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Abstract

:

The paper presents the first results of astroclimatic studies at the sites of the Hoa Lac and Nha Trang astronomical observatories. Our study employs Era-5 data covering a 10-yr time period (2011–2020). An analysis of the main astroclimatic characteristic, namely, the wind speed in the upper layers of the atmosphere, was performed. We calculated space distributions of the wind speed averaged in the height bin from 100 to 200 hPa. Using hourly data on pressure levels we analyzed probability distributions of the wind speed at high-level maxima at the sites of the observatories. At the Nha Trang observatory the period with a potentially high astroclimatic conditions falls on the spring when high recurrence of weak winds is observed. At the Hoa Lac observatory the best conditions are observed in the summer and the autumn. In this period, the median wind speeds are low. Additionally, we calculated spectra of the air temperature using the Fast Fourier Transform. We analyzed the deformations of the spectra with heights in a wide range of scales. At the site of the Nha Trang Astronomical Observatory, the amplitude of daily air temperature variations in the surface layer is approximately 1.5–2.5 times smaller compared to the Hoa Lac Observatory. We showed that the low-frequency maximum in the spectra is pronounced only in the lower layers of the atmosphere.
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1. Introduction


One of the momentous problems in atmospheric physics is the parameterization of turbulent parameters, including kinetic turbulent energy   E k   and potential turbulent energy   E t  , as well as the structure constants of wind speed fluctuations   C V 2  , air temperature fluctuations   C T 2  , and air refractive index fluctuations   C n 2   [1,2].



Knowledge of the vertical profiles of wind speed within the free atmosphere, as well as wind speed and direction in the atmospheric boundary layer is critical for both qualitative and numerical models of optical turbulence describing the variations in Fried length, seeing, isoplanatic angle, coherence time, and the outer scale of turbulence [3,4]. Considerable attention is paid to the study of characteristics of the wind speed field, for example, in papers [5,6,7]. Models proposed for estimating optical turbulence parameters are based on the vertical gradients of wind speed or a parameterization of turbulent parameters through the dissipation velocity of temperature fluctuations and wind speed fluctuations [8].



It should be noted that a lot of astronomical observatories have no time series of turbulent parameters or have time-limited datasets. The practice of applying reanalysis data in studies of astroclimate in the world is widespread. For example, astroclimatic parameters by means of reanalysis are defined for the Canary Islands observatories, Oukaimeden observatory, and other sites [9,10].



One of the atmospheric parameters, which describes the astroclimatic conditions at the site of an observatory or at a given site with potentially high image quality, is wind speed at the 200 hPa level   V 200   (at heights of about 12 km) [10,11,12,13]. Usually,   V 200   is related to effective turbulent velocity   V 0   by the formula [14,15]:


   V 0  = k  V 200  ,  



(1)




where k is the proportionality coefficient, and   V 200   is the wind speed at the 200 hPa level. The quantity of   V 0   is related to the vertical profile of the optical turbulence strength:


   V 0  5 / 3   =    ∫ 0 H  V   ( z )   5 / 3    C n 2   ( z )  d z    ∫ 0 H   C n 2   ( z )  d z   ,  



(2)




where z is the height of the layer in the atmosphere, V is the wind speed, and   C n 2   is the structure constant of the air refractive index fluctuations.



However, the approach based on the usage of   V 200   for estimating the parameters of atmospheric turbulence, may be applied only partially, as it characterizes the structure of the air flows in the upper layers of the atmosphere. Atmospheric turbulence in a micro-meteorological spectral range evolves under the influence of a number of factors, including convective and shear instabilities. We believe that the energy of micro-meteorological turbulence may be calculated on the basis of the energy of different ranges in the turbulence spectrum. We described the method for estimating averaged parameters of turbulence by calculating the energy of baroclinic instability [16,17].



Today, Russia and Vietnam are cooperating bilaterally within a project for the development of a Russian ground-based network of optical telescopes. Within this project the first astroclimatic studies, aimed at estimating atmospheric parameters over Vietnam, have been performed. In long-term studies of the astroclimate, we plan to use ground-based instruments based on the Shack-Hartmann wavefront sensor, as well as available data from space sensing of the Earth. Both assessments are planned to be implemented at two Vietnam observatories, namely, the Hoa Lac observatory situated near Hanoi and Nha Trang observatory near Hon Chong. Nha Trang and Hoa Lac astronomical observatories are located in the subtropical belt near sea level. Both observatories belong to the Vietnam National Space Center and are equipped with modern 50 cm Ritchie-Chrétien telescopes [18].



