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Abstract

:

Choosing the ideal number of rotations of planted forests under a silvicultural management regime results in uncertainties in the cash flows of forest investment projects. We verified if there is parity in the Eucalyptus wood price modeling through fractional Brownian motion and geometric Brownian motion to incorporate managerial flexibilities into investment projects in planted forests. We use empirical data from three production cycles of forests planted with Eucalyptus grandis × E. urophylla in the projection of discounted cash flows. The Eucalyptus wood price, assumed as uncertainty, was modeled using fractional and geometric Brownian motion. The discrete-time pricing of European options was obtained using the Monte Carlo method. The root mean square error of fractional and geometric Brownian motions was USD 1.4 and USD 2.2, respectively. The real options approach gave the investment projects, with fractional and geometric Brownian motion, an expanded present value of USD 8,157,706 and USD 9,162,202, respectively. Furthermore, in both models, the optimal harvest ages execution was three rotations. Thus, with an indication of overvaluation of 4.9% when assimilating the geometric Brownian motion, there is no parity between stochastic processes, and three production cycles of Eucalyptus planted forests are economically viable.
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1. Introduction


When incorporating the real options approach in an analysis of forest projects, the modeling of the underlying asset’s price is one of the main issues to be analyzed, for which some models are assumed. These models must be able to describe the price trajectory of the underlying asset without the need to adopt unrealistic assumptions of the data, such as temporal independence. As the calculations are based on time series of asset prices, time is the first source of dependence on the data.



Statistical tests, such as the GPH estimate [1], allow proving the existence of a true long memory. Thus, the quality of the modeling is accentuated by allowing the correlation between the impacts of crises and financial stress and the behavior of the price of biological assets such as wood. According to observations by Niquidet and Sun [2], many studies focused on the evaluation of the hypotheses of stationarity I (0) and non-stationarity I (1) of the time series, including in the forest scope.



According to Ahmadian and Rouz [3], the properties of self-similarity and long-range dependence that may be present in this type of series are often ignored. In these conditions, the fractional Brownian motion (FBM) is suitable for financial mathematical modeling [4]. This is because the Gaussian random field with stationary increments can admit directions in which its regularity is greater, allowing fractal analysis to increase the accuracy of diagnoses [5].



Furthermore, FBM supports self-similarity and stationary increments, in addition to displaying long memory. These compact properties help characterize real-world phenomena [6]. The estimation of the true long memory factor is essential for regulatory authorities to seek to maintain financial stability and public policy management [7], as well as providing subsidies to forest managers when undertaking forest investment projects. FBM has also shown a better performance in modelling the commodity market [8].



Given the inconstancy of the forest economy [9], the underlying non-Markovian stochastic process provides natural subsidies of analysis to capture ubiquitous complex sequences of fluctuations [10]. Furthermore, this aligns with the companies’ investment strategy and the environments where they find value creation from available options is promoted [11]. After all, the economic success of any investment project lies in realizing the strategic value of the business, which gives companies, especially forest companies, competitive advantages [12]. Thus, the opportunity to exercise a forestry investment decision, such as the number of rotations, under certain silvicultural management systems, provides value creation to the forest investment project since the value of the investment option is determined by the interaction between the market uncertainty and the investment strategy [13].



In Brazil, Eucalyptus is a fast-growing hardwood, capable of developing under different climatic conditions and presenting chemical, physical, and mechanical properties that serve different industrial niches. In the pulp and paper industry, the chemical properties differentiate the pulp from Eucalyptus. In the production of wood panels, the short and resistant fibers favor the transformation of raw material. In building construction, the mechanical properties are highlighted, such as compression, tension, and shear resistance [14,15,16,17]. Thus, these wood specificities and its employability make the final price of wood a relevant premise for analysis of forestry investment, given that the price can be considered the main source of uncertainty in projects of Eucalyptus planted forests.



Stochastic modeling can be segmented into long-range dependence phenomena and those that consider stochastic differential equations with Markov switching. The emphasis on fractional Brownian motion favors the modeling of biological assets price trajectories and allows the correlation of their disjoint increments, identifying persistent behaviors in different periods. Econometric tests that evaluate the normality of data distribution, trend, autocorrelation, stationarity, and estimation of the fractional differential guide the stochastic processes that best perform the prediction of these prices [8,18,19,20].



