The introduce of an additive modeling responsive to temperature and precipitation variables: Applications to forest stand biomass of Picea spp. of Eurasia
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The first attempt of modeling changes in the additive component composition of 900 spruce stands (genus Picea sp.) biomass (t/ha), according to the trans-Eurasian hydrothermal gradients of Eurasia using the database compiled on the structure of harvest biomass. It is found that the biomass of all components increases with the increase in the mean January temperature, regardless of mean annual precipitation. In warm zonal belts with increasing precipitation the biomass of all components increases, except for the needle mass, but the foliage biomass decreases under the same conditions. In process of the transition from the warm zone to the cold one, the dependence of all biomass components upon precipitation is leveled, and at the mean January temperature equal to –30 °C it becomes weak negative trend. With the increase in temperature by 1°C in different ecoregions, characterized by different values of temperature and precipitation, there is a general pattern of decrease, as the total biomass, and all its components, including roots. With the increase in precipitation by 100 mm in different ecoregions, characterized by different values of temperature and precipitation, in warm zonal belts biomass total, aboveground, stems and roots are increasing, and in cold ones is decreasing. The foliage biomass in cold zones increases regardless of regional levels of current precipitation, and in warm zones decreases. The branches biomass decreases in all ecoregions. The development of such models for the main forest-forming species of Eurasia will make it possible to predict changes in the productivity of the forest cover of Eurasia due to climate change.
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Introduction

Since 1850 to the present, the amount of greenhouse gases in the atmosphere has doubled, threatening the planet with catastrophic climate change (Fatichi et al., 2018). At the UN climate summit in Paris in December 2015, 196 countries committed themselves to reducing CO2 emissions and preventing annual temperatures from rising by more than 2°C by the end of the century. Forest ecosystems, as sinks of atmospheric carbon, play an important role in this perspective. The ability of forests to remove carbon from the atmosphere and produce organic matter is the basis of their functioning (Dylis, 1978). This decrease in the concentration of CO2 in the atmosphere can be achieved due to the increase of carbon stock in vegetative cover by means of effective forest management. On the other hand, climate change has a significant impact on the biological productivity of vegetation, which in turn affects the transformation of the cycle of organic matter and gas exchange in the biosphere (Golubyatnikov, Denisenko, 2009).
Temperature and precipitation are the most informative climatic factors that determine not only the radial annual growth of tree stems, but also the biological productivity of forest stands (DeLucia et al., 2000; Ni et al., 2001; Stegen et al., 2011; D’Aprile et al., 2015; Fang et al., 2016). Numerous studies of stochastic relationships of biological productivity of stands with temperature and precipitation were carried out at the regional level for indices, depersonalized by age and morphology of stands, and at the global level even without considering the species composition (Lieth, 1974; Anderson et al., 2006; Keeling, Phillips, 2007; Huston, Wolverton, 2009). Analysis of the results of such studies revealed significant contradictions and uncertainties associated with the assessment of the dependence of these indices on temperature and precipitation using both empirical and functional models (Eggers et al., 2008; Shuman, Shugart, 2009; Poudel et al., 2011; Han et al., 2018). Contradictory results were obtained even within a single region, while the influence of the same climatic factors on the biological production of stands of certain tree species (genera) in the Trans-Eurasian climatic gradients of temperature and precipitation is still unknown, since the available information is fragmentary and contradictory (Strömgren, Linder 2002; Wilmking et al., 2004; Stegen et al., 2011; Fu et al., 2017). 
In the development of such empirical models, the additivity of component composition is not provided, according to which the total biomass of components (stems, branches, needles, roots) obtained by component equations would be equal to the value of biomass obtained by the common equation (Dong et al., 2015). The influence of climatic changes on the biomass of a tree species in the format of additive models in accordance of transcontinental hydrothermal gradients has not been studied at all.
The purpose of this study is to develop a model of changes in the additive component composition of the Picea stand biomass on the Trans-Eurasian gradients of the mean January temperature and mean annual precipitation. 

Materials and methods

The database on biomass of forest-forming species of Eurasia was used in the modeling process (Usoltsev, 2010; Usoltsev, 2013). The data is taken from it in the amount of 900 sample plots with the biomass harvesting and definitions of the Picea spp. forest stands (t/ha). Each sample plot on which the biomass determination was performed is positioned relatively to the isolines of the mean January temperature (Fig. 1) and relatively isolines of mean annual precipitation (Fig. 2). The matrix of harvest data is then compiled in which values of biomass component and morphological indices of forest stands are conjugated with the corresponding values of mean January temperature and precipitation. This matrix is included then in procedure of the regression analysis.
According to the structure of the disaggregation three-step additive biomass model (Tang et al., 2000; Dong et al., 2015), the total biomass estimated from the initial equation is divided into its components according to the scheme presented in Fig. 3 and Table 1. 

