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A new least square method (LSM) for time series analysis under indeterminacy is proposed in this work. The proposed LSM under indeterminacy is known as the neutrosophic least square method (NLSM). The NLSM is proposed to forecast wind speed when data are in the interval. The trended line under indeterminacy is introduced and applied using wind speed data. The time series plots under neutrosophic statistics are given. A comparative study shows that the proposed NLSM is more efficient and informative to apply for the forecasting of wind speed.
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INTRODUCTION
In time series analysis, the least square method (LSM) is applied to study the relationship between the observed variable and the time factor variable. In such a model, the observed variable is taken as the dependent variable, and the time factor variable generated from the time span is taken as an independent variable. The LSM has been widely applied to the best fit of the data in hand. The LSM is applied in estimating future values based on the current data information. Among the other methods of time series analysis, the LSM method is free from personal bias as the mathematical model is applied to get the trend values. In addition, the LSM can be applied effectively in forecasting the values because of its mathematical function. Khalil and Moraes (1995) applied the LSM for methane time series data. Harris et al. (2003) and Ismail and Shabri (2014) applied the LSM for meteorology and lynx datasets, respectively. Yang et al. (2014) introduced genetic programming based on the LSM. More applications of series methods can be seen; see the work of Jebb and Tay (2017) for organizational research, Chatfield and Xing (2019) and McDowall et al. (2019) for time series analysis, and Feyrer (2019) and Kosiorowski et al. (2019) for geography.
The forecasting and estimation in energy areas are carried out using statistical models. For example, the time series model can be applied to estimate and forecast the wind speed for the next days or months. The statistical models have the ability to give a reasonable forecast based on the current or past data. Kavak Akpinar and Akpinar (2005) discussed the applications of statistics on the data obtained from the wind energy system. A statistical distribution was fitted on the wind speed data by Brano et al. (2011). Liu et al. (2016) discussed the forecasting using the LSM. The applications of several statistical distributions on wind speed data were given by Ali et al. (2018), Bidaoui et al. (2019), Alrashidi et al. (2020), and ul Haq et al., 2020. The applications of statistical techniques in the area of energy can be seen in the work of Ozay and Celiktas (2016), Katinas et al. (2018), Qing (2018), Wang et al. (2018), Akgül and Şenoğlu, 2019, Mahmood et al. (2020), and Zaman et al. (2020).
The existing LSM for time series analysis is applied for the forecasting of the wind speed by assuming certainty in the parameters and observations of the data. In practice, the wind speed data are recorded in intervals. Therefore, the existing LSM cannot be applied for the forecasting and estimation of wind speed. The statistical techniques under the fuzzy logic can be applied for the forecasting of the wind speed in this case. Song and Chissom (1993) and Sezer et al. (2020) introduced time series when observations were not exact. The fuzzy-based analysis for various applications was introduced by Przemysław Grzegorzewski (2000), Montenegro et al. (2001), Przemysław Grzegorzewski (2009), von Storch and Zwiers (2013), and Grzegorzewski and Śpiewak, 2019.
Smarandache (1998) introduced the neutrosophic logic as an extension of the fuzzy logic. Smarandache (2015) proved the efficiency of the neutrosophic logic over the fuzzy logic and interval-based analysis. Later on, several people worked on the neutrosophic logic and applied it in various real-life problems; see, for example, the work of Broumi et al. (2017), Abdel-Basset et al. (2019), Smarandache (2019), and Nabeeh et al. (2019). Smarandache (2014) worked on the neutrosophic statistics (NS) and discussed the application and difference between NS and classical statistics (CS). According to Smarandache (2014), “Neutrosophic Statistics refers to a set of data such that the data or a part of it are indeterminate to some degree and to methods used to analyze the data. In classical statistics, all data are determined; this is the distinction between neutrosophic statistics and classical statistics.” Neutrosophic statistics deals with analyzing the data having neutrosophic numbers. Classical statistics is a special case of neutrosophic statistics. The neutrosophic statistics reduces to classical statistics when only determinate numbers are in the data. Chen et al., 2017a and Chen et al., 2017b introduced a different method than Smarandache (2014) to analyze the neutrosophic data. Aslam (2020a) and Aslam (2020c) worked on the statistical tests under NS.
Aslam (2020b) introduced the semi-average method for time series analysis under neutrosophic statistics and applied it for wind forecasting. From the literature study, it can be noted that the existing LSM for time series analysis based on CS is unable to give information about the measure of indeterminacy. According to the best of knowledge, no work is available on the designing of the LSM for time under neutrosophic statistics. In this article, we will focus on presenting the neutrosophic least square method (NLSM) for time series analysis. The application of the proposed NLSM will be given using wind speed data. It is expected that the proposed NLSM can be used effectively to fit the model for wind speed data and forecasting the wind speed for the future.
LEAST SQUARE METHOD UNDER INDETERMINACY
As mentioned earlier, the least square method (LSM) has been widely used in practice to find the trend in time series. The existing LSM under CS is worked on the basis of the relationship of the observed value and time factor variables. The existing LSM is applied when observations in both variables are determined and exact. However, as mentioned before, in a complex process or when the data are in intervals, the existing LSM cannot be applied to find the trend values. Let [image: image] and [image: image] be neutrosophic forms of the observed variable [image: image] and time factor variable [image: image], respectively, of sample size [image: image]. The variable [image: image] is a coded variable and generated from the given time span. Note here that [image: image] and [image: image] are the indeterminate intervals associated with variables [image: image] and [image: image], respectively. The neutrosophic linear trend line is given by
[image: image]
The neutrosophic linear regression under indeterminacy can be expressed as
[image: image]
where [image: image] and [image: image] are measures of indeterminacy associated and [image: image] is the neutrosophic intercept and [image: image] is the neutrosophic rate of change. The values of [image: image] and [image: image] can be computed by
[image: image]
where
[image: image]
The frame diagram of the proposed method is shown in Figure 1.