In this sense, the adoption of the FBM to model the price of biological assets can surpass the quality of model adjustment, such as the geometric Brownian motion (GBM), as it considers self-similarity and the existence of true long memory that will result in more reliable subsidies for decision-making. Therefore, the modeling of the price of the underlying asset by means of the FBM is justified by allowing the incorporation of managerial flexibility in decision-making and enabling the creation of value for forest-based companies through investments in biological assets, with appropriate econometric treatment of biological assets.



That said, we verified if there is parity in the Eucalyptus wood price modeling through the FBM and the GBM to incorporate managerial flexibilities into investment projects in planted forests.




2. Materials and Methods


2.1. Species and Silvicultural Management


Our study was based on a forest planted with Eucalyptus grandis × E. urophylla, spaced 3 m × 2 m, in 3615 hectares belonging to a forest-based industry located in the Midwest region of the state of São Paulo, Brazil, to produce particulate wood panels. Therefore, we considered three consecutive rotations, that is, three production cycles of seven years each, under silvicultural management (Table 1).




2.2. Analysis of the Timber Price Time Series


We used a time series of the monthly prices of Eucalyptus wood from January 2011 to June 2018. Further details are provided in Supplementary Materials (Table S1). To verify the behavior of the time series, we applied econometric tests of normality, trend, stationarity, autocorrelation, and linearity [21,22]. With the aid of the R [23] programming language, we used the tests:




	
Jarque Bera test [24] with the null hypothesis of normal data distribution, package tseries;



	
Cox Stuart test [25] with the null hypothesis that the time series has a trend, package randtests;



	
Phillips-Perron test [26] with the null hypothesis of unit root, I (1), package aTSA;



	
Kwiatkowski–Phillips–Schmidt–Shin (KPSS) test [27], with the null hypothesis of stationarity, I (0), package aTSA;



	
GPH estimate [1] of the fractional difference parameter (d), package fracdiff.









2.3. Model of the Underlying Asset Price


When we have estimated the fractional difference parameter, we can estimate the Hurst exponent (H) of a series of logarithmic price returns. We estimated the volatility (σ) and drift (α) of the price of Eucalyptus wood returns according to Equations (1) and (2):


   σ =      s      Δ T     2 H         



(1)




where  s  is the variance of a series of logarithmic returns, and  H  is Hurst coefficient, considering the fractional differential factor;


  α =  µ  Δ T   +    σ 2   2   



(2)




where  µ  is the arithmetic mean of a series of logarithmic returns.



Thus, we assume that the price of the underlying asset can be modeled as an FBM (Equation (3)), according to Manley and Niquidet [18]:


   P T  =  P  t − 1    e     α T  −    σ 2   T  2 H    2       e  α   Δ T    W H     



(3)




where    W H    is the fractional Gaussian noise.



To establish a comparison, we performed the modeling of the underlying asset following the GBM (Equation (4)), according to Miranda et al. [28]. Thus, we tested the difference between the models using Wilcoxon rank sum test [29], with a significance level of 5%. Note that for GBM, the fractional difference parameter is 0.5. Therefore, for Hurst, the coefficient is zero.


   P T  =  P  t − 1    e    α −    σ 2   2    Δ T    e  σ ε   0 , 1     Δ T      



(4)




where  ε  is the random error with standard normal distribution.



Furthermore, we defined the best fit for Eucalyptus wood price modeling according to root mean square error (RMSE), used as a performance indicator. Once associated, we used the coefficient of determination (R2) as a performance measure.




2.4. Expected Cash Flow from the Forest Investment Project


The remuneration for the use of the land is the opportunity cost that the producer has due to the development of a culture to the detriment of another [30]. This is a premise value of the bare land for reforestation, which is based on the region covered by the study, according to data provided by the Institute of Agricultural Economics [31].



The monetary value of the exhaustion of biological assets and deductions from taxes were weighted in the period in which the flat cut occurred due to the generation of revenues. Therefore, we based the taxation framework of the forestry project on the current legislation. According to Brazil [32], Law N°. 9430 provides for federal tax legislation in the tax regime of real profit, which considers the generation of gross revenue higher than USD 5399.



Therefore, the income tax rate was 25%, while the social contribution on net income was 9%. In addition, we deducted 1.65% referring to the Social Integration Program and 7.6% inherent to the contribution for social security financing.