Results

Calculated initial regression equations

 
lnPi =a0i +a1i (lnA)+a2i (lnV)+a3i (lnN)+a4i [ln(Tm+40)]+a5i(lnPRm) +a6i[ln(Tm+40)]·(lnPRm), (1)

where Pi - the mass of the i-th fraction, t / ha; A - the age of the stand, years; V - wood supply, m3 / ha; N - stand density, thousand ind./ha; i - phytomass fraction index: total (t), aboveground (a), roots (r), crowns (c), stem in bark (s), needles (f), branches (b), stem wood (w) and bark stem (bk); Tm is the average January temperature, ° С; РRm - average annual rainfall, mm.
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Figure 1. Distribution of biomass harvest data of 900 Picea sample plots on the map of the mean January temperature, °C (World Weather Maps, 2007).
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Figure 2. Distribution of biomass harvest data of 900 Picea sample plots on the map of the mean annual precipitation, mm sample trees on the map of the mean annual precipitation, mm (World Weather Maps, 2007): (http://www.mapmost.com/world-precipitation-map/free-world-precipitation-map/).
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Figure 3. The pattern of disaggregating three-step proportional weighting additive model. Designation: Pt, Pr, Pa, Pc, Ps, Pf, Pb, Pw and Pbk are forest stand biomass respectively: total, underground (roots), aboveground, crown (foliage and branches), stems above bark (wood and bark), foliage, branches, stem wood and stem bark correspondingly, t per ha.


Table 1. The structure of the three-step additive model sold under proportional weighting when using 122 sample trees of Larix gmelinii Rupr. (Dong et al., 2015). Symbols here and further as per Fig. 3 and equation (1).
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We used a schematic map of the contours of the mean January temperature, rather than the mean annual temperature, as warming is most pronounced in the cold half of the year (Golubyatnikov, Denisenko, 2009; Laing, Binyamin, 2013). F. Schwarz (1899) showed at his time, the air temperature in the period from January to March to be decisive for the growth of trees is twice as strong as the precipitation in the period from May to June. Since the mean January temperature in the northern limit of Eurasia has negative values, the corresponding independent variable is modified to the form (Тm +40) which may be subjected to logarithmic procedure.
The coefficients of equations (1) are calculated using the Statgraphics software for multiple regression analysis and their characteristics are obtained. Equations after correcting on logarithmic transformation by G. L. Baskerville (1972) and anti-log transforming are given in the Table 2. They are characterized by the significance level of not lower than 0.05. The equations are adequate to the harvest data presented in the above-mentioned database. The equations obtained are modified to the additive form according to the above-mentioned algorithm (Fig. 3 and Table 1), and the final form of the transcontinental additive model of component composition of Picea biomass is shown in Table 3.

Table 2. Characteristics of initial model (1) after its anti-log transforming  
	Biomass components
	The initial model characteristics

	Pt
	1.6868
	A -0.0631
	V 0.8917
	N 0.0303

	Step 1

	Pa
	1.84E-01
	A -0.0528
	V 0.8846
	N 0.0456

	Pr
	7.34E+01
	A 0.0144
	V 0.8453
	N 0.0528

	Step 2

	Pc
	1.37E-05
	A -0.2301
	V 0.7464
	N 0.2057

	Ps
	2.98E-01
	A 0.0435
	V 0.9822
	N 0.0235

	Step 3а

	Pf
	1.83E-10
	A -0.2702
	V 0.6718
	N 0.2592

	Pb
	1.84E-04
	A -0.1596
	V 0.8371
	N 0.2046

	Step 3b

	Pw
	7.05E-02
	A 0.0950
	V 0.9731
	N -0.0138

	Pbk
	3.11E-01
	A 0.1663
	V 0.7954
	N 0.1152

	Continuation of Table 2.