In the study, we consider astroclimatic conditions at the sites of the Hoa Lac and Nha Trang observatories. For these observatories we estimated the statistics of wind speed in the upper atmospheric layer. In order to characterize the structure of the air flows we also calculated and analyzed the energy spectra of the turbulence in a wide range of scales at different heights. We used Era-5 reanalysis data with higher temporal and spatial resolution [19]. Era-5 datasets are verified and used in a number of studies [20,21,22].




2. Wind Speed Statistics in the Upper Atmospheric Layer


The 200 hPa pressure level corresponds to the height of large-scale jet streams. We expect that the intensity of turbulence is higher near jet streams. Vertical gradients in wind speed induce increased mixing processes in the stratified atmosphere and growth of turbulence energy.



Using Era-5 reanalysis data for the period from 2011 to 2020 we calculated space distributions of the wind speed averaged in the height bin from 100 to 200 hPa. Figure 1a–e show space distributions of the wind speed averaged for heights from 100 to 200 hPa in the region of the Nha Trang observatory and the Hoa Lac observatory. We selected this height bin as it covers the central parts of the peaks in the wind speed profiles.



Analysis of the distributions shows that wind speeds in the upper layers of the atmosphere have significant seasonal variations. As shown in Figure 1a,b, the Hoa Lac observatory is located near a large-scale jet stream in the winter and in spring. In the autumn, the jet stream weakens and shifts slightly to the north (Figure 1d). In terms of wind speed, the best conditions at the site of the Hoa Lac observatory are observed in the summer. In this period the observatory is located in a field with low values of wind speed (Figure 1c).



The Nha Trang observatory is located in the minimum of the wind speeds in the winter and in spring. Although, values of wind speed increase in the summer and the autumn, the Era-5 reanalysis shows that a field with low wind speeds is formed above the Nha Trang observatory. This field is oriented along a line from northeast to southwest.



To determine the atmospheric parameters above the observatories (near jet streams) we estimated annual averaged vertical profiles of the wind speed shown in the Figure 2.



Maxima of the mean wind speed are observed at different heights. At the site of the Hoa Lac observatory maximum wind speed corresponds to the 175 hPa pressure level. The mean wind speed in the maximum is equal to 18.5 m/s.



The maximum wind speed at the site of the Nha Trang observatory is shifted to a higher level (the pressure is equal to 125 hPa). Within the standard atmosphere model the relative height offset of the wind speed maximum is equal to about 2.1 km. At the Nha Trang observatory site the mean wind speed is lower than the estimated value for the Hoa Lac observatory. The mean wind speed in the maximum is equal to 14.2 m/s. Additionally, a local peak associated with low level jet streams in the vertical profile of the wind speed is revealed. The mean wind speed in the local peak located at the 825 hPa level is not high and equal to 5.6 m/s. Thus, we estimated averaged heights of the maxima in the wind speed at the sites of the Nha Trang observatory and the Hoa Lac observatory.



Using hourly data on pressure levels for the period from 2011 to 2020 we calculated probability distributions of the wind speed at high-level maxima at the sites of the observatories. Figure 3a–d and Figure 4a–d show the probability distributions of the wind speed at 175 and 125 hPa levels at the sites of the Hoa Lac and Nha Trang observatories, respectively. Statistics of the distributions are given in Table 1 and Table 2.



As shown in Figure 3b, at the site of the Nha Trang observatory, the lowest median of the wind speed is observed in the spring (its value equal to 9.1 m/s). At this time the skewness coefficient is at its largest (its value reaches 0.88). In the winter and in the autumn the medians of the wind speed increase to 12.4 and 15.5 m/s, respectively. The largest median is observed in the summer (24.0 m/s). The average annual median is 14.8 m/s. It should be noted that the skewness coefficient in the summer approaches zero. The kurtosis coefficient is positive only in the spring. This indicates that the fluctuations in the hourly wind speed values are more intense in the spring in comparison to the normal distribution. In fact, in the spring, there is the largest number of cases with low values of wind speed. At the Nha Trang observatory the period with a potentially low effective turbulent velocity falls on the spring when high recurrence of weak winds is observed (skewness coefficient is equal to 0.88).



