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Abstract: The significant amount of zero rainfall led to a highly skewed 

distribution of rainfall, creating challenges in rainfall modeling. This study aims 

to introduce a zero-tweaking method for handling a large proportion of zero 

rainfall data and apply it to daily rainfall data collected at four stations in 

southern Thailand from 2010 to 2022. The fourth root transformation was used 

to handle the right skew of rainfall. Zero-tweaking techniques were employed, 

with zeros substituted by normally distributed random numbers that permitted 

negative values. The patterns and trends in rainfall at each of the four stations 

were investigated using natural cubic splines. The trend projection analysis for 

four rainfall stations up to 2030 revealed an increase in rainfall at two stations in 

the Gulf of Thailand; however, this increase was not statistically significant. 

However, this study introduced the zero-tweaking method to handle the zero 

data, which enabled the use of conventional statistical methods and enhanced 

the model's validity. 

Keywords: Natural cubic spline; rainfall; seasonal pattern; zero-tweaked data 

1. Introduction 

Rainfall is a crucial climate component that significantly influences 

various aspects of life and ecosystems. Rainfall plays a vital role in the water 

cycle. Global rainfall patterns have become increasingly unpredictable due to 

climate change, heightening the risk of flooding [1-2], leading to both heavy 

rainfall and prolonged droughts [3-5], and threatening social stability, water 

resources, and food security [6]. In Thailand, rainfall variability has been 

recognized as a significant factor influencing agriculture. Annual and seasonal 

rainfall parameters exhibited heterogeneity, with both increasing and decreasing 

trends observed at the national and regional levels [7]. Southern Thailand is 

significantly impacted by the southwest monsoon, which often results in intense 

rainfall and severe flooding [8]. Therefore, understanding rainfall patterns is 

critical for effective hydrological planning and management.  

Rainfall data often contains a large number of zeros, resulting in a highly 

skewed distribution. This is due to the nature of rainfall, where most days have 

little or no rainfall, while a few days experience heavy downpours. This feature 

provides challenges and opportunities for statistical analysis and modeling. 

Several non-normal distribution models were used to analyze the right-skewed 

distribution of the rainfall, such as the Gamma distribution model [9-12], the 

Exponential distribution model [13-14], and the Weibull distribution model [15]. 

Some studies recommend transforming the data using a log-normal distribution 

by taking the logarithm of the rainfall data [11]. Another issue to consider when 

analyzing rainfall data is the large number of zero rainfall events. The statistical 

models have been designed to handle the large amount of zero data, such as the 
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zero-inflated Poisson regression model, which is designed to handle count data with an excess of zero 

observations [16], and the hurdle model [17]. 

Other methods included two process of Poisson–Gamma approach, where the Poisson distribution 

represented the daily occurrence of rainfall events, and the Gamma distribution captured the intensity of those 

events [18]; a stochastic model, a two-state Markov chain model, to represent the occurrence of rainfall and 

then used other probability models, gamma and exponential, to fit the intensity of rainfall [19]. Some statistical 

models for addressing this issue include separating the rainfall data into a binary model (zero or non-zero) 

and a conditional model for non-zero data, or using zero-inflated models that assume zero values in the data 

arise from structural zeros or random zeros. The issue of excessive zeros has been addressed in limited 

research through the use of continuous random numbers for replacement. Therefore, the objective of this study 

is to address high skew and a large amount of zero rainfall data by using the fourth root transformation scale 

and zero-tweaking for the rainfall data in southern Thailand. After addressing the distribution and zero 

rainfall, this study also investigates rainfall patterns using a cubic spline model. 

2. Materials and Methods 

2.1 Data and Area of Study 

Data used for this study were obtained from the National Oceanic and Atmospheric Administration 

(NOAA). It is available for public assessment, which can be downloaded from https://www.ncdc.noaa.gov. 

NOAA collected rainfall data from ground stations. This study considers the daily rainfall in southern 

Thailand. The southern region has a tropical monsoon climate. A long, pointed peninsula characterizes the 

southern region's geography. There is a surface of water flanking both the western side, the Andaman Sea, 

and the eastern side, the Gulf of Thailand, causing rain all year round and being the region with the most 

rainfall in Thailand. The rainfall data used in this study are from four stations in southern Thailand, where 

two stations, Phuket Airport and Trang, are located in the Andaman Sea, and two stations, Nakhon Si 

Thammarat and Hat Yai, are located in the Gulf of Thailand. We chose these stations because the southwest 

monsoon directly affects the Andaman coast, Phuket, and Trang. Meanwhile, the northeast monsoon has a 

significant impact on the coast of the Gulf of Thailand, particularly in Nakhon Si Thammarat and Hat Yai. 