	Biomass components
	The initial model characteristics
	adjR2*
	SE*

	Pt
	(Tm+40) 0.4910
	(Tm+40) -0.0924 ln(PRm)
	PRm 0.0487
	0.974
	1.25

	Step 1

	Pa
	(Tm+40) 0.8254
	(Tm+40) -0.1201 ln(PRm)
	PRm 0.2744
	0.974
	1.21

	Pr
	(Tm+40) -0.7995
	(Tm+40) 0.0772 ln(PRm)
	PRm -0.6934
	0.913
	1.49

	Step 2

	Pc
	(Tm+40) 3.9073
	(Tm+40) -0.6237 ln(PRm)
	PRm 1.8394
	0.812
	1.50

	Ps
	(Tm+40) 0.3354
	(Tm+40) -0.0491 ln(PRm)
	PRm 0.0240
	0.986
	1.17

	Step 3а

	Pf
	(Tm+40) 6.6083
	(Tm+40) -1.0477 ln(PRm)
	PRm 3.5374
	0.700
	1.63

	Pb
	(Tm+40) 2.8783
	(Tm+40) -0.4661 ln(PRm)
	PRm 1.2422
	0.817
	1.60

	Step 3b

	Pw
	(Tm+40) 0.3654
	(Tm+40) -0.0489 ln(PRm)
	PRm 0.1941
	0.989
	1.16

	Pbk
	(Tm+40) -0.6774
	(Tm+40) 0.0880 ln(PRm)
	PRm -0.1867
	0.934
	1.36


              * adjR2 – coefficient of determination adjusted for the number of parameters; SE – equation standard error.










Table 3. Final three-step additive model of Picea forest biomass
	

	Step 1
	Pa=×Pt

	
	Pr=×Pt

	Step 2
	Pc=×Pa

	
	Ps=×Pa

	Step 3а
	Pf=×Pc

	
	Pb=×Pc

	Step 3b
	Pw=×Ps

	
	Pbk=×Ps



For comparison of the adequacy of the initial (see Table 2) and additive (see Table 3) equations those and other are tabulated on the experimental mass-forming indices, and the predicted biomass values obtained are compared with the observed ones according to adjR2 (Table 4).  The results of the comparison shown in Table 4, indicate that the adequacy indices of the two systems of equations are close to each other. The ratio of harvest biomass data and values obtained by the calculation of initial and additive models of Picea biomass (Figure 4), shows the degree of correlation of these values and the absence of visible differences in the structure of residual dispersions obtained from the two models.
The problem of transforming the model (1) into a tabular variant is that we can specify only the indicators of the stand age, as well as temperature and precipitation, while the values of stem volume and tree density can be entered into the table in the form of calculated values obtained by a system of auxiliary recursive equations having the general form:
                                  N = f [A, 1/A, (Tm+40), PRm],                                                   (2)
                                 V = f [1/A, N, (Tm+40), PRm].                                                    (3) 
The results of calculating (2) and (3) are given in Table 5.  

Table 4. Comparison of coefficients of determination of the initial and additive equations of Picea forest biomass
	Coefficient of determination adjusted
	Biomass components

	
	Pt
	Pa
	Pr
	Ps
	Pw
	Pbk
	Pc
	Pb
	Pf

	Initial equations

	adjR2
	0.883
	0.898
	0.595
	0.912
	0.956
	0.533
	0.410
	0.363
	0.249

	Additive equations

	adjR2
	0.883
	0.899
	0.595
	0.919
	0.947
	0.541
	0.448
	0.443
	0.349



The results of tabulating the equations in the sequence (2), (3) and (1) represent a rather cumbersome table. We took from it the component biomass for the age of 100 years and built the graphs of their dependence on temperature and precipitation (Fig. 5).  





Discussion
As we can see on these graphs (Fig. 5), all the spruce biomass components, with some exceptions for foliage, change in one general scheme, but in different ratios. The biomass of all components increases with the increase in the mean January temperature from -30°С to +10°С, regardless of precipitation. In warm zonal belts (Тm = +10°С) with increasing precipitation from 300 to 900 мм the biomass of all components increases, except for the foliage biomass, but the latter decreases under the same conditions. As the transition from warm zone zones (Тm = +10°C) to cold (Tm = -30°C), the dependence of the biomass of all components, except for the foliage, upon precipitation is leveled, i.e. becomes less pronounced, and at the temperature Tm equal to -30°C acquires the weak negative trend. This is consistent with the increase in relative radial increment, depersonalized by species composition, in boreal forests in Canada as both annual mean temperature and annual precipitation increase (Miao, Li, 2011), but only in warm zones and with the exception of the foliage biomass.