We designed the expected cash flow (Equation (5)) for a 21-year planning horizon, with the disbursable expenses from silvicultural treatment. Further details are provided in Supplementary Materials (Table S2), which are: mowing, butchery, insecticides, chemical pesticides, chemical weeding, mechanized liming, subsoiling, digging, planting, replanting, irrigation, fence reforms, transportation of inputs, manual and mechanical fertilization, the opening of drains, maintenance of firebreaks Eucalyptus, and elimination of Eucalyptus shoots.


  C  F  i , j   =      V i  ∗  P i    ∗   1 − D   − C A P E X −  E x  −  R L    ∗   1 −  T x    +  E x  +  R L   



(5)




where   C  F  i , j     is the cash flow at age  i  in price state  j ,    V i    is the volume of wood at age  i ,    P i    is the price of wood at age  i ,  D  is the sum of deductions from PIS, COFINS,   C A P E X   is the capital expenditure on silvicultural investments,    E x    is the exhaustion,    R L    is the remuneration for the use of the land, and    T x    is taxation.




2.5. Discount Rate over Forest Investment Project Estimate


According to Brigham and Houston [33], using the weighted average cost of capital (WACC), we estimated the discount rate over forest investment project life (Equation (6)) considering the participation of third-party capital and equity. We also incorporated the tax benefit of interest using the cost of capital after taxes and market risks.


  i =  k e     k p     k p  +  k t    +  k d     k t     k p  +  k t      1 −  T x     



(6)




where  i  is the discount rate,    k e    is the shareholder’s capital cost,    k d    is the creditor’s capital cost,    k p    is the share capital of the shareholders, and    k t    is the share capital of creditors.



Thus, we computed the rate for the shareholder’s capital cost using the capital asset pricing model (CAPM) based on Baker and English [34] added to country risk based on Bai and Green [35], given in Equation (7):


   k e  =  R f  + β l    R m  −  R f    +  Ω  B r    



(7)




where    R f    is the risk-free rate of return,   β l   is the systematic market risk coefficient of the forestry sector,    R m    is the expected rate of return of the forestry market portfolio,      R m  −  R f      is the market-risk premium, and    Ω  B r     is the country-risk premium in Brazil.



We emphasize that the risk-free rate was based on the historical series provided by the Department of the Treasury T-Bonds [36] since 1962 with a maturity term of ten years, commonly used by financial analysts [37]. Therefore, the predilection for longer periods for each variable results in the absence of any trend over time [38].



For the systematic risk coefficient of the market, we estimated the beta of the wood and pulp sector through publicly traded companies, which had shares traded in B3 S.A.–Brasil, Bolsa, Balcão [39]. This includes Dexco S.A., Eucatex S.A. Indústria e Comércio, Klabin S.A., and Suzano S.A. We assumed the S&P Global Timber & Forestry index as a market-risk premium, provided by S&P Dow Jones Indices [40].



In determining the traditional net present value of the investment project (Equation (8)), we subtracted the present value of costs from the present value of benefits:


  N P V =   ∑   j = 0  n    C  I t        1 + i    t    − CAPEX  



(8)




where   N P V   is the net present value,  n  is the number of periods,  r  is the discount rate of return that could be earned from an investment in the financial markets with similar risk, and   C  I t    is the cash inflow at moment t.




2.6. Pricing of Options Using the Monte Carlo Technique


The choice of the ideal rotation numbers can be solved using the Monte Carlo methodology since it is a flexible approach for the calculation of option values. It also has a specific use in fields such as forest management. Above all, it can be posed as an expectation-maximization problem given in Equation (9) [41]:


  F  V  m a x   = m a x     ∑   n = 0  N         V i  ∗  P i    ∗   1 − D   − C A P E X −  E x  −  R L    ∗   1 −  T x    +  E x  +  R L      ( 1 + i )  n       



(9)




where   F  V  m a x     is the expected future value for each rotation due to the maximum expected discounted cash flow for each rotation with N being a multiple of 7.



Therefore, using the Ibáñez and Zapatero [42] approach, we established that the continuation value and the adoption of a new rotation consist of the ideal exercise value frontier. Furthermore, by adapting the algorithm registered by the authors (Equation (10)), we performed the inverse recursion approach with the maximum limit defined for three consecutive rotations, that is,   t = 21   years.


  P  V  e x p   =  1 M    ∑  i 7  F  V  m a x   +  1 M    ∑  i  14   F  V  m a x   +  1 M    ∑  i  21   F  V  m a x    



(10)




where  M  represents the total number of simulated price paths.