 

Figure 1. Locations of the study area 

The data consisted of missing data and a large number of zeros. After managing the data, the raw 

dataset consisted of 4,748 daily records per station (totaling 18,992 records for four stations) during 2010–2022. 

Of these, 6,681 entries (35.18%) were missing, and 2,237 entries contained zero rainfall. 

2.2 Statistical Methods 

 The fourth root transformation was used to handle the right skew of rainfall data and assess it using 

a quantile-quantile (Q-Q) plot. A comparison of the efficiency of data transformation methods using simulated 

https://www.ncdc.noaa.gov/
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data found that the fourth root transformation demonstrated the best results. The authors then applied this 

transformation to the rainfall data [20]. Then, the zero-tweaked method was used to handle a large number of 

zero rainfall values by replacing all values with non-zero ones, allowing for negative numbers since the rainfall 

data was transformed using the fourth root scale; zero rainfall remained zero. This was done by splitting the 

transformed rainfall data into two separate sets using a value close to zero; we use the minimum number, 

which equals 0.74 mm, as the cut point. The first data set includes all data from the cut point that has a normal 

distribution after the fourth root transformation. The second data set includes all data below the cut point, 

most of which is zero. This second set of data was replaced with a normal random generation number, with a 

mean and standard deviation approximated from the first data set. This method enabled the transformed data 

to include negative numbers, allowing the data to achieve a normal distribution —a key assumption of 

conventional statistical methods.  The normality was assessed using a Q-Q plot. Once the data are typically 

distributed, classic statistical methods can be used for further investigation. 

 The trends and seasonal patterns of rainfall at each station were displayed using a cubic spline 

function with a linear function. Cubic spline functions are defined as piecewise polynomials with degree n, 

where knots are the chosen positions that join the pieces. A spline function of degree n is a continuous function 

with n – 1  continuous derivatives [21-22]. Using an adequate number of knots, a time series plot was created 

for each rainfall and station, and the positions of the knots were fixed to smooth the spline curve. The formula 

denoting the cubic spline model is given in Equation 1 as follows: 

                                                    𝑠𝑖 = 𝑎 +  𝑏𝑡𝑖 + ∑ 𝑐𝑘 
𝑝
𝑘=1 (𝑡𝑖  −  𝑡𝑘)+

3                              (1) 

where 𝑠𝑖 is the spline function, 𝑎, 𝑏, and 𝑐𝑘 are model parameters, 𝑘 is the knot location, 𝑡𝑖  denotes time in 

eight days, that is specified from 13 years, 𝑡𝑖  < 𝑡2 < … < 𝑡𝑝 are specified knots and (𝑡𝑖  −  𝑡𝑘)+ implies that (𝑡𝑖  −

 𝑡𝑘) is positive for (𝑡𝑖  −  𝑡𝑘) and zero otherwise. The number of knots used to smooth the data is important for 

cubic spline fitting. Some studies chose based on the season [23-24]. This study used eight knots based on 

season and tropical region characteristics. The rainfall data were then seasonally adjusted by subtracting the 

fitted values, obtained from the cubic splines, from observed rainfall, then adding back the overall mean of 

rainfall, using the formula in Equation 2 below: 

                                                                    𝑧𝑖 = 𝑦𝑖 − 𝑠𝑖 + 𝑦̅                           (2) 

where, 𝑧𝑖  is the seasonally adjusted rainfall at observation 𝑖, 𝑦𝑖 is the rainfall observation, 𝑠𝑖 is the fitted value 

from the spline model and 𝑦̅ is the observed rainfall overall mean. Autoregression (AR) models were also used 

to account for the autocorrelations among the residuals from the fitted linear models [25]. The seasonally 

adjusted rainfall was then fitted using a first-order autoregressive model to account for the autocorrelation. 