Table 5. Characteristics of the recursive system of auxiliary equations for mass-forming indices of spruce stands
	Mass-forming indices
	The auxiliary equations characteristics

	 lnN
	-6.9760
	-1.1359 lnA 
	-9.0578 (1/A) 
	-
	3.9808 ln(Tm+40) 

	lnV
	26.6476
	0.4128 lnN 
	-55.2965 (1/A) 
	-0.0821 (lnN)(lnA) 
	-6.4361 ln(Tm+40) 


Continuation of Table 5.
	Mass-forming indices
	Regression model coefficients
	adjR2
	SE

	lnN
	2.4072 lnPRm 
	-0.7650 [ln(Tm+40)] ln(PRm)
	0.567
	0.59

	lnV
	-4.2439 lnPRm 
	1.3318 [ln(Tm+40)] ln(PRm)
	0.779
	0.64
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Figure 4. The ratio of the harvest biomass and its values obtained by calculating the inital (a) and additive (b) models of the Picea forest biomass. 
        
	
	
	

	
	
	



Figure 5. The dependence of the spruce biomass upon the mean January temperatures (Tm) and annual precipitation (PRm). Designation: Pt, Ps, Pa, Pf, Pr, and Pb – respectively total biomass, stems, aboveground, foliage, roots and branches, t/ha.
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Figure 6. Changes in the spruce stand biomass with the temperature increase of 1°C due to the expected climate change at different territorial levels of temperature and precipitation. Tm - mean January temperature, °C; PRm - mean annual precipitation, mm. On the axes of ordinates the biomass components consistently marked, changing with increasing temperature by 1°C ( % ): total Δt, aboveground Δa, roots Δr, stems Δs, foliage Δf and branches Δb. 1 - the plane corresponding to zero change of biomass at the expected temperature increase by 1°C. 
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Figure 7.  Changes in the spruce stand biomass with the precipitation increase of 100 mm due to the expected climate change at different territorial levels of temperature and precipitation. On the axes of ordinates the biomass components consistently marked, changing with increasing precipitation by 100 mm (% ): total Δt, aboveground Δa, roots Δr, stems Δs, foliage Δf and branches Δb. 1 - the plane corresponding to zero change of biomass at the expected precipitation increase by 100 mm; 2 – the line of differing of positive and negative changes in biomass (Δ,%) with an expected increase in precipitation by 100 mm.





