values The percentages of missing values
EM mNR mNRM mCCW EM ENR ENEM mCCW
Fig. 4.Comparison of each indicator for various percentages of missing values by the four estimation methods for UP station
TABLE 11l
THE BESTESTIMATION METHODS FOR EACHSTATION
Stations Percentage of Indicators
missing values R S-Index RMSE MAE
MMP 5% M, MNR, CCW M, NR, MNR, CCW CCW MNR
10% M, NR, CCW MNR MNR MNR
15% M, NR, MNR, CCW M, MNR, CCW CCW MNR
BRP 5% M, NR, MNR, CCW M, NR, MNR, CCW MNR MNR
10% M, NR, MNR, CCW MNR MNR MNR
15% M, NR, MNR, CCW MNR MNR MNR
BBMKG 5% MNR MNR MNR MNR
10% MNR MNR MNR MNR
15% M, MNR, CCW MNR MNR MNR
UP 5% M, MNR, CCW M, NR, MNR, CCW MNR MNR
10% MNR M, MNR, CCW MNR MNR
15% MNR MNR MNR MNR

precipitation data, apart from the selection of the best
estimation method, we should also consider the
determination of the neighboring stations, so that the
estimated value has the higher level of accuracy and
Jrecision.

V. CONCLUSION

The arithmetic mean method, the normal ratio method, the
modified normal ratio method, and coefficient of the
correlation weighting method have been used to estimate th
missing data at four precipitation stations in Makassar city.
These methods tested with various percentages of missing
data, i.e., 5%, 10% and 15%. The correlation coefficient The authors are grateful to Department of Water
determines the best estimation method, the similarity index,Resources Management of South Sulawesi province and the
the root mean squared error and the mean absolute error.  Meteorological, Climatologically, and Geophysical Agency

The study reveals that for all percentages of missing data,(BMKG) Region IV of Makassar for providing the valuable
the modified normal ratio method is more suitable for data. We would also like to thank Universitas Negeri
estimating missing precipitation data in Makassar city as Makassar for the financial support.
compared with other methods. To estimate the missing
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