[image: Figure 1]FIGURE 1 | The frame diagram of the proposed time series method.
APPLICATION USING WIND SPEED DATA
The application of the proposed time series method is given with the help of the wind speed data. The wind speed (mph) of the year 2019 is selected from the Metrology Department of Pakistan. Aslam (2020b) also used the wind speed data for forecasting purpose. The wind speed (mph) data are recorded in intervals, and experts are interested to forecast the wind speed (mph). As the wind speed (mph) data are in the interval, the use of the existing LSM may mislead the experts in forecasting the wind speed. As mentioned before, the methodology under the neutrosophic logic is better than the fuzzy logic and CS. Therefore, energy experts can apply the proposed LSM under NS. Using the proposed method, values of [image: image] and [image: image] are computed using Eqs 3, 4. The neutrosophic trended lines using Eqs 1, 2 for each month of 2019 are shown in Table 1.
TABLE 1 | Neutrosophic trended lines of wind speed data of 2019.
[image: Table 1]From Table 1, it can be seen that the intercept of trend lines for the month of April and May is negative. The values of [image: image] for the months of January, July, September, October, and November are negative. The trend lines using the proposed LMS under indeterminacy can be interpreted as follows: for example, for the month of January, the wind speed (mph) will be from 0.13306 mph to 15.53 (mph) when [image: image]. For a unit change in [image: image], the wind speed will reduce from 0.00242 (mph) to 0.14758 (mph). The actual values of wind speed (mph) and the trended values of wind speed (mph) for each month of 2019 are obtained and plotted in Figures 2–5.
[image: Figure 2]FIGURE 2 | Trended lines for January, February, and March.
[image: Figure 3]FIGURE 3 | Trended lines for April, May, and June.
[image: Figure 4]FIGURE 4 | Trended lines for July, August, and September.
[image: Figure 5]FIGURE 5 | Trended lines for October, November, and December.
From Figure 2, we note that there is high indeterminacy between the trended values of February and March. The actual values of wind speed (mph) for the month of March have less fluctuation than those for January and February. Figure 3 shows that in June, there are many variations in the wind speed as compared to April and May. From Figure 4, it can be noted that the wind speed in July has fewer variations as compared to the wind speed in August and October. From Figure 5, it can be seen that the wind speed in November has fewer variations as compared to that in October and December. From Figures 2–5, it can be seen that the trended values are in intervals rather than the exact trend values in the existing LSM. Therefore, the proposed NLSM is quite adequate, effective, and reasonable to apply for the forecasting of wind speed. In addition, it is concluded that the presence of high indeterminacy may affect wind speed forecasting.
COMPARATIVE STUDIES BASED ON WIND SPEED DATA
As noted in the previous section, the trended values are in intervals, and indeterminacy is also presented. Therefore, the information about the measure of indeterminacy will be very helpful in forecasting decision making. In this section, we will present the trended values in the neutrosophic form and evaluate the measure of indeterminacy. To save space, the neutrosophic forms along with the measure of indeterminacy are presented only for January and February. The neutrosophic forms of other months can be obtained using the Excel sheet available with the author upon request. From Table 2, it can be noted that the measure of indeterminacy is greater than 0.95 for each day of the 2 months. The first values (determined) of neutrosophic forms denote the results of the wind speed forecasting for the existing LSM under CS. The second values show the values of indeterminate parts. For example, in neutrosophic form [image: image] = 0.13306 + 15.09355 [image: image], the value 0.13306 presents the forecasting value under CS when [image: image]. The value 15.09355 is an indeterminate part of wind speed forecasting value. It means, for this day, the energy experts can expect the wind speed forecasting from 0.13306 mph to 15.09355 mph. From this study, it can be inferred that the proposed NLSM under indeterminacy provides the forecasting values in the interval while the existing LSM under CS provides only the determined forecasting wind speed. In addition, the proposed method gives information about the measure of indeterminacy. Therefore, the proposed method is desirable to find the forecasting values of wind speed.
TABLE 2 | Neutrosophic form and measure of indeterminacy.
[image: Table 2]CONCLUDING REMARKS
A new least square method (LSM) for time series analysis under indeterminacy was proposed in this manuscript. The proposed LSM under indeterminacy was known as the neutrosophic least square method (NLSM). The NLSM was proposed to forecast the wind speed when the data were in the interval. The trended line under indeterminacy is introduced and fitted using wind speed data. The time series plots under neutrosophic statistics were given. The analysis of wind speed (mph) data showed that the trended values of the wind speed are in intervals rather than the exact numbers. The comparative study showed that the proposed NLSM is quite effective and informative than the existing LSM under classical statistics. Therefore, the proposed NLSM is flexible and more informative than the existing LSM under CS. However, the proposed method has some limitations; it can be used only when the data follow the normal distribution and have imprecise observations. By applying the proposed NLSM, the energy experts can forecast the wind speed under an indeterminate environment. Other time series methods can be developed to analyze the interval data as future research. In addition, the proposed method using Pythagorean fuzzy uncertain environments can be studied as future research; see the work of Wang and Garg (2021).
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