In comparison to the Nha Trang observatory, the shapes of the probability distributions of the wind speed at the Hoa Lac observatory site are different. The mean annual median of the wind speed increases and reaches 18.6 m/s. In the spring, the function of the probability distribution contains two pronounced peaks with values ranging from 6 to 8 m/s and from 26 to 28 m/s, respectively. Median value reaches 24.9 m/s. This indicates that the observatory is under the action of a jet stream. At the periphery of the jet we expect an increased strength of turbulence. The best conditions are observed in the summer and the autumn. In this period the median wind speeds are 11.1 and 11.8 m/s, respectively. At the same time, the repeatability of strong winds increases in autumn (in comparison to the summer).



Comparison of median values obtained with other astronomical sites shows that the median at the Nha Trang observatory (14.8 m/s) is lower than medians estimated for the La Silla (31.2 m/s), Paranal (28.1 m/s), or Maidanak (25.9 m/s) [9]. At the Hoa Lac observatory the median (18.6 m/s) is close to the values at the Sierra Negra (18.3 m/s), Special Astrophysical Observatory (19.8 m/s), Oukaimeden (20.3 m/s), La Palma (20.8 m/s), Mauna Kea (21.0 m/s), and higher than the median at the Costa Rica (7.7 m/s) [9,23].




3. Energy Spectra of the Air Temperature Fluctuations at the Sites of Nha Trang and Hoa Lac Observatories


In studies of atmospheric turbulence, considerable attention is paid to energy spectra over a wide range of spatial and temporal scales [24,25,26,27,28]. The analysis of atmospheric characteristics obtained from aircraft measurements [24] shows that the energy spectra of both wind speed and air temperature obey two power-law dependencies:



(i) Power spectral densities of the air temperature fluctuations and the wind speed fluctuations in the large-scale range are proportional to   f  − 3   ;



(ii) Power spectral densities of the air temperature fluctuations and the wind speed fluctuations at mesoscales and in the micro-meteorological range are proportional to   f  − 5 / 3   .



We can estimate the energy of small scale turbulence knowing the energy characteristics of the fluctuations in a given spectral range (in any large scale range) [16]. We believe that the energy of the turbulence, including the range with scales of less than 10 m, depends on the power spectral density of the fluctuations and the spectral peak width in the low-frequency range. In a case with a pronounced low-frequency peak, we can expect the appearance of a spectral plateau (step) in the micrometeorological range, associated with the increased energy of micro-meteorological turbulence.



In order to reveal the features in the structure of atmospheric large-scale air flows we calculated the frequency dependencies of the power spectral density of the air temperature fluctuations using Era-5 data. Figure 5a–f and Figure 6a–f show the frequency dependencies of the power spectral density of air temperature fluctuations at different pressure levels.



At the sites of the Nha Trang and Hoa Lac observatories the frequency dependencies of power spectral density have a −5/3 slope in the lower part of the optically active atmosphere. With height the slopes of these spectra change. The spectra become steeper. The scaling index ranges from −5/3 to −3. The power law dependencies become close to   f  − 3    in the high-frequency part at pressure levels of 100–200 hPa. In comparison with the spectra obtained for middle latitudes [24,29] with developed large-scale fluctuations, the spectra at the Nha Trang and Hoa Lac observatories differ significantly. In the low-frequency range, the atmospheric fluctuations have a rather low specific energy. We calculated the values of energy for two ranges:




	(i)

	
from   f 1   = 66.6 ×   10  − 4    1/h to   f 2   = 13.3 ×   10  − 3    1/h;




	(ii)

	
from   f 3   = 0.36 1/h to   f 4   = 0.5 1/h.









The values of the specific baroclinic energy are given in the Table 3 and Table 4. At the Nha Trang Observatory the energy of air temperature low-frequency fluctuations is comparable with the energy of the mesoscale gap.



Therefore, the baroclinic atmospheric instability energy can be neglected in the calculations of small-scale turbulence characteristics. At the Hoa Lac observatory site, this energy is higher compared to the Nha Trang observatory. We assume that the energy of low-frequency fluctuations in the lower atmosphere contributes to the energy of micro-meteorological turbulence for Hoa Lac Observatory in the winter and in the spring. In winter and spring the energy of fluctuations significantly decreases above 850 hPa level. In summer and autumn the dispersion of temperature fluctuations is usually less than 1     ( ∘  )  2  .