We performed the Monte Carlo simulation of discounted cash flows for each rotation based on the simulation of the price of the underlying asset, which followed the distributions of the FBM model using the R [23] and long memo package, generating 50,000 price paths. The real option value (ROV), which we concurrently considered in the analysis of the expanded present value, resulted from the difference between the expanded present value (EPV) and the present value without flexibility (Equation (11)):


  R O V = E P V − P V  



(11)




where   P V   is the traditional present value.





3. Results


3.1. Modeling the Price of the Underlying Asset


We rejected the first tested hypothesis of data normality (p-value of 0.004) for our time series of Eucalyptus wood price, and we found that the nonparametric time series has a trend (p-value of 5.684e−14). Consequently, the Phillips-Perron test with the hypothesis that the time series with drift and trend has a unit root attested that our series is non-stationary, with a p-value of 0.43.



With the performance of the regression analysis, we found that the price of Eucalyptus wood at time   t − 1   significantly influences the price at time t (b = 0.9915), with a t-value of 59.91. Therefore, the quality of the regression adjustment was verified through the hypothesis of normality of the residuals. The Jarque Bera test was rejected with a p-value of 2.2e−16, suggesting that the residuals are not random. Therefore, another factor that influences the dependent variable     l n  P  t − 1       was not considered in the adjustment (Figure 1).



Thus, the best performance in modeling the price of Eucalyptus wood was inferred to FBM, mainly due to the root mean square error (RMSE) of USD 1.4, compared to the RMSE of USD 2.2 of the GBM. In addition, the coefficient of determination (R2) is added, which explained 79.4% of the variation in the price of Eucalyptus wood when modeled by the FBM, while 79.2% by the GBM.
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Figure 2. Simulations of the evolution of Eucalyptus wood prices following the fractional Brownian motion and the evolution through the geometric Brownian motion. The dashed line represents the slightly negative trend in prices. 
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3.2. Discount Rate for the Forest Investment Project


Due to the sensitivity of the capital asset pricing model in describing the perception of the risk of investing in a company, especially in the forestry sector, we measured the return required by shareholders at 10.5%, with a risk-free rate of 5.5%. In addition, the systematic risk coefficient of the market, re-leveraged, was 0.42, while the market-risk premium resulted in an annualized return of 7.8%.



As the risk-free rate, the 4.1% risk premium for Brazil was the geometric average of debt securities issued by emerging countries since 1994. However, for the accuracy of creditors, the required return was 9.1%, with a spread of 3.6% for customer default. This is because Brazil had a speculative credit rating (BA2) during the study period. Thus, the opportunity cost rate of the forest investment project was 8.6%, with 34% of the income tax rate, according to the taxation in force in the country. In comparison, it was 43% of the participation of the capital of creditors.




3.3. Valuation of the Forest Investment Project


With the execution of several simulations using the Monte Carlo technique, the model outputs     V  F  m á x       are probability distributions, intending to support the forest manager in choosing the specific value [43]. Therefore, the simulations with the price following the FBM or GBM returned optimal harvest ages of three rotations ordered consecutively, such as IF, CFI, and CFII.



By modelling the price following the FBM, the result of the sum of the simulated averages in 50,000 paths for each rotation with respect to the silvicultural management adopted in each cycle is presented in Table 2. It returned the expanded present value (EPV) of USD 8,157,706, which increased 55.6% to the traditional present value of USD 3,618,678.



For the modeling of the price following the GBM, the expanded present value resulting from the sum of the simulated averages (Table 3) for each rotation was USD 9,162,202, an increase of 60.5% to the traditional present value.



Thus, with the estimated kurtosis and skewness coefficients, the distributions were classified as leptokurtic and symmetrical since a comparison was made between the asymmetry and slenderness of the distributions with the standard behavior of the theoretical normal distribution.




3.4. Impact of the Choice of Wood Price Modeling on the Final Value of the Forest Investment Project


The different modeling of the price of Eucalyptus wood, FBM or GBM, resulted in added value to the forest investment project, making its execution viable since the net present value with flexibility was higher than zero. The traditional approach resulted in a deficit of USD 1,538,862 due to the capital expenditure (CAPEX) of USD 5,157,540.