Then, a simple linear regression model and a natural cubic spline model were used to investigate the pattern 

and trend of seasonally adjusted rainfall 

3. Results and Discussion 

The distribution of rainfall was first investigated by combining the data from four stations into a single 

dataset, as shown in Figure 2. Figures 2(a1) and 2(a2) displayed the histogram and normal Q–Q plot of the 

aggregated data from the four stations. The histogram showed a highly skewed distribution, while the Q–Q 

plot revealed significant departures from the reference line, particularly in the upper quantiles. Figure 2(b1) 

and 2(b2) employed a fourth root transformation, which displayed the distribution closer to normality but 

remained with a large number of zeros. It showed a gap between zero rainfall and the minimum rainfall value 

(0.74 mm). The transformation reduced skewness but did not fully achieve normality due to the presence of a 

large number of zero values. These zeros were handled by first replacing any numbers less than the minimum 

with a uniform distribution. This technique did not allow for negative values, as shown in Figures 3(a1) and 

3(a2). The distribution of the fourth root transformation still departed from the normal distribution (Q-Q plot). 

Therefore, we applied the zero-tweaked method by replacing zero with non-zero values, allowing for negative 

values, as shown in Figures 3(b1) and 3(b2). This method effectively adjusts the data to align closely with a 

normal distribution. 
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Figure 2. Distribution of fourth root of the daily rainfall 

 

 

Figure 3. Distribution of the fourth root, replacing zero with a normal random number 

Next, we investigate the pattern and trend for each station using the zero-tweaked fourth root ransformation 

of rainfall. Figure 4 shows the detailed steps of the analysis for the Nakhon Si Thammarat station. 
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Figure 4. The pattern and trend of zero-tweaking rainfall for the Nakhon Si Thammarat station 

Figure 4(a) displays the time series plot of rainfall data after transformation using the fourth root. 

Figure 4(b) displays the time series after applying the fourth root transformation and zero-tweaking to the 

data. All the red dots represented normal, random data replacing the zeros. Both graphs showed a seasonal 

pattern for each year. The natural cubic spline was used to fit the seasonal patterns shown by the red curve, 

with 8 knots denoted by blue crosses in Figure 4(c1). The fitted curve was then enlarged to illustrate the pattern 

clearly in Figure 4(c2). It clearly showed that the peak in rainfall occurred between the end of the year and the 

beginning of the year, with decreased rainfall in the middle of the year. The rainfall data was seasonally 

adjusted as shown in Figure 4(d). The first autoregressive model was used to remove the autocorrelation in 

Figure 4(e). The estimated coefficient of the autoregressive AR (1) model was small, indicating that the 

seasonally adjusted rainfall is independent.  

 The pattern and trend were fitted using a simple linear regression model (red curve) and a natural 

cubic spline (blue curve) in Figure 4(f1), and were enlarged to see the pattern clearly in Figure 4(f2). The results 

of the straight-line fit showed no trend; the spline fit, however, indicated a trend of decreasing values followed 

by a slight increase, with projections extending until 2030. However, all the absolute z-value statistics were 

less than 1.96, indicating that they were not statistically significantly different. The patterns and trends for the 

four stations were presented in Figure 5. Figure 5 (top panel) shows the seasonal patterns of the zero-tweaked 

fourth root transformation of rainfall after fitting a natural spline function with eight knots for all four stations, 

and Figure 5 (bottom panel) enlarges the scale. The results showed two seasonal patterns. Nakhon Si 

Thammarat and Hat Yai stations are located in the Gulf of Thailand. The peak in rainfall occurs at the end of 

the year, during October and November, which marks the rainy season. Phuket and Trang stations, situated 

on the Andaman Sea, experienced the highest rainfall from June to September. Therefore, the zero-tweaked 

fourth root transformation was seasonally adjusted. The first autoregressive model was also used to remove 

autocorrelation for all stations. 
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Figure 5. Seasonal patterns of zero-tweaking rainfall for four stations 

 

Figure 6. Patterns and forecasting trend of zero-tweaking rainfall in 2030 for four stations 

Figure 6 illustrates the enlarged patterns, trends, and forecasting trends in 2030 of the zero-tweaked 

fourth root transformation using simple linear regression (straight red line) and the natural cubic spline (blue 

line) model for all four stations. This was examined after seasonally adjusting and removing autocorrelation. 