4. Energy Spectra of Air Temperature Fluctuations at the Sites of Nha Trang and Hoa Lac Observatories


At the site of the Hoa Lac observatory, energy spectra of air temperature fluctuations, as dependencies    σ 2   ( τ )   , are shown in Figure 7a–l. The dispersion of air temperature is given by Formula (3):


   σ 2  = E  ( f )  · f .  



(3)







The period  τ  is defined as:


  τ = 1 / f .  



(4)







These dependencies made it possible to compare the time scale and energy of atmospheric disturbance clearly. These energy spectra contain a few energy maxima. The daily maximum is most pronounced in the surface layer of the atmosphere. The energy of the fluctuations approaches 10.4     ( ∘  )  2   in the spring and 5.3     ( ∘  )  2   in autumn. The amplitude of the daily variations decreases with height. At pressure level 775 hPa (Figure 7e) maximum value is equal to 0.4     ( ∘  )  2   in the summer and 0.8     ( ∘  )  2   in winter. Significantly pronounced diurnal variations are observed at the 30 hPa level. The low-frequency maximum in the spectrum corresponds to a period of about 100 hours. The energy changes significantly only at heights higher than 2.5 km (775 hPa). Above the 775 hPa pressure level, weak low-frequency disturbances are observed in the winter–spring period. In the summer and autumn, the energy of low-frequency disturbances is insignificant. Probably, the dynamics of the low-frequency maximum is determined by processes in the atmospheric boundary layer (including wave perturbations).



At the site of the Nha-Trang astronomical observatory, the amplitude of daily variations in air temperature in the surface layer of the atmosphere is about 1.5–2.5 times smaller than at the Hoa Lac observatory. At the site of the Nha-Trang observatory, daily variations in air temperature are noticeable in the lower atmospheric layers. The amplitude of the diurnal variations decreases rapidly with height. At the pressure level of 875 hPa (Figure 8c), the energy of fluctuations drops to 0.7     ( ∘  )  2   during spring. In the summer, the energy of fluctuations significantly decreases at the 900 hPa pressure level. Daily variations are also pronounced in the upper atmosphere, the specific energy of temperature fluctuations varies from 0.9     ( ∘  )  2   in the summer to 3.6     ( ∘  )  2   in winter. At the Nha-Trang Astronomical observatory, the low-frequency maximum of air temperature fluctuations has small amplitudes. Its specific energy in a layer up to 200 hPa does not exceed 0.4     ( ∘  )  2   for all seasons. In the large-scale structure of air flows, low-frequency perturbations are most pronounced in the upper atmospheric layers.




5. Conclusions


In this paper, we discuss the astroclimatic characteristics at the sites of Hoa Lac and Nha Trang observatories. Using Era-5 reanalysis data, we have estimated the spatial distributions of wind speed in the upper atmosphere. Below, we summarize the key points of this study.



(i) The mean annual heights of the jet streams at the sites of the Hoa Lac and Nha Trang astronomical observatories were estimated. The heights of jet streams differ from 200 hPa level and correspond to pressure levels of 175 hPa and 125 hPa for Hoa Lac and Nha Trang observatories, respectively. At the Hoa Lac Observatory, the mean wind speed at the jet axis is 4.3 m/s higher compared to Nha Trang Observatory;



(ii) The effective turbulent velocity which is proportional to the wind speed in the jet stream is expected to be higher at the Hoa Lac Observatory site than at the Nha Trang Observatory site. In particular, assuming that   k = 0.4  , the median values of   V 0   will be 5.9 and 7.44 m/s for Nha Trang and Hoa Lac observatories, respectively;



(iii) Spectra calculated at the Nha Trang and Hoa Lac observatories contain low-frequency and diurnal maxima. At the site of the Nha Trang Astronomical Observatory, the amplitude of daily air temperature variations in the surface layer is approximately 1.5–2.5 times smaller compared to the Hoa Lac Observatory. Analysis of the spectra showed that the amplitude of the daily maximum decreases significantly with height. At the site of Hoa Lac observatory the amplitude of the daily maximum significantly decreases at height corresponding to the pressure level of 775 hPa. At the Nha Trang Observatory, the atmospheric layer with significant diurnal variations is thinner. The daily maximum has small amplitudes at 875 hPa. At the sites of the Nha Trang and Hoa Lac observatories the spectra have −5/3 slope in the lower part of the optically active atmosphere. With height the slopes of the spectra change. The slopes become steeper;