The obtained additive models of spruce stand biomass make it possible to establish quantitative changes in the biomass structure due to climatic changes, in particular, the mean January temperature and mean annual precipitation. The percentage change in the biomass structure is associated with the ratio of these two climatic parameters. 
Let’s take for example the central part of European Russia, characterized by the mean January temperature equal to -10°C and the mean annual precipitation equal to 500 mm. Then let’s tabulate the sequence of equations (2), (3) and (1) for each biomass component, substituting in the equations the values of the forest stand age equal to 100 years, mean January temperature equal to -10°C and mean annual precipitation equal to 500 mm. After that, we repeat the procedure by setting into the equations the same age and precipitation values, and the temperature value is not -10°C, but -9°C, i.e. we increase the temperature by 1°C. When using the difference between these two results, we conclude for Russia’s spruce stands at the age of 100 years that the increase in temperature by 1°C at a constant level of precipitation causes the increase in the biomass of all the components: total, aboveground, roots, stems, foliage and branches by 5.1; 5.4; 3.8; 5.8; 3.3 и 4.1 %, respectively.
Then, for the same region, we re-tabulate the sequence of equations (2), (3) and (1) for each biomass component, substituting into the equations the age of 100 years, mean January temperature -10°C and mean annual precipitation of 500 mm,  and again, repeat the procedure, substituting in the equations the same values of age and temperature, but another value of precipitation, namely, not 500, but 600 mm, i.e. increase the amount of precipitation by 100 mm. The following result is obtained: the decrease in the total biomass, roots and branches by 0.4; 4.7 and 4.3 %, respectively, and increase in aboveground, trunks and needles respectively by 0.8; 1.6 and 0.4 %, respectively.
Now we apply the same principle to the whole set of ecoregions characterized by maximum temperature and precipitation ranges. Let’s pay our attention to the fact that in Figure 5 both temperature and precipitation trends of biomass have positive dependences. The exception is the foliage biomass, which during the transition from the regions of insufficient moisture (PRm = 300 mm) to the regions of increased moisture (PRm = 900 mm) in the warm zone (Тm = +10°C) does not increase but decreases.
In the geometric interpretation of the above-mentioned biomass increments of biomass dependences describing the temperature changes at a constant level of precipitation in one hand and describing the precipitation level changes at a constant temperature in the other hand, we can see some analogy with a geometric interpretation of the first derivative of a function: with positive trends of the dependencies shown in Fig. 5, the named increments have a sign ( + ), and with negative trends, the increments have a sign ( -). 
Figure 6 shows the change (Δ, %) in the spruce forest biomass with the increase in temperature by 1°C in different ecoregions characterized by different values of temperature and precipitation. It is assumed that climate change does not affect precipitation, which changes only geographically (by ecoregions), while the temperature as a result of the expected climate change increases by 1°C at different territorial (zonal) temperature levels, designated as -30Δ... +10Δ. Thus, Figure 6 shows the common pattern of the increase (the location of the increment surface above the zero plane) in both the total biomass and all its components, including the roots, of spruce stands with the temperature increase by 1°C in all the temperature zones of Eurasia and in all the regions with different precipitation levels.
Figure 7 shows the change (Δ, %) in the spruce forest biomass with an increase in precipitation by 100 mm in different ecoregions. It is assumed that January temperature changes only geographically, while the precipitation as a result of the expected climate change increases by 100 mm at different territorial precipitation levels designated as 300Δ...800Δ. In warm zones (0°C...10°C) biomass total, aboveground, stems and roots with the increase in precipitation by 100 mm increases (the location of the increment surface above the zero plane), and in cold ones (-20°C...-30°C) decreases (the location of the increment surface under the zero plane). Biomass components of the crown respond to changes in precipitation ambiguous. Foliage biomass decreases in cold zones (-10°C...-30°C), but the branches biomass increases, regardless of regional levels of current precipitation. In warm zones (0°C...10°C), the foliage and branches biomass  remains unchanged with the increase in precipitation by 100 mm at the current levels of precipitation in all the ecoregions (all the increment surface is under the zero plane).
It is known, the solution of each new problem and the corresponding removal of the associated uncertainty generates several new ones. In our case, there are at least three uncertainties that have arisen.
1) The patterns shown are hypothetical: they reflect the long-term adaptive responses of forest stands to regional climatic conditions and do not take into account the rapid trends of current environmental changes, which place serious constraints on the ability of forests to adapt to new climatic conditions (Alcamo et al., 2007).
2) Since the database used has a lot of "white spots" and does not completely cover the territory of Eurasia, the shown patterns are preliminary. As the database will be supplemented and climate maps will be updated, these patterns will be modified. 
3) The patterns shown in accordance with the database used, are related to fir forests, pure or with slight admixture of other tree species. However, most of the forest area is represented by mixed tree coenoses. There is a lot of evidences that mixed tree coenoses are more resistant to stresses caused by abiotic factors and are more productive than pure coenoses (Liang et al., 2016). However, a recent study of net primary production (NPP) of aboveground biomass from forest phytocenoses in Spain and Canada over a wide range of biodiversity index as well as of mean temperature and moisture conditions (Paquette et al., 2018) led to a paradoxical conclusion. It was found that in pure forest stands (biodiversity index is zero), NPP reacts to temperature rise up to 1-2°C in different climatic zones in different ways: it grows in forests of the temperate zone, remained stable in boreal forests and declines in the rain forests of the Mediterranean, but as the biodiversity index increases in different zones,  these trends gradually transformed into the unified negative trend, common for all zones  (Paquette et al., 2018). This result calls into question all previously obtained regularities of changes in NPP of pure (or almost pure) forest communities in the conditions of variable climate: in forests with an increased biodiversity index, previously established patterns can be significantly modified and even reversed.