With the modeling of the price of Eucalyptus wood through the GBM, there was an increase of 4.9%, as an exercise premium of optimal harvest ages of the two European options with maturities of 7 and 14 years, consecutively, compared to the modeling through the FBM. The difference between the distributions of the expanded present value for FBM and GBM was statistically significant (Figure 3), attested by the Wilcoxon rank sum test, with a p-value less than 2.2 × 10−16.





4. Discussion


Commodity prices are analyzed under the hypothesis of reversion to average [44,45], Pindyck [46] found that the reversion of the average can often only be proven for time series over 100 years old. Therefore, as the analysis period was 90 months, another test was adopted to confirm the non-stationary condition of the series, known as the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test. With a hypothesis of stationarity I (0), it is possible to verify if a series is I (d) or if its second difference follows an I (0) process, identifying a true long memory against spurious long memory [2]. This is due to the variations in the price of the underlying asset, that is, in the price of Eucalyptus wood for forest investment projects. It sometimes follows a repetitive pattern that has direct implications on the choice of the adopted silvicultural management. Therefore, it affects the adequacy of forestry policies [2], as well as tax policies applicable to the sector.



Thus, when verifying the behavior of the historical series of the price of Eucalyptus wood, subsidy to the choice of the best mathematical adjustment is achieved. As an example, the estimation of the fractional differential factor, for the series of the price of Eucalyptus wood in a country with an emerging economy, was 0.93.



Estimates of the fractional differential factor for other wood species were made, as for Pinus radiata, in a study developed in New Zealand by Manley and Niquidet [18], obtaining a value of 0.78. The series of data comprised in the range of the year 1973 to 2016. In addition to Niquidet and Sun [2] for wood prices in North America, the fractional differential factor varied between 0.64 and 0.81. The studies that deal with unit root analysis focused on validating the hypotheses of stationarity and non-stationarity. Still, there are shocks caused by the escape from inside the markets during periods of crisis and financial stress [47].



Indeed, for the price of wood, Manley and Niquidet [18] found from a New Zealand case study that a possible explanation for the presence of price shocks would be due to the constant evolution of exports in the country. The same argument applies to the situation of the price of Eucalyptus wood in Brazil, given that exports of particulate wood panels and fibers in the period comprised in the price series were also significantly increasing [48]. It is worth arguing the reflex of the increased demand for wood as a raw material to produce particulate wood or fiber panels in the acquisition of land properties with a view to implant planted forests. Therefore, it reflects the influence that the same can exert in wood price shocks, given the growing evolution of land prices [31] when monitoring the study period.



As the value of the real options is a function of the flexibility of the forest manager and his ability to modify his investment decisions [49], the modeling of the underlying asset through fractional Brownian motion and geometric Brownian motion resulted in significant additions to the project by 55.6% and 60.5%, respectively. This promotes the economic viability of the forest investment project in contrast to the traditional method. Furthermore, this substantial part of the project value made it feasible to be compared to the traditional method due to the development of the options available to forest managers, which are essentially exercised through decision-making [50].



To develop the valuation of an asset, a development model is required with values and characterization of parameter dependencies [51]. The study of random functions has been predominantly dedicated to sequences of independent random variables. Still, natural time series usually have an interdependence interval, which for FBM can be considered infinite [52]. The readability of the long memory present in our Eucalyptus price time series, attested through the KPSS test, emphasized the need to choose the correct modeling standard. This is due to the occurrences of an overvaluation of the option premium through the GBM, 4.9% when compared to the FBM. Therefore, the application of available capital and the respective allocation period can lead the forest manager to make wrong decisions.



The awareness of the strategies to be adopted in an investment project, when well-observed and measured, provide economic gains. Creating value for the option requires alignment of the companies’ investment strategy to the environments in which they find themselves [11]. They must be perceived as a tool to assist the forest manager, not only concerning low-cost or non-viable projects by traditional methodologies but also to quantify the real gains added in a high-value project [53].



Thus, several stationary and non-stationary processes are frequently proposed and incremented by researchers and specialists. The improvement of techniques for modeling biological assets, such as wood, results from the application and registering of their behavior. However, enabling the application of beneficial strategies to forest managers and the extrapolation of the findings to other species and ecosystems will make up the next challenges.




5. Conclusions


This study verifies whether there is parity in modeling price of Eucalyptus wood using fractional Brownian motion and geometric Brownian motion to incorporate managerial flexibilities into planted forests investment projects. With an indication of a 4.9% overvaluation of the investment project, when the geometric Brownian motion is assimilated, we reject the parity between stochastic processes.



