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Abstract — Changes in temperature are one of the consequences of climate change. Ecosystems and various sectors of human
activity are sensitive to high and low temperature, especially if it occurs over a long time. Pekanbaru city is a city in Riau
Province, Indonesia, which has tropical climates while daily temperatures varying from 72 F-97 F. This study was focussed on
reducing the effects of high temperatures, such as global changes through the behavior of daily temperature data. Main goal of
this study is to find the best fitting distribution to the daily temperature measured for the years 1990-2020. The Weibull (W) ,
Gamma (G) and the Nakagami (N) distributions are fitted to data corresponding to the methods to describe the daily of
temperature. Graphical tests of probability density function (pdf), cumulative distribution function (cdf), quantile function (gf)
and numerical criteria of Relative Root Mean Square Error (RRMSE) and relative absolute square error (RASE) were used to
select the best fit model. In most cases, graphical examine have the same result between G and N distribution but their RRMSE
and RASE result different. Finally, we found that the N distribution is the most suitable distribution for modeling the daily
temperature of Pekanbaru city.
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I. INTRODUCTION

One of the major components of climate change is temperature. Temperature have been analyzed extensively over the past two
decades [7] [13]. In the presence of hottest days, there is an increase in electricity usage as a result of people switching on all
the cooling systems [1]. Therefore, modeling the temperature in the energy field is very important. Increasing temperatures also
have an impact on civil construction. The extreme heat puts roads and buildings at risk of collapsing which can danger lives of
people [2]. In the agricultural sector, extreme heat has resulted in droughts that in starvation and perish of livestock and health
problems [14]. To maintain the risk of a heat wave disaster, accurate and precise statistical modeling of daily temperatures is
necessary. Regression analysis, state space, time series, and Kalman filter methods are common used to maintain the risk of a
heat wave disaster, accurate and precise statistical modeling of daily temperatures. The techniques are classical statistical
techniques were frequently applied in the energy and meteorological fields [5]. These techniques just concentrate only on mean
instead the tail of distribution. These results inaccurate estimation and difficulty in estimating appropriate model parameters
[6]. The problems due to the use of inappropriate statistical techniques can be overcome by distribution modeling theory. This
is because distribution modeling is able to modeling characterization of distribution.

Several researchers have discussed the modeling of probability distribution in climate change, like temperature,
precipitation, and wind speed [4], [12], [8], and [10]. Generalized Extreme Value (GEV) distributions are mostly evaluated in
the general circulation model (CGM), regional climate models (RCMs), and investigate time series of extreme climate changes.
Jeruskova et. al [3] studied the use of the GEV distribution to analyze the annual maximum and minimum temperatures for
several European cities by applying the extreme value theory, hypothesis testing, and change point method. Besides the GEV
distribution, the Frechet is also known as the inverse Weibull distribution and generalized logistics distribution is most often
used in modeling extreme temperature events. In this paper, our study focussed on daily temperatures in Pekanbaru city for the
years 1990-2020. The purpose of this study is to quantify and describe the behaviour of daily temperature in Pekanbaru city,
Indonesia. In particular, we aim to model the daily temperatures by using the Weibull (W), gamma (G), and Nakagami (N)
distribution. Then W, G, and N distributions are estimated using Maximum Likelihood.

Il. MATERIAL AND METHODS
A. Materials

Pekanbaru is the capital city of Riau and was located among 101°14'- 101°34' East Longitude and 0°25'- 0°45' North
Latitude with an height from sea level ranging from 5-50 meters. In general, Pekanbaru has a tropical climate with maximum
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temperatures ranging from 34.1°C-35.6°C and minimum temperatures between 20.2°C-23.0°C [11]. Original data is in the
form of daily temperature records from 1990 to 2020 obtained from NOAA [9]. The number of observations are 10134. The
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plot and histogram of the data set are presented in Figure 1.
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Figure 1. Plot and Histogram Daily Temperature Data on Pekanbaru city
The following table describes the mean, minimum, maximum, variance, and standard deviation of the daily temperature in

Mean

Minimum

Maximum

Variance

Standard Deviation

81.6

72.1

89.1

5.26

2.29

B. Model Selection for the Daily Temparature

In this study, three models distribution were tested, they are W, G, and N distributions. When fitting a distribution model,
assumed that the daily temperature follows the form of a statistical distribution. ldentification of a suitable distribution is an
important step in selecting best model. The probability density function, likelihood function and log likelihood function of the

distributions are defined as follows:

1. Gamma Distribution:
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The selection of the best distribution for modeling daily temperature data in Pekanbaru city can be determined using the
goodness of fit test, that is RRMSE and RASE. This test involves on the difference between the expected value and the value
observed in the distribution. The tests are given as follows:

150 (% — Q(F)
RRMSE = ;Z(l—)

i=1 n

RASE = Z
=1

where x;.,, is observed values for ith order statistics of random sample of size n, Q(F;) ==X, Q (F;) is the estimated quantile

values associated with Gringorton plotting position F;. The distribution with the smallest value of RRMSE and RASE will
chosen as the best fitting model for the data.

I1l. ANALYSIS AND RESULTS
Estimation of distribution parameters is the main thing that must be done to determine the characteristics of the distribution.
MLE was used to estimate parameter the W, G, and N distribution. Parameter estimate of daily temperature distribution (W, G,
N) and goodness of fit test (RRMSE and RASE) are given in the Table 2. Based on the smallest RRMSE and RASE values, it
is shown that N is the best distribution in modeling daily temperature data in Pekanbaru city.

Tabel 2. Parameters and Goodness of Fit

Distributions Parameters RRMSE RASE

Weibull v (shape) = 82.71 1.04 x 10™ 5.38 x 10
A (scale) = 37.66

Gamma o (shape) = 0.27 461 x 10" 1.24 x 103
B (scale) =299.71

Nakagami m (shape) = 315.93 | 3.11 x 107 2.09 x 10
Q (scale) = 6664.45

Figure 2 was presented the histogram for the data with the fitted densities and we can observe that there are a typical
observations and the right tail of the Nakagami model is slightly heavier and the same figure presents the empirical and fitted
cumulative distribution functions and we can see that the fitted cdf of the Nakagami model is closer to the empirical
distribution.
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Figure 2. The Comparison Empirical and fitted using Density and CDFs of W, G, and N Respectively
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To examine the degree of suitability of the model visually, a quantile-quantile plot were used. From visual point, there was

differences in choosing a distribution to describe the data used in study. For example, the daily temperature in Pekanbaru city
displayed in Figure 3. The Q-Q plot has shown that the Nakagami distribution is fitted better because most of the data are on a
straight line compared to the gamma and Weibull distribution. In many cases, finding the best model from the visual display of

the Q-Q plot is very difficult. Therefore, a statistical test is needed to determine the best distribution for modeling data. One of
the statistical tests is the RRMSE and RASE tests.
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Figure 3: Q-Q plots for the fitted daily temperature distributions
IV. CONCLUSIONS

In this paper, the occurrence probability of the daily temperature events was analyzed at the station, in Pekanbaru City.

Three of the two parameter probability distributions, the W, G, and N distributions are used to modeling daily temperature data
in Pekanbaru city. The parameter estimation of the W, G, and N distributions was carried out using Maksimum Likelihood
Method (MLE). We can conclude that, based on the graphical methods (PDF, CDF, QF) and numerical methods (RRMSE and
RASE), the Nakagami distribution better than the gamma and Weibull distribution for daily temperature data in Pekanbaru
city for the years 1990-2020. Hence, we recommend to implement the Nakagami distribution to model daily temperature.
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