Conclusion
In this study, we found that the biomass of all components increases with the increase in the mean January temperature, regardless of mean annual precipitation. In warm zonal belts with increasing precipitation the biomass of all components increases, except for the needle mass, but the foliage biomass decreases under the same conditions. In process of the transition from the warm zone to the cold one, the dependence of all biomass components upon precipitation is leveled, and at the mean January temperature equal to -30°C it becomes weak negative trend. In addition, with the increase in temperature by 1°C in different ecoregions, characterized by different values of temperature and precipitation, there is a general pattern of decrease, as the total biomass, and all its components, including roots. With the increase in precipitation by 100 mm in different ecoregions, characterized by different values of temperature and precipitation, in warm zonal belts (0°C...10°C) biomass total, aboveground, stems and roots is increasing, and in cold ones (-20°C...-30°C) is decreasing. The foliage biomass in cold zones (-10°C...-30°C) increases regardless of regional levels of current precipitation, and in warm zones (0°C...10°C) decreases. As a consequence, the branches biomass decreases in all ecoregions. 
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26.6	19	14.3	20.5	16	18	17.100000000000001	14.4	21.7	19.100000000000001	24.3	18.3	15.5	13.3	16.600000000000001	20.100000000000001	8.4	16.100000000000001	14.8	6.6	10.4	7.8	8.8000000000000007	12.1	8.1	1.9000000000000001	8.3000000000000007	9.1	18.8	35.700000000000003	47.2	58.3	65.7	11.6	28.9	8.41	15.9	15.7	16.2	14.4	13.8	5.88	8.16	14.7	15.1	15.9	14.2	15.9	17.7	13.6	18.100000000000001	14	14.4	16	7.64	8.4600000000000026	6.48	9.33	4.9000000000000004	12.4	15.7	15.7	12.3	4.2	26.4	0.2	5.9	14.1	13	12.6	9.8000000000000007	7.1	5.4	6.4	5.9	2.2999999999999998	4	12.4	5.4	6.4	5.9	1.41	5.0999999999999996	6.6	7.8	6	3.4	2.6	13.4	15.7	11.3	12.4	11.6	11.2	13.1	1.1999999999999999E-3	1.4999999999999998E-2	2.5000000000000001E-2	6.6000000000000003E-2	0.21300000000000024	0.17500000000000004	0.33700000000000063	10.7	9	6.3	9	10.7	14.1	5.8	4.3	2.2000000000000002	0.12000000000000002	0.49000000000000032	2.0699999999999998	1.1200000000000001	1.52	0.85000000000000064	0.89	0.71000000000000063	0.93	0.64000000000000112	0.66000000000000125	1.6600000000000001	1	0.34	1.4	0.51	1.54	0.60000000000000064	1.76	0.54	2.48	0.67000000000000126	0.99	0.63000000000000111	0.13	0.64000000000000112	0.1	0.12000000000000002	3.8	7.7	3.2	6.7	14.4	5	7.7	25.2	23.8	19.5	5.8	20.8	25.2	19.899999999999999	27.1	6.3	7.5	7.3	7.83	19.100000000000001	16.3	17.7	6.9	13.1	15	13.4	25.8	4.5999999999999996	21.5	18.899999999999999	24.5	10.6	10.1	16.7	22.09	15.57	13.77	18.41	13.12	15.69	15.12	14.04	19.73	17.09	20.36	10.5	14.41	13.709999999999999	16.329999999999988	17.53	9.0500000000000007	15.26	14.8	8.1399999999999988	11.65	12.01	13.850000000000016	15.950000000000006	9.56	2.23	6.14	6.76	9.25	12.43	13.360000000000015	15.07	14.739999999999998	16.02	22.49	11.41	17.7	16.34	16.979999999999986	16.939999999999987	16.38	4.71	6.38	12.860000000000015	15.52	19.190000000000001	16.939999999999987	14.76	21.84	12.89	11.43	9.01	9.4	10.130000000000001	5.4300000000000024	5.99	4.8499999999999996	6.57	3.9699999999999998	15.78	16.97	15.58	14.69	3.73	29.959999999999987	0.45	5.6899999999999995	17.920000000000002	13.9	16.479999999999986	12.629999999999999	7.06	9.31	9.3000000000000007	8.18	4.22	6.5	9.0500000000000007	9.27	9.27	8.15	5.4700000000000024	8.120000000000001	7.52	8.4500000000000028	7.03	3.88	3.02	16.939999999999987	11.129999999999999	12.709999999999999	11.1	8.7200000000000006	13.05	13.03	0	1.0000000000000005E-2	1.0000000000000005E-2	3.0000000000000002E-2	0.12000000000000002	0.1	0.18000000000000024	8.77	7.5	6.4700000000000024	6.29	10.370000000000006	10.860000000000015	4.6399999999999997	3.96	2.25	0.26	1.53	4.1199999999999966	1.85	2.57	1.41	0.68	0.56999999999999995	0.77000000000000113	0.70000000000000062	0.69000000000000061	1.62	1.6600000000000001	0.49000000000000032	1.54	0.76000000000000112	1.3	1.01	1.8800000000000001	1.06	1.1299999999999977	0.88	1.24	1.29	0.28000000000000008	0.82000000000000062	0.19	0.12000000000000002	4.05	6.55	2.9	7.9700000000000024	14.76	5.03	6.6	20.329999999999988	14.94	13.69	7.87	25.22	24.03	21.57	27.8	8.33	7.1599999999999975	5.76	7.1499999999999995	19.559999999999999	25.39	21.34	13.450000000000006	18.22	20.14	18.43	15.08	5.91	16.809999999999999	18.3	24.3	10.07	11.19	15.360000000000015	