Incorporating the European options for the Eucalyptus planted forests rotation with the modeling of the underlying asset through the fractional Brownian motion in a 21-year planning horizon adds 55.6% of value to the forest investment project, which promotes its economic viability in contrast to the traditional method.



Investment projects in planted Eucalyptus forests present higher financial returns when considering the optimal harvest age of three rotations, inverting the result provided by the traditional method. This study contributes to increase the accuracy of uncertainties inherent in modeling to investment projects in planted Eucalyptus forests and to make the analysis of real options safer for forest managers.
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Figure 1. Analysis of regression residuals, with (a) diagram for a residual dispersion and adjusted values; (b) scatter plot of the residuals against the predicted values; (c) residual histogram; (d) dot plot of sample quantiles against theoretical quantiles from the standard normal distribution. Then, through the KPSS test, we found that our time series has a true long memory (p-value of 0.1). Therefore, using the Geweke and Potter-Hudak (GPH) estimate for our time series of the price of Eucalyptus wood     l n P    , we obtained the value 0.93 of true long memory or fractional difference (d). This resulted in the Hurst coefficient to 0.43 for the differentiated series     l n  P t  − l n  P  t − 1       in demonstrating the historical series behavior of the Eucalyptus wood price when modeled through stochastic models. Figure 2 was plotted, representing the evolution of Eucalyptus wood prices following the fractional Brownian motion and the evolution through the geometric Brownian motion. The dashed line represents the slightly negative trend in prices. 
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Figure 3. Boxplot of the expanded present value for stochastic models fractional Brownian motion and geometric Brownian motion, representing the difference between the distributions. 
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Table 1. Technical parameters of silvicultural management.
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Parameters

	
Silvicultural Managements




	
Forest

Implantation (IF)

	
Forestry

Management (CFI)

	
Forestry

Management (CFII)






	
Production cycles

(years)

	
0 to 7

	
8 to 14

	
15 to 21




	
Mean individual tree

volume (m3)

	
0.22

	
0.23

	
0.25




	
Mean Annual Increment

(m3 ha−1 year−1)

	
52.38

	
44.42

	
37.67
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Table 2. Descriptive statistics of Monte Carlo simulation for investment projects of three consecutive rotations, with Eucalyptus wood price following fractional Brownian motion.






Table 2. Descriptive statistics of Monte Carlo simulation for investment projects of three consecutive rotations, with Eucalyptus wood price following fractional Brownian motion.





	
Parameters

(USD)

	
Silvicultural Managements




	
Forest

Implantation (IF)

	
Forestry

Management (CFI)

	
Forestry

Management (CFII)






	
Average

	
2.38 × 106

	
2.64 × 106

	
3.14 × 106




	
Standard deviation

	
2.95 × 105

	
4.32 × 105

	
4.98 × 106




	
Minimum

	
1.36 × 106

	
1.07 × 106

	
1.30 × 106




	
Maximum

	
3.85 × 106

	
4.78 × 106

	
5.54 × 106




	
Kurtosis

	
1.34 × 10−1

	
1.49 × 10−1

	
1.61 × 10−1




	
Skewness

	
2.53 × 10−1

	
2.65 × 10−1

	
2.75 × 10−1
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Table 3. Descriptive statistics of the Monte Carlo simulation for the investment projects of the three consecutive rotations, with the price of Eucalyptus wood following the geometric Brownian motion.






Table 3. Descriptive statistics of the Monte Carlo simulation for the investment projects of the three consecutive rotations, with the price of Eucalyptus wood following the geometric Brownian motion.





	
Parameters

(USD)

	
Silvicultural Managements




	
Forest

Implantation (IF)

	
Forestry

Management (CFI)

	
Forestry

Management (CFII)






	
Average

	
2.57 × 106

	
2.99 × 106

	
3.60 × 106




	
Standard deviation

	
6.97 × 104

	
1.07 × 105

	
1.27 × 105




	
Minimum

	
2.29 × 106

	
2.52 × 106

	
3.05 × 106




	
Maximum

	
2.89 × 106

	
3.47 × 106

	
4.18 × 106




	
Kurtosis

	
−1.83 × 10−3

	
−1.13 × 10−2

	
−1.15 × 10−2




	
Skewness

	
7.70 × 10−2

	
7.32 × 10−2

	
7.64 × 10−2
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