The results clearly showed no linear trend at any of the stations. However, the results from the natural cubic 

spline showed that the Nakhon Si Thammarat and Hat Yai stations had a decreasing trend from 2010 to 2016, 

followed by an increase up to 2022.  For both stations, the forecasting trend increased in 2030. Whereas Phuket 

stations experienced an upward trend from 2010 to 2016, they then gradually declined afterward. Trang station 

showed a steady increasing trend. The pattern was consistent with a prior study on rainfall variability and 
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trends in Thailand, which found that the southern regions had an increase in rainfall, with an annual rainfall 

of 0.148 mm [26]. However, the z-value statistics displayed in the figure are based on statistical testing; there 

is no average rainfall change in each station. In this study, we transformed the right-skewed rainfall using a 

fourth root transformation, resulting in rainfall data that closely resembled a normal distribution. A previous 

study, which compared the efficiency of data transformation methods using simulated data, found that the 

fourth root transformation yielded the best results. The authors then applied this transformation to the rainfall 

data [20]. The zero rainfall remained zero after the fourth root transformation. In this study, we replaced the 

zeros with continuous random numbers from a normal distribution, allowing for small negative values. A 

previous study also employed the method of substituting all zero rainfall values with small negative values 

to identify dry areas in spatial interpolations of rainfall events, rather than leaving them as zero [27].  

4. Conclusions 

This zero-tweaked technique is straightforward to use and provides significant advantages in 

statistical modeling and data analysis. It created a smoother and more acceptable distribution, with the small 

negative values of the data still maintaining the relative difference between dry and wet conditions. The data 

can be more closely approximated to a normal distribution, which improves the validity of parametric tests 

and models. The zero-tweaked rainfall at four stations was then seasonally adjusted. The patterns and trends 

were investigated using a natural cubic spline regression model. Nakhon Si Thammarat and Hat Yai stations, 

located in the Gulf of Thailand, exhibited a decreasing trend until 2016, followed by an increasing trend, with 

a projected continuation of the latter trend until 2030. In contrast, Phuket station exhibited an increasing trend 

until 2016, followed by a decreasing trend, with a projected decrease continuing until 2030. However, the 

statistical tests for the changes in our study were not significant. Additionally, the accuracy of long-term 

forecasts should be evaluated. The rainfall also included a significant amount of missing data, which requires 

management. This study applied the methods to only four selected stations; these patterns may not represent 

statistically significant changes. Further investigation with additional rainfall stations in southern Thailand is 

recommended. 
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Abstract: Cyclophosphamide (CP), a classical alkylating chemotherapeutic 

drug, has significant genotoxic effect but its use is restricted due to safety 

concerns. In the present study, we investigated a protective effect of Syzygium 

aromaticum (clove) ethanolic extract against CP-induced chromosomal damage 

in Swiss albino mice. Thirty male mice were distributed among five groups (n = 6): 

control, clove extract only (500 mg/kg), CP only (20 mg/kg intraperitoneally), 

and two post-treatment groups, receiving CP followed by oral clove extract at 

400 mg/kg and 500 mg/kg for seven days. Chromosomal anomalies and 

micronucleus formation were assessed in bone marrow cells. CP treatment 

significantly increased structural chromosomal anomalies from 2.24 ± 1.01 

(control) to 18.72 ± 0.05 (p < 0.05) and numerical aberrations from 3.62 ± 0.03 to 

15.68 ± 0.02 (p < 0.05). Micronucleated polychromatic erythrocytes (MnPCEs) 

increased 9.9-fold from 1.38 ± 0.02% to 13.63 ± 1.01% (p<0.05). Post-treatment 

with 400 mg/kg clove extract reduced structural and numerical aberrations to 

10.94 ± 3.01 and 11.03 ± 0.03, respectively, representing 42% and 30% reductions 

in these aberrations. The 500 mg/kg dose achieved greater protection, reducing 

structural aberrations by 74% (4.92 ± 0.03) and numerical aberrations by 68% 

(5.03 ± 0.05), approaching control values. MnPCE frequency decreased to 8.84 ± 

1.02% (35% reduction) and 4.98 ± 0.05% (63% reduction) at 400 mg/kg and 500 

mg/kg doses, respectively. The dose-dependent genoprotective effects are 

attributed to the high eugenol content and phenolic compounds in cloves, which 

possess antioxidant properties. These findings suggest that clove extract may be 

a promising natural chemoprotective agent for mitigating CP-induced 

genotoxicity, warranting further investigation for potential clinical applications. 

Keywords: Syzygium aromaticum; cyclophosphamide-induced genotoxicity; 

chromosomal aberrations; micronucleus test; chemoprotective agents 

1. Introduction 

Cancer remains one of the leading cause of death worldwide, which 

makes the need for further development and improvement of chemotherapeutic 

approaches essential. Alkylating agents are one of the main classes of 

chemotherapeutics, which is capable of treating a broad range of malignancies. 

Cyclophosphamide (CP) is a nitrogen mustard derivative and one of the most 

widely used alkylating agents in clinical oncology to-date, for treatment of 
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