(iv) The low-frequency maximum in the spectra is pronounced only in the lower layers of the atmosphere. We associate the variations in the low-frequency maximum in the spectrum with processes in the atmospheric boundary layer (including wave perturbations). At the 200 hPa pressure level, the specific energy of low-frequency air temperature fluctuations does not exceed 0.3     ( ∘  )  2  ;



(v) The energy of low-frequency air temperature fluctuations at the site of the Nha Trang observatory is negligible. The energy of low-frequency air temperature fluctuations should be considered in winter and spring for Hoa Lac Observatory.
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Figure 1. Space distributions of the wind speed averaged for heights from 100 to 200 hPa in the region of the Nha Trang observatory and the Hoa Lac observatory. 
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Figure 2. Annual averaged vertical profiles of the wind speed above the astronomical observatories. 
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Figure 3. The probability distributions of the wind speed at the 125 hPa level at the site of the Nha Trang observatory. 
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Figure 4. The probability distributions of the wind speed at 175 hPa level at the site of the Hoa Lac observatory. 
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Figure 5. Frequency dependencies of power spectral density of air temperature fluctuations at the Nha Trang observatory site. 
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Figure 6. Frequency dependencies of power spectral density of air temperature fluctuations at the Hoa Lac observatory site. 
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Figure 7. Energy spectra of air temperature fluctuations at the Hoa Lac observatory. 






Figure 7. Energy spectra of air temperature fluctuations at the Hoa Lac observatory.



[image: Atmosphere 12 01680 g007a][image: Atmosphere 12 01680 g007b]







[image: Atmosphere 12 01680 g008a 550][image: Atmosphere 12 01680 g008b 550] 





Figure 8. Energy spectra of air temperature fluctuations at the Nha Trang observatory. 
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Table 1. Statistics of the wind speed at the 175 hPa pressure level at the Nha Trang observatory.






Table 1. Statistics of the wind speed at the 175 hPa pressure level at the Nha Trang observatory.





	Season
	Median, m/s
	Skewness Coefficient
	Kurtosis Coefficient





	Winter
	12.4
	0.59
	−0.35



	Spring
	9.1
	0.88
	0.34



	Summer
	24.0
	0.01
	−0.48



	Autumn
	15.5
	0.34
	−0.57
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Table 2. Statistics of the wind speed at the 175 hPa at the Hoa Lac observatory.






Table 2. Statistics of the wind speed at the 175 hPa at the Hoa Lac observatory.





	Season
	Median, m/s
	Skewness Coefficient
	Kurtosis Coefficient





	Winter
	31.7
	0.39
	0.29



	Spring
	24.9
	0.08
	−0.72



	Summer
	11.1
	0.81
	0.26



	Autumn
	11.8
	0.85
	0.27
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Table 3. The mean values of energy    ∫   f 1    f 2   E  ( f )  d f   and    ∫   f 3    f 4    E l   ( f )  d f   at the Nha Trang observatory.






Table 3. The mean values of energy    ∫   f 1    f 2   E  ( f )  d f   and    ∫   f 3    f 4    E l   ( f )  d f   at the Nha Trang observatory.











	Level, hPa
	Season
	    ∫   f 1    f 2   E  ( f )  df   ,      ( ∘  )  2   
	    ∫   f 3    f 4    E l   ( f )  df   ,     (   ∘  )  2   