b
26.6	19	14.3	20.5	16	18	17.100000000000001	14.4	21.7	19.100000000000001	24.3	18.3	15.5	13.3	16.600000000000001	20.100000000000001	8.4	16.100000000000001	14.8	6.6	10.4	7.8	8.8000000000000007	12.1	8.1	1.9000000000000001	8.3000000000000007	9.1	18.8	35.700000000000003	47.2	58.3	65.7	11.6	28.9	8.41	15.9	15.7	16.2	14.4	13.8	5.88	8.16	14.7	15.1	15.9	14.2	15.9	17.7	13.6	18.100000000000001	14	14.4	16	7.64	8.4600000000000026	6.48	9.33	4.9000000000000004	12.4	15.7	15.7	12.3	4.2	26.4	0.2	5.9	14.1	13	12.6	9.8000000000000007	7.1	5.4	6.4	5.9	2.2999999999999998	4	12.4	5.4	6.4	5.9	1.41	5.0999999999999996	6.6	7.8	6	3.4	2.6	13.4	15.7	11.3	12.4	11.6	11.2	13.1	1.1999999999999999E-3	1.4999999999999998E-2	2.5000000000000001E-2	6.6000000000000003E-2	0.21300000000000024	0.17500000000000004	0.33700000000000063	10.7	9	6.3	9	10.7	14.1	5.8	4.3	2.2000000000000002	0.12000000000000002	0.49000000000000032	2.0699999999999998	1.1200000000000001	1.52	0.85000000000000064	0.89	0.71000000000000063	0.93	0.64000000000000112	0.66000000000000125	1.6600000000000001	1	0.34	1.4	0.51	1.54	0.60000000000000064	1.76	0.54	2.48	0.67000000000000126	0.99	0.63000000000000111	0.13	0.64000000000000112	0.1	0.12000000000000002	3.8	7.7	3.2	6.7	14.4	5	7.7	25.2	23.8	19.5	5.8	20.8	25.2	19.899999999999999	27.1	6.3	7.5	7.3	7.83	19.100000000000001	16.3	17.7	6.9	13.1	15	13.4	25.8	4.5999999999999996	21.5	18.899999999999999	24.5	10.6	10.1	16.7	22.112960010661691	16.047074237335426	13.203713387819031	18.401970394402507	13.225298250252219	15.927429051381653	15.316784210735479	13.555848566945725	19.903481003770089	17.150112807664726	20.901758215901584	9.8527165597520536	14.881265640429319	13.618012136175233	16.436769292393379	17.86387097695906	8.729949390498712	15.689353586369927	15.099659003736559	8.2649598722808051	11.640637377446502	11.71706951521119	13.931165281016948	15.950252106624971	9.3719104009162333	2.1625926440311392	5.7422461976798926	6.2776901156279106	8.5305759645553199	11.789231535344079	12.920481277154853	14.947358843065905	14.94592367678511	15.928190369481342	23.215159590203289	10.355508368609119	18.043513636000817	17.28329615091128	18.148752938563781	18.381241092601027	15.518615339577858	4.1710676543806313	5.8370857766728355	11.950669461081185	15.401024312901654	20.314428424884841	18.378461344098518	15.257821541135364	21.196110576217027	12.593363801766023	12.71728223548787	9.9191195367820093	10.393234783078373	11.198016801793511	5.5491561921426706	6.0633049639565364	4.9423290600765597	6.7772021250678813	3.6710252901336475	17.144531270359714	18.588008838716799	17.234961625803255	16.000733869007714	3.928896504366159	33.854013152387218	0.62981523362660863	5.1223456530373799	18.217659190373329	14.029238542429916	17.231630175326789	13.045519616925171	7.2117188563682859	8.4900898831146208	8.5875138055523781	7.6209706730988716	4.0742270045931184	6.1463581082223824	9.0556425047688549	8.4282285935711414	8.5345138383048251	7.5685097778512445	5.4494634309647338	8.4017429945412268	8.0233096492687608	8.949859157342507	7.6168214565548684	4.0595706011211004	3.138213034343079	19.092353034377954	11.800798949709707	13.720941427573663	11.841676142601118	9.2772646667957179	13.727957676526087	13.894406856323256	1.183209672023792E-3	1.2446448257533467E-2	1.8088845155610961E-2	4.1496398831003742E-2	0.13486467677169642	0.11227427422044862	0.19759322293137421	9.3860869984481887	8.0530409491814758	6.9415429057354894	6.9315643400217892	11.097086786680952	11.644880670724339	4.7672664764631634	3.9271203329421516	2.2850415607677212	0.31140820617757842	1.7035727160942138	4.6000622196003116	1.7971495581389718	2.5185870615549186	1.385885958819832	0.69488045850688596	0.58490360111262485	0.77942932180403812	0.70503658080841658	0.69174710238717618	1.5924658733640247	1.6567101084680567	0.50196267746978362	1.5525986990163199	0.77894712541156463	1.3113001038933121	1.0271009421194877	1.8828921399351084	1.0418383736974492	1.1656489266257315	0.89450533010546252	1.2340422388877821	1.2737016304494471	0.30403878473930412	0.83086957055829558	0.21354510692404671	0.13523881540518171	4.5168232047276033	7.4610195362924046	3.2383609205031547	8.3525119005911517	15.603482242118316	6.3161414222158943	7.1801398914283654	24.043234468052155	18.226366735851929	16.62647542472839	6.5883286846962834	27.095303465843926	25.594369039507963	23.07566171368639	30.078701500558289	7.9274269673711375	6.8258855776638505	5.6329570127257851	6.7412908002710523	20.403564044803289	26.73902045073978	23.902129655690814	13.489074297398725	18.452518206543466	21.299820004536173	20.145334407363599	15.316815590135986	5.4632219473007302	16.8178785282884	18.881951942852528	25.024288616702435	9.623558435736399	11.259129967108256	15.751903216708914	