	Surface
	Winter
	0.29
	0.16



	
	Spring
	0.32
	0.30



	
	Summer
	0.16
	0.30



	
	Autumn
	0.42
	0.34



	900
	Winter
	0.57
	0.18



	
	Spring
	0.54
	0.18



	
	Summer
	0.09
	0.10



	
	Autumn
	0.33
	0.15



	875
	Winter
	0.66
	0.17



	
	Spring
	0.64
	0.15



	
	Summer
	0.06
	0.08



	
	Autumn
	0.25
	0.15



	850
	Winter
	0.59
	0.17



	
	Spring
	0.55
	0.13



	
	Summer
	0.05
	0.08



	
	Autumn
	0.22
	0.15



	775
	Winter
	0.47
	0.13



	
	Spring
	0.33
	0.10



	
	Summer
	0.06
	0.09



	
	Autumn
	0.20
	0.17



	750
	Winter
	0.47
	0.13



	
	Spring
	0.30
	0.10



	
	Summer
	0.09
	0.10



	
	Autumn
	0.23
	0.16



	700
	Winter
	0.54
	0.10



	
	Spring
	0.29
	0.09



	
	Summer
	0.11
	0.09



	
	Autumn
	0.23
	0.16



	650
	Winter
	0.47
	0.08



	
	Spring
	0.30
	0.06



	
	Summer
	0.09
	0.08



	
	Autumn
	0.23
	0.17



	500
	Winter
	0.16
	0.07



	
	Spring
	0.17
	0.06



	
	Summer
	0.04
	0.10



	
	Autumn
	0.18
	0.18



	300
	Winter
	0.17
	0.04



	
	Spring
	0.10
	0.03



	
	Summer
	0.09
	0.04



	
	Autumn
	0.24
	0.10



	200
	Winter
	0.14
	0.04



	
	Spring
	0.09
	0.05



	
	Summer
	0.11
	0.05



	
	Autumn
	0.22
	0.08



	100
	Winter
	1.3
	0.23



	
	Spring
	0.51
	0.10



	
	Summer
	0.61
	0.24



	
	Autumn
	1.34
	0.51



	30
	Winter
	0.91
	0.22



	
	Spring
	1.61
	0.56



	
	Summer
	1.40
	0.33



	
	Autumn
	0.70
	0.54
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Table 4. The mean values of energy    ∫   f 1    f 2   E  ( f )  d f   and    ∫   f 3    f 4    E l   ( f )  d f   at the Hoa Lac observatory.






Table 4. The mean values of energy    ∫   f 1    f 2   E  ( f )  d f   and    ∫   f 3    f 4    E l   ( f )  d f   at the Hoa Lac observatory.











	Level, hPa
	Season
	    ∫   f 1    f 2   E  ( f )  df   ,      ( ∘  )  2   
	    ∫   f 3    f 4    E l   ( f )  df   ,     (   ∘  )  2   





	Surface
	Winter
	4.28
	0.55



	
	Spring
	3.65
	1.14



	
	Summer
	0.78
	0.42



	
	Autumn
	1.31
	0.65



	900
	Winter
	3.58
	0.42



	
	Spring
	4.15
	0.87



	
	Summer
	0.39
	0.21



	
	Autumn
	1.02
	0.28



	875
	Winter
	3.68
	0.32



	
	Spring
	4.50
	0.68



	
	Summer
	0.26
	0.16



	
	Autumn
	0.75
	0.24



	850
	Winter
	3.72
	0.26



	
	Spring
	4.15
	0.59



	
	Summer
	0.19
	0.11



	
	Autumn
	0.50
	0.21



	775
	Winter
	1.83
	0.27



	
	Spring
	1.30
	0.19



	
	Summer
	0.12
	0.15



	
	Autumn
	0.35
	0.17



	750
	Winter
	1.49
	0.32



	
	Spring
	0.72
	0.16



	
	Summer
	0.11
	0.16



	
	Autumn
	0.26
	0.17



	700
	Winter
	1.22
	0.31



	
	Spring
	0.53
	0.18



	
	Summer
	0.08
	0.15



	
	Autumn
	0.21
	0.20



	650
	Winter
	0.85
	0.30



	
	Spring
	0.70
	0.26



	
	Summer
	0.05
	0.14



	
	Autumn
	0.17
	0.16



	500
	Winter
	1.86
	0.24



	
	Spring
	0.38
	0.19



	
	Summer
	0.05
	0.18



	
	Autumn
	0.36
	0.21



	300
	Winter
	0.87
	0.14



	
	Spring
	0.82
	0.16



	
	Summer
	0.10
	0.08



	
	Autumn
	0.22
	0.08



	200
	Winter
	0.50
	0.08



	
	Spring
	0.38
	0.12



	
	Summer
	0.13
	0.08



	
	Autumn
	0.20
	0.09



	100
	Winter
	0.75
	0.16



	
	Spring
	0.75
	0.35



	
	Summer
	0.27
	0.15



	
	Autumn
	0.53
	0.28



	30
	Winter
	0.23
	0.28



	
	Spring
	0.47
	0.46



	
	Summer
	0.58
	0.53



	
	Autumn
	0.26
	0.73
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