-30	300	500	700	900	92.497934287551431	50.769028746849663	34.19715975634967	25.457380898159329	-20	300	500	700	900	181.84474941215927	144.67499061804128	124.44613548513364	111.20505046223387	-10	300	500	700	900	270.03960573102239	266.95081676316499	264.93560877073395	263.44036109941572	0	300	500	700	900	357.49460940362923	412.27601604707104	452.86920748757899	485.77515879499663	10	300	500	700	900	444.40355056685269	577.56282546995749	686.39115355607805	780.85309401146299	PRm, mm
Pt, t/hа
Tm, оС



-30	300	500	700	900	58.593606524587408	34.853281773192826	24.589681297069241	18.888760737961455	-20	300	500	700	900	130.26704049725404	108.90908020553816	96.444525136004586	87.921847139891639	-10	300	500	700	900	205.02104645959494	210.06489247851258	212.96266180630792	214.91241722274546	0	300	500	700	900	281.28680451300187	333.51043716150633	372.50138065224928	404.25319516468625	10	300	500	700	900	358.45504764317229	476.38371136194428	573.86551479829166	659.09990233959854	PRm, mm
Pa, t/hа
Tm, оС



-30	300	500	700	900	33.904327762963995	15.915746973656612	9.607478459280367	6.5686201601978151	-20	300	500	700	900	51.577708914905308	35.765910412503594	28.001610349128686	23.283203322341876	-10	300	500	700	900	65.018559271428245	56.885924284652283	51.972946964426235	48.527943876670271	0	300	500	700	900	76.207804890627912	78.765578885566299	80.367826835329609	81.521963630310609	10	300	500	700	900	85.948502923680309	101.17911410801391	112.52563875778243	121.75319167186727	PRm, mm
Pr, t/hа
Tm, оС



-30	300	500	700	900	45.069557971484102	23.694070283745759	15.050710583788026	10.545602963101377	-20	300	500	700	900	100.97682474503762	82.690483316413363	72.17752809885954	65.066497321474159	-10	300	500	700	900	159.62731185663736	167.84303537318752	172.85420319812118	176.38152740006549	0	300	500	700	900	219.68663187423422	274.84282639388806	316.1200197003069	349.71333264054709	10	300	500	700	900	280.62250902865264	401.02034285661529	501.00547413339456	588.43855452437595	PRm, mm
Ps, t/hа
Tm, оС



-30	300	500	700	900	3.5956769031284193	4.4466212152781255	4.7358329453153969	4.7578582999687242	-20	300	500	700	900	8.6126950391881252	9.4762998333006792	9.9307860973089372	10.19670033044987	-10	300	500	700	900	14.131540237681889	14.375647081416822	14.454774419158976	14.471820586201121	0	300	500	700	900	19.951630092762844	19.124151124868046	18.45655172788668	17.909950136019258	10	300	500	700	900	25.982499340310554	23.735514809724997	22.064498914140266	20.771647480442404	PRm, mm
Pf, t/hа
Tm, оС



-30	300	500	700	900	9.9283716499748298	6.7125902741691865	4.8031377679658718	3.5852994748914142	-20	300	500	700	900	20.677520713028535	16.742297055823759	14.336210939835873	12.658649487967924	-10	300	500	700	900	31.262194365275619	27.846210023908277	25.65368418902769	24.059069236479306	0	300	500	700	900	41.648542546005224	39.543459642751607	37.924809224056496	36.629912388119315	10	300	500	700	900	51.850039274209024	51.627853695604394	50.795541750759362	49.889700334778531	PRm, mm
Pb, t/hа
Tm, оС
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